UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

May 6, 1981

MEMORANDUM FOR:  Chairman Hendrie
Commissioner Gilinsky

. Commissioner Bradford o
‘fggyissionqr Ahear /‘1%451,..
FROM: . Dennis Rathbur ‘K# :

SUBJECT: 10°CFR PART 60 - DISPOSAL OF HIGH-LEVEL RADIOACTIVE WASTES
IN ?EOLOGIC REPOSITORIES: TECHNICAL CRITERIA (SECY-81-
267

I agree with staff's recommendations that the proposed rule set forth in
Enclosure A be published and circulated for public comment. As presently
written, the rule reflects the necessary corrections and refinements to
the approach that was published in the Advance Notice of Rulemaking {ANPR)
one year ago and proposes appropriate technical criteria for regulating
the disposal of high-level radioactive waste.

At the same time, I wish to comment on the salient features of the proposed
rule. )

Performance Objectives

The regulatory philosophy which is used by staff relies on the establishment
of a broad, overall set of performance objectives for the design and

setting of a geologic repository. (See Enclosure A, Sec. 60.111 pp. 32-

34) In view of NRC's lack of experience in regulating geologic disposal, -
this seems like a sensible way to proceed. However, you should note

that NRC's performance objectives incorporate the environmental standards
to be set by EPA and implemented by NRC and that EPA's standards have

not yet been published in proposed form. Although NRC staff appears to

+be informed on the standards being drafted by EPA staff and. is confident
that the ‘NRC criteria would assure that EPA's standards are-met, -there

{s & gap in the presentation in this regard.. Staff notes that Part 20

of the Commission's regulations can be used to meet the performance
objective for limiting releases during the operation of a high-level

waste disposal facility but that no standards have been set by NRC or by
EPA for limiting releases after the closure of a disposal system. (Enclosure
J, pp. 6-7). Hence, you might wish to ask staff how it plans to deal

with this omission pending the establishment of limits by EPA.
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In addition to the performance objectives, the rule includes lists of
conditions, favorable and adverse, by which the suitability of a site
will be judged. Adverse conditions will give rise to a presumption that
the site cannot meet the performance objectives. This presumption can
be overcome by demonstrating that -the conditions do not significantly
_affect repository performance or that the conditions are adequately
compensated for.

The 1000-Year Containment Criterion

The waste packages are required to be designed to contain “all radionuclides
for the first 1,000 years after closure and for as long thereafter as is.
reasonably achievable" (Enclosure A, p. 33). This is the same criterion

as in 8 60.111 (c) of the original ANPR {Enclosure B). DOE has suggested

a shorter period (300 years) because this appears to be achievable at
reasonable cost (Enclosure J, p. 31). The staff argues -- and, I believe,
convincingly -- that 300 years would not cover the period when the effect

of the thermal loading on the near-field repository structure would be
greatest. The underground facility is not required to act as a redundant
barrier during the first 1,000 years and if the thermal transient were

to degrade the effectiveness of the nearby host rock in containing the
waste, then isolation from the biosphere would depend primarily on maintaining
‘the integrity of the waste package.

[y

I believe the, proposed 1000-year containment criterion is justified.

If the criterion is not satisfied, then the uncertainty in the capability
of the geologic setting to inhibit radionuclide migration would create a
significant uncertainty in the isolation capability of the repository.
The criterion is a good example of making most effective use of those
barriers that are understood and amenable to improvement in order to
compensate for the uncertainties in the estimates of performance of
less-well understood barriers. However, the Commission should understand
that the 1,000-year containment criteria is a design objective to be met
with "reasonable assurance" and not a firm requirement for zero release.

Retrievability

In the original ANPR (Enclosure B) the staff's proposed criterion (§ 60.135)
for retrievability was that the design and construction of the repository
shall "permit retrieval of all waste packages, mechanically intact, if
retrieval operations begin within 50 years after all of the waste has

been emplaced." This has been revised to require that the design permit
“"the entire inventory of waste...[to] be retrieved on a reasonable schedule,
starting at any time up to 50 years after waste emplacement operations

are complete" (Enclosure A, p. 32). Both the original and revised criteria
note that the retrieval time should be about the same as the time taken

for repository construction and waste emplacement.
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Some of the uncertainties in models can be accounted for by bounding calcu-
lations; others are not amenable to such treatment. The staff has, :
therefore, proposed to place a few prescriptive requirements on portions

of the repository and the geologic setting whose performance can reasonably
be measured and predicted %e.g., design objective of 1,000 year containment
in waste package, 1,000 year groundwater transit time). These specific
requirements help to define the limits of uncertainties in the overall
quantitative predictions of radionuclide releases.
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May 6, 1981

The Honoreble Joseph M. Hendrie
Chezirman

U.S.-Nuclear Regulatory Commission
Washington, D.C. 20005

Subject: Proposed 10 CFR 60 Technical Criteria
Dear Chairman Hendrie:

In July of 1980, the Subcommittee on High-Level Radioactive
¥aste of the AIF Committee on Nuclear Fuel Cycle Services
subnitted comment, including 2 technical assessment of pre-
liminary criteria, to the Commission on the Advance Notice
of Proposed Rulemazking regarding the Techniczl Criteriz for
Regulating Geologic Disposal of High-Level Radioactive Waste
(10 CFR Part 60). Subsequently, an AIF Working Group on 10 CFR
60 was formed under the auspices of the Subcommittee to follow
the further development of these techniczl criteria and to in-
teract with the NRC staff as appropriate. The Working Group
recently reviewed 2 Merch 5, 1981 draft of the 10 CFR 60 tech-
nical criteria and on April 21, members of the ¥Working Group _
met with John Martin end others of the NRC staff to discuss the
Zaziogale for the technical criteriez 2s delinezted in the March
raft.

The purpose of this letter is to express our concern with the
content of the techniczl criteriz as drafted, the lack of
responsiveness to comments previously submitted on the Advance
Notice of Proposed Rulemazking, and the epparent lack of sup-
porting documentation and analysis to justify the NRC staff
approach. W%e have elected to meke our concerns known to the
Commission before issuance of the proposed rule, with the hope
that the Commission will not approve relezse of the proposed
Tule until velid beses for the criteriz have been prepared,

. edequately documented, &nd reviewed.

The -technicel criteria, &s currently formulated, place an
éverreliance on an excessive number of detziled requirements
that specify how components of the repository should be de-
signed, in contrast to assuring the overzll“szfety perfor-
mance of the repository system. .These detzilec requirements
have been developed without adequate evaluation of their
importance to sazfety and in the absence of quantified safety

5/6..To EDO for Appropriate Action...Cpys to: Chm,Cmrs ,OPE ,0GC
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The Honorable Joseph M. Hendrie -2- ' May 6, 1981

..goels, - Many of the detailed requirements are arbitrary and are
imposed without either valid technical bases or appropriate
value/impact analyses. . ' .
For example, the criteria require that the high-level waste
packages, to be emplaced in the geologic repository, be designed

- such that no radionuclides will be releesed from the packages
for 1000 years, assuming water saturation of the underground
fecility. The NRC staff has not justified the need for such &
zero-release requirement over such a time period. Even if the
waste packages were to fail in considerebly less than 1000
years, the consequences to the public hezlth and safety would
be negligible unless geology/hydrology of the repository zarez
also changed drestically in that short geologic time period.

~Such an occurrence would be incredible if the repository system
had been properly sited and designed. :

Another example of overly detailed a2nd unjustified requirements
‘pertains to an unduly lengthy retrievability requirement on the
waste packages after emplacement. This requirement could have
significant undesirable impact on site selection, repository
design, construction and operation, notwithstanding that such e
requirement would provide highly questionable benefits.

Another difficulty with the proposed technical criteriaz is that
the NRC stzff has placed undue emphasis on the nature of uncer-
teinties associated with transport of nuclear waste through the
geosphere to the exclusion of other important considerations.
Inadequate considerztion has been given to the extent to which
uncertazinties can be negated or made inconsequentizl by bounding
enzlysis and design; to the very large costs in both time and
effort associated with quantifying and reducing uncertainties;
and to the incrementzl magnitude of risks essocizted with resi-
duzl uncertainties. Llittle or no informeztion has been provided
by the NRC stzff on the extent to which the uncertzinties in
design parameters impact the risk to public heazlth and safety,
or how these uncertazinties, when found to be safety signif-
icant, can be reduced in importence by conservative analysis
and design. ' o '
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Finally, the NRC technical criteriz ere being released in
advance of the EPA's completing its applicable environmental
standards to which the NRC criteria must conform. At the
present time there appears to be considerable difference be-
tween the EPA approach and that being proposed by the NRC.
The Commission should delay issuance of the proposed 10 CFR
60 technicel criteris until the zbove concerns have been
addressed and until the EPA has completed its criterie and
the major differences in approach between the two agencies

heve been resolved.

Sincerely,

Colilotode

CW:wpg
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J UNITED STATES OF AMERICA
NUCLEAR REGULATORY .COMMISSION
23
BRIEFING ON SECY-81-267 - 10 CFR 66
- DISPOSAL OF.HIGH-LEVEL RADIOAGTIVE WASTES
IN GEOLOGIC REPOSITORIES: YTECHNICAL CRITERIA

i 3 2.3

Nuclear Regulatory Commissio
Room 1130 :

1717 H Street, N.W.
Washington, D.C.

Thursday, May 7, 1981

The Commission met, pursuant to notice, at 10:12 a.m.,
JOSEPH M. HENDRIE, Chairman, presiding.
PRESENT:

JOSEPH M. HENDRIE, Chairman

VICTOR GILINSKY, Commissioner

PETER A. BRADFORD, Commissioner

JOHN F. AHEARNE, Commissloner

ALSO PRESENT:

SAMUEL J. CHILK GUY CUNNINGHAM
JOHN HOYLE SHELDON TRUBATCH
LEONARD BICKWIT ~ ROBERT B. MINOGUE
WILLIAM J. DIRCKS MICHAEL BELL
JACK MARTIN FRANK ARSENAULT
PAT COMELLA .
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PROCEEDINGS

CHAIRMAN HENDRIE: 'If the meeting will come to order,
please.
The Commission meets this morning for a briefing by

the staff on a proposed rule, Part 60. It is to be the

_technical criteria for disposal of high level radiocactive

wastes 1n geologic repositories.

The proposition before the Commission is possible
publication as a proposed rule of these technical criteria. My:
own guess 1s the Commission will need several meetings and.
discussions to get itself properly around this subject. Let
us start now.

Bill, please go ahead.

MR. DIRCKS: We did want to report on the status of
where we are today. We have completed the advance Notice of
Rulemaking. We have gotten the comments in. We would like to
discuss the resolution of those comments. We are proposing to
the Commission that.we move and go to the proposed rule phase
now. We have run out of activities in response to the comments.

We think we have done everything we caﬁ do in response

to those comments. We think it 1s time we move to go for formal

comments on the proposed rule.

Jack is here to lead the discussion.
'We have reached the point where we think we have done

evérything we possibly can with the advance notice and would

ALDERSON RFPORTINGM ANAMDANY INS
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like to move to the next phase.

MS. COMELLA: If you will recall, last May when we

published the advance Notice, we told them where we were in terms

of oer progress in deveioping the technical criteria, how we
got there. We had engaged in a great deal of dialogue with

interested parties over a fairly protracted perilod of time and

. had gone  through numerous drafts and how we intended to proceed

further into the rulemaking.

In the advance Notice we told about the regulatory
approach we were considering in developing the technical
criteria and we also included in the advance Notice the draft
available at that eime of the technical criteria for comment.

We had sought comment on a number of issues in
particular. For instance, the treatment of uncertainties. We
were engaged in a new enterprise about which we had limited
knowledge. There were uncertainties that we would have to
resolve, both in connection with thé'technical problem and.tnen
confidence in the licensing decision itself.

The question of human intrusion into a geologic
repository which had to isolate'wastes from the accessibie
environment for very long periods of time was the cause of
concern to many individuals. We 1lncluded a discussion of where
our thinking was at that time on that particular question.

The concept of the systems approach translated into

a regulatory prospective meant really at what level was one going

ALDERSON REPORTING COMPANY INC
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to regulate, was one going to set an overall objective for

a repository and that would become the figure of merits that
hadlto be met and form ;he basis of the licens;ng decision or
would one copéidér’mgjor subsystems of the system and regulate
1t at that level.

We had a discussion of that and we sought publig comment.

Another area of concern was the fact that since we are
dealing with such very long perlods of time, we could not really
rely on experience~alone.. We were extrapdlating to the utméstf
We would have to rely to a very great extent on models; what
sort of reliance'would we place on models. Whaﬁ sort of
reliance could we place on models. Where did expert judgment
enter in. Those were areas of concern.

The last major area we dealt with was the concept of
retrievabilitj. We are going to put the waste in the ground
but what does that mean? Just the whole period of time‘which
the waste 1is being emplaced éxtends over duite a few years. We
certainly wish to separate'temporarily the decision to emplace
from the decision to walk away.

We attempted to be provocative in the advance Notice
and indeed we got many comments back. We found them very
thoughtful. fhey have been extremely helpful as we have moved
to the rule that you have before you today. Twenty-seven groups
and individuals commenteéd on the rule.

The breakdown generally is we had six Federal agenciles

ALDERSON RFPARTING CAMBANY (N,
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commenting to us, two to three state officials; seven utilities
or representatives for the utilities; two public interest groups; -
one professional society and nihe interested_individuals. |
In general, individually they broke down into 400
specific comments. .About 90 were‘direcﬁed at the regulatory
approach. Twenty or so were direc@ed at particular questions

that we had asked the public to focus on and to respond to, and

the last 300 were detailed comments on the draft technical
criteria.

We found them very helpful. Generally, about one-third 
were favorable; two-thirds or so ﬁnfavorable. Half of:those- ;
who disagreed felt we had gone too far in what we were suggesting 
we wanted to do and thé other half felt we perhaps had not gone. i
far enough.

dne of the major things that came out of all the
comments we had received was there wés a great deal of ﬁeéd
as we proceeded for better communication on our part of what
our intent was. We had not been all that clear. We thought we
had but we really had not, Judging by the comments received.

There was a concern on the part of a number of
commentors that we had a rather negative tone interms of our

#hole approach to licensing and geologic repositories.

I will give you a few examples of some of the

confusion we managed to generate,.and what I hope we are

diéspelling in our proposed rule.

ALDERSON REPARTING ~AMDPANY INC
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Some of the individuals after reading our discussion
on models concluded we were going to rely blindly on the models,

while others concluded we wefe'going to throw out any

consideration to models whatsoever and therefore, what in the

world were we going to base any licensing decisions on.

With respect to uncertainty, some cencluded that we
did not know anything about anything at.all and therefore, how
could be proceed, while others said enough was known already

and we were much to pessimistic in terms of our assessment

of the uncertainty surrounding geologic disposal.

On the systems.approach, some sald we had thrown 1t
out entirely and others said we were right on.

It was very Interesting. Basically we came toAthem
from the point of view of let's see how they can help us -
as we move. We used them to clarify our intent in putting
together the supplementary information that is part.of the
Federal Register'Noticé you héve before you. We reorganized
completely the regulation. We think from<a structural and
logical point of view, it hangé together much better. It 1s
possible to follow it énd understand what 1is there.

There was a lot of criticism at the time the advance
Notice was published that there was not a technical basis
available and enough time provided to review that. We have
a rationale dscument that will be published ahd availaple

siﬁultaneously with'consideration of the proposed rule.

ALDERSON REFPORTING COMPANY INF
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We have conducted extensive discussions with the major
commentofs.in order to try to assess whether we have understood
them and whether they understand us, and to tell them what we
are.putting'into the regulation, to.get their’reSponses and
feedback.

I think we have gone about as far as we can at the
moment, although I notice some letters are stilllcoming in.
That 1s a debatable point. From our point of view, we have
tried to deal with all of the interested publics over thisr
very long period of time and to work with them so that they
understand what we are trying to do and why we are trying to
do it.

I think that covers the proceés}we have engaged in
as we have moved to the rule you have before you. I will let
Jack take over some of the detailed discussion of some of the
specifics in the regulétion.

MR. MARTIN: I think that sums it up pretfy we;l. On
the handout I put on the last couple of pages the major parts
of ﬁhe performance obJecfives which in outline form remain the
same. In the detailed narratives, regulétory language has
been radically restructured to bé a lot clearer, we think,
so that 1t 1is understandable as to what we really meant.

Essentlally, we are sticking with the figure of
merit to be issued by EPA on the overall system for all

conditions, yet we are still going within the system to try to

3
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compensate for some of the uncertainties we know about and

to eliminate some uncertailnties by placing some minimum

. requirements on a couple of aspects of the engineered design

-and orie aspect of the site.

In the last several months, there has been'a tremendous
amount of progress in this area as different gféups have céme
to focus on hdw would ybu go about méeting some of these
requirements. e

I think it would be safe to say today that theAfocus
of the debate 1s-not so much on whether the criteria we have
put out are meetable. I think most everyone agrees it looks
pretty feasible. There is still a considerable aﬁount of
anxiety on how reasonable or unreasonable we mlght be demanding
proof,

This 1s an area that will need.quite a bit of work
over the next two to three years ﬁo establish those protocols
and criteria in an area that historicaily does not have it.

Other than thé performance objectives, we have the
section on siting reqﬁirements to guidg the sifting and
balancing of these seve;al sites and also some requirements
on design and construction in the waste backage itself, which
flow mainly from the kinds of . considerations we have dealt
with eléewhere'in engineering structuresblike reactors and
fuei cycle facilities.

We have gotten some last minute comments. We have

ALDERSON REPORTING COMPANY INC
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been meeting with people right up to the last minute. We mét
all day yesterday with the Department of Energy. I think it
would be on a ietter they sent us on April‘Zch and I think I
am accurate in saying that out of the 36 or so comments they
gave us, half had already been resolved in fhé pfesent vérsién
and of the-other half, about ten or twelve of the comments we
worked out detailed language to satisfy the comments'and the
remaining six or seven comments are those we agreed in
principle»héw to go about doing i1t that may need some more time
%0 work out the detailed language.

COMMISSIONER BRADFORD: When you say you have worked
out detailed language, do we have thgt as part of this package?

MR. MARTIN: No. >I plan on getting it down to ydu
in the next codple of days. None of these are of the earth
shattering types of 1ssues. I think they are more clarifications.
We can get that language with changed pages within the next-

week or tws. I would like to shoot for the next two or threé_
days. .
I do not want to paint an overly optimistic picture,
although we think we have resolved all these comments with DOE,
within the cdntext with which we are operating,‘they sti1ll
remain as I sald earlier somewhat in their words "anxious"

in the absence of the detalled protocols and detailed test

procedures that have been fully reviewed and agreed to, on

Just how do you prove some of this stuff.

ALDERSON REPORTING COMPANY INF—
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If I characterized the next leg of the journey in
repository development 1s the task at hand, to develop some

protocols with the technical community and with anyone elSe

~ that is interested on what constitutes acceptabie proof for

some of this.

For many of the items, there is no historical bésis
or test protocols or ASTM standards. They-will have to be
developed 1n the next few years. We are working with DOE to
set up those groups and to get this worked out.

They remain anxious until that 1s all settled as to
Just where the eﬁd of this trail leaaﬁ.

COMMISSIONER BRADFORD: How would a protocol work?

MR. MkRTIN: I guess I‘could draw an analogy to
a reactor'vessel'or somethihg we know something about. ‘There
are‘all sorts of standards on how do you test the steel‘to
make sure 1t is strong enough; how do you make sure it. does not
fracture, what are the stress limits. |

These are in ASME codes.and ASTM codes and they have‘
been worked out over the years.

In the geologic repository area,that does not exist.

COMMISSIONER BRADFORD: ‘Bj "protossl " 'do’ you mean
something akin to a regulafory gu%de?

MR. MARTIN; ' Yes, a guide and a national concensus
standard on how do you run a teét that shows that you meet

such and such a performance. For example, in the materials

ALDERSON REPORTING COMPANY., INC.
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area, the Department has set up a group called the Materials
Review Board, emminent scientists around the country, to review
and propose such testing methods. Theyhaveinvited us to join,
much like we frequently do ASTM committees and see if we can
work out those prqtocols and then publish them as reg guides;
and air them publicly and see 1f we can bulld a‘concensus tha%
way.

I view thls very much as the situation where we were

"20 years ago with pressure vessel design where the only thing

we had was the ASME unfired boiler code, Section 8, which really
was not very rigorocus. It was a bunch of thumb rules and things
that had worked fine for boilers in most cases but over the

years we have had to develop'Section 3, a much more rigorous

approach that we use today.

That 1s essehtially where we are in many cases in
the geologic repository business, upgrading our methods,
analysis and proof to suffilcient rigof where they can withstand
the type of tough questioning that I would anticipate we would
get in the licensing process.

CQMMISSIONER AHEARNE: You would foresee putting out
some’kind of technical guide in the next several years?

MR. MARTIN: Yes, sir. If I had to say the number one
priority of the high ievel waste staff it would.be to do Just
that. . They have to be national concensus standards because

many of these things will be conventions. They will not be

ALDERSON REFPAORTING CAMDARNY INC
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direct tests of the 1ssue in question. We would anticibate

working very closely and using dur~public review methods to get

concensus.

I think that is about where we are. I think we have

- had a2 lot of success in narrowing the issues and in building

concensus among some groups. Other groups we have not really
gotten there yet.

As Pat said, I think the vehicle for doing that is té
get on with the next round of public comment in the next year
or so. That 1s the end of'our formal preseﬁtation.

CHAIRMAN HENDRIE: What ig the stage of the EPA
high level waste guideiines?

MR. MARTIN: They have a little bit different ppocess.
When they are getting very near the end, they send it around
for sort of a staff review of the affected government agencies.
They cbnsider those comments. Then they submit it for formal
review.

'We commented Monday of this weék to the Administrator
on their "final document."

COMMISSIONER AHEARNE: First or second stage?

MR. MARTIN: It is the first stage.. Presuming DOE
and the USGS have given thelr comments, they should be ready
to submit it for public comment as soon as they can get it
out of the Administrator.

Our approach was to agree with what they are doing and
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urge them to get on with it.

COMMISSIONER AHEARNE: We got a letter from the AIF
yesterday. They say at the present time therelappears to be
considerable differenceubetwéeﬁ?thé?EPA~appngachJand that-being
proposed by the NRC. Can you speak to that?

'MR. MARTIN: Yes. I am a bit confused. - We went over
this with them about two weeks ago. We. pointed out.that the
EPA sent us a letter saying they think what we are doing is
entirely consistent with their approach and should be
satisfactory to impiement their standard and we recently sent
them a letter saying we think what you are doing is right, let's
get on with 1it.

I am 2 bit mystified as to where this difference 1s.

COMMISSIONER AHEARNE: Do you see any sign that the new
Administration may be changing direction of EPA?

MR. MARTIN: ©Not yet. I think they really have not
gotten iInto 1t at all. ‘

© COMMISSIONER AHEARNE: At the moment, as far as you can
tell, there 1s compatibility between your apbroach and EPAfs
épproach?

MR. MARTIN: Very much so.

MS. COMELLA: I think also the fact that we are know
whaﬁ a generally apblicabie environmental standard ought to
look 1like, that'we have really taken that 1into account and I

think even 1f there were some changes in the form or something
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ilike that of the standard,'we could still accommodate it within
the Eontext of what we héve done. I do not see any problem.

CHAIRMAN HENDRIE: The EPA standard, I belleve, 1is
going to come out in terms of curies and various.isotopes
releaséd over 10,000 years or something like that.

MR. MARTIN: Right.

CHAIRMAN HENDRIE: #They.will have to base or are basing
those release amounts on some sort of generaliéed back
calculation té a dose level?

MR. MARTIN: Yes. What they did was look at a buﬁch
of comparablé types of hazards orfbodﬂes, reactors, and a bunch
of other things we live with every day and did some balancing
and sorting and concluded there is a lot of other things':
around that people consider acceptable risks that could
result in like 1,000 premature deaths over this 10,000 year
period.

They picked that as a figuré of merit and then back
calculated using a simple analytical model as to wh§ph§inds of

gk w

releases you would have to have to a typical‘river valley

renvironment to get those kin@ﬁ~;9-f;ud9.eal,th.,;.:;9£t.‘.ect,s,-,na-a;a%?s;% is

the basis for the curie numbers for release.

I think they are really doing us a considerable'fafor
because they are basing itvupon cufie amounfs released through
a boundary rather than health effects which confound the

prdblem by predicting population patterns and settlement
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patterns. They did start with a health effect number for
today's types of civilizations and it is cohparable to ore
bodies and a few other things and they back calculated what
kinds of releases give you those health effects.

A .am not sure ".?h%!ahef;;#h..%;3:%5!3@.;L;!fsﬁsi,»_%,;i.&;.fifg99‘§$ﬂ£‘5,%‘= ive”
or "liberal," but they sort-of erred on the side that:would
give you the bigger releases when you had a choice. They feel
it should be fairly easy to meet those numbers.

We have double checked thelr numbers using all of our
own codes and I have a tendency to agree with them that thé
numbers are right. We found a ;ouplé of them that look like
they do not fit. I am not sure whether the problem is with
our calculations or theirs. They are close.

CHAIRMAN HENDRIE: How do I connect from the EPA
standards intoc our performance criteriaé |

MR. MARTIN: The performance criteria is you have to
meet the EPA standard. We did not.és and develop some other

subset of that and pigk something less. We:just. said their

standard is the law, they have done a good job showing that 1s

- the right number and then we “thought' through with this very

complicated geological engineered system, how;.do you go about
with reasonable assurance demonstrating that you met those

release limits.

What we have done 1is we have done an assessment of:

the areas that are very uncertain and areas where we may never
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be able to quantify the uncertainty and those areas that looked
like they lean themseives mofe to quantifying uncertainty-add
we have picked a couple of the engineered systems and have
said, if we ere going to be able to make & case here for ﬁhe‘
overall system, we have to reduce the uncertainties to
manageable levels.

We have essentlally taken action to require engineering
solutions to give you a predictable source term out of the
repesitory, one that you can count on and is not based on a lot
of the unverifieble assumptions, which of course will allow

greater uncertaiﬁties in ﬁhe geological transpoft problem

- which our study shows 1s going to be tough to narrow the

uncertainties much there.
I think what we have done is taken this overall system
and placed some requirements on subparts of it that we think

make it a more tractable problem. The U.S. Geologlc Survey

. pointed that out, that‘essedtially what we have done is

taken the systems approach yet placed some requirements on.
subcomponents of the system'tﬁat~give you some prospects of
proving you have reasonab;e;ggguganpeftb“meetiﬁg the EPA
standard and they feel as we do that is:the only way to go.
CHAIRMANHENDRIE;. Let's assume Dave and his people 1in
fact have a case which they can and will make and which will
stand whatever judicial test it may be subjected to that gets

from some reasonable health basis to these curles coming into
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the accessible énvironment.
From that point, working toward waste cannistefs,
working inward toward waste cannisters, you have a 1,000 year v
travel time with no credit for any physical or-éhemical hold up
of material.
| MR. MARTIN: Physical but not chémical. It is a water
travel time. |
CHAIRMAN HENDRIE: It is a water travel time but there
is nothing that gives any credit for absofptién of fission
troducts. -
That gets us to the boundary of what is called
the englneered system. The engineered system has been a
leakagé condition which 1s zero for the first 1,000 years and
is one ppm and 10° per year for each isotope thereafter.
If I could, I am now into the cannister. If I follow
those prescriptions, do they match at the EPA boundary? I- I
start with a repository full of fission products and

transuranics and leak nothing for 1,000 years and one ppm and

109 of each isotope thereafter per year and take 1,000 year

travel timg; do I then turn out to releasing over the -first

Al

10,000 years more or 1§ss curles than the EPA standard?

MR. MARTIN: .With any reasonable kind of site, you

‘should meet it. I am sure somebody could come up with a site

that has such poor geochemical retardation that it does not make

i+, It is not an absolute guarantee. You need the EPA numbers
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ét the end to f£ill in some blanks in the middle.

We did not feel we should put a requirement, for
example, on the éeochemical retardation. It is something that
today 1s very difficult to measure or get agreement on.

I think I see what you are getting at.

- m—— e — e - -

CHAIRMAN HENDRIE: You seem to be tellling me that you

need some credit for hold up in the geological site in addition

MR. MARTIN: Yes, sir.

CHAIRMAN HENDRIE: In order to meet the EPA standard. 5
MR. MARTIN: Yes. | i
CHAIRMAN HENDRIE: There are curies and 10,000 years :
of individual isotopes are on a total release from the repositoryé

MR. MARTIN: Yes, total integrated release over thgt i
time pericd.

CHAIRMAN HENDRIE: This is sort of a per-repository
release to the environment ;nd certain health>effects would
flow from that.

MR. MARTIN: Yes. It is a cumulative number of
all sorts of possible disruptive thiﬁgs over that 10,000 year
period which makes it a bit more complicated.

CHAIRMAN HENDRIE: One way to cut the releases 1s to
cut the total amount of stuff that 1s buried? |

MR. MARTIN: This is right. One could build lots

of small repositories but I am not sure that is a viable way
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to convert this.

CHAIRMAN HENDRIE: 1In setting your performance
criteria, what kind of a total fully loaded repository inventory
do you havejxymind? I do not remember reading it in the
rationale for the performanée criteria.

MR. MARTIN: We assume a repository about the size
DOE has been publishing in their GEIS, which is essentially
60,000 cannisters or so, about three square miles of

repositories of which we would probably need three or so

in this country before 1t is over. We Just sort of took that

as a given, that one would not go to lots of small repositories.

CHAIRMAN HENDRIE: 60,000 caﬁnisters is like what?
Tons of heavy metal?

MR. MARTIN:’ I think it 1s about 2 ton. It is either
a half a ton or two tons. It is in that area, per cannister.

CHAIRMAN HENDRIE: If it 1s a ton, it is like 600
cores, give or take a factor or two.

MR. MARTIN: Don't forget the military waste is in
there as well and in terms of cﬁries, it will be a lot smaller
but in terms of numbers Qf cannisters, 1t ought to be about the

same.

CHAIRMAN HENDRIE: Six hundred cores is probably

something like 2,000 reactor years, 2,560 reactor years. If

we have three such repositories, we would have 7500 reactor yeafs;

Suppose we have 150 reactors and 40 years, it comes

ALDERSON REPORTING COMPANY. INC.
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out about right.

One of the criticisms I have had of the drafts from
people who have tried to follow and understand and see what would
have to be done to make a case under the versions of these
criteria as they perceive them coming along is they have a
time back calculating‘and making the connection from whatever
EPA assumed 1s health effects as a féasonable basis for health
effects and~making that connection and down through thg
performance cfiteria and seeing where it connects.

COMMISSIONER AHEARNE: In the absence of the EPA
criteria, you cén't fault Jack for not having it in.

CHAIRMAN HENDRIE: It is not in the absence of the EPA
criteria. There are drafts of the EPA criteria running around
and I do not have one on hand but I dare say within 15 minutes
we could provide you with a table, isotope curies per 10,000
years pér'repository release.

People know what that is and they take that and scratch
along.

We have a repository and it is something like the.
60,000 cannister number which froﬁ my very cfude arithmetic
sounds like it would turn.out to be of the order of one third
of the wastes, high level wastes, from something like 150
light water reactofs 6perating for U0 years, which is perfectly
reasonable.

That is what the total source is. If I go from that
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one part and lO0,00b comes out per year'thereafter past -the .
three square mile boundary and then it takes 1,000 years to
get to an accessible point, whap SOrt of_g_rgduction factor
do I need out here in the geology aﬁd geochemistry and
physical hold up?

MR. MARTIN: About 100, |

CHAIRMAN HENDRIE: - With that factor of 100, then you
are at the EPA 10,000 year inventory release, acceptable
release numbers? '

MR. MARTIN: Yes.

CHAIRMAN HENDRIE: Why 1s Pat looking at me with
such a peculiar expression?

MR. MARTIN: I would like to emphasize something. We
approached the probiem different than.where you are leading the
discussion. I guess we started from the premise that from
the repository boundary to the acceééible enviroﬁment, we
recognized the fact that we are yet to find anybody either in
the DOE program or out of the DOE program that has confidence
they will be able to prove rigorously they understand the
geochemical retardation.

Secondly, no one today has an analytical model for
predicting flow in fractured media, which gventually you get
“o0 regardless of any repository.

Depending upon who you tallk to, there is optimism
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or pessimism as to whéthgr we will have that 1n the next decade.
We approached the problem just recognizing that you
have these kinds of uncertainties today and further, there is
some uncertainty in the prospeéts for the future.
What do you have to do to reduce the demands on that
leg of the journey so that you have some hope'of proving you

have met the end point? We looked st-the ‘Parts of ‘the system

_that are relatively more easy to deal with and that is where

we came up with the 1,000 year criteria on the cannister,

the one part and 10°

so at least the guy modeling this thing
does not have people coming in the back door arguing about
the source term while he 1s trying to defend the transport
problem at the front door.

I think it is important to realize that in part,
1,000 year cannister life time and I keep saying "cannister”
and I mean waste pgckage life time, 1s ih parfvto keép things
bottled up for the l;dOO years but it is also in part to
protect the waste from attacks of aggressive waste rock
interactions during.the high thermzl period so that you can
make the case that the release rate really is one part and
105, so you do not have some radicallf altered structure
where there are all sorts of uncertainties as to what it even is.

We sort of approached it from that standpoint, as

what can you reasonably do to nall down the parts of the

problem that lend themselves to rigorous development and
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then what 1s left over that the rest of the system has to do

and 1s there some hope of making the case? :We feel there is

'probably a good chance that in the next several years we will

be able to make the pase that you do~1n fact have a retardation
factor of 100 to 1,000. |

I do not think we can do that today.

There was a very interestiné thing I stumbled across
at the Névada test site the other day where they had done
a geochemical retardation experiment that I could not have
designed better by drilling into.a test shot hole ahd then you
could measure the amount of radiocactivity in the water versus

that 1in the soill and come up with very precise retardation

proefficients and they calculated in the order of 3,000 for

reuthenium.

Unforfunately, a few months later somebody drilled.a.
well about 100 yards away and‘pdmped it just to show they got
breakthrough of tritium, which travels as fast as the water
in the right amount of time and'they did. They predicted that
right. Unfortunately, they goﬁ reuthenium breakthrough at the
same time and it really should have been 3,000 times longer.

I aﬁ sure ali pf this will éet sorted out some day
but we have also been mindful that these sorts of things will
be coming up constantly over the next decade and that is why
we want to make sure‘wé are not putting too many demands on

the part of the problem that may not lend itself to real
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rigorous treatment.

COMMISSIONER BRADFORD: Jack, tell me what you mean
when you say the retarded coefficient ﬁas 3,000. |

MR. MARTIN: This means if you have water that floﬁs
from here to there in one year, then the chemicals in the soill
tend to track‘thesé radionuclides and the radionuélide in
quéstion should have traveléd 3,000 times slower than the
water transporting it. Most all of these models are based on
coming up with those numbers énd Just caléulating them.

COMMISSIONER BRADFORD: The number is a comparison
to the speed with which water itself travels?

MR. MARTIN: Yes. At present there seems to be a lot
of uncertalnty as to how ydu come up with that number and how
do you defend it rigorously.

We get cfiticized for emphasizing uncertaintlies but .
I think we have been a lot more humble about dealing with

these sort of things where we get the feeling in talking to

the scientists that they are a little shaky about it and it may be

perhaps the people who are bullish on computer models.
CHAIRMAN HENDRIE: Is it clear in the way in which you
have framed the current vérsion of the criterla that you save
yourself any of this, that is, ispfhefreduirement that you
start on under 60;111(b)(l),'and-that says show that you meet
the EPA criteria, so that is an argument that the applicant

has to make quite apart from any performance criteria showing.
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MR. MARTIN: That 1is the governing criteria.

CHAIRMAN HENDRIE: He has to make that case and
what follows in terms of performance criteria for the
engineered system and performanceﬂof~the“geologic~setting and
that travel time, you think are good ideas in order to break
down the overall probleﬁ in the mahageable<segments but in terms
of the applicant}s problem;“hé”Still”hés to meet the EPA
standard.

MR. MARTIN: This is right.

CHAIRMAN HENDRIE: That is, 1f you had not put the
performance critérié in, and kept 60.111(b)(1),‘he has to meet
these 10,000 year curie release amounts at the boundary of the
proppsition and might for his own pdrpoées décide he wanted
a cannister that he could show was good for 2,000 years
and a release fraction which was a smidge higher or something
iike that, that 1s, since you are going to leave him having to
make the full calculation from waste form to boundary of

the geologic region release, release into the accessible

environment,; 1s it clear that it"is-either necessary or a good

_1dea to also prescribe at this time-the subelements of showing

that overall performance?

MR. MARTIN: I think that is the question that has
beén debated the most, 15 that a good idea or not.

CHAIRMAN HENDRIE: ;If you:said;:yg,:the NRC, in

creparing this rule have calculated from the EPA generally
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applicable standards, back to the cénnister and we have decided
the best way to do this is to have 1,000 year water travel time
gnd then a certain release rate after 1,000 years, maximum
release rate and a certain minimum cannister life time and

if you do those three things; then you meet the EPA standard,

we declare that to be so, we, the NRC, and that is written into

The showing which has to be'made by the applicant is
cannister 1ifé time, leakage after 1;000 years, fr#ctional
leakage and water travel time for the site.

If you said, never mind you calculating'with these
things, your éité meets the EPA guldelines because we have

done that on a generic basis in establishing these subsection

performance standards.

If you were golng in that direction, I would say yes,}
then you certainly'need the performance criteria, either a
single set or several alternate sets if you wanted to prqvide
more flexibility.

Since you are going to stick to the:EPA thing and
require proof by the éppiié&ﬁﬁfiﬁ*the»review and adjddicafion
that he meets that EPA standard,:then 1s 1t so clear that we
want to establish at this time’tﬁéééASﬁbeeiement”performance
criteria?

I raise the question because while I recognize that

we have certain views today about what 1s likely to be
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proveable and have portioned up the problem as best we can in
the way that séems to us most rational to allow that showing to

be made, is it clear that in five years we are going to feel

‘the same way gbout 1t? --I-do not.know.

I pose 1t &as & problem beceause as long as you do

. anchor_ultimately to & requirement for a showing thet the EPA

;proposition 1s met outside Of thHe g€ologie” slte [ then it ts a

real question of how finally we want by regulation at this time
to control the elements that go into thét showing..

Wéuld it be, for’instance, better to indicate these
sub-elementrperformance criteria in a less formal way at this
time and leave to a companion rulemaking in two years or three,
for the setting of these things or a determination as to
whether they should be part of the rule? |

MS. COMELLA: Do you mean in terms of the numerical
requirements, ldentifying the element, the subsystem elements
one would regulate, identifying that now at this time and at-
some later time, seeing whetber one wouléd set numerical
requirements on it?

Are you Just saying do;notzqucify aﬁything except
in the description, the supplementary information? |

CHAIRMAN HENDRIE: Either. £ If you are going to say
the essence of the proposition is meeting tbe EPA generally
applicable standards for high-levél waste repositories, and

this is a showing required to be made by the applicant and
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reviewed by us and then argued over presumably in a hearing.
Is it really clear that 1f you were going to require

that, that you also want to constrain the sub-elements of that

.showing in the way in which you have here?

I ask that because while I hawe read your rationalization

document and I think it is very helpful, while I think you have

“made a sort of best cut we can with what we know today on“those

sub~elements, 1s 1t clear that we really ought. to anchor those

now?

I can see arguments for cdoing that and I can also see
some arguments fér not doing it. |

MR. MARTIN: This is the judgment the staff had to
make. It is clear to us. I think another aspect of thi$ that
one should not lose sight of 1s the lead times on doing many of
these things are sufficliently long enough that if one doeé not
straighten out the approach on the front end, one often does
not have a choice any more when we getAto the point of a
proposal. |

CHAIRMAN HENDRIE: You have done a lot of work along
thisvline and thinking about how one would break down the
elements of a repository pgrformance analysis, get it down 1nto
manageable chunks and deal with those. .That thinking and the
céhclusions you have drawn from it, at 1ea$t as of today,
certainly ought to be widely aQailabie and noticed.as guidance

and help to people.
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The question I raise is not that kind but rather
is it wise to set those things witﬁrfﬂéwiélues attached to..them
here in the rule at this time or would you be better off.to say,
here is our overall performahéé'cfifg?igfﬁﬁhaﬁfis; you-have
so many curies of each 1gogpgs;;;??é;i:;&hﬁ.?.;;’:firs,t\ 10,000 years
at the edge of the site, the EPA rule, and we think the problem
divides 1tself as fdlloWS'and'ourfjudgmentfwould be you ought
to have 1,000 year cannisters and one pért and 100,000 per
&ear leakage years and 1,000 yéar tfavel'times, but precise
definition of those as regulatory'requirements will remain'for
rulemaking to be started in two or three years.

Would that be better or not?

MR. MINOGUE: Mr. Chairman, I would like to oomment.
Clearly, there are two alternative tracks you can take in terms
of implementing the EPA criteria.

If a showing is to be made in oﬁf prodeeding, as we
have been discuséing, I think it is really important to recogni;e
that if you put too'many eggs 1in the'geoiogy basket, you ére
going to get into a real trap.

CHAIRMAN HENDRIE: I do not think you have saved the .
day on that. |

MR. MINOGUE: What you do with this kind of balance
1s make 1t clear to the perspective applicant that he is not |
to ﬁut too many eggs'in’the geological basket. You have to put

the emphasis on what you can get your hands on.
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CHAIRMAN HENDRIE: You could sure make that thinking
and make clear the reasons behind 1t in a reg guide format.

MR. MINOGUE: If you look back at the history of' the
last 15 years 1in the geology area for reactor siting and
for waste .siting alike, there is a consistent pattern of'
continuing development and growth of understanding of complex
structural geology'and hydrology and there is also a consistent
pattern of rezl problems in establishing the data base,v
procedures to do exploratory work and so on and interpreting that.

"I think it 1is very important to avoid the trap of
putting too much of the emphasis or even allowing an applicant
to come‘in and put too much emphasis on the geological area
which 1s fraught with uncertainty. This is one of the comments
the Geological Survey made. _ ‘

CHAIRMAN HENDRIE: Let me ask you why you do not do
the following; since you have thought about this at considerable
length in terms of what is likely to be showable and what is
not, from & lot of 2uries in the repository to a requirement for
no more than so much comes out in 10,000 years, there are a lot
of factors of ten in there. |

You aremtryiggﬁtgydecide,ghere;tgﬂggsign;these
reduction factors in the various..elements of the system.
You have done 1it, in fact. You have concluded a certain life
time for the cgnnister, certaiﬁiléakage‘rate»frdm the engineered

syStem, a water travel time.
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You say you still need about a factor of 100.

MR. MARTIN: This is all under design conditions. We
are not now looking at abnofmal fhings and accidents and that
sort of thing. All these factors, if everything works the way

it ought to work, when people start drilling holes in it and

“having earthquakes and that sort of thing, that grossly

complicates the system.

CHAIRMAN HENDRIE: As I understand it, you still need
an additional factor of 100 cut of the geochemistry. Is that
what T understood you to say?

MR. MARTIN: Yes.

COMMISSIONER GILINSKY: For chemical effects.

CHAIRMAN HENDRIE: And physicél absorption, but
not the physiéal effect of the transport time.

' COMMISSIONER GILINSKY: Not the flow.

CHATRMAN HENDRIE: You are not 100 below the EPA
standard? |

MR. MARTIN: When you start taking into account the
other things one has to do to meet the same numbers applj also
to accidents like people drilling hoies in it. It is really
not that simple.

The factor of 100‘15 if it is allowed to flow all the
way out to the accessible environment.

COMMISSIONER GILINSKY:‘ Yﬁu are saying at least a

factor of 1007
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tions-tc4befnaintained:--Aiiésystens4inportant-to-safety-sheii-be-designed
to-pefmitrthen-to;be~naintained-atfaiiftines-in-effonctionai-moder]

(gl[f?&] Inspection, testing,.and maintenance. The structures,

systems, and components important to. safety shail ‘be designed to permit

periodic inspection, testing, and maintenance, as necessary, to ensure

- their continued functioning and readiness. . -

— . e ot e s = e s

{7)€e3] Criticality control. All systems for progessing,_ trans-

- . porting, handiing, storage, retrievai empiacement, and isolation of
- ;'I i radioactive waste _shall be designed to ensure that & nuclear criticaiity
.-“-n———ﬂ_“"_-‘accident is notupossible,uniess.at»]east two unlikely, independent, and
concurrent or sequential changes have,occurred fn the conditions essen~
tial to nuclear criticality safetyt ‘Eacn system shail~bg_designed for
criticality safety under normal and accident conditions. The'ca1cu1ated
effective multiplication factor (keff) must be sufficiently below unity
.to show at least a 5% margin, after allowance for the bias in the method
of calculation and the uncertainty in the experiments used to vaiidate
'Athe ‘method of caicuiation.’ |

g_)xesa] Instrumentation and control systems. The design shall.

include provisions for [%] instrumentation and. control systems [shaii

be-designed] to monitot“anddcontro] the behavior of engineered systems
{mportant to safety oVer_anticipated ranges for normal operation and for
.accident conditions. »[?he-systems-sha‘i-be-designed-uith-sofficient
redcrdancy-tc-ensore-that-adequate-nargsna-of-sa‘ety-are-maintained]

g_l[f*ei] Comoiiance with minino reoulations To the extent that

DOE is not subject to the Federal Mine Safety and Heglth Act of 1877, as

to the construction and operation of the geoiogic repository operztions
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MR. MAﬁTIN: Yes. If someoné drills a hole in it,
and that is one of the accidents we have to look at, we mayneed |
a lot more than that.

CHAIRMAN HENDRIE: ¥oukeep peyifig §ou 4o nsEiwant

to depend all that much on people having to make showings about

_the geochemical behavior and holding :things.up. On_ the other

hand, there 1s nothing here ‘which-TI see whichfféiiéveS'fhe
applicant of having to make precisely those showings, among
other things,.even with your cannister'and engineefed system
leakage time, you still have a factor of 100 to show in the
mean case or reference case and you do require the overall |
showing’to be made. |

It appears to me that he has the problem which you
say you are trying to save him from having.

' MR. MARTIN: He does not have it as much. That is the

point.
CHAIRMAN HENDRIE: How do you know? He might figure

he would whether have 2a 10,000 year cannister and only show a

. factor of ten out in the geochemistry.

MR. MARTIN: He is;jcertainly encouraged to go in.that
direction. | |
| CHAIRMAN HENDRIE: :He is. encouraged to.go inthat
direction but he does not get any credit for it. If he shows
& 10,000 year cannister and part.andp105_instead of 109

1eakage rate, he still needs a 1,000 year water transit time.
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If you had said, the criterion for & license.is. 1,000
cannister and 105 per year leakage rate from the engineéred
system after 1,000 years and 1,000 year water transit time

to.the accessible env;gpqmentMandggygggssfypu;wouldxhavé‘to

oot i

LocrfoapakeRiai

'say and a factor of 100 hold up ‘in the geochemistry in that

last section and that is ity and we“declare-if you do that,
you have met the EPA stamndard.
MS. COMELLA: You are assumingyou have an EPA standard.

We have seen drafts of EPA standards. ' In order to set this

xind of criteria you are talking about, one must have an EPA

standard that 1s effective.

CHAIRMAN HENDRIE: Your document which you want me to
publish as a proposed rule of the Commission says the applicanf
shall show his repository meets the génerally applicable
énvironmental standards that may have been established by the
EPA. You have required it.

Furthermore, YOu say, I hé&é to know what those things
are before I can do these performance criﬁeria. You have
established performance criteria that you want me to publish as
a rﬁle.

I do not understand what you said.

MS. COMELLA: I have beén listening very carefuily
and I have peen trying to maké certain I understand exactly
w#hat you are saying. To me, this 1s the way I look at the

problem. The applicant's problem, once he comes in with an
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application, is to have the application approved and the license
be granted. What we have tried to think about 1s how can we
build confidence inwhat the applicant has’subm;tted so that a
lieermsing de¢ision‘can be made and that is one .of the reasons
for reéching the decision we have made in our recommendation to
you and it is a Judgment, it is if we include performance

objectives at the subsystemilevel, we c&n increase confidence

that the overall system performance objective can be met

‘and hence, have more cohfidence-in.the licensing decision

then 1s made.

I realize the wording could be construéd to imply we

" have accepted an EPA standard. It 1s meant to imply that we

have given thought to what a generally applicable environmental
standard looks like, we believe that setting these performance

objectives at the subsystem level gi}l contribute to the showlng

that standard is met.

CHAIRMAN HENDRIE: That is not what the rule says.
The rule says the geologic settiﬁg shall be selected and the
subsurface facility designed so as to assure, and this means
there has to be somebody to make a finding that assurance
has been offered and the applicanﬁ has to make a case that
glves that assurance, assure that releases of radioactive
materials in fhe geologic repository following permanent
closure cﬁnforms to such generally applicable environmental

standards as may have been established by the EPA.
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- This 1s one clear cut thing the applicant has to do.
No matter if he met all of your performance cfiteria,
by substantial margins, he still has to make this finding. He
has to make this case.

What I am saying 1s you have ovérconstrained the

1s just not clear that overconstrain at this point is the
wisest course. |

MR. MARTIN: I think there is a point missing. Let's
take design conditions, no accidents or all the other things
the EPA standard applies to; if everything works as deéigned,
I think you are correct that the cannister or the package
design of 1,000 years, the 100,000 year release time, given
a factor of 100 or so retardation, that ought to assure meeting
the EPA standard under normal design conditions. |

That 1s what our criteria apply to. It says under
anticipated design conditions.

COMMISSIONER GILINSKY: You do not have that factor of i
100 in the rule;

MR.'MARTINQ No, we did not put that in the rule. I
will fell Jou why. THe EPA standard does not apply Just to
normal design conditions. It applies to all creditable

circumstances, accldents, intrusions, the whole variety of i

things that get into .an accident type situation.

Even with the factor of 100, those several criteria t
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would not ensure meeting the EPA standard.

COMMISSIONER GILiNSKx: It seems to me even under
what you call désign conditlons, the system is not'necessérily
overdesigned or overspecified if there is still that factor of
100 that needs to be met.

CHAIRMAN HENDRIE: If you were going:to ride on the
performance criteria alone, you would need another Specification.

,.COMMiSSIONER GILINSKY: I am wondering whether 1t 1s

right that you do not get credit for a bettér containef and
a lower leakage rate if 1In the first instance you are eating
into that factor of 160.

CHAIRMAN HENDRIE: I would assume if the guy has a.
better contaiﬁer, he can show you & 10,000 year contailner, he *
certainly meets &our 1,000 year requirement. I would think he
would get to use his 10,000 showing in terms of the overall

meeting of the EPA standard.

MR. MARTIN: If he can make the case it is good for
10,000 years including accidents and all that sort of thing.
CHAIRMAN HENDRIE: Your judgment is he 1s not golng to

be able to make that case.

MR. BELL: Michael Bell from the Waste Management staff.
I think there must be a misimpfession on the}part of some of
the Commissioners,v Each of those numerical criteria at
minimum are phrased so that. it is et least 1,000 years and

in our discussion, we said we encourage DOE to try to do
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better than that if the costs and benefits turn out favorable
and we intend to give credit and they can compensate for

some of the uncertainties and buy better packages, lowering

.their release rate'or;longer,grounggggggépggygl.t}me§%g¥§;l

<hree of those are phrased as minimum requirements.

CHAIRMAN HENDRIE: John?

COMMISSIONER AHEARNE: THe issue of these requirements
has been one that has been.wrestled with for a long time. I
think you'are.wrong because there will be a repository built
and there is a lot of work that DOE will be putting into
both the design of it, the design of the packagiﬁg, the
development of barriers and so forth and to just have a very
loose overall critérion laid on, I think is not going to give -
the country as good # chance for getting a sudcessful\repository
then if we go out with these performance criteria.

As Mike just pointed out, they are sub-elements. As
Jack and you have dialogued, they do not guarantee.but they
are critical sub-elements and they gssentially represent
several yeérS“of effort by a lot of people, not just NRC
people. Jack has done a really incredible Job of trying ‘to
pull together the sﬁm of the knowledge that exists around
the country on the various critical technical questions involved..

This is an attempt to provide some best distillation
of a lot of that knowledge in the hopes that the national

repository program can contlnue going forward.
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I think we would be.remissvif we did not lnclude these
requirements that are in here.
| CHAIRMAN HENDRIE: It sounds great and my only problem
is I remain to be donvinced.that publication as a requirement
in the rules of the. sub-elements is the best thing at this time.

Suppose you decide in threevyears, although there may

' be good reasons for thinking you would not decide this, but

suppose you  sald, the release fractions are going to be harder
to show from éhe engineered system than we thought. We pickéd
10° per year and that looked like it would be all right, we
picked sort of a_midrange'value. | |

Suppose in three years you decide it would be a lot
hardeF to show that than we thought but it tuﬁns out the
metallurgists have produced canﬂisteronium,'which is an.alloy
of aluminum and New York City garbage. There is nothing that
is going to touch 1it!

COMMISSIONER AHEARNE: Intrusion control device!

CHAIRMAN HENDRIE:. What we feally should have had
was lOu ber year‘leakage raté and 100,000 containef. I guess
if .you get to a 10;00b cbﬁ€§i§3¥%3§6ﬁfﬁh§€’ﬁeﬁ'tﬁé“EPA
requirements and never mind-what:the rest. of the system does.
pit could be running water into.the. Crowden. reservoir.

I agree you have been working on this long enouéh
and talking to people and you have a p?etty good senée whére

the development progrém should go so that spéculations of this
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kind are at least improbable events.

That 1s kind of what I have in mind, not quite that
extreme. You would certainly want this kind of discussion to .
be out there and let people know about‘it. Is it clear you
want to anchor this stuff as a rule ét this time?

You think yes but why? I suspect because your internal
decisionmaking machine says so!

Can you‘explain why what I sdggest may be a better
path but 1s in fact 1s not going to help and anchoring these
things in regulation form at this time is all that much
greater?

COMMISSIONER AHEARNE: Greater of lesser, obviously,

ar

(1]

"subjective judgments. The scenario you suggest, what you
are underlining 1s the concern that at some stage EPA wiil come
out with specific criteria and thére are many ways of putting
together all those factors of meeting it and Just proving the
performance standards as Jack has §éid does not get you ali
the way to ﬁhat’standard.

You are in a way askihg the DOE to do a double proof,

- to meet two sets of criteria. -The difficulty is the process

of the development of cannisters, research on cgnhisters,
development of engiheering barﬁiers,and site exploration
and analysis and modéling goes on. At the present time there
is very little guldance being gi§en to the DOE as to how

thé NRC is going to approach that licensing and review process.
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This is sort of a balancing of what is the most
probable path that we and the EPA and DOE will go down to have
the most likelihood in the mid-1980;s of being able to get 'to
the point where we can go through a successful-licensing
processvfor 2 repository. | |

The points you make are quite valid. My -conclusion .
is in balancing where theé DOE 1s end the~$téféd3fﬁﬁﬁbﬁiédge;
this 1s a2 more likely path to get to a successful repository
than to leave all those questions open.

It is subjective. Althbugh I grant your scenaﬁio
coﬁld happen, I AOnot think it 1s as likely as ﬁy scenario.

CHAIRMAN HENDRIE: I am not sure I would do your
scenario any damage if this rule —- hefé is a portion for you
to contemplate. You go out with this rule as it i1s and you
say what we contemplate after you maké comments is we are'go;ng
to go final with sections A, B, D or whatever of the rule
but we are going to kéep the performance ériteria as a propesed
rule for comment, we are going to keep it open for two years
before we move onﬁit;. That certainly puts 1t out in front of
people. | - '

I would have published it as a reg guide or at least
if I decided it was better not ﬁo anchor 1t at this time, I
would probably publiéh it as a reg guide but &ou could put
it out as a proposed rule and Jusf say you propoée to keep the

comment period open on the performance criteria for some
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extended period. You are.saying we have thought about it very
carefully and here is where we think we are- going voday.

I am not saying what you have here is ‘not the right way
to go and is not the optimum way to go. Ilam saying I am having
trouble being sure it in fact 1s optimum.

On the reactor side, it took is an awful long time to
know what to write down in the reguiétion, that 1s, assuming we
know néw.

Frank?

MR. ARSENAULT:- In listening to what has been said,

I notice there were some added dimensions that are difficult to
e;press in a debate 1like tﬁis but I think they help you relate
what is going on to some of thé experiences we had with reactors
and explain better why the ancillary ﬁRC criteria might be
desirable.

As Pat pointed out, the problem is one of ensuring
acceptab;lity of the demonstration of performance to the EPA
standard. The problem with thatliés in the uncertainties
gssociated with that demonstration: of performance.

The problem eluminating better the basis for these NRC
criteria comes out of two things; one first has to realize
~he EPA standard covers a full range of scenarios and each of
“hese has to be fdentified and characterized and the

radionuclide releases predicted for the individual circumstances

represented by those scenarios.
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The second roint i1s that the overall perfcrmance
evaluation can be subdivided into models that represent the
indlvidual barriers that could be identifled inthe systeﬁm

The acceptance of the demonstration of rerformance
would be based on our conception of the validity of that
demonstration given the uncervainties assoclated with its
calculation. There are several kinds of -uncertainties aﬁd
Sherein lies the rub.

The first are the uncertainties aséociated with the
data, %he data that goes into the evaluation. These generally
are accessible.and would allow us to quantify the contribution
o overall uncertainties.

The second rests in the uncertainty associated -with
~he validity of the models. This 1s much more difficuli ¢
zuantify and you are left with a degree of uncertainty
soncerning the degree to which you have characte-i;ed the
wncertalinty. |

The final source of uncertainty 1s in the completeness
suestion and that is whether cr not you have identifled all
5 these scenarios for which you have computed performance
and that is essentially an unquantifiéble source cf uncertainty.

“vAm™m
paRO) i}

As 1s the uncertainty that you come away

avaluating the validity of She models, that is.an unguantifiable

rasidual uncerfainty. This unquantifiable residual uncertain

t

7

can be expressed as confidence. There 1s a distinction between
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"incertainty" anéd "confidence."

Ahen you are finished with this evaluation of
performance and the assessment of the uncertainties associated
with the performance, you are séill left with the question,
how confident are you that you have done this well?

The sources of uncertainty are such that we feel we
need to enhance the confidence of thevNRC staff in this
evaluation by providing some ancillary criteria, hopefully
we could identify independent barriers for which such criteria
could be =stablished so that when we are finished with the
evaluation of performaﬁce, we have not only demonstrated that
the repository meets it, 1if in fact 1t does, but we also feel
we have properly quantified the uncertainties associated with
that evaluation and finally, we have established conditions
which give us confidence that the acceptability of the
repository or the repository 1s acceptable based on théA
evaluaticn.

m™he three individual criteria that show up in tne
rile were selected so as to enhance their'indépendence;
containment, the releaseirateﬁand~the»geology are in effecc<
as independent a set of barriers as we could find.

The quantitative levels are a matter of judgment. I

e with them personally tecause each of them

(&3
bt

it comforta
wasults in a retardation radionuclide rslease for a period of

ttme thas results in natural decay occurring to a level where
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the residual radioactivity is comparable <o that of the ore
from which the original fuel was taken.

The quantitative level seems to be a comfortable level,
that 1s a range within existing technology and in the case
of the 1,000 year groundwatz=r time, would not rule out a
large number of sites.

It is the combination qf reduction of uncertainty
in calculation as well as enhancement of confidence in the
results of thé evaluation and the.selection of barriers that
are independent, thus, providing further enhancement and
confidence.

CHAIRMA! HENDRIE: I am with you and with the
proposition most of the way down the track but just before you
get into the station, I am still having trouble hanging on to
the train.

There 1s nothing in what I have said which suggests
this work that underlies this is not very Valuable and there
is nothing I have §aid which suggésts this work shculd not
be put before the waiting world and in particular the people
who will be applicants in full official form.

fThe only place I am €£tili%scPatching my hedd-is, 1s it
2 good idea to set these th§;§$399wnfinxggbsys;em performance
criteria at this time as the regulations.

In spite of what yocu say about helping to relieve the

uncertainties, I do not know it does that.
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Let me give you an for 1nstance. An applicant comes.
in and he has a container and he waves his corrosiosn rate
test at you. He thinks the container is good for 5,000 years

and in fact he already knows because he knows he needs 5,000

45

years out of that container in order to meet the Z7A standard

for some scenario.

You have a 1,000 year proposition and you are reviewing

and looking at his data and muttering these are cnly four'
gear accelerated corrosion tests. You;come down <3 tﬁe
conclusion that he meéts the 1,000 year life time criteria
for the contalner.

Now what are you going ;o do when he 1s doing the
scenario calculation Tto meet the EPA-sténdard? Tou are-going
to give him credit for the 1,000 years. Are you zoing to give
nim credit for the 5,000 years?

MR. MARTIN: Sure, if he can make the case, and 1°

" the analyses show i1t. I think that is entirely consistent.

CHAIRMAN HENDRIE: Why bother to have: 1,300 year
eritgria.then?

COMMISSIONER AHEARNE: Becausévit-was very hélpful
when he went through the program.

CHAIRMAN HEWDRIE: As a rule?

COMMISSTONER AHEARNE: The same set Of arguments.

MR. MARTIN: .I think this also.gets back o the

juestion of should you have multiple independert barriers or .not.
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-nat is another aspect of 1it, tC have a minimum number of
reasonably independent multiple barriers.

CHAIRMAN HENDRIE: If you just went back and hung on
the EPA standard only and did ‘notispecify:any~sub-element
aspects, you might lose that. I agree with the Independent
barrier concept.

I have wrangled this question about should the sub-
s2lements go in regulations now or should they be published
‘n a suitable form and peoble =2ld this 1s where we are going
tut 1t will not come down finai antil later. I just do not
znow at the momeht.

Vie?

COMMISSIONER GILINSXY: I was goling to ask you a

~zuestion.

CHAIRMAN HENDRIE: Twenty-fi?e minutes. Is that the
juestion?

(LAUGHTER. )

COMMISSIONER GILINSKY: The thing that tuzzles me

about your point of view is since the appiicant is going to

46

need several more orders of magnitude to meet the EPA standard,

<he place he is most likely to have trouble in demonstrating

<o lean more heavily on the container and the rercsitory.
I do not see these minimum standards are gcing %o

stand in his way. The one place where things may bde ovarly

ALDERSON REPORTING COMPANY. INC.

*s on the geological aspects of a problem. He is probably going



300 7TH STREET, S.W., REPORTERS BUILDING, WASHINGTON, D.C. 20024 (202) 554-2345

10

1

12

13

14

15

16

17

18

19

20

21

R

24

25

rigid 1s <he exampls you gave, where you are trading off the
container versus the repository and if there is some great
Ereakthrcugh, I am sure an adjustment can be made.

CHAIRMAN HENDRIE: We can always go back and adjust
the rule if that seems appropriate. As time goes on and DOE
work goes ahead and perhaps they bégin to look at some;sites
where there will be progressively higher thresholds for |
rule changes, the agency will then bear the burden of being
accused of adjusting the rules of the game to‘suiﬁ what our
friends at DOE are doing.

You are going to come to & place Where because of
that kiﬁd of criticism being made, you are going to find it
cretty hard to do much in the way of rule changes.

COMMISSIONER GILINSKY: The more dangerous situation
would be if one had set the various performance standards tco
low and were relying too heavily on geochemistry and then zct
into a sisuation where that would prove very difficult to
calculate.

CHAIRMAN EENDRIE: AmAI assured tﬁat is not the case
with the pfesent criteria?,' | |

COMMISSIONER GILINSKY: I do not see how relieving

3

the performance standards on the container and the repesiior
zan Imprcve that.

CHAIRMAN HENDRIE: Offhand, I do.not,either. Since

w

ALDERSON REPORTING COMPANY. INC.
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re left with a substantial showing to make about the geochemlstr;



J00 TTH STREET, S.W., REPORTERS BUILDING, WAS"INH‘I‘()N, D.C. 20024 (202)'554-2345

10
n
12
13
14
15
16
17
18
19
20

21

23 |

24

48

that led me to ask, 17 that Is the case, is it all that good an
idea: to anchor thése_other elements at this time. -Maybe it is
from the standpoint that recognition of the_multig;g.yﬁgfier
concept is highly desirag%gﬁ&ggﬁggggT;hgﬁpgg@pgmancewcr;teria

achleved that and that the numerical values in the performance

‘criteria are hopefully not all that impossible to meet and

not very much of a constraint on. the .system, that is certainly
a line of argument which 1s reasgonable.

MR. MARTIN: I happen to think thefe is a connectioﬁ
between these numbers being in that advance Notice of
Rulemaking and the very large amount of progress that has been
made in the sight or nine months in finding ways of doing
tests that appear to be~rélatively achieveabie.

I just guestion how much enthusiasm there would have
been for doing that had it not been the realization that
this is something we should really look at.

MS. COﬁ?%LLA: I would like to second that. That is
with regard tb shquld 1£ be in a reg guildeé versus a regulation.
One of the things that has gone through my mind 1s it has
served as a focus for thought. It has.fostered that critical
thinking that goes iﬁto the very questions you were asking.

| T have not been atle to think of a better form to
extract thét soft of “hough< that needs to te done.

CEAIRMAN HEMNDRIZ: It is a proposed rule at this stage.

John?

ALDERSON REPORTING COMPANY. INC.
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MR.. TRUBATCHE: 1If I may, having had recent experience
with two other rules, the fact that it is a proposed rule I
think does not mean there does nct have to be substantial
technical basis for these numbers now.

Is ‘the supporting documentation organized in a way to --

COMMISSIONER AHEARNE: Yes, very well organized.

CﬁAIRMAN HENDRIE: I wili nof disagree. It came late
to my hands.

COMMISSIONER AHEARNE: It came late to everyone.

CHAIRMAN =HENDRIE: Good, I am glad I was not selected
for maltreatment. I read it with sohe care. Tt is much better
than we do’ in most of these cases.

I think there 1s a perfectly valld basis for the
rulemaking 1in terms of the documentation and the work at hand.
My question is not is ¢there any procedural weakness. I think
i1£ is in better shape than most. Is 1t wise to anchor on these
sub;element numbers at this time.:

I have a few minor detailed questions that I would
like to sort before we quit.

COMMISSIONER AHEARNE: I have some of those. Since we
are quitting soon, I will talk to Jack or Pat iater. It is
a lot of mihor cuestions.

CHAIRMAH-HENDRIE: Woulid 1t be better to do that slnce
it is 11:53 a.g;, would it not be better to schedule a

continuation of this meeting?

ALDERSON REPORTING COMPANY, INC.
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We all have detailed questions. I will reassault you
wlth philosophical arguments!

One thing which would be handy i1s what has the EPA
got in draft form that is not hopelessly burdensome to read?
-5 there something circulating that suggests the kinds of
“hings that went into their thinking in setting those curie
release numbers and the kinds of things they think have to be
examined?

MR. ﬁARTIN: I can get you a copy of what we recently‘
reviewed and commented on which has been pretty stable for the
last several months.

CHAIRMAN HENDRIE: EHow large i1s it?

MR. MARTIN: Maybe ten or twelve pages ¢ explanation
and two or three pages of standard.

COMMISSIONER AHEARNH: Easy reading!

CHAIRMAN HENDRIE: That is probably right at tne outer

Zimit of my attention span.

MR..MARTIN: We can tear off a few pages of
introductory material.

CHAIRMAN HENDRIE: That sounds useful.

COMMISSIONER AHEARNE: I would just like to say I am
Sverjoyed to see it here and I think itAis an excellent product.
Z- shows a great amount of work very weli done.

CHAIRMAN HENDRIZ: Here! Here! ‘Thank you very much.

(The meeting adjourned at 12:00 C.m.)

ALDERSON REPORTING COMPANY. INC.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
VWASHINGTON, D. C. 20555

MAY 11 1981

MEMORANDUM FOR: Samuel J. Chilk, Secretary
of the Commission

FROM: William J. Dircks, Executive Director
for Operations

SUBJECT: TRANSMITTAL OF DEPARTMENT OF ENERGY COMMENTS ON MARCH 5, 1981
DRAFT OF 10 CFR PART 60 TECHNICAL CRITERIA AND RESOLUTION OF
DOE COMMENTS

Enclosed is a copy of the April 24, 1981 letter to John B. Martin from
Sheldon Meyers, Deputy Assistant Secretary for Nuclear Waste Management,
Department of Energy (DOE), commenting on a draft of the 10 CFR Part 60
technical criteria that was distributed at the NRC-sponsored. symposium on
high-level waste disposal held in Gatlinburg, Tennessee, March 10-13, 1981
(Attachment 1). These comments were discussed in a meeting with DOE staff

" on May 6, 1981, where it was agreed that a number of the comments were not
applicable to the proposed rule forwarded to the Commission with SECY-81-
267 and clarification of the NRC staff's intent on a number of other items
was requested.

Attachment 2 contains proposed revisions to Enclosure A of SECY-81-267 in
response to these DOE comments in comparative text.

Attachment 3 provides a discussion of the resolution of the comments.

Attachment 4 identifies a number of additional clarifying changes to proposed
Subpart E. ' '

The working draft of the Environmental Protection Agency High Le9e1 Waste
Standard requested by Chairman Hendrie is being sent separately to the
Commissioners.

Hilliam 5?'D1rcks
Executive Director
for Operations

Contact: M. J. Bell (WMHL)
42-74173
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Degartment of Energy
Washington, D.C. 20545

Mr. John B. Martin, Director
Division of Waste Management

U.S. Nuclear Regulatory Commission
washington, D.C. 20555

Dear Mr. Martin:

While we have not yet completed our review of the technical criteria to be
included in 10 CFR 60, I am forwarding to you a number of comments concerning
issues that we believe should and can be resolved before the document is _
resubmitted to the Commissioners, Our comments are based on the March 5, 1981
version of the document that was distributed at the Commission-sponsored
symposium on waste management regulations held in Gatlinburg, Tennessee.

These comments are provided in the spirit, noted during the discussion of the
procedural portion of 10 CFR 60, which encouraged resolution of issues at the
earliest possible time. My staff will be pleased to meet with the Commission
staff to discuss these issues and establish a means for their resolution in a
timely fashion.

Sincerely,

LR Lo Vheporn

Sheldon Meyers
Deputy Assistant Secretary

for Nuclear Waste Management
Office of Nuclear Energy

Enclosure
cc w/encl:

Tom Rehm, Office of Executive
Director of Operations

Attachment 1



Enclosure

DOE Comments on the March &, 1981
Draft of 10 CFR 60 Technical Criteria

60.102 Concepts

' 60-102§b2§22vand 60.102(c) (1)

Two terms introduced in these sections need to be more carefully defined. The
two terms are "storage" and "geologic repository operations ares.” In section
60.102(b) (2) it is stated that the “geologic repository operations ares" 1is
that area where radioactive waste handling activities are conducted. Section
60.102(1)(¢) implies that the "geologic repository operations area" is that
used for “storage" (which includes disposal) of high-level waste. Disposal is
defined but storage is not. We believe that it is essential that these terms be
clearly defined.

60-102‘C2

This section seems to be mistitled. This title implies that the section will
specify the functions of the geologic repository operations area. It does not.
This section addresses the requirements necessary to invoke NRC control over &
repository and a statement that TRU waste sent to & high-level waste repository
will have to be treated as though it were high-level waste. The Department
believes it would be beneficial if NRC staff stated the functions they believed
that the geologic repository operations area should perform.

The reasons for treating TRU-waste in an identical manner to the high-level
waste are not obvious. Depending on the assumed conditions, physical and
chemical phenomena taking place in & repository, and the level of credit given
to man-made barriers, this requirement could result in the need to convert all
TRU-waste to a leach-resistant waste form. If this is the objective it might
be more appropriate to state it directly.

60.102(f)

This section is most unclear concerning the concept and definition of the
"containment period." Initially it states that the containment period would
be defined as that time in which waste would be conteined by the waste pack~
age portion of the engineered system or approximately 1000 years. However,

in section 60.102(g) the definition of the conteinment period seems to be
broadened to a time frame in which isolation is achieved by the "geologic
repository.”" The geologic repository 1s defined (60.102 (d)) as the geologic
repository operations area plus the geologic setting. Obviously the volume and
time frame for containment are drastically different for each case.

60.102(g)

The definition of the term "isolation" needs to be reconsidered. The term
isolation denotes & spatial separation, in this case of the radionuclides
from the accessible environment. In this section it is stated that isolation
is still maintained even after radionuclides enter the accessible environment
as long as the concentrations stay below specified limits. The definition
in 60.2 needs to be reconsidered.



60.111 Performance Objectives

60.111(a)(3)

As now stated, the repository will have to be designed for avlife of 130
to 150 years. 1Is this the time frame the Commission envisioned when this
requirement was proposed?

60.111(b) (1)

The term and concept of the "overall system" is introduced in this section.
However, the subsystems, components and elements of the overall system are
never referenced, they can only be deduced through implication. We are
assuming that the "overall system" 1s defined by the bounds of the '"geologic
repository."

The level of performance in keeping radionuclides from the accessible
environment is apparently specified by currently-unrevealed EPA standards.
It would be more appropriate to cite the EPA standards directly if that is
what is intended.

60.111(b)(3)

This section addresses the performance requirement placed on the geologic
setting. In normal design practice, the function & facility, system, com=-
ponent, or structure is to perform is outlined before the performance level
is specified. That structure might be used here so that the Commission
staff can communicate what they expect the geologic setting will contribute
to the repository.

60.111(b) (4)

This section establishes a requirement that a repository be located in s
setting where the ground water travel time between the boundary of the
underground facility and the accessible environment is at least 1000 years.
We would like the NRC staff to explain the basis for the establishment of
this figure.

60.122 Requirements for the Geologilc Setting

60.122(a)(1)

This section identifies conditions within the "geologic setting" that con-
tribute to waste isolation. It is extremely unclear as to how large an
area might be included in the "geologic setting". A condition that is
sappose to contribute to isolation is a low population density in the
“eeologic setting.” Low population density may be desirable for & certain
distance around a repository but the population density itself will not
actually contribute to isolation. By definition the "geologic setting is
one of the three elements that constitutes the "geologic repository." If
this implies, thereby, that this 'geologic setting" is actually an exclusion
zone, then the population may well be zero.



The term "mineral assemblages" is an important consideration in the reposi-
tory’s performance. It needs to be defined. 1t is also not clear whether
the Department will have to show that the retardation for every nuclide will
be increased by these assemblages.

Within this section it is stated that & condition that may contribute to waste
isolation is the emplacement of the waste a2 minimum depth of 300 meters below
the surface. We would appreciate understanding the technical rationale used
‘to establish the number.

60.122(b) (2)

The term "disturbed zone" is defined for a second time in this section.

In fact the term has three different definitions in this rule which are ot
necessarily consistent. Per the definition in this section, the disturbed
zone passes through the accessible environment and thereby eliminates the
possibility for a 1000 year ground water travel time between the two. It
would be better if there was only one definition for the "disturbed zone"
that was compatible with other requirements already identified.

This section i1dentifies conditions in the disturbed zone that might adversely
affect waste isolation. In that context we are not certain how to interpret
item (x1) regarding earthquakes. This requires that the frequency and
magnitude of earthquakes in the disturbed zone be less than in the geologic
setting. Since the geologic setting completely surrounds the disturbed zone
1t 15 not clear that a differentiation can be made. ‘

60.122(c) (2) (x1x)

In this section asttention needs to be given to the definition of the term
"stability" as it relates to underground openings. The use of "stability"
in this context does not appear to be comsistent with the definition in
60.2. This requirement could be interpreted to rule out rocks that are
subject to creep under lithostatic pressure. It could be interpreted to
imply that the structure not require supports. This appears to be in
conflict with 60.123(e)(5) (1) which outlines the structural supports
required for stability.

60.122(b) (5) (4v)

' The concept of requiring exploratory boreholes to be colocated with shafts
for the facility appears to be a valid method of reducing the number of
boreholes that must be plugged. However, this assumption is valid only if
one assumes that the borehole and shaft are coincident over their entire
length. This may not be the case since small diameter boreholes can often
deviate laterally more than 1/4o and could, at some point, extend beyond

the confines of the shaft. If this occurred it would be difficult to
determine and could result in & length of borehole remaining unplugged. For
safety reasons, therefore, drill holes might better be plugged and certified
independently of any shaft construction. It is also not clear how this
requirement would affect the use of angled holes which the NRC staff believes
are important to collect data on verticel permeability in fractured rock.



60.122(d) ()

A requirement is established to evaluate undiscovered mineral deposits at
the site. In view of the level of characterization required under this
rule, we believe that if resources are not found they should be assumed not.
to be there. '

60.122(d)(3)

This section attempts to define the information to be obtained during sub-
surface exploration. This discussion is particularly vague and confusing.
For example, it requires that the bulk geomechanical properties be provided
for the geologic media. While the term "geomechanical properties" connotes a
level of specificity, it does not denote which mechanical properties are
desired. It is important for them to be defined since several geomechanical
properties will be impossible to obtain for the "bulk" materizl. The same
point holds true for the terms "bulk hydrological properties" and "bulk-
geochemical conditions." Parameters of pore pressure and ambient stress,
which are cited as examples, are not bulk geomechanical properties but
physical conditions found at the specific site.

The requirement "to determine the response of the bulk geomechanical, hydro-
geological and geochemical systems to the anticipated thermal loading, given
the pattern of fractures and other discontinuities...” ma2y well be impossible
to accomplish due to the shear magnitude (size) of the rock mass involved. A
firm conclusion on this cannot be drawn at this time because of the general
lack of specificity as to the information wanted.

60.132 Requirements for Design and Construction

60.132(e) (1)

We are not sure how to interpret the requirement that containment and iso~-
lation within the waste package and the underground facility be based

on independent chemical and physical principles. For example, containment
within a waste package will be enhanced by sorption and sorption will be &
mechanism to retard travel through the underground facility. In each case
the material doing the sorbing will be different but the principle will not.
Would this situvation fail to satisfy the NRC requirement?

60.132(a) (5)(11)

The requirement to utilize noncombustible materials in the repository would
appear to prohibit the use of wood for structural support. Is this intended?
If so, why?

" 60.132(a)(8)

The waste package is a system important to safety. After it is emplaced

in a hole in the repository, is it the intent that it be removed for periodic
inspection, testing and maintenance? If not, this section should be modified
to recognize the passive nature of a repository and that some safety related
systems, once in place will not be inspected, tested, or maintained.



60.132(c)

This section requires compliance with the performance objective outlined in
section 60.111(b). This requires that the underground facility control the
release of each radionuclide to less than 1 part in 10 “annually of the
amount that is present in any given year following 1000 years after decom-
missioning. This would imply that as the quantity of any individual isotope
approaches zero due to radicactive decay that almost zero release from the
underground facility would be required. Why would this be an essential
requirement to protect public hezlth and safety?

It is not clear why the release rate definition was changed to be referenced
against the quantity of each radionuclide. We believe that the release rate
referenced against the total inventory, as specified in the May 1980 version
of the technical criteria, would be appropriate rather than the current draft.

€0.132(c) (5) (1)

\

The use of the term "operation period" is unclear. Does this period include
the 50 years after completion of emplacement plus the time necessary to
effect retrieval?

60.132(c) (6)

The requirement that the design of the underground facility shall be based
on the excavation method that would limit damage to the rock is overly
restrictive. Obviously it should be a consideration but not necessarily the
basis for the design.

60.132(e)(7)

It 1{s not clear why the system to control the flow of gas or water into the
underground facility should be capable of doing analytical chemistry on water
and gas samples. The reason for this requirement should be provided.

60.132(c) (9)

Subsection (i11) and (vii) appear to be redundant.

-60.132(d)

This section requires that boreholes and shafts be "sealed" over their entire
length. The term "sealed" is not defined although there is a requirement
placed on the materials to be used. It would be more appropriate to place a
requirement on the performance of the total seal system as opposed to its
individual components.

60.133 Requirements for the Waste Package and {ts Components



60.133(a)

The Department. has reviewed the logic developed by NRC that established the
requirement that & waste package provide containment for 1000 years. While

the Department understands the logic behind the concept, we are not sure how
demonstration of compliance with the performance objective can be met as :
specified in this section. We believe that there is high probability that the
objective can be met, but we are not sure at this time that short term testing
cen be confidently extrapolated for the required time frame to the degree
necessary to satisfy the demonstration of compliance required. Based on our
current understanding of measurement science, performance evaluation, and long-
term predictive capability, this may require significant advances in each of
these areas. We believe that a thorough review of the basis for NRC acceptance -
of demonstration of compliance needs to be undertaken before this requirement
is approved.

60.133(c)

There appears to be a major inconsistency in the waste package definition
in this section and in the definition in 60.2. 1In 60.2 it requires that
the package be bounded by a hermetically sealed canister. That requirement
is not reflected or even referenced in this section. We believe that the
requirements as specified in this section are adequate and the need for

a boundary that is hermetically sealed is not necessary.

60.137 Performance Validation

60.137(b) (1)

The term "validation" is used very freely in this section. There is a
specific requirement that the Commission be notified 1f "validation" is
not achieved in various technical areas. In view of this requirement,
validation should be defined in order to establish the baseline for
appropriate action.

60.137(c)

This section requires an in-situ testing program to evaluate various compo-
nents of the repository. The Department is prepared to conduct such testing
programs. EHowever,-we would like to know which data the Commission believes
important to make a decision concerning the safety of the repository.
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ENCLOSURE A

Supplementary Information.and draft Technical Criteria
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NUCLEAR REGULATORY COMMISSION
- 10 CFR Part 60 Subparts E, F, G, H

DISPOSAL OF HIGH-LEVEL RADIOACTIVE WASTES IN GEOLOGIC
REPOSITORIES: TECHNICAL CRITERIA

AGENCY: Nuclear Regulatory Commission,
ACTION: Proposed Rule.

SUMMARY: The NRC is publishing proposed amendments which specify techhica]
criteria for disposal of high-level radioactive wastes (HLW) in geologic
repositories. The pfoposed criteria address siting, design, and performance
of a geologic repository, and the design and performance of the package
which contains the waste within the geologic repository. Also included

are criteria for monitoring and testing programs, performance confirmation, '

quality assurance, and personnel tra1n1n§ and certification.

131’90)~ A#Ft:n/

DATE: Comments received after [98-days after publication] will be considered
if it is practical to do so, but assurance of consideration cannot be given

except for comments received on or before this date.

ADDRESS: Written comments or suggestions on the proposed amendments should

be sent to the Secretary of the Nuclear Regulatory Commission, Washington, D.C.
20555, Attention: Dpcketing and Service Branch. Copies of comments may be
examined in the U.S. Nuclear Regulatory Commission Public Document Room,

1717 H Street NW., Washington, D.C.

1 Enclosure A
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FOR FURTHER INFORMATION CONTACT: Frank J. Arsenault, Director of the
Division of Health, Siting and Waste Management, Office of Nuclear Regu-
latory Research, U.S. Nuclear Regulatory Commission, Washington, D.C.

20555, Telephone (301) 427-4350.

SUPPLEMENTARY INFORMATION:
Backaground |

On December 6, 1979 the Nuclear Regulatory Commission (Commission
or NRC) published for comment proposed procedures for licensing geologic
disposal of high-level radioactive wastes.. The licensing procedures were
published in final form on February 25, 1981 (46 FR 13971). On May 13,
1980 (45 FR 31393) thg CiTgéfgion publiéhed for comment an Advance Notice
of Proposed Ru]emakinqAFoncerning technical criteria for regulating dis-
posal of high-level radioactive wastes (HLW) in geologic repositories.
Included with the advance notice was a draft of the technical criterfa
under'deve1opment by the staff. The public was asked to provide comment
on several issues discussed in the advance notice and to reflect on the
draft technical criteria in 1ight of that discussion. The comments received
were numerous and covered the full range of issues related to the technical
criteria. The *tachnical criteria being proposed here reflect some changes
from the ANPR made in consideration of those commenté. The Commission.
has prepaéed an analysis of the comments which explains the changes made
from the ANPR, and intends to publish soon the comments and the analysis
as a NUREG document. A draft of this NUREG has been placed in the Commission's

Public Document Room for review. In addition, the staff has begun a program

to develop guidance as to the methods that it regards as satisfactory for

demonstrating compliance with the'requirements of the proposed rule.

2 Enclosure A



[7590-01)

The technical criteria being set forth here as proposed rulemaking
are a result of the Commission's further effort in regulating geologic
disposai of HLW by the Department of Energy (DOE). The rationale for
the performarce objectives and Environmental Impact Assessment supporting
this rulemaking are also available in the Commission's Public Document
Room. In developing these criteria we have not reexaﬁined DOE's program-
matic choice of disposal technology resultiqg.from its Generic Environmental
Impact Statement, inasmuch as the Commission has expressly reserved until
a‘laier time possible consideration of matters within thé scope of that
generic statement (44 FR 70408). Accordingly, the technical criteria
apply only to disposal in geologic repositories and do not address other
possible or potential disposal methods. Similarly, in that DOE's cﬁrrent
plans call for disposal at sufficient depth to be in the area termed the
saturated zone, these criteria were developed for disposal in saturated
media. Additional or alternative criteria may need to be developed for

regulating disposal in the nonsaturated or "vadose zone".

Authority
Sections 202(3) and (4) of the Energy Reorganization Act of 1974,

as amended, provide the Commission with licensing and regulatory authority
regarding DOE facilities used primarily for the receipt and storage of
high-level'radioactive wastes resulting from activities licensed under

the Atomic Energy Act and certain other long-term HLW storage facilities
of the DOE. Pursuant to that authority, the Commission is developing
criteria appropriate to regulating geologic disposal of HLW by the DOE.
The reqqirements andvcriteria contained in this proposed rule are a result

of that effort.

3 Enclosure A



[7590-01]

Relation to4Genera11y Applicable Standards for Radiation in the Environment
Established by the Environmental Protection Agency

The Environmental Protection Agency (EPA) has the authority and respon-
sibility for setting genera11y applicable standards for radiation in the
environment. It is the responsibility of the NRC to implement those
standards in its Yicensing actions and assure that the public health and
safety are protected. Although no EPA standard for disposal of HLW yet
exists, these proposed technical criteria for regulating geologic disposal
of HLW have been developed to be compatible with a generally applicable
environmental standard. Specifically, tﬁe performance objectives and
cr1tefia speak to the functional elements of geologic disposal of HLW
and the analyses required to give confidence that'these functional

elements will perform as intended.

 Disruptive Processes and Events

The NRC's implementing regulations assume that licensing decisions
will be based, in paft, on the results of analysis of the consequences
of processes and events which potentially could disrupt a repository.
Thus, throughout the criteria are requirements that the design basis take
into account processes and'events with the potential to disrupt a geologic
repository. If the process or event is anticipated, i.e., likely, then
the design Basis requires barriers which would not fail in-;;y way that
would result in the repositor§\§ not meetihédﬁzs performance objectives.

If the process or event is unlikely, then the overall system must still

1imit the release of radionuclides.

‘Multiple Barriers

The proposed technical criteria were developed not only with the

understanding that EPA's generally applicable environmental standard
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would need to be implemented, at least in part, by performing calcula-
tions to predict performance, but also with the knowledge that some of
those calculations would be complex and uncertaih. "Natural systems are
~difficult to characterize and ény understanding of the site will have
significant limitations and uncertainties. Those properties which pertain
to isolation of HLW are difficult to measure and the measurements which
are made will be subject to several sources:bf error and uncertainty.
The physical and chemical processes which isolate the wastes are themselves
varied and coﬁp]ex. Further, those processes are esﬁecialIy difficult
to understand in the area close to the emplaced wastes because that area
is physically and chemically disturbed by the heat generated by those
wastes.

However, a geologic repository consists of engineered features as
well as the natural geologic environment. Any eva1uét10n of repository
performance, therefore, will consider the waste form and other engineering
which is elemental to the repository as a system. By partitioning of
the engineered system into two major barriers, £he waste package and the
underground facility, and establishing performance objectives for each,
the Comhission has sought to exploit the ability to design the engineered
features to meet specific performan;e objectives as a means of reducing
some of the uhcertainties in the calculations of overall repository
performance.

In addition, the requirements for containment, controlled release rate,
and 1000-year groundwater transit time are three criteria which act independ-
ently of the overall repository performance to provide confidence that the

wastes will be isolated at least for as long as they are most hazardous.
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Containment and Isolation

During the first several hundred years following emplacement of the
wastes, both the radioactivity of and the heat generated by the wastes
are attributable mainly to the decay of the short-lived nuclides, primarily
fission products. At about one thousand years after emplacement both
the radioactivity and heat generated have diminished by about three orders
of magnitude. As the decay of the long-lived isotopes, primarily actinides,
begins to dominate, both the radioaﬁtivity and thermal output of the wastes
“continue to fall until almost one hundred thousand to one million years
after emplacement. By that time both have diminished by about 5 orders
of magnitude and both heat and radioactivity become roughly constant due
to the ingrowth of daughter isotopes, primarily Ra 225, Ra 226 and their
daughters.

The technical criteria would require the eng1néered system to be
designed so that the wastes are contained within the waste package for
the first thousand years following emplacement. Following this period,
containment is no longer assumed and the function of the waste package
and underground facility is to control the release of radionuclides from .
the underground facility. By requiring coﬁiéinment during the period
when the thermal conditions around the waste packages are most severe,
evaluation of repository performance is greatly simplified to considerations
of the degree of conservatism in the containment design relative to events
and processes that might affect the performance during the containment
period.

Although both the radiocactivity of and heat generated by the decay
of the wastes have diminished about 3 orders of maghitude during the

containment period, the area surrounding the emplaced wastes will not
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return to temperatures near those before the wastes were emplaced until
after about 104 years. As mentioned earlier, the thermal disturbance of
the area near the emplaced wastes adds significantly to the uncertain-
ties in the calculation of the transport of the radioisotopes through

the geologic eﬁvironment. The technical criteria are intended to compen-
sate for uncertainties by imposing further design requirements on the
‘waste package and underground facility, thereby limiting the source term

by controlling the release rate.

Role of the Site

The Commission neither intends nor expects either containment to be
lost completely at 1,000 years following emplacement or the engineered
system's contribution to the control of the release of wastes to cease
abruptly at some later time. However, the Commission recognizes that at
some point the design capabilities of the engineered system will be lost
and that the geologic setting--the site--must provide the isolation of
the wastes from the environment, and has translated this requirement into
a performance objective for the geologic setting. The Commission also
recognizes that isolation is, in fact, a controlled release to the
environment which could span hdgzzzzzggéfthouéénds of years, and that
the release of radioisotopes, and the potential exposures to individuals
which cou1d‘resu1t, should be addressed in the evaluation of a repository.
A complement to the evaluation of thé effects of design basis processes
and events which might disrupt the repository is a projection of how the
repository, unperturbed by discrete external events, will evolve through
the centuries as a result of the geoIogicAprocesses operating at the site.
Hence, an amendment is being prqposed to that portion of Subpart B of 10 CFR

Part 60 which describes the contents of the Séfety Analysis Report of DOE's
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application for geologic disposal of HLW which would require DOE to (1)
project the expected performance of the proposed geologic repository noting
the rates and quantities of expected releases of radioisotopes to the
accessible environments as a function of timé, and (2) estimate likely

maﬁimum individual doses to humans which could result from those releases.

Retrievability

The licensing procedures of 10 CFR Part 60 were written assuming

- that there would be a program of testing and measurement of the thermal,
mechanical, and chemical properties of the major engineered barriers to
confirm their expected performance. The Commission would 1ike to tie the
requirement for retrievability of the wastes to the expected time needed

to execute the performance confirmation program. However, at present it
appears to the Commission that neither the specific nature nor the period
needed for execution of the performance confirmation program will be'certaih
until construction of the repository is substantially complete; that is,

until the actual licensing to receive wastes at a geologic repository. Hence
it is difficult at this time to use the performance confirmation program as

a basis for establishing a period of retrievability.. Nonetheless, the DOE

is now making critical decisions regarding the design of geologic repositories
which will have a direct effect upon how lbng the option to retrieve wastes
can be maintained, and upon the difficulty which will be encountered in
exercising that option, should that be necessary for protection of the public
health and safety. Therefore, as a practical matter, the proposed rule sets
forth a requirement that the engineered system be designed so that the option
to retrieve the waste can be preserved for up to fifty years following comple-

tion of emplacement. Thus, the waste package and the underground facility
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would be designed so that their natural degradation would not be the deter-
minant of when the Commission would decide whether to permit c1osure_df the
repository. Rather, the Commission would be assured of the option to et
the conduct cf the perfofmance confirmation program indicate when it is
appropriate to make such a decision. In particular, the Commission is
concerned that fhe thefmo-mechénica1 design of the underground facility be
such that the openings can be maintained until the Commission either decides
to permanently close the repository or to take cofrective action, which may
include retrieval. The Commission does not want to approve construction
of a design which will foreclose options for future decisionmakers.

The retrievability requirement does not specify the form in which
the wastes are to be retrievable or that wastes'by “readily retrievable."
The requirement is simply that all the wastes be retrievable during a
period equal to the period of construction and emp1écement. The DOE's
plans for retrieval are specifically requested as p;rt of its license
application and the practicability of its proposal will be considered by
the staff. | | L

Human Intrusion

_ Some concern has been raised on the issue of human intrusion into a2
geologic repository. Human intrusion could conceivably occur either
inadvertently or deliberately. Ilnadvertent intrusion is the accidental
breaching of the repository in the course of some activity unrelated to
the existence of the repository, e.g., exploration for or development of
resources. For inadvertent intrusion to occur, the institutional controls,
site markers, public records;'and societal memory of the repository's

existence must have been ineffective or have ceased to exist. Deliberate
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or intentibnal intrusion, on the other hand, assumes a conscious decision
to breach the repository; for example, in order to recover the high-level
waste itself, or exploit a mineral associated with the site.

Historical evidence indicates that there is substantial continuity
of information transfer over time. There are numerous examples of knowledge,
including complex information, being preserved for thousands of years,
This has occurred even in the absence of printing and modern information
transfer and storage systems. Furthérmore, this information transfer
has survived disruptive events, such as wars, natural disasters, and
dramatic changes in the social and political fabric of societies.. The
combination of the historical record of information transfer, provisions
for a well-marked and extensively documented site location, and the scale
and technology of the operation needed to drill deeply enough to penetrate
a geologic repository afgue strongly that inadvertent intrusion as described
above is highly improbable, at least for the first several hundred years
during which the wastes are most hazardous. Selecting a site for a
repository which is unattractive with respect to both resource value and .
scientific interest further adds to the improbability of inadvertent human
intrusion. it is also 1ogica1-t0~assume that any future Qeneration
possessing the technical capability to locate and explore for resources
at the depth of a repository would also possess the capability to assess
the nature of the material discovered, to mitigate consequences of the
breach and to reestablish administrative control over the area if needed.
Finally, it is inconsistent to assdme the scientific and technical
capability to identify and explore an anomalous heat source several hundred

meters beneath the earth's surface and not assume that those exploring
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would have some idea of eithef what might be the cause of the anomaly or
what steps to take to mitigate any untoward consequence of that exploration.

The above arguments do not apply to the case of delfberate intrusion.
The repository itself could be ;ttractive and invite intrusion simply
because of the resource potential of the wastes themselves. Intrusion ;
to recover the wastes demands (1) knowledge of the existence and nature
of the repository, and (2) effort of the sa@é magnitude as that undertaken
to emplace the wastes. ‘Hence intrusion of this sort can only be the result
of a conscioué, ;ollective societal decision to recover the wastes.

In light of the above, the proposed technical criteria are written
to direct site selection towards selection of sites of 1ittle resource
value. Further, the proposed criteria would require reliable documeﬁté-
tion of the existence and location of the repository and the nature of
the wastes emplaced therein.

Intrusion for the purpose of sabotage or terrorism has also been
mentioned as a possibility. However, due to the nature of geologic
disposal, there seems to be very 1ittle possibility that terrorists or
saboteurs could breach a repository. Breach of the repository would
require extensive use of machinery for drilling and éxcavating over a
considerable period of time. It is highly improbable that a terrorist

group could accomplish this.covertly.

Major Features of the Proposed Rule .

1. Overall Description
The proposed technical criteria have been written to address the
following: performance objectives and requirements for siting, design

and construction of the repository, the waste package, ;onfirmation of
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repository performance, quality assurance, and the training and
certification of personnel. As appropriate, these topics are divided fn
turn to address separately requirements which apply during construction,
waste emplacement, and after closure of the repository-the latter termed
decommissioning. Although the licensing procedures indicate that there
wpuld be separate subparts for sitiﬁg and design requirehents, viz.
Subparts E and F, respectively (cf. §60.31(a)(2)), the NRC now believes
that the site and design are so intefdependent that such a distinction

is artificial and misleading. For example, although the requirement to
place the underground facility at a minimum depth of 300 meters is clearIy
a design requirement, it is manifested as a siting requirement since unless
the site has a host rock of sufficient thickness at sufficient depth,

the above design requirement cannot be met. Hence the proposed subpart E
to 10 CFR Part 60 contains both site and design requirements.

To enable the Commission to reach é finding as to whether the generally
applicable environmental standard for disposal of HLW is met and that the
public health and safety will be protected, a careful and exhaustive analyses
of all the features of the repository will be needed. That analysis neces-
sarily must be both qualitative and quantitéfive. The analyses performed
can and will be largely quantitative during the period that greatest reliance
can be placed upon the engineered system, up to about 10,000 years after
closure. Thereafter, although the issues of concern, and certainly the
pﬁysics of a repository itself, do not change, the numerical uncertainties
begin to become so large that ca1;u1ations become more indicative of
eipected repository behavior rather than definitive of actual performance.

Hence, such calculations will be supplemented more heavily by qualitative
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descriptions, arguments, and analogs to achieve confidonce in the success
of a repository. »

In sum, the technical criteria perform two tasks. First they serve
to guide DOE in siting, designing, constructing, and opefating a reposi-
tory in such a.manner that there can be reasonable confidence that the
public health and safety will be protected. Second, they serve to guide
DOE in those same areas in such a mannef that there can be reasonable
confidence that the onaIyses needed to determine whether the public health

and safety is protected can be performed.

2. Performance objectives

The design and.operation of the repository are prescribed to be such
that during the period that wastes are being emplaced and performance
assessed, exposure to workers and ré]eases of radioactivity to the environ-
ment must be within 1imits set by the Commission and the EPA. Further,
the repository is to be designed so that the option can be preserved to
retrieve the emplaced wastes beginning at anytime up to 50 years follow-
ing completion of emplacement. Following permanent closure, the reposi-
tory must perform so that releases are within the 1imits prescribed by
the generally applicable environmental standard which will be set by the
EPA. Further, the design of the repository must include a waste package
and an underground facility, as well as the site, as barriers to radio-
nuclide migration. |

The performance of the engineered system (waste package and underground
facility) following permanent closure is specified to require containment
of the wastes within the waste package for at least 1,000 years following
closure, when temperatures in the repository are substantially elevated,

and control of the release of nuclides to the geologic environment thereafter.
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Transuranic waste (TRU) may be disposed of in a geologic repository.
Since transuranic waste does not genérate éignificant amounts of heat,
there is no advantage to containment for any specified period. Hence,
the requirement for TRU waste is simply a controlled release equivalent
to that for HLW, provided they are physically separated from the HLW so

that they w1l not experience a significant increase in temperature.

3. Siting Requirements

Although no specific site suitability or exclusion requirements are
given in the criteria, stability and minimum grbundwater travel times
are specified as required site characteristics. In addition, the tech-
nical criteria identify site characteristics considered favorable for a
repository as well as characteristics which, if present at the site, would
Ieaa'to a presumption that the site is not suitable for hosting a repository.
The Commission has judged that these should not be made absolute requirements
because the impact of these characteristics on overall performance would
be site specific. The Commission's approach requires that the combination
of conditions at the selected site provide reasonable assurance that the |
performance objectives will be achieved. Further, if adverse conditions
are identified as being present, they must be thoroughly characterized
and analyzed and it must be demonstrated that the conditions are compensated

for by repository design or by favorable conditions in the geologic setting.

4. Design and Construction

In addition to the requirements on designing for natural phenomena,
criticality control, radiation brotection, and effluent control, the
proposed technical criteria require the design of the repository to accom-

modate potehtial interaction of the'waste, the underground facility, and
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the site. Requirements are also placed upon the design of the equipment
to be used for handlfng the wastes, the performance and purpose of the
backfill material, and design and performance of borehole and shaft seals.
"Further, there are requirements related to the methods of construction.
The Commission believes such requirements are necessary to assure that
the ability of fhe repository'to contain and isolate the wastes will not
be compromised'by the construction of the repository.

The proposed technical criteria would require that the subsurface
facility be designed so that it could be constructed and operated in
accordance with relevant Federal mining regulations, which specify design
requirements for certain items of electrical and mechanical equipment and
govern the use of explosives.

These ﬁriteria are a blend of general énd detailed prescriptive
requirements. They have been developed from Commission experience and
practice in the licensing of other nuclear facilities such as power plants
and fuel cycle facilities. While there are differences in the systems
and components addrgssed by these criteria from those of power plants or
fuel cycle facilities, and the criteria have been written appropriate to
a geologic repository, the proposed criteria represent a common practice
based on experience which has shown that the above items need to be regu-
lated. ThebleveT of detail of these criteria reflects the Commission's
current thinking on how to regulate effectively geologic disposal of HLW.
However, the Commis?ion continues to exaﬁine other possibilities for pro-

mulgating the more detailed of these requirements.

5. Waste Package

The proposed requirements for the design of the waste package

emphasize its role as a key component of the overall engineered system.
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Besides being required to contribute to the engineered system's meeting

containment and controlled release performance objectives, both compati-
bility with the underground facility and the site and a method of unique
identification are required of the waste package. Included in the sec-

tion of the proposed technical criteria which deals with the waste pack-
age are requirements that the waste form itself contained within the

package be consolidated and non-pyrophoric.

6. Performance Confirmation

The proposed technical criteria include requirements for a program
of testing and measurement. The main purpose of this program is to con-
firm the assumptions, data, and analyses which led to the findings that
permitted construction of the repository and subsequent emplacement of
the wastes. Further, the performance confirmation program includes
requirements for monitoring of key geologic and hydrologic parameters
throughout site characterization, construction, and emplacement to detect
any significant changes in the conditions which supported the above find-
ings during, or due to operations at the site. Also included in the
program would be tests of the effectiveness of borehole and shaft seals

and of backfill p]acement'procedurés.

REGULATORY FLEXIBILITY CERTIFICATION:_ In accordance with the Regulatory
Flexibility Act of 1980, 5 U.S.C. 605(b), the CbmmisSion hereby certifies
that this rule will not, if promu]Qated, have a significant economic
impact on a substantial number of small entities. This proposed rule
affects only the Department of Energy, and does not fall within the

purview of the Act.
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Pursuant to the Atomic Energy Act of 1954, as amended, the Energy
Reorganization Act of 1974, as amended, the National Environmental Policy
Act of 1969, as amended, and sections 552 and 553 of title 5 of the
United States Code, notice is hereby given that adoption of the following
amendments to Title 10, Chapter I, Code of Fédera1 Regulations is
contemplated.

1. The authority citation for Part 60 rea&s as follows:

Authority: Secs. 51, 53, 62, 63, 65, 81, 161b., f., i., o., p., 182,
183, Pub. L. 831703, as amended, 68 Stat. 929, 930, 932, 933, 935, 948,
953, 954, as amended (42 U.S.C. 2071, 2073, 2092, 2093, 2095, 2111, 2201,
2232, 2233); Secs. 202, 206, Pub. L. 93-438, 88 Stat. 1244, 1246 (42 U.S.C.
.5842, 5846); Sec. 14, Pub. L. 95-601 (42 U.S.C. 2021a); Sec. 102(2)(c),
Pub. L. 91-190, 83 Stat. 853 (42 U.S.C. 4332).

2. Section 60.2 is amended to read as follows:*

§60.2 Definitions
For the purposes of this Part--

"Accessible Environment" means those portions-of the environment

directly in contact with or readily avajlable for use by human beings. [it

inc*udes-the-earth*s-atmosphere;-the-iand-surface;-surface-waters;-and-the
oceanss--It-aiso-inciudes-presentiy-used-potabie-aquifers-and-those-which
have-been-designated-as-underground-sotrces-of-drinking-water-by-the

Environmentai-Protection-Agency:]

Comparative text in which deletions are struck through and additions are
underscored has been used for the proposed amendments to Section 60.2,
60.10, 60.21, and 60.51. This is done for the Commission's convenience
and comparative text will not be used in the Federal Register Notice.
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"Anticipated Processes and Events" means those. natural processes and

events that are reasonably likely to occur during the period the intended

performance objective must be achieved and from which the design bases for

the engineered system are derived.

"Barrier" means any material or structure that prevents or substan-

tially delays movement of water or radionuclides.

"Candidate area" means a geologic and hydrologic system within which a
geologic repository may be located.

"Commencement of construction" means clearing of land, surface or
subsurface excavation, or other substantial action that would adverseTy
affect the environment of a site, but does not include changes desirable
for the temporary use of the land for public recreational uses, site char-
acterization activities, other preconstruction monitoring and investiga-
tion necessary to establish background information related to the suitabil-
fty of a site or to the protection of environmental values, or procurement
or manufacture of components of the geologic repository operations
area. '

"Commission" means the Nuclear Regulatory Commission or -its duly
authorized representatives. o

"Containment" means the act of keeping radioactive waste within

a designated boundary.

"Decommissioning," or "permanent closure," means final backfilling of
subsurface facilities, sealing of shafts, and decontamination and dismantle-

ment of surface facilities.

"Disposal’ means the isolation of_radioactive wastes from the

biosphere.
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"Disturbed zone" means that portion of the geologic setting that is

significantly affected by construction of the subsurface facility or by the

heat generated by the emplacement of radicactive waste.

"Director" means the Director of the Nuclear Regu1aéory Commission's
Office of Nuclear Material Safety and Safeguards. |

"DOE" means the U;S. Department of Energy or its duly authorized
representatives.

"Engineered system" means the waste packages and the underground

facility.
"Far field" means the portion of the geologic settinéﬁthat lies

beyond the disturbed zone.

"Floodplain" means the Towland and relatively flat areas adjoining

inland and coastal waters including flood prone areas'of offshore islands

and including at a minimum that area subject to a one percent or greater

chance of flooding in any given year.

"Geologic fepository" means a system [which-is-intended-to-be-used
fors;-or-may-be-used] for the disposal of radioactive Qastes in excavated

geologic [formations] media. A geologic repository includes (1) the

geologic repository operét{ons area, and (2) the geologic setting.

"Geologic repository operaiions area" means an HLW facility that is
part of a geologic repository, including both surface and subsurface
areas, where waste handling activities are conducted.

"GeoTQgic setting" or "site" is the spatially distributed geologic,

hydrologic, and geochemical systems that provide isolation of the radio-

active waste.

"High-level radioactive waste" or "HLW" means (1) irradiated reactor

fuel, (2) liquid wastes resulting from the opefation of the first cycle
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solvent extraction system, or equivalent, and the concentrated wastes from
subsequent extraction cycles, or equivalent, in a facility for reprocessing
‘irradiated reactor fuel, and (3) solids into which such liquid wastes have
been convertéd.

"HLW facility" means a facility subject to the licensing and related
regulatory authority of the Commission pursuant to Sections 202(3) and
202(4) of the Energy Reorganization Act of 1974 (88 Stat 1244).%*

"Host rock" means the geologic medium in which the waste is

emplaced.

"Hydrogeologic unit" means any soil or rock unit or subsurface zone

that has a distinct influence on the storage or movement of ground water

by virtue of its porosity or permeability.

"Important to safety,"” with reference to structures, systems, and
components, means those structures, systems, and components that provide
reasonable assurance that radioactive waste can be received, handled,
and stored without undue risk to the health and safety of the public.

"Indian Tribe" means an Indian tribe as defined in the Indian Self-
Determination and Education Assistance Act (Public Law 93-638).

"Isolation" means inhibiting the transport of fadioacti#e material

so_that amounts and concentrations of such material entering the accessible

environment will be kept within prescribed 1imits.

x
These are DOE "facilities used primarily for the receipt and storage of high-
level radioactive wastes resulting from activities licensed under such act
(the Atomic Energy Act)" and "Retrievable Surface Storage Facilities and
other facilities authorized for the express purpose of subsequent long-term
storage of high-level radioactive wastes generated by (DOE), which are not
used for, or are part of, research and development activities."

A

20 Enclosure A



. [75%0-01)

"Medium” or "geologic medium" is a body of rock characterized by

1ithologic homogeneity.

"Overpack" means any buffer material, receptacle, wrapper; box or

other structure, that is both within énd an intégra] part'of a waste

package. It encloses and protects the waste form so &s to meet the

performance objectives.

"Public Document Room" means the place at 1717 H Street Nw.,
Washington, D.C., at which records of the Commission will ordinarily be
made available for public inspection and an} other place, the location
of which has been published in the FEDERAL REGISTER, at which public
records of the Commission pertaining to a particular geologic repoéitory
are made available for public inspection.

"Radioactive waste" or "waste" means HLW and any other radioactive
materials other than HLW that are received for emplacement in a geologic
repository.

"Site" means the geologic setting.

"Site characterization" means the program of exploration and
research, both in the laboratory and in the field, undertaken to estab-
1ish the geologic conditions and the ranges of thdse parameters of a
parameters of a particular site relevant to the procedures under this
part. Site characterization includes a program of borings, surface
excavations and borings, and in situ testing at depth needed to determine
the suitability ofkthe site for a geologic repository, but does not
include preliminary borings and geophysical testing needed to decide

whether site characterization should be undertaken.
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"Stability" means that the nature and rates of natural processes

such as erosion and faulting have been and are projected to be such that

their effects will not jeopardize isolation of the radioactive waste.

“Subsurface facility" means the underground portions of the geologic

repository operations area including openings, backfill materials, shafts

and boreholes as well as shaft and borehole seals.

"Transuranic wastes" or TRU wastes" means radioactive waste contain-

ing alpha emitting transuranic elements, with radicactive half-lives

greater than five [one] years, in excesé of 10 nanocuries per gram.

"Tribal organization".means a Tribal organzation as defined in the
Indian Self-Determination and Education Assistance Act (Public Law 93-638).

"Underground facility" means the underground structure, including

openings and backfill materials, but exc]ud{gggﬁhafts, boreholes, and

their seals.

"Unrestricted area" means any area access to which is not controlled

by the licensee for purposes of protection of individuals from exposure

to radfation and radioactive materials, and any area used for residential

guarters.
"Waste form" means the radioactive waste materials and any encapsu-

lating or stabilizing materials, exclusive of containers.

"Waste package" means the airtight, watertight, sealed container

which includes the waste form and any éncil1ary enclosures, including

shielding, discrete backfill and overpacks.

3. Section 60.10 is amended by adding pafagraph (d) to read as -

follows:
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§60.10 Site characterization.

(a) Prior to submittal of an application for a license to be issued
under this part the DOE shall conduct a program of site characterization
with respect to the site to be described in such application.

(b) Unless the Commission determines with respect to the site
described‘in the application that it ié‘not necessary, site charac-
terization shall include a program of in situ exploration and testing
at the depths that wastes would be emplaced.

(c) As ﬁroyided in §51.40 of this chapter, DOE is also required
to conduct a program of site characterization, including in situ testing
at depth, with respect to alternative sites.

(d) The program of site characterization shall be conducted in

accordance with the following:

(1) Investigations to obtain the required information shall be con-

ducted to 11mit adverse effects on the long-term performance of the

geologic repository to the extent practicable.’

(ii) As a minimum the location of exploratory boreholes and shafts

shall be se1ected so as to 1imit the total number of subsurface penetra-

tions above and around the underground facility.

(iii) To the extent practical, éxploratory boreholes and shafts in the

geologic repository operations area shall be located where shafts are planned

for repository construction and operation or where large unexcavated pillars

are planned.

(iv) Subsurface exploratory drilling, excavation, and in situ testing

before and during construction shall be planned and coordinated with

repository design and construction.

% % % ' _ L%
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4. Paragraph (c)(1) of §60.21 is amended to read as follows:
§60.21 Content of Application.

% * % 3 *

(c) The Safety Analysis Report shall include:

(1) A description and [analysis] assessment of the site at which the
proposed geologic repository operations area is to be located with appro-
priate attention to those features of the site that might affect facility

design and performance. The description of the site shall identify the

limits of the accessible environment with respect to the location of the

geologic repository operations area.

(1) The description of the site shall also include the following

information regarding subsurface conditions in the vicinity of the proposed

underground facility--

(A) The orientation, distribution, apertdre in-filling and origin

of fractures, discontinuities, and heterogeneities;

(B) The presence and characteristics of other potential pathways

such as solution'features, breccia pipes, or other permeable anomalies:

(C) The bulk geomechanical properties and conditions, including pore

pressure and ambient stress conditions;

(D) The bulk hydrogeologic properties and conditions;

(E) The bulk geochemical properties; and

(F) The anticipated response characteristics of the bulk geomechanical,

hydrogeologic, and geochemical systems'to the maximum design thermal loading,

given the pattern of fractures and other discontinuities and the heat

‘transfer properties of the rock mass and groundwater.
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(ii) The assessment shall contain--
(A) An analysis of the geology, geophysics, hydrogeology, geochemistry,
and meteorclogy of the site;

(B) [Reatistie] Analyses [using-conservative-assumptions] to determine

the degree to which each of the favorable and adverse conditions, if present,

has been characterized, and the éxtent to which it contributes to isolation.

_(C} [A-projection] An evaluation of the expected performance.of the

“proposed geologic repository noting the rates and quantities of expected

releases of radioisotopes to the accessible environment as a functon of

time, and estimates of the likely maximum individual doses which could

result from those releases. In executing.this evaluation DOE shall assume

that those processes operating on the site are those which have been

operating on it during the Quaternary Period and superpose the perturbations

caused by the presence of emplaced radioactive waste on the natural processes.

(D) An analysis of the expected performance of [and] the major

design structures, systems, and components, both surface and subsurface,
that bear significantly on the suitability of the geologic repository

for disposal of radioactive waste with respect to the anticipated processes

and events and natural phenomena from which the design bases are derived.

For the purposes of this analysis, [¥]it [wi11] shall be assumed that

operations at the geologic repository operations area will be carried
out at the maximum capacity and rate of receipt of radioactive waste

stated in the application.

(E) An explanation of measures used to confirm the models used to

perform the assessments required 1n paragraphs (A) through (D). Analyses

and models that will be used to predict future conditions and changes in
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the geologic setting shall be confirmed by using field tests, in situ

tests, field-verified laboratory tests, monitoring data, or natural analog

studies.

x *x x , % _ %

5. . Paragraph (c)(3) of §60.21 is amended to read as follows:

(¢c) The Safety Analysis Report shall include: ‘

3 % % | * X

(3) A description and analysis of the design and performance
requirements for structures, systems, and components of the geologic
repository which are important to safety. ([TFhe]This analysis [and
evaiuatien] shall consider--(i) the margins of safety under normal
coﬁdit1ons and under conditions that may result from anticipated opera-
tional occurrences, including those of natural arigin; (ii) the adequacy
of structures, systems, and components provi@ed for the prgvention of_
accidents and mitigation of the consequences of accidents, including
those caused by natural phenomena; and (iii) the effectiveness of engi-
neered and natural barriers, including barriers that may not be them-
selves a part of the geologic repository operations area, againét the

release of radioactive.material to the environment. The analysis shall

also include a comparative evaluation of alternatives to the major design

features [with-particuiar-attention-to-the-aiternatives-which-wouid-provide

tonger] which are important to radionuclide containment and isolation.

X x - X D X
6. Paragraph (€)(13) of §60.21 is amended to read as follows:
(c) The Safety Analysis Report shall include:

x b 3 x x x
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(13) An identification and evaluation of the natural resources at the

site, including undiscovered deposits, the exploitation of whichrcou1d affect

the ability of the site to isolate radioactives wastes. Undiscovered.

“deposits of résources characteristic of the area shall be evaluated by

reasonable inference based on geological and geophysical evidence. Such

evaluation of résources 1ncluding undiscovered deposits, shall be conducted

for the disturbed zone and for areas of similar size that are representative

of and are within the geologic setting. For natural resources with current

markets the resources shall be assessed, with estimates provided of both

gross and net value. The estimate of net value shall take into account

current development, extraction and marketing costs. For natural resources

without current markets, but which would be marketable given credible

projected changes in economic or technological factors, the resources shall

be described by physical factors such as tonnage or other amount, gradej and

quality.

x * % * x -

7. Paragraph (a)(2) of §60.31 is amended to read as follows:

§60.31 Construction authorization.

x x x x x

(2) The site and design comply with the criteria contained in

Subpart[s] E [and-F-of-this-part].

X *x % X x

8. Paragraph (a)(2) of §60.51 is amended to read as follows:

§60.51 License amendment to decommission.

* % % * *
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(a)(2) A detailed description of the measures to be employed--such
as land use controls, construction of monuments, and preservation of
records--to regulate or prevent activities that could impair the long-
term isolation of emplaced waste within the geologic repository and to
assure that relevant information will be preserved for the use of future

generations. As a minimum, such measures shall include --

(i) Identification of the geclogic repository operaiions area by

monuments that have been designed, fabricated, and emplaced to be as per-

manent as is practicable; and

(ii) Placement of records of the location of the geologic repository

operations area and the nature and hazard of the waste in the archives of

local and Federa) government agencies, and archives elsewhere in the world,

that would be likely to be consulted by potential human intruders.

9. New Subpart E, "Technical Criteria," Subpart F "Performance
Confirmation," Subpart G, "Quality Assurance" and Subpart H, "Training

and Certification of Personnel” are added to 10 CFR Part 60.%

SUBPART E--DISPOSAL OF HIGH-LEVEL RADIOACTIVE WASTES IN
' .GEOLOGIC REPOSITORIES: TECHNICAL CRITERIA

§60.101 Scope.
(a) This subpart states the performance objectives to be achieved
and the technfca1 criteria to be met by the DOE in order for the Commis-

sion to make the findings called for in Subpart B of this part.

x )
Comparative text is neither needed nor used for Subparts E, F, G, or H,
because they are composed entirely of new material.
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(b) The Commission wi1]‘apply the technical criteria in this sub-
part in making findings that the activities apthorized by a license, or
any amendment thereof, will not constitute undue risk to the health and
safety éf fhe public.

(c) The Commission willra1so apply the technical criteria in this
subpart in making determinations with respect to the issuance of a con-
struction authorization. ' -

(d)' Omissions in this subpart do not relieve DOE from the require-

.ment of providing necessary safety features in the design of a specific

facility.
§60.102 Concepts.

(a) The HLW facility.

NRC exercises licensing and related regulatory authority over those
facilities described in section 202(3) and (4) of the Energy Reorganiza-
tion Act of 1974. Any of these facilities is designated an HLW facility.

(b) The geologic repository operations area.

(1) This part deals with the exercise of authority with respect to

a particular class of HLW facility -- namely a geologic repository opera-
tions area. . '
(2) A geologic repository operations area consists of those surface

~and subsurface areas that are part of a geoIggic repository where radioactive

waste handling activities are conducted. The underground structure, including
openings and backfill materials, but excluding shafts, boreholes, and their

seals is designated the underground facility.

[€e)--Function-of-the-geologic-repository-operations-area-]
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[€3)] (3) The exercise of Commission authority requires that the
geologic repoSitory operations area be used for storage (which includes

disposal) of high-level radioactive wastes (HLW).

[€23) (4) HLW includes irradiated reactor fuel as well as reprocessing
‘wastes. However, if DOE proposes to use the geologic repository operations

area for storage of radioactive waste other than HLW, the storage of this

radioactive waste is subject to the requirements of this part. Thus, the

storage of transuranic-contaminated'waste (TRU), though not itself a form

of HLW, must conform to the requirements of this part if it is stored in a
geologic repository operations area.

[€d)] (c) Areas adjacent to the geologic repository operations area.

A1thoqgh the activities subject to regulaticn under th1§ part are
those to be carried out at the geologic repository operations area, the
licensing ﬁrocess also considers characteristics of adjacent areas. First,
there is to be an area, within which DOE is to exercise specified controls-
- to prevent adverse human actions. Second, there {s a larger area, design-

ated the geologic setting or site which includes the spatially distributed

geologic, hydrologic, and geochemical systems that provide isolation of
the radioactive waste from the accessible environment. The geologic

repository operations area plus the geologic setting make up the geologic

repository. Within the geologic setting, particular attention must be

given to the characteristics of the host rock as well as any rock units
surrounding the host rock.

[€e3] (d) Stages in the licensing process.

The licensing process takes into account activities and processes

that may occur over a long span of time. The site characterization stage,

though begun before submission of & license application, may result in
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consequences requiring evaluation in the license review. The construc-
tion stage would follow, after issuance of a construction authorization.

A period of operations follows the issuance of a license by the Commission.'
The period of operations includes the time during which émglacement of
wastes occurs;'and any subsequent period prior to permanent closure during.

which the emplaced wastes are retrievable; and permanent closure, which

includes final backfilling of subsurface facilities, sealing of shafts,
decontaminating and dismantIing of surface facilities. Permanent closure
represents the end of active human activities with the geologic reposi-
tory operations area and engineered systems. If specified conditions are
met, the license may thereafter be terminated. Decisiqns in the licensing
process take future'events and processes into account.

[€f3] (e) Containment.

Early during the repository Vife, when radiation and thermal levels
are high and the consequences of events are especially difficult to predict’
rigorously, then special emphasis is placed upon the ability to contain

the wastes by waste packages within an engineered system. This 1; known

as the containment period. The engineered system includes the waste

packages as well as the undegground facility. A waste package includes:

(1) The waste form which consists of the radioactive waste mate-
rials and any associated encapsulating or stabilizing materials.

(2) The container which is the first major sealed enclosure that
holds the waste form.

(3) Overpacks which consist of any buffer material, receptacle,
‘wrapper, box or other structure, that is both within and an integral
part of a waste package. It encloses and protects the waste form so as

to meet the performance objectives.
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(€3] (f) Isolation.

Following the containment period special emphasis is p1éced upon

the ability to achieve isolation of the wastes by virtue of the character-

istics of the geologic repository. Isolation means the act of inhibiting

the transport of radioactive material to the accessible environment in-

amounts and concentrations within [specified] prescribed 1imits. The

accessible environment means those portions of the environment directly in

- contact with or readily available for use by human beings. [it-inciudes
the-earth‘s-atmosphere;-the-iand-surface{-surface-waters;-and-the-oceans:
it-aiso-inciudes-presentiy-used-potabie-squifers-and-those-which-have-been
designated-as-underground-sources-of-drinking-water-by-the-Environmentai
Protection-Agencys

§60.111 Performance objectives.

(a) Performance of the geologic repository operations area through

permanent closure.

(1) Protection against radiation exposures and releases of [radiolegicai]

radioactive material. The geologic repository operations area shall be designec

so that until permanent closure has been completed, radiation exposures and
radiation levels, and releases of radioactive materials to unrestricted areas,
will at all times be maintained within the limits sﬁecified in Part 20 of this
Chapter and any generally applicable environmental standards established by

the Environmental Protection Agency.

(2) Retrievability of waste. The geologic repository operations

area shall be designed so that the entire inventory of waste could be
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retrieved on a reasonable schedule, starting at any time up to 50 years.
after waste emplacement operations are complete. A reasonable schedule
for retrieval is one that requires no longer than about the same ovefa]]
period of time than was devoted io the construction of the geologic
repository operations area and the emplacement of wastes.

(b) Performance of the géologic repository after'permanent closure.

(1) Overall system performance. The geologic setting shall be
se]ectéd and the subsurface facility designed so as to assure that
releases of radioactive materia]S from the geologic rgpository following
permanent closure conform to such generaiTy applicable environmental

radiation protection standards as may have been established by the

Environmental Protection Agency.

(2) Performance of the engineered system.

(1) Containment of wastes. The engineered system shall be designed
so that even if full or partial saturation of the underground facilify
were to occur, and assuming anticipated processes and events, the waste
packages will contain all radionuclides for the first 1,000 years after
permanent closure and for as long thereafter as is reasonably achievable.
This requirement does not apply to TRU waste unless TRU waste is emplaced
close enough to HLW that the TRU release rate can be significantly affected
by the ‘heat generated by the HLW.

(ii) Control of releases.

(A) For HLW, the engineered system shall be designed so that, after
the first 1,000 years following permanent closure, the rate of release of
radionuclides from the underground facility is as low as is reasonably

achievable. As a minimum, the design shall provide that, assuming anticipated

processes and events, the annual release of any radionuclide does not exceed
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one part in 100,000 of the maximum amount of that radionuclide calculated
to be présent in the underground facility (assuming no release from the
underground facility) at any time after 1,000 years foliowing permanent
closure.

(B) For TRU waste, the engineered system shall be designed so that
following permanent closure the rate of release of r;dionUCIides from
the undefground facility is as low as is reasonably achievable. As a

minimum, the design shall provide that, assuming anticipated processes and

events, the annual release of any radionuclide does not exceed one part in
100,000 of the maximum amount calculated to be ﬁresent in the underground
facility (assuming no release from the underground facility) at the time of
permanent closure.

(3) Performance of the geologic setting.

(i) Containment period. During the containment period, the geologic
setting shall mitigate the impacts of premature failure of the engineered
system. The ability of the geologic setting to isolate wastes during
the isolation period, in accordance with paragraph (b)(3)(ii) of this
section, shall be deemed to satisfy this requirement.

(i1) Isolation period. Following the containment period, the geologic

setting, in conjunction with the engineered system as long as that system
is expected to function, and a]oné thereafter, shall be capable of isolat-
ing radioactive waste so that transport of radionuclides to the accessible
environment shall be in amounts and concentrations that conform to such
generally applicable envifonmentai standards és may have been established
by the Environmental Protection Agency and thereby will not result in

significant doses to any [individual] member of the public. For the purposes

of this paragraph, the eyaluationof the site shall be based upon the assumption
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that those: processes operating on the site are those which have been operating
on it during the Quaternary Period, with perturbations caused by the presence

of emplaced radioactive wastes superimposed thereon.

§60.112 Required characteristics of the geologic setting.

(a) The geologic setting shall have exhibited structural and tectonic
stability since the start of the Quaternary:Period;

(b) The geologic setting shall have exhibited hydrogeologic, geo-
chemical, and'gegmorphic stability since the start of the Quaternary Period.

(c) Theygeo]ogic repository shall be located so that pre-waste emplace-
ment groundwater travel times through the far field to the accessible environ-

ment are at least 1,000 years.

§60.121 Requirements for ownership and control of the geologic repo-
sitory operations area.

(a) Ownership of the geologic repository operations area.

The geologic repository operations area shall be located in and on |
lands that are either acquired‘lands under the jurisdiction and control
of the DOE, or lands permanently with&rawn and reserved for its use.
Such lands shall be held free and clear of all encumbrances, if significant,
such as: (i) rights arising under the general mining laws; (ii) easements
for right-of-way; and (iii) all other fights arising under lease, rights
of entry, deed, patent, mortgage, appropriation, prescription, or otherwise.

(b) Establishment of controls.

‘Appropriate controls shall be established outsidé of the geologic
repository operations area. The DOE shall exercise any jurisdiction and

control over surface and subsurface estates necessary to prevent adverse
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human actions that could significantly reduce the site or engineered system's
ability to achieve isolation. The rights of the DOE may take the form of
appropriate possessory interests, servitudes, or withdrawals from location

or patent under the general mining laws.

ADDITIONAL REQUIREMENTS FOR THE GEOLOGIC SETTING

§ 60.122 Favorable conditions.

Each of the following conditions may contribute to the ability of
the geologic setting to meet the performance objectives relating to isola-
tion of the waste. In addition to meeting the mandatory requirements of
§60.112, a geologic setting shall exhibit an appropriate combination of
these conditions so that, together with the engineered system, the favorable
conditions present are sufficient to provide reasonable assurance that
such performance objectives will be met.

(a) The nature and rates of tectonic processes that have occurred
since the start of the Quaternary Period are such that, when projected,

they would not affect or would favorably affect the ability of the geologic

repository to isolate the waste.
(b) The nature and rates of structural processes that have occurred:
since the start of'the Quaternary Peridd are such that, when projected,

they would not affect or would favorably affect the ability of the geologic

repository to isolate the waste.
(¢) The nature and rates of hydrogeological processes that have

occurred since the start of the Quaternary Period are such that, when

projected, they would not affect or would favorably affect the ability

of the geologic repository'to isolate the waste.
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(d) The nature and rates of geochemical processes that have occurred
since the start of the Qhaternary Period are such that, when projected,

they would not affect or would favorably affect the ability of the geologic

repository tc isolate the waste.
(e) The nature and rates of geomorphic prbceéses that have occurred.
since the start of the Quaternary Period are such that, when projected,

they on]d not affect or would favorably affect the ability of the geologic

repository to isolate the waste.

(f) A low population density.

(g) A host rock that provides the following ground water characteris-
“tics (1) low groundwater content; (2) inhibits groundwater circulation in
the host rock; (3) inhibits groundwater flow between gydrbgeologié units
or along shafts, drifts, and boreholes; and (4) groundwater travelrtimes,
under pre-waste emplacement conditions, between the underground faci]ity
and the accessible environment that by far éxceed 1,000 years. |

(h) Geochemical conditions that (1) promote precipitation or sorp-
tion of radionuclides; (2) inhibit the formation of particulates, colloids,
and inorganic and organic complexes that increase the mobility of radio-
nuclides; and (3) inhibit the transport of radionuclides by particu1a£es,
colloids, and complexes.

(i) Mineral assemblages that, when subjetted to-anticipated thermal

loading, will remain unaltered or alter to mineral assemblages having

increased capacity to inhibit [waste] radionuclide migration.

(i) 'Conditions that permit the emplacement of waste at a minimum
depth of 300 meters from the ground surfa;ez (The ground surface shall be
deemed to be the é]evation of the lowest point on.the surface above the

disturbed zone.)
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(k) Any local condition of the disturbed zone that contributes to

isolation.

§60.123 Potentially adverse conditions.

The following are potentially adverse conditions. The presence of
any such conditions will give rise to a presumption that isolation of |
wastes in the geologic setting will not meet the performance objectives.

(a) Adverse conditions in the geclogic setting.

(1) Potential for failure of man-made surface water impoundments
that could cause flooding of the geologic repository operations area.

(2) Potential, based on existing geologic and hydrologic condi-
tions, that construction of large-scale surface water impoundments may
significantly affect the geologic repository through changes in thé
regional groundwater flow system.

(3) Poténtial for human activity to significantly affect the
geologic repository through changes in the hydrogeology. This activity
includes, but is not limited to groundwater withdrawal, extensive
irrigation, subsurface injection of fluids, underground pumped stor-
age facilities, underground military activity, or mining.

(4) Earthquakes which have occurred historica1iy that if they were
to be repeated could affect the geologic repository significantly.

(5) A fault in the geologic setting that has been active since the
start of the Quaternary Period and which 1s within a distance of the dis-
turbed zone that is less than the smallest dimension of the fault rupture
surface.

(6) Potential for adverse impacts on the geologic repository

resulting from the occupancy and modification of floodplains.
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(7) Potential for natural phenomena such as landslides, subsidence,
or volcanic activity of such a magnitude that large-scale surface water
impoundments could be created that could affect the performance of the
geologic repcsitory through changes in the regional groundwater flow.

(8) Expected climatic changes that would have an adverse effect on
the geologic, geochemical, or‘hydrologic characterist%cs.

(b) Adverse conditions in the disturbed zone.

For the purpose of determining the presence of the following condi-

tions[5] within the disturbed zone, 1nvestigations shall [4s-assumed-te]

extenéﬁ%he greater of either its calculated extent or a horizontal distance
of 2 km from the 1imits of the underground facility and from the surface to
a depth of 500 meters below the 1imits of the repository excavation.

(1) Evidence of subsurface mining for resources.

(2) Evidence of drilling for any purpose.

(3) Resources that have either greater gross value, net value, or
commercial potentfal than the average for other fepresentative areas of
similar size that are representative of and located in the geologic setting.

(4) Evidence of extreme erosion during the Quaternary Period.

(5) Evidence of dissolutioning of soluble rocks.

(6) The existence of a fault that has been active during the
Quaternary Period. - | _

(7) Potential for creating new pathways for radionuclide migration
due to presence of a fault or fracture zone irrespective of the age of
last movement.

(8) Structural deformation such as uplift, subéidente, folding,

and fracturing during the Quaternary Period.
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(9) More ffequent occurrence of earthquakes or earthquakes of higher
magnitude than is typical of the area in which the geologic setting is
located. |

(10) Indications, based on correlations of earthquakes with tecionic
processes and features, that either the frequency of occurrence or
magnitude of earthquakes may increase.

(11) Evidence of igneous activity since the start of the Quaternary
Period. |

(12) Potential for changes in hydrologic conditions that would signif-
fcantly affect thé migration of-radionuc11des to the accessible environment
including but not limited to changes 1n'hydrau1fc gradient, average
intefstitia] velocity, storage coefficient, hydraulic conductivity,
natural recharge, potentiometric levels, and discharge points. ‘

(13) Conditions in the host rock that are not reducing conditions.

(14) Groundwater conditions in the host rock, including but not
limited to high ionic strength or ranges of Eh-pH, that could affect the
solubility &nd chemical reactivity of the engineered systems.

(15) Processes that would reduce sorption, result in degradation of
the rock stréngth, or adversely affect the performance of fhe engineered
system. |

(16) Rock or groundwater conditions that would require complex engi-
neering measures in the design and construction of the underground facil-
ity or in the sealing of boreholes and shafts.

(17) Geomechanical properties that do not [previde-stabi%ity-oi permit

design of stable underground openings during construction, waste emplacement,

or retrieval operations.
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§60.124 Rebuttal of presumption that the geologic repository will not
meet the performance objectives. |

The presumption that the geologic repository will not meet the

performance objectives can be rebutted upon showing that a potentially
adverse condition or combin&tion of conditions cited in §60.123 of this
subpart will not significantly affect the ability of the geologic répo-
‘sitory to isolate the radioactive waste. In order to make this showing,
the following must be demonstrated: .

(a) The potentially adverse human activity or natural condition
has been adequaiely characterized, including the extent to which the
condition may’be present and still be undetected taking into account
~ the degree of resolution achieved by the investigations.‘

(b) The éffect of the potentially adverse human activity or natural
condition on the geologic setting has been adequately evaluated using
conservative analyses and assumptions, and the evaluation used is seﬁéitive
to the adverse human activity or natural condition.

(c)(i) The potentially adverse human activity or natural condition
is shown by analysis in (b) above to not significantly affect the ability
of the geologic setting to tsoIate'waste, or

(i1) The effect of the potentially adverse human activity or naturél
condition is compensated by the presence of a combination of the favorable
chéracteristics cited in §60.122 of this subpart, or

(iii) The potentially adverse human activity or natural condition

can-be remedied.

DESIGN AND CONSTRUCTION REQUIREMENTS

§60.130 General design requirements for the geologic repository operations
areas. '
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(a) Sections 60.130 through 60.134 specify minimum requirements for the
design of, and.construction specifications for, the geologic repbsitory opera-
tions area. Requirements for design contained in sections 60.131 through
60.133 of this subpart must be considered in conjunctioﬁ with the require-
ments for coé;ruction in §60.134 of this subpart. A1l design and construe-
tion criteria must be consistent with the results of site characterization
activities.

(b) Systems, structures, and éomponents of the geologic repository

operations area shall satisfy the fol]owing:

(1) Radiological protection.

As required to maihtain radiation doses; levé1s, and concentrations
of radioactive material in air in restricted areas within the limits
specified in Part 20 of this chapfer, [and-as-Iow-as-is-reasonabiy-achievabies]
structures, systems, and components located within such restricted areas shall
be designed to include~~-
(i) Means to limit concentrations of radioactive material in air;
(i1) Means to 1imit the time required to perform work in the
vicinity of radioactive materials, including, as appropriate, designing _
equipment for ease of repair and rep]acemeﬁt‘and'providing‘adequatevspace
for ease of operation; |
(iii) Suitable éhieiding;
(iv) Means to monitor and control the dispersal of radioactive
contamination;
(v) Means to control access to high radiation areas or airborne
radioactivity areas; and
(vi) A radiation alarm system to warn of increases in radiation

levels, concentrations of radioactive material in aif, and of increased
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radioactivity released in effluents. The alarm system shall be designed
with redundancy and in situ testing capability.

(2) Protection against natural phenomena and environmental

conditions.

(1) The siructures, systems, and components import;nt to safety shall
be designed to be compatible with anticipated site characteristics and to
accommodate the effects of environmental coqditions, so as to prevent
interference with normal operation, maintenance and tesfing during the
entire period of construction and operations.

-(i1) The structures, systems, and -components important to safety
shall be designed so that natural phenomena and environmental conditions
anticipated at the site will not result, in any relevant time period, in

failure to achieve the performance objectives.

(3) Protection against dynamic effects of equipment failure and

similar events.

The structures, systems and components important to safety shall be
designed td resist dynamic effects that could result from equipment failure,
missile impacts, and similar events and conditions that could lead to loss
of their safety functions.

- (4) Protection against fires and explosions.

(i) The structures, systems, and components important to safety
shall be aesﬁgned to reduce the potential for impairment of their ability
to perform their safety functions during and after fires or explosions
in the geologic repository operations area.

(ii) To the extent practicable, the geologic repository operations

area shall be designed to incorporate the use of noncombustible and heat

resistant materials.

43 4 Enclosure A



[7580-01)

(iii) The geologic repository operations area shall be designed to
include explosion and fire detection alarm systehs and appropriate suppres-
sion systems with sufficient capacity and capability to reduce the adverse
effects of fires and explosions on structures, syStemé, and components
important to safety.

(iv) The geologic repository operations area shall be designed to
_ include means to protect systems, structures, and components important
to safety against the adverse effects of either the 6peratibn or failure
of the fire suppression systems.

(5) Emergency capability.

.(1) The structures, systems, and components important to safety
shall be designed to maintain control of radioactive waste, and permit
prompt termination of operations and evacuation of personnel during an
emergency. |

(ii) The geologic repository operations area shall be designed to
include onsite facilities and services that ensure a safe and timely .
response to emergency conditions and that facilitate‘the use of available
offsite services‘(such.as fire, police, medical and ambulance service) that
may aid 1n recovery from emergencies. ‘

(6) Utility services.

(i) Each utility service system shall be designed so that essential
safety functions can be performed under both norma]kand emergency conditions.
(i1) The utility services important to safety shall include redundant
systems to the extent necessary to mafntain, with adequate capacity, the

ability to perform their safety functions. ‘
(iii1) The emergency utility services shall be designed to permit

testing of their functional operability and capacity. This will include
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the full operationa1~sequence of each system when transferring between
normaI'aﬁd emergency supply sources, as well as the operation of asso-
ciated safety systems. |

(iv) Prcvisions shall be made so that, if there is a loss of the
primary e}gctric power source or circuit, reliable and continued emergency
'power is provided to instruments, utility service sysfems, and operating
systems, inc1uding’alarm systems. This emergenby power shall be sufficient
to allow safe conditions to be maintained. Al1 systems important ﬁo
safety shall be designed to permit them to be maintained at all times
in a functional mode.

(7) Inspection, testing, and maintenance. The structures, systems,

and components important to safety shall be designed to permit periodic
inspection, testing, and maintenance, as necessary, to ensure their continued
functioning and readiness.

(8) Criticality control. A1l systems for processing, transporting,

handling, storage, retrieval, emp]acement, and isolation of radiocactive
waste ﬁha]l be designed to ensure that a nuclear criticality accident is
not possible unless at least two unlikely, independent, and concurrent

or sequential changes have occurred in the conditions essential to nuclear
cfiticality safety. Each system shall be designed for criticality safety
under normal and aécident conditions. The calculated effective multiplica-
tion faﬁtor (kgpe) must be sufficiently below unity to show at least a

5% margin, after allowance for the bias in the method of calculation and
the uncertainty in the experiments usedvtd validate the method of
calculation.

(9) Instrumentation and control systems. Instrumentation and control

systems shall be desigﬁed to monitor and control the behavior of engineered
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systems important to safety over anticipated ranges for normal operation
and for accident conditions. The systems shall be designed with sufficient
redundancy to ensure that adequate margins of safety are maintained.

(10) Compliance with mining regulations. To the extent that DOE is

not subject to the Federal Mine Safety and Health Act of 1977, as to the
construction}and operation of the geologic repository operations area,

the design of the geologic repository operations area shall nevertheless
include such provisions for worker protection as may be necessary to
provide reasonable assurance that all structures, systems. and components
important to safety can perform their intended functions. Any deviation
from relevant design requirements in Title 30, Chapter I, Subchapters D, E,
and N will give rise to @ rebuttable presumption that this requirement |

has not been met.

§60.131 Additional design requirements for surface facilities in the
geologic repository operations area.

(a) Facilities for receipt and retrieval of waste. Surface facil-

ities in the géologi& repository operations area shall be designed to

allow safe handling and storage of wastes at the s{te, whether such wastes

- are on the surface prior to emplaéement or as a result of retrieval from

the underground'facility. The surface fa5i11ties shall be designed so as

to permit inspection, repair, and.decontamination of such wastes and their
containers. Surface storage‘capacity for all emplaced waste is not réquired.

(b) Surface Facility Ventilation. Surface facility ventilation

systems supporting waste transfer, inspection, decontamination, processing,
or packaging shall be designed to provide protection against radiation

exposures and offsite releases as provided in §60.111.
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(c) Radiation control and moniioring.

(1) Effluent control. The surface facilities shall be designed to

control - the release of radioactive materials in effluents during normal
and emergency operations. The facilities shall be designed to provide
protection against radiétion expoéures and offsite releases as provided
in §60.111.

(2) Eff]uent'monitoring. The effluenﬁ monitoring systems shall be

designed to measure the amount and concentration of radionuclides in any
effluent with sufficient precision to determine whether releases conform
to the design requirement forfeffluent control. The monitoring systems
shall be designed to include alarms that can be periodically tested.

{(d) Waste treatment. Radjoactive waste treatment facilities shall

be designed fb process any radioactive wastes generated at the geologic
repository operations area into a form suitable to permit safe disposal
at the geologic repository operations area or to permit safe'transportation
and conversion to @ form suitable for disposal at an alternative site in
accordénce with any regulations that are applicable.

(e) Consideration of decommissioning. The surface facility shall be

designed to facilitate decommissioning.

§60.132 Additional design requirements for the underground facility.

(a) General criteria for the underground facility.

(1) The underground facility shall be designed so as to take into
account interactions among the geologic setting, the underground facil-

ity, and the waste package.
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(2) The underground facility shall be designed to provide for struc-
tural stability, control of groundwater movement and control of radio-
-nuclide releases, as necessary to comply with the performance objectives
of §60.111. |
(3) The orientation, geometry, layout, anc depth of the underground
facility, and the design of any engineered barriers that are part of the
underground facility shall enhance containment and isolation of radionuclides
to the extent practicable at the site. _ |
(4) The underground facility shall be decigned so that the effects
of disruptive events such as intrusions of gas, or water, or explosions,
will not propagate through the facility. |
(b) Flexibility of Design. The undergrouhd facility shall be designed

with sufficient flexibility to allow adjustments, where necessary to accom-
modate specific site conditions identified through in situ monitoring, test-
ing, or excavation.

(c) Separation of excavation and waste emp]écement (modular concept).

If concurrent excavation and empTacement of wastes are glanned, then:

(1) The design shall provide for such separation of activities into.
discrete areas (modules) as may be necessary to assure that'excavation does
not impair waste emplacement or retrieval operations.

(2) Each module shall be designed to permit insulation from other

modules if an accident occurs.

(d) Des{gd for retrieval of waste. The underground facility shall
be designed to-- |

(1) Permit retrieval of yasté in accordance with the performance
objectives (§60.111);

(2) Ensure sufficient structural stability of openings and control
of groundwater to permit the safe conduct of waste retrieval operations;

and
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(3) Allow removal of any waste packages that may be damaged or require
inspection without compromising tﬁe ability of the'geoldgic repository to
meet the performance objectives (§60.111).

(e) Design of subsurface openings.

(1) Subsurface openings shall be designed to maintain stability
throughout the construction and operation periods. If structural support
is required for stability, it shall be designed to be compatible with
long-term deformation, hydrologic, geochemical, and thermomechanical
characteristics of the rock and to allow subsequent placement of backfill.

(2) Structures required for temporary support of zones of weak or
highly fractured rock shall be designed. so as not to impair the placement
of permanent structures or the capability to seal excavated areas used
for the containment of wastes. | |

(3) Subsurface openings shall be designed to reduce the potential
for deleterious rock movement or fracturing of overlying or surrounding
rock over the long term. The Size, shape, orientation, and spacing of
openings and the design of engineered support systems shall take the
following conditions into considerations--

(i) natural stress conditions;

(ii) deformation characteristics of the host rock under normal eondi-
tions and thermal loadihg;
(iif) the kinds of weaknesses or structural discontinuities found at
various locations in the geologic repository;
(iv) equipment requirements; and
(v) the ability to ;onstruct the underground facility as designed

so that stability of the rock is enhanced.
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(f) Rock excavation. The design of the underground facility shall

[be-based-on-the-selection-of] incorporate excavation methods that will
limit damage to and fracturing of rock.

(g) Control of water and gas.

(1) Water and gas contr01 systems shall be designed to be of suffi-
cient capability and cgpacity to reduce the potentially adverse effects
of groundwater intrusion, service water intrusion, or gas inflow into the
underground facility. '

(2) MWater and gas control systems shall be designed to [monitor-the

composition-of-and] control the quantity of water or gas flowing into or

from the underground facility, monitor the composition of gases and permit

sampling of liquids.

(3) Systems shall be designed tq provide control of water and gas

in both waste emplacement areas and excavation areas.. | |

E (4) Water control systems shall be designed to include storage
capability and modular layouts that ensure that unexpected inrush or
flooding can be controlled and contained.

(5) 1If the intersection of aquifers or water-bearing geologic struc-
tures is anticipated during construction, the desigﬁ<of the underground
facility shall include plans for cutoff or control of water in advance
of the excavation.

(6) If linings are required, the contact between the lining and the
rock surrounding subsurface ex;avations shall be designed so as to avoid
the creation of any preferential'pathway for groundwater or radionuclide
migration. |

(h) Subsurface ventilation.

The ventilation system shall be designed to--
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(1) Control the transport of radioactive particulates and gases
within and releases from the subsurface facility in accordance with the -
performance objectives (§60.111); |

(2) Permit continuous occupancy of all excavated areas during
normal operations through permanent closure;

(3) Accommodate changeslin operating conditions.such as variations
in temperature and humidity in the underground facility;

(4) Include such redundant equipmént and fail safe control systems as
may be needed to assure continued function under normal and emergency
conditions; and

(5) Separate the ventilation of excavation and waste emplacement
areas.

(i) Engineered barriers.

(1) Barriers shall be iocated where shafts could allow access for
groundwater to enter or leave the underground facility.

(2) Barriers shall create a waste package environment which
favorably controls chemical reactions affecting the performance of ihe
waste package.

_ (3) Backfill placed 1h the underground facility shall 5e designed
~as a barrier. V | | |

(i) Backfill placed in the underground facility shall be compatible
with anticipated changes in the geologic setting.

(ii) Backfill placed in the underground facility shall serve the
following functions: | |

(A) It shall provide é barrier to groundwater movement into and from

the underground facility. /
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(B) It shalil reduce creep deformation of the host rock that may
adversely affect glliwaste package performanée or (2) the local hydro-
logical system.

(C) It shall reduce and control groundwater movement within the

»

underground facility.

(D) It shall retard radionuclide migration.
(iii) Backfill placed in the underground facility shall be selected
to allow for adequate placement and compaction in underground openings.

(j). Waste handling and emplacement.

(1) The systems used for handling, transporting, and emplacing
radioactive wastes shall be designed to have positive, fail-safe desfgns
to protect workers and to prevent damage to waste packages.

(2) The handling systems for emplacement and retrieval operations
shall be designed to minimize the potential for operator error.

(k) Design for thermal loads.

(1) The underground facility shall be designed so that the predicted
thermal and thermomechanical response of the rock will not degrade signif-
icantly the performance of the repository or the ability.of the natural or
engineeréd bérriers to retard radionuclide migration. \

(2) The design of waste loading and waste spacings shall take into
consideration-~

(i) Effects of the design of the underground facility on the thermal
and thermomechanical response of the host rock and the groundwater system;

(i1) Features of the host rock and geologic setting that affect the
thermomechanical response of the undérground facility and barriers, including

but not limited to, behavior ahd deformational characteristics of the host
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rock, the presence of insulating layers, aquifers, faults, orientation of
bedding planes, and the presence of discontinuities in the host rock; and
(iii) The extent to which fracturing of the host rock is influenced by

cycles of temperature increase and decrease.

§60.133 Design of shafts and seals for shafts and boreholes.
(2) Shaft design. Shafts shall be designed so as not to create
a preferential pathway for migration of groundwater and sc as not to

increase the pbtgntia] for higration through existing pathways.

(b) Shaft and borehole seals.
Shaft and borehole seals shall be designed so that:
(i) Shafts and boreholes will be sealed [eiong-their-entire-iength

as soon as possible after they have served their operational purpose.

(ii) At the time of permanent closure, sealed shafts and boreholes will
inhibit transport of radionuclides to at least.the same degree as the
undisturbed units of rock through which the shafts or boreholes pass. In
the case of soluble rocks, the borehole and shaft seals shall also be
designed to prevent groundwater circulation fhat would result in disso1ut19n.

(i11) Contact between shaft and boreh61e seals and the adjacent rock
does not become a breferentiaI'pathway for water.

(iv) Shaft and borehole seals can accommodate potential variations
of stress, temperature, and moisture.

(v) The materials used to construct the seals are appropriate in
view of the geochemistry bf the rock and gfbundwater system, anticipated
deformations of the rock, and other in situ conditions.

(c) Shaft conveyances used in radioactive waste handling.

53 _ : Enclosure A



[7590-01)

(1) Shaft conveyances used to transport radioactive materials shall
be designed to satisfy the requirements as set forth in §60.130 of this
subpart for systems, structures, and components important to safety.

(2) Hoists important to safety shall be designed to preclude cage
free fall. ‘ .

(3) Hoists important to safety shall be designed with a reliable
cage location system. |

(4) Hoist loading and unloading systems shall be designed with
a reliable system of interlocks that will fail safely upon malfunction.

(5) Hoists important to safety shall be désigned to include two
independent indicators to indicate when waste packages are in place,

grappled, and ready for transfer.

§60.134 Construction specifications for surface and subsurface faci]ities.

(a2) General requirement. Specifications for construction shall conform

to the objectives and technical requirements of Sections 60.130 through
60.133 of this subpart.

(b) Construction management program. The construction specificatiops

shall facilitate the conduct of a construction management program that will.
ensure that constrﬁction activities do not adversely affect the suitability
of the site to isolate the waste or jeopardizé the isolation capabilities

of the underground facflity, boreholes, shaft, and seals, and that the
underground facility is constructed as designed.

(c) Construction records. The construction specifications shall

include requirements for the development of a complete documented history
of fepository construction. Such documented history shall include at

least the following--
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(1) Survey; of underground excavations and shafts located via
readily identifiable surface features or monuments;

(2) Materials encountered;

(3) Geclogic maps and geologic cross sections;

(4) Locafions and amount of seepage;

(5) Details of equipment, methods, progress, and sequence of wbrk;
(6) Construction problems;

(7) Anomalous conditions encountered;

(8) Instrument locations, readings, and analysis;

(9) Location and description of structural support systems;
(10) Location and description of dewatering systems; and
(11) Details, methods of emp1acement, and location of seals used.

(d) Rock excavation. The methods used for excavation shall be

selected to reduce to the extent practicable the potential to create a
preferential pathway for groundwater or radioactive waste migration or
increase migration through existing pathways.

(e) Control of explosives. If explosives are used, the provisions

of §57.6 (Explosives) of Title 30 of the Code of Federal Regulations,
Chapter I, Mine Safety and Health Administration, Department of Labor;
shall be met, as minimum safety requirements for storage, use and transport

at the geologic repository operations area.

(f) MWater control. The construction specifications shall provide
that water encountered in excavations 5ha11 be removed to the surface
and controlled in accordance with design requirements for radiation control
and monitoring (§60.131(c) of this subpart).

(g) Waste handling and emplacement. The construction specifiéations

shall provide for demonstration of the effectiveness of handling equipment
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and systems for emplacement and retrieval operations, under operating

conditions.

§60.135 Requirements for the waste package and its components.

(a) General requirements of design.

The design of the waste package shall include the following elements:

(1) Effect of the site on the waste package. The waste package

shall be designed so that the in situ chemical, physical, and nuclear
properties of the waste package and its interactions with the emplacement
environment do not compromise the function of the waste packages. The
design shall include but not be limited to consideration of the following
factors: solubility, oxidation/reduction reactions, corrosion, hydriding,
gas generation; thermal effects, mechanical strength, mechanical stress,
radiolysis, radiation damage, radionuclide retardation, leaching, fire

and explosion hazards, thermal loads, and synergistic interactions.

(2) Effect of the waste package on the underground facility and

the natural barriers of the geologic setting. The waste package shall be

designed so that the in situ chemical, physical, and nuclear properties

‘of the waste package and its 1nteractiohs'wfth the eﬁp1acement environment
do not compromise the performance of the ﬁnderground féci]ity or the geo-
logié setting. The design shall include but not be Timited to considera-
tion of the following factors: solubility, oxidation/reduction reactions,
corrosion, hydriding, gas generation, thermal effects, mechanical strength,
mechanical étress; radiolysis, radiation damage, radionuclide retardation,
leaching, fire and explosion hazards, thermal loads, and synergistic

interactions.
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(b) Waste form requirements.

Radicactive waste that is emplaced in the underground %aci1ity shall
meet the following requirements:

(1) Solidification. A1l such radioactive wastes shall be in solid

form and placed in sealed containers.

(2) Consolidation. Particulate waste forms shall have been con-

so]idated (for examp1e; by incorporation into an encapsulating matrix) to
1imit the availability and generatioh of particulates.

(3) Combustibles. A1l combustible radioactive wastes must have

been reduced to a noncombustible form unless it can be demonstrated that
a fire involving a single package will neither compromise the integrity
of other packages, nor adversely affect any safety-related structures,
systems, or components. V

(c) Waste package requirements.

The waste package design shall meet the following requirements:

(1) Explosive, pyrophoric, and chemically reactive materiais. The

waste package shall not contain explosive or pyrophoric materials or
chemically reactive materials that could interfere with operations in the
underground facility or éompromise fhe ability of the gediogic repository
to satisfy the performance objectives: | |

(2) Free liquids. The waste package shall not contain free liquids

in an amount that could impair'the structural integrity of waste package
components (because of chemiéa] interactions or formation of pressurized
vapor) or result in spillage and spread of contamination in the event of
package perforation. |

(3) Handling; Waste packages shall be designed to maintain waste

containment during transportation, emplacement, and retrieval.
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(4) Unique identification. A label or other means of identifica-

tion shall be provided for each package. fhe identification shall not
impair the integrity of the package and shall be applied in such a way
that the information shall be legible at least to the end of the

retrievable storage period. Each package identification shall be éon-

sistent with the package's permanent written records.

§60.137 General requirements for performance confirmation.
The geologic repository operations area shall be designed so as to
permit implementation of & performance confirmation program that meets

the requirements of subpart F of this part.
SUBPART F - PERFORMANCE CONFIRMATION

§60.140 General requirements.
(a) The performance confi;mation program shall ascertain whether--
(1) Actual subsurface conditions encountered and changes in those
conditions during construction and waste emplacement operations are [those]

within the 1imits assumed in the 1icensing review; and

(2) Natural and engineered systems and components'required for
repository operation, or which are designed or assumed to operate as
barriers after permanent closure are functioning as intended and
anticipated.

(b) The program shall have been started during site characteriza-

tion and it will continqe until permanent closure.

58 Enclosure A



[7590-01]

(c) The program will include in situ monitoring, laboratory and
field testing, and in situ experiments, as may be appropriate to accom-
plish the objective as stated above.

(d) The confirmation program shall be implemented so that:

(1) It does not adversely affect the natural and engineered elements
of the geologic repository. |

(2) It provides baseline informationvgﬁd analysis of that informa-
tion on those parameters and natural processes pertaining to the geologic
setting that méy,be changed by site characterization, construction, and
operational activities.

(3) It monitors and analyzes changes from the baseline condition
of parameters that could affect the performance of a geologic repository.

(4) It provides an established plan for}feedback and analysis of

data, and implementation of appropriate action.

§60.141 Confirmation of geotechnical and design parameters.

(2) During repository construction and operation, a continuing
program of surveillance, measurement, testing, and geologic mapping shall
‘be conducted to ensure that geotechnical and design barameters are
confirmed and to ensure that appropriate action is iakén to inform the
Commission of changes needed in designlto accommodate actual field condi-
tions encountered.

(b) Subsurface conditions shall be monitored and evaluated against
design assumptions. |

(c) As a‘minimum, measurements sha11»be made of rock deformations
and displacement, changes in rock stress and strain, rate and location

of water inflow into subsurface areas, changes in groundwater conditions,
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rock‘pore water pressures including those along fractures and joints,
and the thermal and thermomechanical response of the rock mass as a result
of deQe]opment and operations of the geologic repository.

(d) These measurements and observations shall be compared with the
original design bases and assumptions. If significant differences
exist between the measurements and observations and the'origina1 design
bases and assumptions, the need for modifications to the design or in
construction methods shall be determined and the recommended changes
reported io the Commission.

(e) In situ monitoring of the thermomechanical response of the °

[gectogic-repository] underground facility shall be conducted until permanent

closure to ensure that the performance of the natural,engineering features are

within design limits.

§60.142 Design testing.

(a) During the early or developmental stages of construction, a
program for in situ testing of such features as borehole and shaft seals,
backfill, and the thermal interaction effects of the waste packages,
backfill, rock, and groundwater shall be conducted.

(b) The testing shall be initiated as early as is practicable.

(c) A backfill test section shall be constructed to test the
effectiveness of béckfil] placement and compaction procedures against
design reduirements before permanent backfill placement is begun.

(d) Test sections shall be estab]ished~£d test the effectiveness
of borehole and shaft seals before full-scale operation proceeds to seal

boreholes and shafts.
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§60.143 Monitoring and testing waste packages.

(a) A program shall be established at the repository for monitoring
the condition of the waste packages. Packages chosen for the program
shall be representative of those to be emplaced in the repository.

(b) Consistent with safe operation of the ;eposito}y, the environ-
ment of the waste packages selected for the waste package monitoring
program shall be representative of the emplaced wastés.

(c) The waste packaée monitoring pfégéam shall include laboratory
experiments which focus on the internal condition of the waste packages.
To the extent practical, the environment experienced by the emplaced
waste packages within the repository during the waste package monitoring
program shall be duplicated in the laboratory experiments.

(d) The waste package monitoring program shall continue as long as

practical up to the time of permanent closure.
SUBPART G - QUALITY ASSURANCE

§ 60.150 Scope.

As used in this part, "quality assurance" comprises all those planned
and systematic actions nécessary to provide adequate cbnfidence-that the
repository and its subsystems or qomponents'will perform satisfactori1y
in service. |

Quality assurance is a multidiscipiinary system of management controils
which address safety; reljability, maintainability, performance, and other

technical disciplines.
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§ 60.151 Applicability.
The quality assurance program shall apply to all [itéms] systenms,

structures and components important'to safety and to activities which would

prevent or mitigate events that could cause an undue”risk to the health and
safety of the public. These aciivities include: exploring, site selecting,
designing, fabricating, purchasing, handiing,.shipping, storing, cleaning,
erecting, installing, emplacing, inspecting, testing,-operating, maintaining,

moniioring, repairing, modifying, and decommissioning.

§ 60.152 Implementation.

DOE shall implement a quality assurance program based on the criteria
of Appendix B of 10 CFR Part 50 as applicable, and appropriately supple-
mented by additional criteria as required by § 60.151.

§ 60.153 Quality assurance for performance confirmation.

The quality assurance program shall include the program of tests,

experiments and analyses essential to achieving adequate confidence that

the emplaced wastes will remain isolated from the accessible environment.
SUBPART H - TRAINING AND CERTIFICATION OF PERSONNEL

§ 60.160 General requirements.

Operations that have been identified as important to safety in the
Safety Analysis Réport and in the license shall be performed only by
trained and certified personnel or by personnel under the direct visual

supervision of an individual with training and certification in such
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operation. Supervisory personnel who direct operations that are important

to safety must also be certified in such operations.

§60.161 Training and certification program.
The DOE shall establish a program for training, proficiency testing,

certificatioh and requalification of operating and supervisory personnel.

§60.162 Physical requirements. |

The physica] condition and the general health 6f personnel certified
for operations that are important to safety shall not be such as might
cause operational efrors that could endanger the public health and safety.
Any condition which might cause impaired judgment or motor coordination
must be considered in the selection of personnel for activities that are
important to safety. Such conditions need not categorically disqualify
a person, so long as appropriate provisions are made to accommodate such

defect.

Dated at Washington, D.C. this day of , 1981.

For the U.S. Nuclear Regulatory Commission.

Samuel J. Chilk
Secretary of the Commission
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RESOLUTION OF DOE COMMENTS ON THE MARCH 5, 1981
DRAFT OF 10 CFR PART 60 TECHNICAL CRITERIA

60.102 Concepts

60.102(9)(2) and 60.102(c)(1)

The definition of ?geo]dgic repository operationsAareaﬁ is defined on page 19
of Enclosure A. The term “storage" is undefined. ‘NRC staff explained that
the use of the term “storage"” is consistent with its use in Section 202(3) and
(4) of the Energy Reorganization Act of 1974, and believes no further defini-

tion is necessary.

60.102(c)

The concern about the title of Section 60.102(c) has been resolved in Attach-

ment 2 by deleting the title and renumbering the Section.

It was pointed out to the DOE staff the requirement to limit the release‘rete
from the udderground féci]ity (860.111) allowed DOE the flexibility to rely
on other engineered barriers and was not a requirement on the waste form.

The containment requirement (860.111) does not apply to TRU waste packages

if they are sufficiently isolated from the high level waste (HLW) packages
that the TRU wastes are not»signifiEantly_affected by the heathfrom the HLW.

It was agreed no change is needed.

60.102(f)

DOE has misinterpreted the discussion in 60.102(g) and withdrew the comment.

60.102

re
NRC and DOE staff a4 agreed to disagree on the definition of "isolation" and

NRC will seek public comments on its approach. No change has been made.

Attachment 3



60.111 Performance Objectives

60.111(a)(3)

DOE agrees that the intent of its requirement is clear in SECY-81-267 and

no change has been made.

60.111(b)(1)

This requirement was clarified by inserting the words radiation protection

to identify which generally applicable environmental standards were intended.

'60.111jbli3)

NRC and DOE staff agreed that the wording of this requ{rement as written in

SECY-81-267 satisfies DOE's concern and no further changes were made.

60.111(b)(4)

The basis for the 1000 year groundwater travel time is contained in Enclosure J
to SECY-81-267.
60.122 Requirements for the Geologic Setting*

60.122(a)(1)

NRC explained why it considered low population density in the geologic setting

and emplacement at a depth of at least 300 meters‘to be favorable to waste
7¥isoTation. Both conditions favor isolation by reducing the potential for
disruption of the repository. NRC staff also explained that the limits of the
geologic setting will be site specific, since it includes those systems that

provide jsolation. No changes were made as the result of these discussions.

*Note that this section has been restructured and renumbered in SECY-81-267.
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DOE staff still consider that the “low population density" condition should
be deleted. In the condition 60.122(i), the word "waste" was changed to

"radionuclide” for'clarity.

60.122(b)(2) now 60.123(b)

This requirement has been reworded to clarify that it appiies to the extént
of the investigations of the disturbed zone and is not a new definition. The
third instance of the use of disturbed zone referred to in the DOE comment
~did not éppear in SECY-81-267. The requirement 60.123(b)(9) had already beeh
clarified in SECY-81-267. | |

60.122(c)(2)(xix) now 60.123(b)(17)

Revised wording is proposed in Attachment 2 to clarify the staff's intent.

60.122(b)(5)(iv) now 60.10(d)(ii1)

This requirement has been moved from Subpart E to Subpart A and is now a

requirement for conduct of the site characterization program. In Attachment 2

we have also proposed to insert the words "To the extent practical."

60.122(d){2) now 60.21(c)(13)

Attachment 2 contains revised wording which resolved the DOE concern. The
requirement to perform this evaluation is now contained in the Content of

Application section of Subpart A.

60.122(d)(3) now 60.21(c)(1)(i)

The information requireménts for subsurface exploration have been moved to
the Content bf Application section of Subpart A, The words "and conditions"

have been inserted in the information requirements 60.21{c)(1)(i)(C) and (D).



7.

60.141(e)

The intent was clarified by replacing the words "geologfc repository"

by “underground facility."

60.151 Applicability

The intent was clarified by replacing the word "items" with "systems

N

structures and components impdrtant to safety."

60.161 Training and Certification Program

The intent was clarified by inserting the words "operating and super-

visory" before persbnnel.



