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Discussion:

This paper involves a major policy question.

To provide early opportunity to the Commission to review the
staff's current recommendations with respect to final amendments
to 10 CFR Part 60, "Disposal of High-Level Radioactive Wastes in
Geologic Repositories," the technical criteria for regulating
geologic disposal of high level-radioactive wastes (Enclosure A)
and the staff's rationale for the performance objectives of 10 CFR
Part 60 (Enclosure C).*

In November 1978, the Commission published for comment a proposed
General Statement of Policy (43 FR 53869; SECY-78-366) which set
forth a regulatory framework for licensing geologic repositories
for the disposal of high-level radioactive wastes (HLW). In
December 1979, the Commission published for public comment a pro-
posed rule--10 CFR Part 60, "Disposal of High-Level Radioactive
Wastes in Geologic Repositories; Proposed Licensing Procedures"
(44 FR 31393; SECY-79-580). This proposed rule addressed the
specific procedures under which geologic disposal of HLW by the
Department of Energy (DOE) would be-regulated. The final licens-
ing procedures were published on February 25, 1981 (46 FR 13971;
SECY-80-474 and SECY-81-48).

*This package does not include the final detailed analysis of
public comments received and is not the final recommendation of
the staff. The final recommendation must await this detailed
analysis and associated legal review. Staff expects to forward
the complete rulemaking package with its full recommendation to
the Commission within a month.
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On May 13, 1980 the Commission published for public comment an
Advance Notice of Proposed Rulemaking on the technical criteria
for regulating geologic disposal of HLW (45 FR31393; SECY-80-177).
Proposed technical criteria against which license applications
will be reviewed under 10 CFR Part 60 were published for public
comment on July 8, 1981 (46 FR 35280; SECY-81-267). A copy of
the proposed rule, as published in the Federal Register is pro-
vided as Enclosure B. A total of eighty-five groups and indi-
viduals commented on the proposed rule. These eighty-five letters
contained nearly 700 individual comments. These individual com-
ments addressed a wide range of issues, including those for which
specific comment was requested by the Commission, and all parts
of the rule.

The staff has completed its preliminary analysis of the public com-
ments received and has formulated, consistent with this analysis,
its recommendations with respect to the final technical criteria.
These are provided to the Commission in the form of a draft Federal
Register Notice (Enclosure A), which contains the draft final regu-
lation and a Statement of Considerations which identifies and dis-
cusses the major issues, particularly those of a policy nature,
raised in the public comment and indicates how the staff recommends
they be resolved. Additionally, the staff- has provided its ration-
ale for the final performance objectives related to the geologic
repository after permanent closure and to the retrievability option;
the draft Final Environmental Impact Assessment, and the draft
Final Value/Impact Assessment. The staff will be providing within
a month a complete rulemaking package which will also contain the
detailed analysis of public comments received as well as the draft
Congressional letters, public announcement and final rule in com-
parative text. Staff will ask the Commission to approve for publi-
cation as a final rule that part of 10 CFR Part 60, "Disposal of
High-Level Radioactive Wastes in Geologic Repositories," dealing
with the technical criteria and conforming amendments.

Will Dircks
Executive Director for Operations
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(7590-013

NUCLEAR REGULATORY COMMISSION

10 CFR Part 60

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

AGENCY: Nuclear Regulatory Commission.

ACTION: Final Rule.

SUMMARY: The Nuclear Regulatory Commission (NRC) is publishing final

amendments which specify technical criteria for disposal of high-level

radioactive wastes (HLW) in geologic repositories. The criteria address

siting, design, and performance of a geologic repository, and the design

and performance of the package which contains the waste within the geo-

logic repository. Also included are criteria for monitoring and testing

programs, performance confirmation, quality assurance, and personnel

training and certification.

EFFECTIVE DATE:

FOR FURTHER INFORMATION CONTACT: Patricia A. Comella, Deputy Director

of the Division of Health, Siting and Waste Management, Office of Nuclear

Regulatory Research, U.S. Nuclear Regulatory Commission, Washington,

D.C. 20555, Telephone (301) 427-4616.

SUPPLEMENTARY INFORMATION:

Background

On February 25, 1981, the Nuclear Regulatory Commission published

rules which establish procedures for the licensing of geologic disposal,
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by the'U.S. Department of Energy (DOE), of high-level radioactive wastes

(HLW). 46 FR 13971.' On July 8, 1981, NRC proposed technical criteria

which would be used in the evaluation of license applications under those

procedural rules. 46 FR 35280. NRC received 85 comment letters on these

proposed technical criteria. The Commission has considered all these

comments in preparing the final technical criteria that are published

here. The principal-comments, and the Commission's responses, are

reviewed in the discussion below. A more detailed 'analysis of the

comments is contained in an NRC staff report (NUREG-0806) which is being

distributed to all the commenters and which is available'without charge

on request. This staff report includes a rationale for the performance

objectives in 10 CFR Part 60 as well as a comment analysis. The final

rules contain a number of changes, explained in this statement, that

reflect concerns addressed in the public comments.

The licensing procedures referenced above provide for DOE to submit

Site Characterization Reports to NRC prior to characterizing sites that

may be suitable for disposal of HLW. NRC will analyze these reports,

taking into account public comments, and will make appropriate comments

to DOE. Site characterization will include testing at alternative

sites.

The licensing process will begin with the submission of a license

application with respect to a site that has been characterized. Follow-

ing hearing, DOE may be issued a construction authorization. Prior to

emplacement of HLW, DOE would be required to obtain a license from NRC;

an opportunity for hearings is provided prior to issuance of such a

license. Permanent closure of the repository and termination of the

license would also require licensing action.
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The purpose of the technical criteria is to define more clearly the

bases upon which licensing determinations will be made and to provide

guidance to DOE and information for the public with respect to the Commis-

sion's policies in this regard. The criteria also indicate the approach

we are taking to implementation of an Environmental Protection Agency

standard, particularly with respect to the classification of processes

and events as "anticipated" or "unanticipated" and the definition of the

"accessible environment" from which radionuclides must be isolated.1

The Commission anticipates that licensing decisions will be compli-

cated by the uncertainties that are associated with predicting the

behavior of a geologic repository over the thousands of years during

which HLW may present hazards to public health and safety. It has

chosen to address this difficulty by requiring that a DOE proposal be

based upon a multiple barrier approach. An engineered barrier system is

required to compensate for uncertainties in predicting the performance

of the geologic setting, especially during the period of high radioactiv-

ity. Similarly, because the performance of the engineered barrier system

is also subject to considerable uncertainty, the geologic setting must be

able to contribute significantly to isolation.

The multibarrier approach is implemented in these rules by a number

of performance objectives and by more detailed siting and design require-

ments. In addition to the objective of assuring that licensed facilities

'Reorganization Plan No. 3 of 1970 authorizes EPA to establish generally
applicable environmental standards for radioactivity. A draft standard
developed by EPA would allow higher levels of radioactivity for "unanti-
cipated processes and events" than would be permitted if "anticipated
processes and events" were to occur. The draft standard also relates
these levels to places within the "accessible environment." We have
assumed that these concepts will be reflected in final standards that
may be established by EPA.
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will adequately isolate HLW over the long term, these provisions also

address considerations related to health and safety during the operational

period prior to permanent closure of the repository.

In this statement of considerations the Commission will first dis-

cuss six issues on which it had specifically requested public comment.

It will then review other principal changes to the rule which have been

adopted in the light of comments received. The discussion will then

take up suggestions of a policy nature which the Commission has declined

to adopt. Finally, a section-by-section analysis reviews all changes

made other than those of a strictly editorial nature.

Issues Raised by the Commission

As noted above, the Commission specifically requested public comment

on six issues, each of which will be reviewed here'before turning to other

considerations. These issues dealt with: (1) a single overall perform-

ance standard vs. minimum performance standards for each of the major

elements of the geologic repository; (2) the need for, and appropriate

duration of, a waste retrievability period; (3) the level of detail to

be used in the criteria, particularly with respect to design and construc-

tion requirements; (4) the desirability of population-related siting

criteria; (5) the application of an ALARA (as low as reasonably achiev-

able) principle to the performance requirements dealing with containment

and control of releases; and (6) alternative approaches on dealing with

possibilities of human intrusion into the repository.

Single vs. Multiple Performance Standards

The Commission identified two potentially viable approaches to assur-

ing achievement of the desired isolation goal of keeping releases so as
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to assure that radioactivity in the general environment is kept to

sufficiently low levels. We suggested that a course that would be "reason-

able and practical" would be to prescribe minimum performance standards

for each of the major elements of the geologic repository, in addition

to prescribing the EPA standard as a single overall performance standard.

However, as an alternative, we invited comment on an approach that would

specify the EPA standard as the sole measure of isolation performance.

There was general acceptance of the Commission's multiple barrier

approach, with its identification of two major engineered barriers (waste

packages and underground facility), in addition to the natural barrier

provided by the geologic setting.

While the usefulness of multiple barriers was recognized, the estab-

lishment of fixed numerical values for performance was extensively criti-

cized. The criticism took two forms. First, numerous commenters argued

that until such time as an EPA standard is established, no logical connec-

tion can be demonstrated between the performance of the particular

barriers and the overall system performance objective. The values speci-

fied by NRC, it was argued, had not been shown to be either necessary

or sufficient to meet any particular standard. The second criticism

was that the performance appropriate to a particular barrier is greatly

dependent upon design features and site characteristics and that values

such as those proposed by the Commission could unduly restrict the appli-

cant's flexibility - possibly imposing great additional expense without

compensating protection of public health and safety.

The Commission recognizes the force of both these arguments. Never-

theless, if we were simply to adopt the EPA standard as the sole measure

of performance, we would have failed to convey in .any meaningful way the
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degree of confidence which we expect must be achieved in order for us to

able to make the required licensing decisions. We should do more. To

that end, we consider it appropriate to include reasonable generic

requirements that, if satisfied, will ordinarily contribute to meeting

the standards even though exceptions may need to be made for some designs

and locations.

Our response has been to apply, for illustrative purposes, an assumed

EPA standard and to examine the values for particular barriers that would

assist in arriving at the conclusion that the EPA standard has been satis-

fied. (We have used, for this purpose, a draft EPA standard which was

referred to in some of the comments. A copy of this draft standard has

been placed in the PDR. The analysis is contained in NUREG-0806.) In

this way, we have been able to demonstrate the logical connection which

we make between the overall system performance objective for anticipated

processes and events and the performance of specific barriers. One of

the considerations that affects our judgment in this regard is the need

to take proper account of uncertainties in the performance of any of the

barriers. Our task is not only a mathematical one of modeling a system

and fitting values for particular barriers-into the model in order to

arrive at a "bottom line" of overall system performance. We are also

concerned that our final judgments be made with a high degree of confid-

ence. Where it is practical to do so, we can and will expect barrier

performance to be enhanced so as to provide us with greater confidence

in our licensing judgments. Accordingly, a variance between actual and

assumed EPA standards will not necessarily require a change of corres-

ponding magnitude in the individual barrier performance requirements.
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While use of an assumed EPA standard provides a basis for specifying

anticipated performance requirements for individual barriers, it does

not deal with the concern about undue restriction upon the applicant's

flexibility. Our response to this has not been to abandon the values

altogether, but rather to allow them to be modified as the particular

case warrants. We thus require the applicant to comply with the speci-

fied values or such other values as the Commission "may approve or

specify." Among the factors that the Commission might take into account

in exercising this discretion are the radiation and heat generation rate

of the waste, the characteristics of the host rock, and particular sources

of uncertainty in predicting the performance of the geologic repository.

Any variance between an actual EPA standard and that assumed could also

be a basis for approving or specifying other values for radionuclide

release rate, designed containment period, or pre-waste-emplacement

ground water travel time.

The numerical criteria for the individual barriers included in the

rule are appropriate, insofar as anticipated processes and events are

concerned, in assisting us to determine with reasonable assurance that

the EPA standard has been satisfied. It should be noted, however, that

considerations related to unanticipated processes and events could form

the basis for requiring even higher levels of individual barrier perform-

ance than would otherwise be the case.

Retrievability

The purpose of this requirement was to implement in a practical

manner the licensing procedures which provided for temporal separation

of the emplacement decision from the permanent closure decision. Since
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the period of emplacement would be lengthy and since the knowledge of

expected repository performance could be substantially increased through

a carefully planned program of testing, the Commission wished to base its

decision to permanently close on such information. The-only way it could

envision this was to insist that ability to retrieve - retrievability -

be incorporated into the design of the repository.

The proposed rule would have required in effect that the repository

design be such as to permit retrieval of waste packages for a period of

up to 110 years (30 years for emplacement, 50 years to confirm perform-

ance, 30 years to retrieve). The Commission solicited comment, noting

that we would not want to approve construction of a design that would

unnecessarily foreclose options for future decisionmakers, but that we

were concerned that retrievability requirements not unnecessarily com-

plicate or dominate repository design.

While the benefits of retaining the option of retrieval were

recognized, the length of the proposed requirement, in the opinion of

several commenters, was excessive. In their view, the Commission had

given inadequate consideration to the additional costs of design, con-

struction, and operations implied in the original proposal; however, no

new cost or design information was presented.

The Commission adheres to its former position that retrievability

is an important design consideration. However, in response to the con-

cerns expressed, we have decided to rephrase the requirement in functional

terms, rather than in the inflexible way it was originally presented.

The final rule thus specifies that the design shall keep open the option

of waste retrieval throughout the period during which the wastes are

being emplaced and, thereafter, until the completion of a performance
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confirmation program and Commission review of the information obtained

from such a program. While we have provisionally specified that the

design should allow retrieval to be undertaken at any time within 50

years after commencement of emplacement operations, this feature is

explicitly subject to modification in the light of the planned emplace-

ment schedule and confirmation program for the particular repository.

We have also included a specific provision clarifying our prior

intention thFn -he retrievability design feature do not preclude decisions

allowing earlier backfilling or permanent closure. A related clarifying

change has been the incorporation of a definition of "retrieval." This

definition indicates that the requirement of retrievability does not

imply ready access to emplaced wastes at all times prior to permanent

closure.

We have thus retained the essential elements of the retrievability

design feature, but have provided greater flexibility in its application.

Level of Detail

The proposed rule contained general and detailed prescriptive

requirements, derived from Commission experience and practice in

licensing other facilities, with respect to the design and construction

of a repository. We noted, however, that we were continuing to examine

other possibilities for promulgating the more detailed of these require-

ments and we invited comments on the topic.

The public response included arguments addressed both to the level

of detail generally and to specific criteria which were deemed to be

unduly restrictive.

9 Enclosure A



t7590-01]

We have concluded that there is merit in describing, in functional

terms, the principal features which should be incorporated into reposi-

tory design - such as protection against dynamic effects of equipment

failure, protection against fire and explosions, emergency capability,

etc. Certain of these proposed criteria, however, such as those dealing

with subsurface ventilation and shaft and borehole seals, were excessively

detailed and, in some cases, inappropriate. At this stage of development,

we believe we should place emphasis upon the objectives that must be met

and not become unduly concerned about the detailed ways that may be used

in doing so. We address the changes that have been made in some detail

in the section-by-section analysis of the rule.

Population-Related Siting Criteria

The proposed rule did not include any siting requirements which dealt

directly with population density or proximity of population centers to a

geologic repository operations area. We indicated our belief that a more

realistic approach, given the long period of time involved, would be to

address the issue indirectly through consideration of resources in the

geologic setting.

The numerous comments submitted in response to our specific question

on this issue fell generally into two categories - those who endorsed

the proposed approach and those who believed that population factors were

important. The latter group addressed not only the repository's long-term

isolation capability, but also the relevance of population considerations

in connection with the period when wastes are being received and emplaced.

We are persuaded that population factors may need to be considered in

connection with the period when wastes are being received and emplaced
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through evaluation of the adequacy of DOE's emergency plans. That section

of the Safety Analysis Report dealing with emergency planning (see

60.21(c)(9) will be reviewed on a case-by-case basis in the licensing

process according to criteria that will be set forth in the future in

Subpart I. The Commission invites comments on the appropriate content

of this subpart. Attention is called to the analogous provisions of

10 CFR Part 50, Appendix E and 10 CFR Part 72.

Population distribution over the long term is immaterial if the

geologic repository operates as anticipated. Demographic factors could

neverthr =ss be of concern to the extent that they could increase the

probability or the consequences of releases associated with unanticipated

processes or events. As to probability, it is difficult to relate the

likelihood of releases to population factors; we think it is more

realistic, as we originally stated, to reduce the probability by avoid-

ing sites with significant resource potential and by using records and

monuments to caution future generations. Consequences of unanticipated

releases would be greater if they should occur in densely populated

areas. Nevertheless, we think that it makes little sense to attempt

to limit such consequences by means of a population-related siting

criterion, since long-range demographic forecasts are so inherently

speculative and unreliable; instead, we are taking the approach that

releases that result from the occurrence of unanticipated processes

and events must be evaluated and must satisfy the EPA standard which we

expect will be very conservative.

Although demographic factors thus play a very limited role in the

final rule, we nevertheless anticipate that the selection of a densely

populated area is unlikely. DOE will need to acquire interests in land
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within the controlled area and may have to have additional powers beyond

the boundaries of the controlled area. These requirements may be diffi-

cult to satisfy unless a remote location is selected for the repository.

ALARA

The notice of proposed rulemaking requested comment on "whether an

ALARA (as low as reasonably achievable) principle should be applied to

the performance requirements dealing with containment and control of

releases." Some commenters felt that ALARA should be applied to all

licensed activities, and that no exception should be made for geologic

repositories. Other commenters argued against incorporating ALARA, since

the allowable releases under the EPA standard would already be so low as

to eliminate any significant risk to public health and safety.

Although we cannot predict with certainty the form that an EPA

standard may take, we do anticipate that the permissible amounts of radio-

activity in the general environment will be established at such a low

level that efforts to reduce releases further would have little, if any,

demonstrable value. Accordingly, the ability of a repository to perform

at levels superior to the EPA standard should not be the issue in licens-

ing proceedings. The central issue with respect to the EPA standard is

whether DOE's proposal, and the data presented in its support, will enable

the Commission to determine with reasonable assurance that the established

EPA standard will be met. We may insist upon the adoption of a variety

of design features, tests, or other measures in order to be able to con-

clude with confidence that the EPA standard is met. The result may be

the same as if we were to impose similar requirements in the name of

keeping releases as low as reasonably achievable. But when we find that
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certain measures are needed to improve our confidence in dealing with

uncertainties, we are making a substantial safety judgment.

The same kinds of balancing that are undertaken in ALARA determina-

tions may be appropriate. That is, if conference in the performance of

the repository is sensitive to a particular source of uncertainty, it

will be in order for the Commission to take into account both the signi-

ficance of the factor involved and the costs of reducing or eliminating

it. I

In short, we have concluded that the long-term performance require-

ments should not be tied to an ALARA principle, and the rule remains as

it was when proposed. We believe the concerns of the commenters in sup-

port of the ALARA approach will be largely accommodated in connection

with our treatment of uncertainties in the course of the licensing

process.

Human Intrusion

The Commission observed, in the preamble of the proposed rule, that

everything that is reasonable should be done to discourage people from

intruding into the repository. Those measures which we felt to be rea-

sonable included directing site selection toward sites having little

resource value and marking and documentation of the site. Beyond that,

we felt there would be no value in speculating on the "virtual infinity

of human intrusion scenarios and whether they will or will not result in

violation of the EPA standard." We explained that inadvertent intrusion

was highly improbable, at least for the first several hundred years during

which time the wastes are most hazardous; and even if it should occur, it

is logical to assume that the intruding society would have capability to
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assess the situation and mitigate consequences. We recognized that

deliberate intrusion to recover the resource potential of the wastes

could result in elevated releases of radioactivity, but concluded that

the acceptability of such releases was properly left to those making

the decision to undertake resource recovery operations. We noted that

comment on our proposal and alternative approaches would be welcome.

Commenters generally accepted the approach outlined. A number of

commenters did emphasize the importance of intrusion scenarios as having

the potential to lead to releases of radionuclides to the environment,

but they suggested no alternative means for dealing with the prospect.

One commenter correctly calls attention to the possibility of a third

category of intrusion - that which is "intentional yet indifferent" -

which was not covered in our discussion of "inadvertent" or "deliberate"

intrusion. This behavior presupposes knowledge (ilbeit imperfect) of the

existence and nature of the repository and a level of technology that

could be applied to remedial action as well as to the intrusion itself.

We have addressed this and other concerns in the revised language that

is being adopted.

Although our discussion accompanying the proposed rule indicated

that intrusion scenarios need not be considered, the rule itself was not

explicit on this point. We consider it necessary to clarify our posi-

tion and, in doing so, we do allow for examination of intrusion under

appropriate bounding conditions. -Our objective is to provide a means

for evaluating events that are reasonably of concern, while at the same

time excluding speculative scenarios that are inherently implausible.

We will not require this generation to design for fanciful. events which

we have an abiding conviction will never occur; on the contrary, we will
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grant a license if we are satisfied that the risk to the health and

safety of future generations is not unreasonable.

The rule now incorporates a definition of "unanticipated processes

and events" which are reviewable in a licensing proceeding; such processes

and events expressly include intrusion scenarios that have a sufficiently

high likelihood and potential adverse consequence to exceed the threshold

for review. The scenarios must be "sufficiently credible to warrant

consideration." We are requiring that certain assumptions be made in

assessing this likelihood. First, the monuments required by the rule

are assumed to be sufficiently permanent to serve their intended purpose.

We take this position because of our confidence that monuments can be

built to survive. While we assume that the monuments will last, we do

not automatically assume that their significance will continue to be

understood, although we expect that monuments can be designed to be

readily decipherable. Second, we require an assumption that the value

to future generations of potential resources can be assessed adequately

at this time. Consistent with our previously-stated views, we think that

the selection of a site with no foreseeably valuable resources could so

reduce the likelihood of intrusion as to reduce, or eliminate, any

further need for it to be considered. Third, we require the assumption

that some functioning institutions - though not necessarily those under-

taking the intrusion - understand the nature of radioactivity and appre-

ciate its hazards. The extent of intergenerational transfer of knowledge

is, of course, debatable; it is conservative, in the light of human

history to date, to predict this minimal level of information and to take

it into account in assessing the likelihood that intrusion-will occur.
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Fourth, we provide that relevant records are preserved, and remain access-

ible, for several hundred years after permanent closure. While perhaps

this period could not be justified on the basis of historic precedents

alone, we consider the required deposit in land records and archives,

together with current data handling technology, to provide a sufficient

basis for assuming that information about the repository will continue

to be available for several hundred years.

The definition of "unanticipated processes and events" also implicitly

bounds the consequences of intrusion scenarios. This is accomplished not

only by the assumption of continued understanding of radioactivity and

survival of records, but also by the further assumptions that if there

are institutions that can cause intrusion at depth in the first place,

there will also be institutions able to assess the risk and take remedial

action. It need not be assumed that today's technology would be used -

merely that a level of social organization and technological competence

equivalent to that applied in initiating the processes or events concerned

would be available to deal with the situation.

In summary, we have retained the principle that highly speculative

intrusion scenarios should not be allowed to become the driving force in

license reviews, but we have introduced some flexibility to permit

consideration of intrusion on a case-by-case basis where circumstances

warrant.'

Other Principal Changes

Anticipated/Unanticipated Processes and Events

The proposed rule defined anticipated processes and events as "those

natural processes and events that are reasonably likely to occur during
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the period the intended performance objective must be achieved and from

which the design bases for the engineered system are derived." At the

same time, we were requiring that the facility be designed so as to assure

that long-term releases conform to standards established by EPA. The

statement of considerations pointed out that if the process or event is

unlikely, the overall system must still limit the release consistent with

the EPA standard as applied to such events. This created a contradiction

because on the one hand it was stated that the design bases should be

derived from anticipated processes and events while, on the other hand,

the design was to meet an EPA standard as applied to what was

unanticipated.

We have resolved this conflict by eliminating the reference to

design bases from the definition of "anticipated processes and events."

We have also included a definition of "unanticipated processes and

events."

It should be noted that the distinction between anticipated and

unanticipated processes and events relates solely to processes and events

affecting the geologic setting. We intend that a judgment whether a

natural process or event is anticipated or unanticipated be based upon

a careful review of the geologic record. Such processes or events would

not be anticipated unless they were reasonably likely, assuming that

processes operating in the geologic setting during the Quaternary Period

were to continue to operate but with the perturbations caused by the

presence of emplaced waste superimposed thereon. Unanticipated processes

and events would include those that are judged not to be reasonably

likely to occur during the period the intended performance objective

must be achieved, but which nevertheless are sufficiently credible to
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warrant consideration. These include processes and events which are

not evidenced during the Quaternary Period or which, though evidenced

during the Quaternary, are not likely to occur during the relevant time

frame. Identification of unanticipated processes and events for a

particular site will require considerable judgment and may not be subject

to quantification of probabilities of such events.

Because the design basis for the engineered barrier system will be

derived from the identification of anticipated and unanticipated processes

and events, such identification will have a pervasive effect on the basic

structure of the licensing proceedings. We therefore contemplate direct-

ing that rulings made in the course of construction authorization hearings

on the scope of anticipated and unanticipated processes and events be

certified to the Commission for interlocutory review, pursuant to

10 CFR 2.718(i).

- The license review will thus need to include a determination whether

the proposed activities will meet the EPA standard as applied to anticipated

processes and events and as applied to such unanticipated processes and

events, if any, as have been found to warrant consideration. Each deter-

mination will be made in the light of assessments which will involve

interpretation of the geologic record and consideration of credible human-

induced events as bounded by the assumptions set forth above. Complex

quantitative models will need to be employed, these to be of sufficient

sophistication to take into consideration a wide range of factors that

may be event or process oriented. One result of the performance assess-

ment, in simplified terms, will be the development of probability density

functions for the consequences of the proposed activities that will be

considered in arriving at a determination of whether there is reasonable
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assurance, making allowance for the time period and hazards involved, that

the outcome will be in conformance with the EPA standard. There are two

principal elements that will go into our application of this "reasonable

assurance" concept. First, the performance assessment which has been

performed must indicate that the likelihood of exceeding the EPA standard

is low. Second, we must be satisfied that the performance assessment

is sufficiently conservative, and its limitations are sufficiently well

understood, that the actual performance of the geological repository will

be within predicted limits.

Transuranic waste (TRU). The proposed rule included a definition

of transuranic waste and performance objectives that would apply to the

disposal of TRU in a licensed geologic repository. This was widely mis-

construed as a requirement that radioactive material conforming to the

definition must be disposed of in this manner. This was not the inten-

tion, nor in fact did the rule so specify. Rather, the Commission was

merely indicating what performances objectives would apply if TRU were

disposed of in a licensed geologic repository. Some commenters also

took exception to the definition of TRU in the rule.

Whether or not a geologic repository is subject to licensing depends

upon the applicability of Sections 202(3) and 202(4) of the Energy

Reorganization Act of 1974. (See definition of "HLW facility.") If a

facility is licensed, then the Commission must consider the radiological

hazards associated with whatever wastes may be emplaced. We attempted,

in the proposed rule, to address the requirements for one such kind of

waste - TRU. But we were too restrictive, in that our definition of TRU

was too limited for present purposes and in that wastes other than HLW
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and TRU were not covered at all. For the time being, we have concluded

that the matter is best handled by eliminating all references to TRU.

The remaining performance objectives provide adequate guidance to deal

with TRU-related issues that may arise.

We have also reviewed the waste package requirements, which as origi-

nally written would have applied to all emplaced radioactive waste. It

is appropriate to include such requirements for HLW, which must necessarily

be disposed of in a licensed facility. Since we do not know what other

radioactive wastes, if any, will also be emplaced, and what their chemical,

radiological, thermal, and other characteristics may be, we have decided

to leave pertinent requirements to be determined on a case-by-case basis

as the need arises.

Unsaturated zone. The Commission had explained that the proposed

criteria were developed for disposal in saturated media, and that addi-

tional or alternative criteria might need to be developed for regulating

disposal in the unsaturated zone. Accordingly, the performance objective

for containment of HLW was written so as to require the assumption of

full or partial saturation of the underground facility and the favorable

and potentially adverse conditions concerned only siting in the saturated

zone.

This approach was criticized on the basis that disposal in the

unsaturated zone was a viable alternative, and that since the criteria

were generally applicable without regard to the possibility of satura-

tion, their scope and applicability should not be unduly restricted. We

have reviewed the criteria in the light of the comments and find this

criticism to be well-founded. The criteria as written are generally
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appropriate to disposal in both the saturated zone and the unsaturated

zone. For disposal in the saturated zone, however, we will continue to

require that performance of the geologic setting be evaluated on the

assumptions of both the partial and complete filling with ground water

of available void spaces in the underground facility. We have also

identified conditions operating in the geologic setting so as to differ-

entiate appropriately between saturated and unsaturated zone environments.

Terminology - Several commenters criticized, as vague or confusing,

the terms used by the Commission to describe the various geographical

locations that are addressed by the rule. There are many such locations

--and there must be, because we must deal with different concerns during

site characterization, during operations, and after permanent closure.

We have nevertheless attempted to clarify the terms. In addition to the

significant changes reviewed here, minor revisions are addressed in the

section-by-section analysis.

Accessible Environment/Controlled Area. The isolation capability

of a geologic repository is evaluated at a boundary which we have referred

to as the "accessible environment." Under the proposed rule, this was

defined as "portions of the environment directly in contact with or

readily available for use by human beings." Several commenters criticized

this definition as being excessively vague; further, the definition failed

to assure that the isolation capability of the rock surrounding the under-

ground facility would be given appropriate weight in licensing reviews.
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We agree with the criticism and have revised the definition in

several respects -- but most importantly, by excluding from the access-

ible environment that portion of the lithosphere that is inside what we

are calling, in the final rule, a "controlled area." This is an area

marked with monuments designed to caution future generations against

subsurface penetrations. The size and shape of the controlled area will

depend upon the characteristics of the particular facility, but it must

be small enough to justify confidence that the monuments will effectively

discourage subsurface disturbances. We have therefore limited the size

of the controlled area so that it extends no more than 10 kilometers

from the emplaced waste. This is consistent with a draft standard that

is under consideration by EPA. That draft standard is also the source

of the language specifying the surface locations that are part of the

accessible environment.

Geologic Setting. The proposed rule limited this term to systems

that provide isolation of the waste. This is too restrictive a defini-

tion to cover the wider region of interest which we seek to encompass

by "geologic setting." The definition has accordingly been extended to

include the geologic, hydrologic, and geochemical systems of the region

in which a geologic repository operations area is or may be located.

Site. "Site" had been defined in the proposed rule as being equiva-

lent to "geologic setting." This was appropriate where geologic setting

referred to an area having isolation capability. In the final rule,

isolation is to be provided within a controlled area rather than within
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the geologic setting and accordingly "site" now refers to the location

of this controlled area.

Decommissioning - As used in the proposed technical criteria, the

term "decommissioning" was intended to apply to that stage at which the

underground facility was closed and shafts and boreholes were sealed. It

was these activities that were addressed in § 60.51, "License amendment to

decommission." This intention is better expressed by employing the term

"permanent closure." Several commenters on the proposed rule expressed

the opinion that including the requirement for dismantlement of all

surface facilities in the definition of the term decommissioning may be

unnecessary and overly restrictive. Upon consideration of these comments

the Commission believes that where there is a need to refer to decontamina-

tion or dismantlement of surface facilities, this can readily be done

without referring to "decommissioning."

Accordingly, all references to "decommissioning" have been deleted

from the rule, and the language now refers to "permanent closure" or to

"decontamination or dismantlement of surface facilities," as appropriate.

Important to Safety: The term "important to safety" has traditionally

been linked to structures, systems, and components which must operate

under accide conditions in a manner that will prevent serious offsite

consequences. The proposed rule inappropriately referred to structures,

systems, and components which must operate to meet the performance

objectives--including those pertaining to long-term isolation under

anticipated conditions--as being "important to safety." The effect of

this was to extend accident-related design criteria to elements not subject
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to relevant kinds of accidents. Design criteria related to isolation

are important, and are included, but not because the structures, systems,

and components in question are "important to safety" in the traditional

sense.

In order to provide further clarificaton, we have included a specific

value (an offsite dose of 0.5 rem) to be used in considering whether a

structure, system, or component is important to safety. The choice of

this value should not be construed as implying that it would be appro-

priate as applied to any other types of activities subject to regulation

by the Commission. (Compare 10 CFR § 72.68, which provides for establish-

ment of a controlled area for each independent spent fuel storage

installation such that no "individual beyond the boundary would receive

a dose greater than 5 rem from any design basis accident.)

"Important to safety"is also important in defining the actions that

are necessary elements of a quality assurance program. For a geologic

repository, however, quality assurance must be extended to structures,

systems, and components important to radionuclide containment and

isolation. Since, for the reasons discussed above, these concerns are

no longer encompassed by the term "important to safety," the quality

assurance provisions have been amended to apply to structures, systems,

and components "important to radionuclide containment and isolation" as

well.

Other Principal Comments

These issues raised by commenters merit discussion here even though

they have resulted in no change to the rule.
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Comparative Safety Analyses

Several commenters took exception to the proposed requirement that

the Safety Analysis Report include a comparative evaluation of alterna-

tives to the major design features that are important to radionuclide

containment and isolation, on the ground that a safety analysis should

be directed at the specific design being proposed. As a general

principle, the commenters are correct. In the context of licensing

activities at a geologic repository operations area, however, we think

it is well within our discretion to seek the requested information. If

we find, on the basis of our review, that the adoption of some alterna-

tive design feature would significantly increase our confidence that the

performance objectives would be satisfied, and that the costs of such

an approach are commensurate with the benefits, we should not hesitate

to insist that the alternative be so adopted. This is consistent with

the views expressed above in the Ascussion of the ALARA principle and,

also, with the provisions of the revised performance objectives which

contemplate that the performance objectives for particular barriers are

subject to modification, on a case-by-case basis, as needed to satisfy

applicable EPA standards.

Geological Siting Criteria

One commented recommended that the rule should require that the

slate of sites characterized by DOE be among the best that can be found

on the basis of geological factors alone. We did indicate, when we

adopted licensing procedures, that the site characterization require-

ments will assure that DOE's preferred site will be chosen from a slate

of sites that are among the best that reasonably could be found. The
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two standards are quite different. We intended that DOE should be able

to take into account a variety of non-geological considerations in its

screening process. It could properly exclude such locations as (1) areas,

such as national parks and wilderness, devoted to other paramount uses,

(2) locations which would be subject to unusually severe environmental

and socioeconomic impacts, and (3) locations where necessary surface,

mineral, and water rights may be obtainable only at great expense and

with severe dislocating effects on residents. We consider the rule, as

written, properly conveys our meaning on this score.

The same commenter urged us to require a demonstration that the

geologic characteristics of the chosen site provide the highest reason-

ably achievable degree of enhancement of the waste isolation capabilities

of the repository. Again, we decline to accept the suggestion. In the

first place, we anticipate that DOE would on its own initiative strive

to maximize isolation capabilities in order to demonstrate more

conclusively the facility's compliance with the performance objectives

and other technical criteria. Beyond this, however, we believe the

proposal could have undesirable and unintended consequences. Maximizing

isolation capabilities could dictate development at one particular loca-

tion instead of at another a few miles away; this could result in the

same kind of adverse environmental or other effects as were described

above. Furthermore, adherence to the proposed standard could unduly

interfere with, or increase the cost of, achievement of other goals,

such as maintenance of retrievability, providing for worker safety, etc.

The Commission is in full agreement with the underlying appraisal

of the commenter that the isolation capabilities of the geologic reposi-

tory play a key role in assuring that the performance objectives will be
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met. However, we do not believe that it is necessary or appropriate to

place the degree of emphasis upon them which has been suggested.

Reasonable Assurance:

The proposed rule stated that with respect to the long-term objectives

and criteria under consideration, "what is required is reasonable assurance,

making allowable for the time period and hazards involved, that the outcome

will be in conformance with those objectives and criteria." A number of

commenters took exception to this formulation on the ground that it provides

inadequate guidance as to the required level of proof. Others were concerned

that "reasonable assurance" was too weak a test and that the Commission should

not license DOE activities without a "high degree of confidence" that

releases would be very small. Some commenters suggested that a statistical

definition of acceptability should be employed.

We have not modified the language, but we have explained elsewhere

(see Anticipated/Unanticipated Processes and Events, above) how the concept

will be applied. We do expect that the information considered in a

licensing proceeding will include probability distribution functions for

the consequences from anticipated and unanticipated processes and events.

Even if the calculated probability of meeting our standards is very high

according to accepted statistical tests, that would not be sufficient

for the Commission to have "reasonable assurance;" we would still have

to assess uncertainties associated with the models and data that had

been considered. This involves qualitative as well as quantitative

assessments. We would not issue a license unless we were to conclude,

after such assessments, that there is reasonable assurance that the

outcome will in fact conform to the relevant standards and criteria.
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The term "reasonable assurance" implies no lack of conservatism.

On the contrary, it parallels language which we have applied in other

contexts, such as the licensing of nuclear reactors. See 10 CFR 50.40(a).

Should we select a different expression, we would need to explain the

distinction between the adopted term (such as "high degree of confidence")

and "reasonable assurance." Since we intend no such distinction, we

prefer to retain the term "reasonable assurance."

Section-by-Section Analysis

[reserved]

PAPERWORK REDUCTION ACT

The applicantion/reporting/recordkeeping requirements contained in

this Regulation affect fewer than 10 persons, and therefore, are not

subject to Office of Management and Budget clearance as required by the

Paperwork Reduction Act (P.L. 96-511).

REGULATORY FLEXIBILITY ACT CERTIFICATION

The Commission certifies that the final rule will not have a signifi-

cant economic impaction a substantial number of small entities. The final

rule does not apply to any small entities, and although units of local

government could be affected by application of the rule in a specific

regulatory licensing decision. The number of local governments affected

would not be substantial due to the limited number of repositories sche-

duled for development.
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10 CFR PART 60 - DISPOSAL OF HIGH-LEVEL RADIOACTIVE

WASTES IN GEOLOGIC REPOSITORIES

1. The authority citation for Part 60 is revised to read as follows:

Authority: Secs. 51, 53, 62, 63, 65, 81, 161, 182, 183, 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, 88 Stat. 1244, 1246

(42 U.S.C. 5842, 5846); sec. 14, Pub. L. 95-601, 92 Stat. 2591 (42 U.S.C.

2021a); sec. 102, Pub. L. 91-190, 83 Stat. 853 (42 U.S.C. 4332).

For the purposes of sec. 223, 68 Stat. 958, as amended (42 U.S.C.

2273), §§ 60.71-60.75 are issued under sec. 161o, 68 Stat. 950, as

amended (42 U.S.C. 2201(o)).

2. Section 60.2 is revised to read as follows:

§ 60.2 Definitions.

As used in this part--

a. "Accessible environment" means (1) the atmosphere, (2) the land

surface, (3) surface water, (4) oceans, and (5) the portion of the

lithosphere that is outside the controlled area.

"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. To the extent reasonable

in the light of the geologic record, it shall be assumed that those

processes operating in the geologic setting during the Quaternary Period

continue to operate but with the perturbations caused by the presence of

emplaced radioactive waste superimposed thereon.

"Barrier" means any material or structure that prevents or

substantially delays movement of water or radionuclides.
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"Candidate area" means a geologic and hydrologic system within

which one or more sites may be considered for site characterization.

"Capillary fringe" means the zone immediately above the water table

in which all or some of the interstices are filled with water that is

under less than atmospheric pressure and that is continuous with water

below the water table.

"Commencement of construction" means clearing of land, surface or

subsurface excavation, or other substantial action that would adversely

affect the environment of a site, but does not include changes desirable

for the temporary use of the land for public recreational uses, site

characterization activities, other preconstruction monitoring and

investigation necessary to establish background information related to

the suitability 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.

"Containment" means the confinement of radioactive waste within a

designated boundary.

"Controlled area" means a surface location, to be marked by suitable

monuments extending horizontally no more than 10 kilometers in any

direction from the underground facility, and the underlying subsurface,

which area has been committed to use as a geologic repository and from

which incompatible activities would be-restricted following permanent

closure.

"Director" means the Director of the Nuclear Regulatory Commission's

Office of Nuclear Material Safety and Safeguards.
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"Disposal" means the isolation of radioactive wastes from the

accessible environment.

"Disturbed zone" means that portion of the controlled area whose

physical or chemical properties have changed as a result of underground

facility construction or from heat generated by the emplaced radioactive

wastes such that the resultant change of properties may have a significant

effect on the performance of the geologic repository.

"DOE" mear the U.S. Department of Energy or its duly authorized

representatives.

"Engineered barrier system" means the waste packages and the

underground facility.

"Floodplain" means the lowland 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 repository" means a system for the disposal of radioactive

wastes in excavated geologic media. A geologic repository includes (1) the

geologic repository operations area, and (2) the portion of the geologic

setting that provides isolation of the radioactive waste.

"Geologic repository operations area" means a high-level radioactive

waste facility that is part of a geologic repository, including both

surface and subsurface areas, where waste handling activities are

conducted.

"Geologic setting" means the geologic, hydrologic, and geochemical

systems of the region in which a geologic repository operations area is

or may be located.
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"High-level radioactive waste" or "HLW" means (1) irradiated reactor

fuel, (2) liquid wastes resulting from the operation of the first cycle

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 converted.

"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).1

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

"Important to safety," with reference to structures, systems, and

components means those engineered structures, systems, and components

essential to the prevention or mitigation of an accident that could result

in a radiation dose to the whole body, or any organ, of 0.5 rem or greater

at or beyond the nearest boundary of the controlled area at any time until

the completion of permanent closure.

"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 radioactive material

so that amounts and concentrations of this material entering the

accessible environment will be kept within prescribed limits.

'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 gener-
ated by [DOE], which are not used for, or are part of, research and
development activities."
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"Permanent closure" means final backfilling of the underground

facility and the sealing of shafts and boreholes.

"Performance Confirmation" means the program of tests, experiments,

and analyses which is conducted to evaluate the accuracy and adequacy

of the information used to determine reasonable assurance that the

performance objectives for the period after permanent closure can be met.

"Public Document Room" means the place at 1717 H Street N.W.,

Washington, D.C., at which records of the Commission will ordinarily be

made available for public inspection and any 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 repository

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.

"Retrieval" means the act of intentionally removing radioactive waste

from the underground location at which the waste had been previously

emplaced for disposal.

"Saturated zone" means that part of the earth's crust beneath the

deepest water table in which all voids, large and small, are already

filled with water under pressure greater than atmospheric.

"Site" means the location of the controlled area.

"Site characterization" means the program of exploration and

research, both in the laboratory and in the field, undertaken to estab-

lish the geologic conditions and the ranges of those parameters of a

particular site relevant to the procedures under this part. Site

characterization includes borings, surface excavations, excavation of
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exploratory shafts, limited subsurface lateral excavations and borings,

and in situ testing at depth needed to determine the suitability of the

site for a geologic repository, but does not include preliminary borings

and geophysical testing needed to decide whether site characterization

should be undertaken.

"Tribal organization" means a tribal organization as defined in the

Indian Self-Determination and Education Assistance Act (Public Law 93-638).

"Unanticipated processes and events" means those processes and events

affecting the geologic setting that are judged not to be reasonably likely

to occur during the period the intended performance objective must be

achieved, but which are never the less sufficiently credible to warrant

consideration. Unanticipated processes and events may be either natural

processes or events or processes and events initiated by human activities

other than those activities licensed under this part. Processes and

events initiated by human activities may only be found to be sufficiently

credible to warrant consideration if it is assumed that: (1) the monu-

ments provided for by this part are sufficiently permanent to serve their

intended purpose; (2) the value to future generations of potential

resources within the site can be assessed adequately under the applicable

provisions of this part; (3) an understanding of the nature of radioac-

tivity, and an appreciation of its hazards, has been retained in some

functioning institutions; (4) institutions are able to assess risk and

to take remedial action at a level of social organization and technologi-

cal competence equivalent to, or superior to, that which was applied in

initiating the processes or events concerned; and (5) relevant records

are preserved, and remain accessible, for several hundred years after

permanent closure.
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"Underground facility" means the underground structure, including

openings and backfill materials, but excluding shafts, 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 radiation and radioactive materials, and any area used for residential

quarters.

"Unsaturated zone" means the zone between the land surface and the

deepest water table. It includes the capillary fringe. Generally, water

in this zone is under less than atmospheric pressure, and some of the

voids may contain air or other gases at atmospheric pressure. Beneath

flooded areas or in perched water bodies the water pressure locally may

be greater than atmospheric.

"Waste form" means the radioactive waste materials and any

encapsulating or stabilizing matrix.

"Waste package" means the waste form and any containers, shielding,

packing and other components surrounding the waste form.

"Water table" means that surface in a groundwater body at which

the water pressure is atmospheric.

3. Section 60.10 is amended by adding paragraph (d) to read

as follows:

§ 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.
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(b) Unless the Commission determines with respect to the site

described in the application that it is not necessary, site characteriza-

tion shall include a program of in situ exploration and testing at the

depths that wastes would be emplaced.

(c) As provided in § 51.40 of this chapter, DOE is also required

to conduct a program of site characterization, including in situ testing

a 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

conducted in such a manner as to limit adverse effects on the long-term

performance of the geologic repository to the extent practical.

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

shall be selected so as to limit the total number of subsurface penetra-

tions above and around the underground facility consistent with the

information needed for site characterization.

(3) To the extent practical, exploratory boreholes and shafts

in the geologic repository operations area shall be located where shafts

are planned for underground facility construction and operation or where

large unexcavated pillars are planned.

(4) Subsurface exploratory drilling, excavation, and in situ

testing before and during construction shall be planned and coordinated

with geologic repository operations area design and construction.

4. Section 60.11 is amended by revising paragraphs (a) and (b)

to read as follows:
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§ 60.11 Site characterization report.

(a) As early as possible after commencement of planning for a

particular geologic repository operations area, and prior to site

characterization, the DOE shall submit to the Director a Site Character-

ization Report. The report shall include2 (1) a description of the site

to be characterized; (2) the criteria used to arrive at the candidate

area; (3) the method by which the site was selected for site characteri-

zation; (4) identification and location of alternative media and sites

at which DOE intends to conduct site characterization and for which DOE

anticipates submitting subsequent Site Characterization Reports; (5) a

description of the decision process by which the site was selected for

characterization, including the means used to obtain public, Indian

tribal and State views during selection; (6) a description of the site

characterization program including (i) the extent of planned excavation

and plans for in situ testing, (ii) a conceptual design of a geologic

repository operations area appropriate to the named site in sufficient

detail to allow assessment of the site characterization program, with

respect to investigation activities which address the ability of the site

to host a geologic repository and isolate radioactive waste, or which

may affect such ability, and (iii) provisions to control any adverse,

safety-related effects from site characterization, including appropriate

quality assurance , ograms; (7) a description of the quality assurance

program to be applied to data collection; and (8) any issues related to

2To the extent that the information indicated in items 2 through 5 appears
in an Environmental Impact Statement prepared by DOE for site character-
ization at the named site, it may be incorporated into DOE's Site
Characterization Report by reference.
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site selection, alternative candidate areas, or other sites, or design

of the geologic repository operations area which the DOE wishes the

Commission to review. Also included shall be a description of the

research and development activities being conducted by DOE which deal

with the waste form and packaging which may be considered appropriate

for the site to be characterized, including research planned or underway

to evaluate the performance of such waste forms and packaging.

(b) The Director shall cause to be published in the Federal Register

a notice that the information submitted under paragraph (a) of this section

has been received and that a staff review of that information has begun.

The notice shall identify the site selected for site characterization,

and alternative candidate areas being considered by DOE and shall advise

that consultation may be requested by State and local governments and

Tribal organizations in accordance with Subpart C of this part.

* * * * A

5. Section 60.21 is amended by revising paragraphs (c)(1), (c)(3),

(c)(4), (c)(7), (c)(8), (c)(9), (c)(11), (c)(12), (c)(13), (c)(14), and

(c)(15) to read as follows:

§ 60.21 Content of application.

* * - * *

(c) The Safety Analysis Report shall include:

(1) A description and assessment of the site at which the proposed

geologic repository operations area is to be located with appropriate

attention to those features of the site that might affect geologic

repository operations area design and performance. The description of

the site shall identify the location of the geologic repository opera-

tions area with respect to the boundary of the accessible environment.
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(i) The description of the site shall also include the following

information regarding subsurface conditions. This description shall, in

all cases, include such information with respect to the controlled area.

In addition, where subsurface conditions outside the controlled area may

affect isolation within the controlled area, the description shall include

such information with respect to subsurface conditions outside the

controlled area to the extent such information is relevant and material.

The detailed information referred to in this paragraph shall include--

(A) The orientation, distribution, aperture 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 geomechanical properties and conditions, including pore

pressure and ambient stress conditions;

(D) The hydrogeologic properties and conditions;

(E) The geochemical properties; and

(F) The anticipated response of the 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.

(ii) The assessment shall contain--

(A) An analysis of the geology, geophysics, hydrogeology,

geochemistry, climatology, and meteorology of the site,

(B) Analyses to determine the degree to which each of the favorable

and potentially adverse conditions, if present, has been characterized,

and the extent to which it contributes to or detracts from isolation. For
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the purpose of determining the presence of the potentially'adverse condi-

tions, investigations should extend from the surface to a depth sufficient

to determine critical pathways for radionuclide migration from the under-

ground facility to the accessible environment. Potentially adverse

conditions should be investigated outside of the controlled area if they

affect isolation within the controlled area.

(C) An evaluation of the performance of the proposed geologic

repository for the period after permanent closure, assuming anticipated

processes and events, giving the rates and quantities of releases of

radionuclides to the accessible environment as a function of time; and a

similar evaluation which assumes the occurrence of unanticipated processes

and events.

(D) The effectiveness of engineered and natural barriers, including

barriers that may not be themselves a part of the geologic repository

operations area, against the release of radioactive material to the

environment. The analysis shall also include a comparative evaluation

of alternatives to the major design features that are important to radio-

nuclide containment and isolation, with particular attention to the

alternatives that would provide longer radionuclide containment and

isolation.

tE) An analysis of the expected performance of the major design

structures, systems, and components, both surface and subsurface, to

identify those that are important to safety. For the purposes of this

analysis, it 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.
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(F) An explanation of measures used to confirm the models used to

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

and models that will be used to predict future conditions and changes in

the geologic setting shall be supported by using such methods as field

tests, in situ tests, laboratory tests which are representative of field

conditions, monitoring data and natural analog studies.

* * * * *

(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. This analysis shall consider-

(i) the margins of safety under normal conditions and under conditions

that may result from anticipated operational occurrences, including

those of natural origin; (ii) the adequacy of structures, systems, and

components provided for the prevention of accidents and mitigation of

the consequences of accidents, including those caused by natural

phenomena.

(4) A description of the quality assurance program to be applied

to the structures, systems, and components important to safety and to

the engineered and natural barriers important to waste isolation.

* A * * A

(7) A description of the program for control and monitoring of

radioactive effluents and occupational radiation exposures to maintain

such effluents and exposures in accordance with the performance objectives

through permanent closure.

(8) A description of the controls that the applicant will apply to

restrict access and to regulate land use at the site and adjacent areas,
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including a conceptual design of monuments which would be used to identify

the controlled area after permanent closure.

(9) Plans for coping with radiological emergencies at any time prior

to permanent closure and decontamination or dismantlement of surface

facilities.

(11) A description of design considerations that are intended to

facilitate permanent closure and decontamination or dismantlement of

surface facilities.

(12) A description of the design for retrievability.

(13) An identification and evaluation of the natural resources of

the geologic setting, including estimates as to undiscovered deposits,

the exploitation of which could affect the ability of the geologic

repository to isolate radioactive wastes. Undiscovered deposits of

resources characteristic of the area shall be estimated by reasonable

inference based on geological and geophysical evidence. This evaluation

of resources, including undiscovered deposits, shall be conducted for

the site 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, grade, and quality.
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(14) An identification of those structures, systems, and components

of the geologic repository, both surface and subsurface, which require

research and development to confirm the adequacy of design. For

structures, systems, and components important to safety and to the

engineered and natural barriers important to waste isolation, DOE shall

provide a detailed description of the programs designed to resolve safety

questions, including a schedule indicating when these questions would be

resolved.

(15) The following information concerning activities at the geologic

repository operations area:

(i) The organizational structure of DOE as it pertains to construc-

tion and operation of the geologic repository operations area including

a description of any delegations of authority and assignments of respon-

sibilities, whether in the form of regulations, administrative directives,

contract provisions, or otherwise.

(ii) The quality assurance organization to be used to ensure safety.

(iii)***

(vii) Plans for permanent closure and plans for the decontamination

or dismantlement of surface facilities.

(viii) Plans for any uses of the geologic repository operations area

for purposes other than disposal of radioactive wastes, with an analysis

of the effects, if any, that such uses may have upon the operation of

the s. !ctures, systems, and components important to safety and the

engineered and natural barriers important to waste isolation.

6. Section 5D.22 is amended by revising paragraphs (a) and (d) to

read as follows:
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§ 60.22 Filing and distribution of application.

(a) An application for a license to receive and possess source,

special nuclear, or byproduct material at a geologic repository opera-

tions area at a site which has been characterized, and an accompanying

environmental report, and any amendments thereto, shall be filed in

triplicate with the Director and shall be signed by the Secretary of

Energy or the Secretary's authorized representative.

* * A * x

(d) At the time 'of filing of an application and environmental report,

and any amendments thereto, one copy shall be made available in an appro-

priate location near the proposed geologic repository operations area

(which shall beia public document room, if one has been established) for

inspection by the public and updated as amendments to the'application or

environmental report are made. An updated copy shall be produced at

any public hearing on the application for use by any parties to the

proceedings.

7. Section 60.31 is amended by revising paragraphs (a) (1) and

(a) (2) to read as follows:

§ 60.31 Construction authorization.

A* A A * A

.(a) Safety. That there is reasonable assurance that the types and

amounts of radioactive materials described in the application can be

received,-possessed, and disposed of in a geologic repository operations

area of the design proposed without unreasonable risk to the health and
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safety of the public. In arrivir; at this determination, the Commission

shall consider whether:

_) The DOE has described the proposed geologic repository

including but not limited to (i) the geologic, geophysical, geochemical

and hydrologic characteristics of the site; (ii) the kinds and quantities

of radioactive waste to be received, possessed, stored, and disposed of

in the geologic repository operations area; (iii) the principal archi-

tectural and engineering criteria for the design of the geologic

repository operations area; (iv) construction procedures which may affect

the capability of the geologic repository to serve its intended function;

and (v) features or components incorporated in the design for the

protection of the health and safety of the public.

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

Subpart E.

* * A * A

8. Section 60.32 is amended by revising paragraphs (b) and (c) to

read as follows:

§ 60.32 Conditions of construction authorization.

(a) * * * A

(b) The Commission will incorporate in the construction authorization

provisions requiring the DOE to furnish periodic or special reports

regarding: (1) progress of construction, (2) any data about the site

obtained during construction which are not within the predicted limits

upon which the facility design was based, (3) any deficiencies in design

and construction which, if uncorrected, could adversely affect safety
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at any future time, and (4) results of research and development programs

being conducted to resolve safety questions.

(c) The construction authorization will include restrictions on

subsequent changes to the features of the geologic repository operations

area and the procedures authorized. These restrictions will fall into

three categories of descending importance to public health and safety as

follows: (1) those features and procedures which may not be changed with-

out (i) 60 days prior notice to the Commission, (ii) 30 days notice of

opportunity for a prior hearing, and (lii) prior Commission approval;

(2) those features and procedures which may not be changed without

(i) 60 days prior notice to the Commission, (ii) prior Commission

approval; and (3) those features and procedures which may not be changed

without 60 days prior notice to the Commission. Features and procedures

failing in paragraph (c)(3) of this section may not be changed without

prior Commission approval if the Commission, after having received the

required notice, so orders.

** * * *

9. Section 60.43 is amended by revising paragraph (b)(3) to read

as follows:

§ 60.43 License specifications.

(a) * * * *

(b) License conditions shall include items in the following

categories--

(1) * * *
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(3) Restrictions as to the amount of waste permitted per unit

volume of storage space considering the physical characteristics of both

the waste and the host rock.

* * * * *

10. Section 60.46 is amended by revising paragraphs (a)(3) and

(a)(6) to read as follows:

§ 60.46 Particular activities requiring license amendment.

(a) iless expressly authorized in the license, an amendment of

the license shall be required with respect to any of the following

activities--

(1) * * *

(3) Removal or reduction of controls applied to restrict access to

or avoid disturbance of the controlled area.

(4) * * *

(6) Permanent closure.

11. Section 60.51 is amended by changing the undesignated center

heading immediately preceding the section from DECOMMISSIONING to

PERMANENT CLOSURE and by revising paragraphs (a)(1)(2)(4)(5) and (6),

and paragraph (b).

§ 60.51 License amendment for permanent closure.

(a) DOE shall submit an application to amend the license prior to

permanent closure. The application shall consist of an update of the

license application and environmental report submitted under §§60.21 and

60.22, including:

(1) A description of the program for post-permanent closure

monitoring of the geologic repository.
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- (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 controlled area and geologic repository

operations area by monuments that have been designed, fabricated, and

emplaced to be as permanent as is practicable; and

(ii) Placement of records in the archives and land record systems

of local and Federal government agencies, and archives elsewhere in the

world, that would be likely to be consulted by potential human intruders;

such records shall identify the location of the geologic repository

operations area and the controlled area and the nature and hazard of the

waste.

(3) *

(4) The results of tests, experiments, and any other analyses

relating to backfill of excavated areas, shaft sealing, waste interaction

with the host rock, and any other tests, experiments, or analyses perti-

nent to the long-term isolation of emplaced wastes within the geologic

repository.

-(5)- Any substantial revision of plans for permanent closure.

(6) Other information bearing upon permanent closure that was not

available at the time a license was-issued.

(b) DOE shall update its environmental report in a timely manner

so as to permit the Commission to review, prior to issuance of an
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amendment, substantial changes in the permanent closure activities pro-

posed to be carried out or significant new information regarding the

environmental impacts of such permanent closure.

12. Section 60.52 is amended by revising paragraphs (a), and (c)(2)

to read as follows:

§ 60.52 Termination of license.

(a) Following permanent closure and the decontamination or

dismantlement of surface facilities, DOE may apply for an amendment to

terminate the license.

* x * * *

(c) A license shall be terminated only when the Commission finds

with respect to the geologic repository--

(1) * X *

(2) That the final state ot the geologic repository operations area

conforms to DOE's plans for permanent closure and DOE's plans for the

decontamination or dismantlement of surface facilities, as amended and

approved as part of the license.

x * * x *

13. The title of Section 60.61 is revised to read as follows:

§ 60.61 Site characterization review.

* * * x *

14. Section 60.62 is amended by revising paragraph (b) to read as

follows:
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§ 60.62 Filing of proposals for State participation.

A A * x, *

(b) States potentially affected by locating a geologic repository

operations area at a site that has been selected for characterization

may submit to the Director a proposal for State participation in the

review of the Site Characterization Report and/or license application.

A State's proposal to participate may be submitted at any time prior to

docketing of an application or up to 120 days thereafter.

* * A A A

15. Section 60.64 is amended by revising paragraph (a) to read

as follows:

§ 60.64 Participation by Indian tribes.

(a) Any Indian tribe which is potentially affected by locating a

geologic repository operations area at a site that has been selected

for characterization may:

A * *A * x

16. Subpart D is revised to read as follows:

SUBPART D--RECORDS, REPORTS, TESTS, AND INSPECTIONS

§ 60.71 General recordkeeping and reporting requirement.

(a) DOE shall maintain such records and make such reports in

connection with the licensed activity as may be required by the condi-

tions of the license or by rules, regulations, and orders of the

Commission as authorized by the Atomic Energy Act and the Energy

Reorganization Act.

(b) Records of the receipt, handling, and disposition of

radioactive waste at a geologic repository operations area shall contain
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sufficient information to provide a complete history of the movement of

the waste from the shipper through all phases of storage and disposal.

§ 60.72 Construction records.

(a) DOE shall maintain records of construction of the geologic

repository operations area.

(b) The records required under paragraph (a) shall include at least

the following --

(1) Surveys of the underg"ound facility excavations, shafts, and

boreholes referenced to readily identifiable surface features or monuments;

(2) A description of the materials encountered;

(3) Geologic maps and geologic cross sections;

(4) Locations and amount of seepage;

(5) Details of equipment, methods, progress,.and sequence of work;

(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 emplacement, and location of seals used.

§ 60.73 Reports of deficiencies.

DOE shall promptly notify the Commission of each deficiency

found in the characteristics of tfie site, and design and construction of

the geologic repository operations area which, were it to remain

uncorrected, could (a) be a substantial safety hazard, (b) represent a

significant deviation from the design criteria and design bases stated

in the application, or (c) represent a deviation from the conditions
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stated in the terms of a construction authorization or the license,

including license specifications. The notification shall be in the form

of a written report, copies of which shall be sent to the Director and

to the appropriate Nuclear Regulatory Commission Inspection and Enforce-

ment Regional Office listed in Appendix D of Part 20 of this chapter.

§ 60.74 Tests.

(a) DOE shall perform, or permit the Commission to perform, such

tests as the Commission deems appropriate or necessary for the admin-

istration of the regulations in this part. These may include tests of

(a) radioactive waste, (b) the geologic repository including its struc-

tures, systems, and components, (c) radiation detection and monitoring

instruments, and (d) other equipment and devices used in connection with

the receipt, handling, or storage of radioactive waste.

(b) The tests required under this section shall include a perform-

ance confirmation program carried out in accordance with Subpart F of

this part.

§ 60.75 Inspections.

(a) DOE shall allow the Commission to inspect the premises of the

geologic repository operations area and adjacent areas to which the DOE

has rights of access.

(b) DOE shall make available to the Commission for inspection, upon

reasonable notice, records kept by the DOE pertaining to activities under

this part.

(c)(1) DOE shall upon request by the Director, Office of Inspection

and Enforcement, provide rent-free office space for the exclusive use of
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the Commission inspection personnel. Heat, air-conditioning, light, elec-

trical outlets and janitorial services shall be furnished by DOE. The

office shall be convenient to and have full access to the facility and

shall provide the inspector both visual and acoustic privacy.

(2) The space provided shall be adequate to accommodate a full-time

inspector, a part-time secretary and transient NRC personnel and will be

generally commensurate with other office facilities at the geologic

repository operations area. A space of 250 square feet either within

the geologic repository operations area's office complex or in an office

trailer or other onsite space at the geologic repository operations area

is suggested as a guide. For sites at which activities are carried out

under licenses issued under other parts of this chapter, additional space

may be requested to accomodate additional full-time inspectors. The

office space that is provided shall be subject to the approval of the

Director, Office of Inspection and Enforcement. All furniture, supplies

and communication equipment will be furnished by the commission.

(3) DOE shall afford any NRC resident inspector assigned to that

site, or other NRC inspectors identified by the Regional Director as

likely to inspect the facility, immediate unfettered access, equivalent

to access provided regular employees, following proper identification

and compliance with applicable access control measures for security,

radiological protection and personal safety.

* * -S* * *

17. Subparts E, F, G. H. and I are added to read as follows.
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SUBPART E--TECHNICAL CRITERIA

Section

60.101 Purpose and nature of findings.

60.102 Concepts.

PERFORMANCE OBJECTIVES

60.111 Performance of the geologic repository operations area through

permanent closure.

60.112 Overall system performance objective for the geologic repository

after permanent closure.

60.113 Performance of particular barriers after permanent closure.

LAND OWNERSHIP AND CONTROL

60.121 Requirements for ownership and control of the geologic

repository operations area.

SITING REQUIREMENTS

60.122 Siting requirements.

DESIGN REQUIREMENTS

FOR THE GEOLOGIC REPOSITORY OPERATIONS AREA

60.130 Scope of design requirements for the geologic repository

operations area

60.131 General design requirements-for the geologic repository

operations area.

60.132 Additional design requirements for surface facilities in the

geologic repository operations area.

60.133 Additional design requirements for the underground facility.

60.134 Design of seals for shafts and boreholes.
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DESIGN REQUIREMENTS FOR THE WASTE PACKAGE

60.135 Requirements for the waste package and its components.

PERFORMANCE CONFIRMATION REQUIREMENTS

60.137 General requirements for performance confirmation.

SUBPART F - PERFORMANCE CONFIRMATION

60.140 General requirements.

60.141 Assessment of geotechnical and design parameters.

60.142 Design testing.

60.143 Monitoring and testing waste packages.

SUBPART G - QUALITY ASSURANCE

60.150 Scope.

60.151 Applicability.

60.152 Implementation.

SUBPART H - TRAINING AND CERTIFICATION OF PERSONNEL

60.160 General requirements.

60.161 Training and certification program.

60.162 Physical requirements.

SUBPART I - EMERGENCY PLANNING CRITERIA

(RESERVED]

SUBPART E - TECHNICAL CRITERIA

§60.101 Purpose and nature of findings.

(a)(1) Subpart B of this part prescribes the standards for issuance

of a license to receive and possess source, special nuclear, or byproduct

material at a geologic repository operations area. In particular,
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§ 60.41(c) requires a finding that the issuance of a license will not con-

stitute an unreasonable risk to the health and safety of the public. The

purpose of this subpart is to set out performance objectives and site and

design criteria which, if satisfied, will support such a finding of no

unreasonable risk.

(2) While these performance objectives and criteria are generally

stated in unqualified terms, it is not expected that complete assurance

that they will be met can be presented. A reasonable assurance, on the

basis of the record before the Commission, that the objectives and

criteria will be met is the general standard that is required. For

§ 60.112, and other portions of this subpart that impose objectives and

criteria for repository performance over long times into the future,

there will inevitably be greater uncertainties. Proof of the future

performance of engineered barrier systems and the geologic setting over

time periods of many thousands of years is not to be had in the ordinary

sense of the word. For such long-term objectives and criteria, what is

required is reasonable assurance, making allowance for the time period,

hazards, and uncertainties involved, that the outcome will be in

conformance with those objectives and criteria.

(b) Subpart B of this part also lists findings that must be made

in support of an authorization to construct a geologic repository

operations area. In particular, § 60.31(a) requires a finding that

there is reasonable assurance that the types and amounts of radioactive

materials described in the application can be received, possessed, and

disposed of in a geologic repository operations area of the design pro-

posed without unreasonable risk to the health and safety of the public.
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As stated in that paragraph, in arriving at this determination, the

Commission will consider whether the site and design comply with the

criteria contained in this subpart. Once again, while the criteria may

be written in unqualified terms, the demonstration of compliance may

take uncertairties and gaps in knowledge into account, provided that the

Commission can make the specified finding of reasonable assurance as

specified in paragraph (a) of this section.-

§ 60.102 Concepts.

This section provides a functional overview of Subpart E. In the

event of any inconsistency with definitions found in § 60.2 those

definitions shall prevail.

(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

operations area.

(2) A geologic repository operations area consists of those surface

and subsurface areas that are part of a geologic repository where radio-

active 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.

(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).
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(4) HLW includes irradiated reactor fuel as well as reprocessing

wastes. However, if DOE proposes to use the geologic repository opera-

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

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

(c) Areas related to isolation.

Although the activities subject to regulation under this part are

those to be carried out at the geologic repository operations area, the

licensing process also considers characteristics of areas that are defined

in other ways. There is to be an area surrounding the underground facil-

ity referred to above, which is designated the controlled area, within

which DOE is to exercise specified controls to prevent adverse human

actions following permanent closure. The location of the controlled area

is the site. The portion of the lithosphere that is outside the con-

trolled area (and, also, the atmosphere, the land surface, surface water,

and oceans) constitutes the accessible environment. There is an area,

designated the geologic setting, which includes the geologic, hydrologic,

and geochemical systems of the region in which a geologic repository

operations area is or may be located. The geologic repository operations

area plus the portion of the geologic setting that provides isolation of

the radioactive waste make up the geologic repository.

(d) Stages in the licensing process.

There-are several stages in the licensing process. The site

characterization stage, though begun before submission of a license

application, may result in consequences requiring evaluation in the

license review. The construction 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
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time during which emplacement of wastes occurs; and any subsequent period

before permanent closure during which the emplaced wastes are retrievable;

and permanent closure, which includes sealing of shafts. Permanent

closure represents the end of active human intervention with respect to

the engineered barrier system.

(e) Isolation of Waste.

Early during the life of a geologic repository, when radiation and

thermal levels are high and the uncertainties in assessing repository

performance are large, special emphasis is placed upon the ability to

contain the wastes by waste packages within an engineered barrier system.

ThiW s known as the containment period. The engineered barrier system

includes the waste packages and the underground facility. A waste package

is composed of the waste form and any containers, shielding, packing,

and other components surrounding the waste form. The underground facility

means the underground structure, including openings and backfill materials,

but excluding, shafts, boreholes, anr their seals.

Following the containment period special emphasis is placed upon

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

istics of the geologic repository. The engineered barrier system works

to control the release of radioactive material to the geologic setting

and the geologic setting works to control the release of radioactive

material to the accessible environment. Isolation means the act of

inhibiting the transport of radioactive material to the accessible

environment in amounts and concentrations within limits.
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PERFORMANCE OBJECTIVES

§ 60.111 Performance of the geologic repository operations area

through permanent closure.

(a) Protection against radiation exposures and releases of

radioactive material. The geologic repository operations area shall be

designed 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

specified in Part 20 of this chapter and such generally applicable

environmental standards as may have been established by the Environmental

Protection Agency.

(b) Retrievability of waste.

(1) The geologic repository operations area shall be designed to

preserve the option of waste retrieval throughout the period during which

wastes are being emplaced and, thereafter, until the completion of a

performance confirmation program and Commission review of the information

obtained from such a program. To satisfy this objective, the geologic

repository operations area shall be designed so that any or all of the

emplaced waste could be retrieved on a reasonable schedule starting at

any time up to 50 years after waste emplacement operations are initiated,

unless a different time period is approved or specified by the Commission.

This different time period may be established on a case-by-case basis

consistent with the emplacement schedule and the planned performance

confirmation program.

(2) This requirement shall not preclude decisions by the Commission

to allow backfilling part or all of, or permanent closure of, the geologic
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repository operations area prior to the end of the period of design for

retrievability.

(3) For purposes of this paragraph, a reasonable schedule for

retrieval is one that would permit retrieval in about the same time as

that devoted to construction of the geologic repository operations area

and the emplacement of wastes.

§ 60.112 Overall system performance objective for the geologic

repository after permanent closure.

The geologic setting shall be selected and the engineered barrier

system and the shafts, boreholes and their seals shall be designed to

assure that releases of radioactive materials to the accessible environ-

ment following permanent closure conform to such generally applicable

environmental standards as may have been established by the Environmental

Protection Agency with respect to either anticipated processes and events

or unanticipated processes and events. For disposal in the saturated

zone, both the partial and complete filling with ground water of available

void spaces in the underground facility shall be included among the

anticipated processes and events.

§ 60.113 Performance of particular barriers after permanent closure.

(a) General provisions.

(1) Engineered barrier system

(i) The engineered barrier system shall be designed so that assuming

anticipated processes and events, (a) Containment of HLW will be substan-

tially complete during the period when radiation and thermal conditions

in the underground facility are dominated by fission product decay;

(b) any release of radionuclides from the engineered barrier system shall
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be a gradual process which results in small fractional releases to the

geologic setting over long times.

(ii) In satisfying the preceding requirement, the engineered barrier

system shall be designed, assuming anticipated processes and events, so

that:

(A) Containment of HLW within the HLW waste package will be substan-

tially complete for a period of 1,000 years after permanent closure of

the geologic repository, or such other period as may be approved or

specified by the Commission.

(B) The release rate of any radionuclide following the containment

period shall not exceed one part in 100,000 per year of the inventory of

that radionuclide calculated to be present at 1,000 years following perma-

nent closure, or such other fraction of the inventory as may be approved

or specified by the Commission; provided, that this requirement does not

apply to any radionuclide which is released at a rate less than 0.1% of

the calculated total annual release at 1,000 years following permanent

closure.

(2) Geologic setting. The geologic repository shall be located so

that pre-waste emplacement groundwater travel time along the fastest path

of likely radionuclide travel from the disturbed zone to the accessible

environment shall be at least 1,000 years or such other travel time as

may be approved or specified by the Commission.

(b) On a case-by-case basis; the Commission may approve or specify

some other radionuclide release rate, designed containment period, or

pre-waste-emplacement groundwater travel time as needed for the Commission

to find that the overall system performance objective, as it relates to
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anticipated processes and events, is satisfied. Among the factors that

the Commission may take into account are:

(1) Any generally applicable environmental radiation standard

established by the Environmental Protection Agency;

(2) The age and nature of the waste, and the design of the

underground facility, particularly as these factors bear upon the time

during which the thermal pulse is dominated by the decay heat from the

the fission products:

(3) The geochemical characteristics of the host rock; and

(4) Particular sources of uncertainty in predicting the performance

of the geologic repository.

(c) Additional requirements may be found to be necessary to satisfy

the overall system performance objective as it relates to unanticipated

processes and events.

LAND OWNERSHIP AND CONTROL

§ 60.121 Requirements for ownership and control of interests in land.

(a) Ownership of land.

(1) Both the geologic repository operations area and the controlled

area shall be loc3ted in and on lands that are either acquired lands under

the jurisdiction and control of DOE, or lands permanently withdrawn and

reserved for its use.

(2) These 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 rights

arising under lease, rights of entry, deed, patent, mortgage,

appropriation, prescription, or otherwise.
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(b) Additional controls.

Appropriate controls shall be established outside of the controlled

area. DOE shall exercise any jurisdiction and control over surface and

subsurface estates necessary to prevent adverse human actions that could

significantly reduce the geologic repository's ability to achieve

isolation. The rights of DOE may take the form of appropriate possessory

interests, servitudes, or withdrawals from location or patent under the

general mining laws.

(c) Water rights.

(1) DOE shall also have obtained such water rights as may be needed

to accomplish the purpose of the geologic repository operations area.

(2) Water rights are included in the additional controls to be

established under paragraph (b) of this section.

SITING REQUIREMENTS

§ 60.122 Siting Requirements.

(a) If any of the favorable conditions specified in paragraph (b)

of this section are operating in the geologic setting, they may contribute

to the ability of the geologic setting to meet the performance objectives

relating to isolation of the waste. If any of the potentially adverse

conditions specified in paragraph (c) of this section are present, they

may render the site unsuitable for hosting a geologic repository. In

order to show that a potentially adverse condition does not compromise

the ability of the site to host a geologic repository the following must

be demonstrated:
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(1) The potentially adverse human activity or natural condition has

been adequately investigated, 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; and

(2) The effect of the potentially adverse human activity or natural

condition on the site has been adequately evaluated using analyses which

are sensitive to the adverse human activity or natural condition and

assumptions which are not likely to underestimate its effect; and

(3)(i) The potentially adverse human activity or natural condition

is shown by analysis pursuant to paragraph (a)(2) of this section not to

affect significantly the ability of the geologic repository to isolate

waste, or

(ii) The effect of the potentially adverse human activity or

natural condition is compensated by the presence of a combination of the

favorable characteristics so that the performance objectives for the

geologic setting are met, or

(iii) The potentially adverse human activity or natural condition

can be remedied.

(b) Favorable conditions.

(1) The nature and rates of tectonic, hydrogeologic, geochemical,

and geomorphic processes operating within the geologic setting during

the Quaternary Period would not affect or would favorably affect the

ability of the geologic repository to isolate the waste.

(2) For disposal of HLW in the saturated zone, hydrogeologic

conditions that provide--

(i) A host rock with low horizontal and vertical permeability;
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(ii) Downward or dominantly horizontal hydraulic gradient in the

host rock and;

(iii) Low vertical permeability and low hydraulic potential between

the host rock and surrounding hydrogeologic units; and

(iv) Groundwater travel times between the disturbed zone and the

accessible environment that substantially exceed 1,000 years.

(3) For disposal of HLW in the unsaturated zone, hydraulic

conditions that provide --

(i) Low and nearly constant moisture content in the host rock and

surrounding hydrogeologic units;

(ii) A water table sufficiently below the underground facility such

that the capillary fringe does not encounter the host rock;

(iii) A laterally extensive low-permeability hydrogeologic unit above

the host rock that would divert the downward infiltration of water beyond

the limits of the underground facility;

(iv) A host rock with high saturated permeability and effective

porosity that provides for a freely draining condition; and

(v) A climatic regime with precipitation as a small percentage of

potential evapotranspiration.

(4) Geochemical conditions that--(i) Promote precipitation or

sorption of radionuclides; (ii) Inhibit the formation of particulates,

colloids, and inorganic and organic complexes that increase the mobility

of radionuclides; or (iii) Inhibit the transport of radionuclides by

particulates, colloids, and complexes.

(5) Mineral assemblages that, when subjected to anticipated thermal

loading, will remain unaltered or alter to mineral assemblages having

equal or increased capacity to inhibit radionuclide migration.
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(6) Conditions that permit the emplacement of waste at a minimum

depth of 300 meters from the ground surface. (The ground surface shall

be deemed to be the elevation of the lowest point on the surface above

the disturbed zone.)

(c) Potentially adverse conditions.

(1) Potential for failure of existing or planned man-made surface

water impoundments that could cause flooding of the geologic repository

operations area.

(2) Potential for adverse impacts on the geologic repository

operations area resulting from the occupancy and modification of

floodplains.

(3) Potential for forseeable human activity to adversely affect the

groundwater flow system, such as groundwater withdrawal, extensive irriga-

tion, subsurface injection of fluids, underground pumped storage, military

activity or construction of large scale surface water impoundments.

(4) 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 change the regional groundwater

flow system and thereby adversely affect the performance of the geologic

repository.

(5) Potential for the water table to rise sufficiently so as to

cause saturation of an underground facility located in the unsaturated

zone.

(6) Structural deformation, such as uplift, subsidence, folding,

or faulting that may adversely affect the regional groundwater flow

system.

39 Enclosure A



(7590-01)

(7) Potential for changes in hydrologic conditions that would

significantly affect the migration of radionuclides to the accessible

environment, such as changes in hydraulic gradient, average interstitial

velocity, storage coefficient, hydraulic conductivity, natural recharge,

potentiometric levels, and discharge points.

(8) Potential for climatic changes that would have an adverse effect

on the hydrologic conditions.

(9) Groundwater conditions in the host rock, including chemical

composition, high ionic strength or ranges of Eh-pH, that could affect

the solubility of the waste form or chemical reactivity of the engineered

barrier system so as to increase the difficulty of designing the engineered

barrier system to meet the performance objectives of §§ 60.112 and 60.113.

(10) Geochemical processes that would reduce sorption, result in

degradation of the rock strength, or adversely affect the performance of

the engineered barrier system.

(11) For disposal in the saturated zone, groundwater conditions in

the host rock that are not reducing.

(12) Evidence of dissolutioning such as breccia pipes, dissolution

cavities, or brine pockets.

(13) Structural deformation such as uplift, subsidence, folding,

and faulting during the Quaternary Period.

(14) Earthquakes which have occurred historically that if they were

to be repeated could affect the site significantly.

(15) Indications, based on correlations of earthquakes with tectonic

processes and features, that either the frequency of occurrence

or magnitude of earthquakes may increase.
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(16) Evidence of igneous activity since the start of the Quaternary

Period.

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

(18) Potential resources within the site that have greater gross

value, net value, or commercial potential than the average for other

areas of similar size that are representative of and located in the

geologic setting.

(19) Evidence of subsurface mining for resources within the site.

(20) Evidence of drilling for any purpose within the site.

(21) Geologic, geotechnical, or groundwater conditions that would

require complex engineering measures in the design and construction of

the underground facility or in the sealing of boreholes and shafts.

(22) Geomechanical properties that do not permit design of

underground openings that will remain stable through permanent closure.

DESIGN REQUIREMENTS FOR THE GEOLOGIC

REPOSITORY OPERATIONS AREA

§60.130 Scope of design requirements for the geologic repository

operations area.

Sections 60.131 through 60.134 specify minimum requirements for the

design of the geologic repository operations area. These design require-

ments are not intended to be exhaustive, however. Omissions in §§60.131

through 60.134 do not relieve DOE-from any obligation to provide such

safety features in a specific facility needed to achieve the performance

objectives contained in §§60.111 and 60.112. All design criteria must

be consistent with the results of site characterization activities.
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§60.131 General design requirements for the geologic repository

operations area.

(a) Radiological protection.

The geologic repository operations area shall be designed to maintain

radiation doses, levels, and concentrations of radioactive material in

air in restricted areas within the limits specified in Part 20 of this

chapter. Design shall include--

(1) Means to limit concentrations of radioactive material in air;

(2) Means to limit the time required to perform work in the vicinity

of radioactive materials, including, as appropriate, designing equipment

for ease of repair and replacement and providing adequate space for ease

of operation;

(3) Suitable shielding;

(4) Means to monitor and control the dispersal of radioactive

contamination;

(5) Means to control access to high radiation areas or airborne

radioactivity areas; and

(6) A radiation alarm system to warn of significant increases in

radiation levels, concentrations of radioactive material in air, and of

increased radioactivity released in effluents. The alarm system shall

be designed with provisions for calibration and for testing its

operability.

(b) Structure, systems, and components important to safety.

(1) Protection against natural phenomena and environmental

conditions.

The structures, systems, and components important to safety shall

be designed so that natural phenomena and environmental conditions

42 Enclosure A



[7590-01O

anticipated at the geologic repository operations area will not result

in failure to achieve the performance objectives for the period through

permanent closure.

(2) Protection against dynamic effects of equipment failure

and similar events.

The structures, systems and components important to safety shall be

designed to withstand dynamic effects such as missile impacts, that

could result from equipment failure, and similar events and conditions

that could lead to loss of their safety functions.

(3) Protection against fires and explosions.

(i) The structures, systems, and components important to safety

shall be designed to perform their safety functions during and after

credible fires or explosions in the geologic repository operations area.

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

area shall be designe o incorporate the use of noncombustible and heat

resistant materials, and explosives shall be excluded from areas

containing radioactive materials.

(iii) The geologic repository operations area shall be designed to

include explosion and fire detection alarm systems and appropriate sup-

pression systems with sufficient capacity and capability to reduce the

adverse effects of fires and explosions on structures, systems, 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 operation or failure

of the fire suppression systems.
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(4) Emergency capability.

(i) 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 avail-

able offsite services (such as fire, police, medical and ambulance

service) that may aid in recovery from emergencies.

(5) Utility services.

(i) Each utility service system that is important to safety shall

be designed so that essential safety functions can be performed under

both normal and emergency conditions.

(ii) The utility services important to safety shall include

redundant systems to the extent necessary to maintain, with adequate

capacity, the ability to perform their safety functions.

(iii) Provisions shall be made so that, if there is a loss of the

primary electric power source or circuit, reliable and timely emergency

power can be provided to instruments, utility service systems, and

operating systems, including alarm systems. This emergency power shall

be sufficient to maintain structures, systems, and components important

to safety in a functional mode.

(6) 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.
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(7) Criticality control. All systems for processing, transporting,

handling, storage, retrieval, emplacement, and isolation of radioactive

waste shall 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 criticality safety. Each system shall be designed for criti-

cality safety under normal and accident conditions. The calculated

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 validate

the method of calculation.

(8) Instrumentation and control systems. Instrumentation and

control systems shall be designed - monitor and cont- Il the behavior of

systems important to safety over anticipated ranges for normal operation

and for accident conditions.

(9) 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 pro-

vide reasonable assurance that all structures, systems, and components

important to safety can perform their intended functions. Any deviation

from relevant design requirements in 30 CFR, Chapter I, Subchapters D,

E, and N will give rise to a rebuttable presumption that this requirement

has not been met.
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(10) Shaft conveyances used in radioactive waste handling.

(i) Hoists important to safety shall be designed to preclude

cage free fall.

(ii) Hoists important to safety shall be designed with a reliable

cage location system.

(iii) Hoist loading and unloading systems shall be designed with a

reliable system of interlocks that will fail safely upon

malfunction.

(iv) Hoists important to safety shall be-designed to include two

independent indicators to indicate when waste packages are

in place, grappled, and ready for transfer.

§ 60.132 Additional design requirements for surface facilities in the

geologic repository operations area.

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

facilities in the geologic repository operations area shall be designed

to allow safe handling and storage of wastes at the geologic repository

operations area, whether these wastes are on the surface before emplace-

ment or as a result of retrieval from the underground facility.

(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(a).

(c) Radiation control and monitoring.

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

control the release of radioactive materials in effluents during normal
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operations and accident conditions so as to meet the performance

objectives of § 60.111(a).

(2) Effluent monitoring. The effluent 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 for effluent control. The monitoring systems

shall be designed to include alarms that can be periodically tested.

(d) Waste treatment. Radioactive waste treatment facilities shall

be designed to 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 transporta-

tion and conversion to a form suitable for disposal at a. alternative

site in accordance with any regulations that are applicable.

(e) Consideration of permanent closure. The surface facility shall

be designed to facilitate decontamination or dismantlement.

§ 60.133 Additional design requirements for the underground facility.

(a) General criteria for the underground facility.

(1) The underground facility shall be designed to provide for

structural stability, control of groundwater movement and control of

radionuclide releases, as necessary to comply with the performance

objectives of §§60.111, 60.112, 60.113.

(2) The orientation, geometry, layout, and depth of the underground

facility, and the design of any engineered barriers that are part of the

underground facility shall contribute to the containment and isolation of

radionuclides.

47 Enclosure A



[7590-01]

(3) The underground facility shall be designed so that the effects

of disruptive events such as intrusions of gas, or water, or explosions,

will not spread through the facility.

(b) Flexibility of design. The underground facility shall be

designed with sufficient flexibility to allow adjustments, where neces-

sary, to accommodate specific site conditions identified through in situ

monitoring, testing, or excavation.

(c) Design for retrieval of waste. The underground facility shall

be designed to permit retrieval of waste in accordance with the

performance objectives of §60.111.

(d) Control of water and gas. Water and gas control systems shall

be designed to be of sufficient capability and capacity to reduce the

potentially adverse effects of water and gas intrusion into the

underground facility.

(e) Oesign of subsurface openings.

(1) Subsurface openings shall be designed so that operations can

be carried out safely and the retrievability option maintained.

(2) Subsurface openings shall be designed to reduce the potential

for deleterious rock movement or fracturing of overlying or surrounding

rock.

(f) Rock excavation. The design of the underground facility shall

incorporate excavation methods that will reduce the potential for creating

a preferential pathway for groundwater or radioactive waste migration to

the accessible environment.
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(g) Subsurface ventilation.

The ventilation system shall be designed to--

(1) Control the transport of radioactive particulates and gases

within and releases from the geologic repository operations areas in

accordance with the performance objectives of §60.111.

(2) Assure continued function under normal operation and accident

conditions; and

(3) Separate the vent; ation of excavation and waste emplacement

areas.

(h) Engineered barriers.

Engineered barriers shall be designed to assist the geologic setting

in meeting the performance objectives of §§ 60.112 and 60.113.

(i) Design for thermal loads. The underground facility shall be

designed so that the predicted thermal and thermomechanical response of

the host rock and groundwater system will not degrade significantly the

performance of the geologic repository.

§ 60.134 Design of seals for shafts and boreholes.

(a) General design requirement. Seals for shafts and boreholes

shall be designed so that following permanent closure they do not become

pathways that will compromise the geologic repository's ability to meet

the performance objectives of §§ 60.112 and 60.113.

(b) Selection of materials and placement methods. Materials and

placement methods for seals shall be selected to reduce, to the extent

practicable, (1) the potential for creating a preferential pathway for

groundwater; or (2) radioactive waste migration through existing pathways.
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DESIGN REQUIREMENTS FOR THE WASTE PACKAGE

§ 60.135 Requirements for the waste package and its components.

(a) Waste package design requirements for high-level waste.

(1) Packages for HLW 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 or the performance of the underground facility or the

geologic setting.

(2) The design shall include but not be limited to consideration of

the following factors: solubility, oxidation/reduction reactions, corro-

sion, hydriding, gas generation, thermal effects, mechanical strength,

mechanical stress, radiolysis, radiation damage, radionuclide retardation,

leaching, fire and explosion hazards, thermal loads, and synergistic

interactions.

(b) Design requirements for non HLW.

Design requirements for waste types other-than HLW will be addressed

on an individual basis if and when they are disposed of in a geologic

repository.

(c) Waste form requirements for HLW.

High-level radioactive waste that is emplaced In the underground

facility shall be designed to meet the following requirements:

(1) 'Solidification. All such radioactive wastes shall be in solid

form and placed 'in sealed containers.

(2) Consolidation. Particulate waste forms'shall be consolidated

(for example,'by incorporation into an encapsulating matrix) to limit

the availability and generation of particulates.
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(3) Combustibles. All combustible radioactive wastes shall be

reduced to a noncombustible form unless it can be demonstrated that a

fire involving a single package will not compromise the integrity of

other packages, adversely affect any safety-related structures, systems,

or components important to safety, or adversely affect the performance

of the underground facility.

(d) Waste package requirements for HLW.

HLW package design shall meet the following specific requirements:

(1) Explosive, pyrophoric, and chemically reactive materials. The

waste package shall not contain explosive or pyrophoric materials or

chemically reactive materials in an amount that could interfere with

operations in the underground facility or compromise the ability of the

geologic repository to satisfy the performance objectives of §§ 60.111,

60.112, and 60.113.

(2) Free liquids. The waste package shall not contain free liquids

in an amount that could adversely affect the performance of waste packages

under § 60.112(b) (because of chemical interactions or formation of

pressurized vapor) or result in spillage and spread of contamination in

the event of package perforation during the period through permanent

closure.

(3) Handling. Waste packages shall be designed to maintain waste

containment during transportation, emplacement, and retrieval.

(4) Unique identification. A label or other means of

identification shall be provided for each package. The 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
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the period of retrievability. Each package identification shall be

consistent with the package's permanent written records.

PERFORMANCE COMFIRMATION REQUIREMENTS

§ 60.137 General requirements for performance confirmation.

The geologic repository operations area shall be designed so as to

permit implementation of a performance confirmation program that meets

the requirements of Subpart F of this part.

SUBPART F - PERFORMANCE CONFIRMATION PROGRAM

§ 60.140 General requirements.

(a) The performance confirmation program shall provide data which

indicates, where possible, whether--

(1) Actual subsurface conditions encountered and changes in those

conditions during construction and waste emplacement operations are

within the limits assumed in the licensing 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 be started during site

characterization and it will continue until permanent closure.

(c) The program shall incluIe in situ monitoring, laboratory and

field testing, and in situ experiments, as may be appropriate to

accomplish the objective as stated above.

(d) The program shall be implemented so that:

(1) It does not adversely affect the natural and engineered

elements of the geologic repository to a significant degree.
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(2) It provides baseline information and analysis of that

information on those parameters and natural processes pertaining to

the geologic setting that may be 2.ianged 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 Assessment of geotechnical and design parameters.

(a) During repository construction and operation, a continuing

program of surveillance, measurement, testing, and geologic mapping

shall be conducted to ensure that geotechnical and design parameters are

confirmed and to ensure that appropriate action is taken to inform the

Commission of changes needed in design to accommodate actual field

conditions encountered.

(b) Subsurface conditions shall be monitored and evaluated against

design assumptions.

(c) As a minimum, measurements shall 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,

rock pore water pressures including those along fractures and joints,

and the thermal and thermomechanical response of the rock mass as a

result of development 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 original design bases
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and assumptions, the need for modifications to the design or in con-

struction methods shall be determined and these differences and the

recommended changes reported to the Commission.

(e) In situ monitoring of the thermomechanical response of the

underground facility shall be conducted until permanent closure to

ensure that the performance of the natural and 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 backfill placement and compaction procedures against

design requirements before permanent backfill placement is begun.

(d) Test sections shall be established to test the effectiveness

of borehole and shaft seals before full-scale operation proceeds to seal

boreholes and shafts.

j 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 repository, the

environment of the waste packages selected for the waste package monitoring

program shall be representative of the emplaced wastes.
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(c) The waste package monitoring program 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 necessary to provide reasonable assurance that

the repository and its subsystems or components will perform satisfactorily

in service. Quality assurance includes quality control, which comprises

those quality assurance actions related to the physical characteristics

of a material, structure, component, or system which provide a means to

control the quality of the material, structure, component, or system to

predetermined requirements.

§ 60.151 Applicability.

The quality assurance program applies to all systems, structures

and components important to safety, to design and characterization of

barriers required to satisfy the performance objectives for the period

after permanent closure, and to activities which would prevent or miti-

gate events that could cause an undue risk to the health and safety of

the public and to the performance confirmation program. These activ-

ities include: site characterization, facility and equipment construc-

tion, facility operation, permanent closure, and decontamination and
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dismantling of surface facilities. Construction comprises all those

activities that are required to build a repository.

§ 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

supplemented by additional criteria as required by § 60.151.

SUBPART H - TRAINING AND CERTIFICATION OF PERSONNEL

§ 60.160 General requirements.

Operations that have been identified as important to safety in the

Safety Analysis Report 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

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,

certification and requalification of operating and supervisory personnel.

§ 60.162 Physical requirements.

The physical condition and the general health of personnel-certified

for operations that are important to safety shall not be such as might

cause operational errors 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. These conditions need not categorically disqualify
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a person, so long as appropriate provisions are made to accommodate the

defect.

SUBPART I - EMERGENCY PLANNING CRITERIA

[RESERVED]

Dated at Washington, D.C., this -day of , 1982.

For the Nuclear Regulatory Commission.

Samuel J. Chilk
Secretary of the Commission
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NUCLEAR REGULATORY
COMMISSION

10 CMR Part Go

Disposal of Hig-Levut Radioactive
Wastes In Geologic Repositories
aOtVc:. Nucflear Regulatory

Commission.
A=CM Proposed rle.

SUMMAr. hU NRC hs publlshint
proposed aendents wich specify
technical citer~a fo disposa of hioh
level radioactive wastes (L In
geologic resposiltores. T proposed
citeria address hiting desig. d
pertformance of a geologic repositor-
and the design and perfotmance of the
package which contains the waste
within the geologic reposlt. lso
Included ar cri teu r mor ormg nd
tt mam
wIMS OD. qualeay slsant and
perwonnel training and certifiestion. 1U
pwposed Citeria are mcessry for the

fC toAM its statutory obligations
coseaming the Ocensfrig and regulating
of f tes eor the receipt and
storage of high-level radioactive waste.
DamL Comments Iceived after
November S. 1981 will be considered if '
is practical to do so. but assurance of
consideration cannot be given except fo
comments received on or before this
date.
ADDORSt Wtten comments or
suggestions on the proposed
amendments should be sent to the
Secretary of the Nuclear Regulktory
Commission. Washington. D.C. 205

Attend=om Docketing and Service
Branch. Copies of comments may be
examined in the U.S. Nuclear RegulatorY
Commission Public Document Room.
177 H Steet NW. Washington. D.C.
Comments way also be delivered to
Room 1121.1717 H Street NW,
Washington. D.C. between 5.15 am. and
8.00pa, . .
#oR 0 RMTHS INFORUATVOK COWACT
Frank 1. ArsenaulL Director of the
Division of Health. Siting and Wasts
MazagemenL Office of Nuclear
Regulatory Research. U5 Nuclear
Regultory Commission. Washingtwol
D.C. z5. Telephone (3m) 42-43

UPPFUEARTY IORMATIO

On December L I gtha Nudear
Regulatory Commission (Commission o?
NRC) published for comment proposed
procedures for licensing geologic
disposal of high-level ad ioactive
wastes. The licning procedures wree
published In final formi on February 25
198148 FR.13M1. On May 1S.1980 (45
ER 31393) the Coth mission pled tar
comment an Advane Notice o
Proposed Rulemaking (AIPR)
ceming technical criteria for
reuatn disposal of highlevel
adioactive wastes (.W) In geologic

respouitories. Iludbed with thae advance

criteria under develop-ent by the sta£
The public was asked to provide
comment an several issues discussed In
the advance notice and to reflect on The
draft technical criteria in lightof that
di33si0on Me comments received
wer numerous and cvend the hall
range of issues related to the tecnical
crieia. The tecaltal ciSer being
proposed hen are the culmization of a
number of drafts. and were developed iu

-0ght of the comments received on the
AMR. It Is the Commisions's belief
that the regulation prosed her Is one
which is both practicl for licensing and
this notice provides a flexible vehicle for
accommodating Comments in tat it
points out alternatives and cals for
comment in a number of citical plans.
The Commission has prepared an
analysis of the commnents which
explains the changes piade from th~e

nd Intends to publish soon the
commens and the analysals a NUREG
document A draft of this NLUREG has
been placed in the Commisslon's Public
Document Room for review. In addition.
the staff has begun a program to develop
guidance ai to the ethods tat It
regrd as satisfactory fX
demonstrating comptlance with the
requirements of the proposed rule.
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The technical criteria being set forth
here as pmposed rulem;aking are a result
of the Commissionfs further effort In -
regulating geologic disposal of HLW by
the Department of Energy (DOE). Ile
rationale for the performance objectives
and the Environmental Impact
Assessment supporting this rulemaking
cre also being published separately and
ine available free of charge upon written
request to Frank Arsenault at the above
address. In developing these criteria we
have not reexaminated DOgJs
programmatic choice of disposal
technology resulting from its Genemic
Envirnmental Impact Statement.
inasmuch as the Commission has
expressly reserved until a later me
possible consideration of mattern within
the scope of that generic statement (44
FR 70401). Accordingly. the technical
crteria apply only to disposal in
geologic respositories and do not
address other possible or potential
disposal methods. Similarly. In that
-DOEs current plans call for dispoal at
sufficient depth to be in the area termed
the saturated zone. these criteria wer
developed for disposal In saturated
medla. Additional or alternative criteria
may need to be developed for regulating
disposal in the unsaturated or vadose

Authority
Sections 02 (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 DOEC Prsuant to that
authority. the Comumission is developing
aiteria appropriate to regulating
leologic disposal of MLYW by DOL Teh
requirements and criteria contained in
this proposed rule are a result of that
efcfrt
Rolation to Cenerally Applicable
SLudards for Radiation in the
Environment Established by the
Enironxmental Protection Agency

The Environmental Protection Agency
(DA) has the authority and
rteponsibility for setting generally
applicable standards for radiation in the
Il*nrunment. It Is the responsibility of
the NRC to implement those standards
ID its licensing actions and assure that
P'blic health and safety are protected.
Although no EPA standard for disposal
Of HLW yet exists, these proposed
ttchufical criteria for regulating geologic
d&sposal of HLW have been developed
° be compatible with a generally

applicable environmental standard.
Specifically, the performance objectiVLA
and critena speak to the functional
elements of gcologic disposal of HLW
and the analyses required to give
confidence that these functional
elements will perform as intended.
Disruptive Processes and Events

The NRCs implementing regulation,
assume that licensing decisions will be
based. in part, 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. Le. likely. then the design
basis requires barriers which would not
fail In a way that would result in the
repository not meeting the performanca
objectives. Anticipated processes and
events would include such items as
waste/rock interactions that result from
emplacement of the wastes or the
gradual deterioration of borehole seals.
If the process or event is unlikely, then
the overall system must still limit the
release of radionuclides consistent with
the EPA standard as applied to such
awerits. An example of an unlikely event
would be reactivation of a fault within
the geologic setting which had not
exhibited movement since the start of
the Quatemary Period. In general. both
likely and unlikely processes and events
are expected to be site and design
specific and would be Identified by DOE
in its license applicato
Multiple BDaz*le

'ne proposed technical cmterta were
developed not only with the
understanding that EPA's generally
applicable environmental standard
would need to be implemented. ai least
lo pa by performing calculations to
re dict performance, but also with the

mowledge that some of those
lculations would be complex and

uncertain. Natural systems are difficult
to characterize and any understanding
of the site will have significant
limitations and uncertainties Those
properties which pertain to Isolation of
MLW are difficult to measure and the
measurements which are made will be
subject to several sourcei of error and
uncertainty. The physical and chemical
processes which Isolate the wastes are
themselves varied and complex. Further.
those processes are especially 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 evaluation of repository
performance. therefore. will consider the
waste form and other engineering
factors which are elemental to the
performance of the repository as a
system. By partitioning the engineered
system into two major barriers. the
waste package and the underground
facility. and establishing performance
objectives for each. the Commission has
sought to exploit the ability to design the
engineered features to meet specific
performance objectives as a means of
reducing some of the uncertainties in the
clcIution of overall repository
performance.

In addition, the requirements for
containment. controlled release rate.
and 1.000-year groundwater transit time
are three criteria which act
independently of the overall repository
performance to provide confidence that
the wastes will be isolated at least for
as long as they are most hazardous.
Containment and Isolation

During the first several hundred years
following emplacement of the wastes
both the radiation from and the beat
generated by the wastes are attributable
mainly to the decay of the shorter-lved
nuclidesu primarily fission products. At
about 1.000 years after emplacement
both the radiation from and heat
generated by decay of the wastes have
dinished by about 3 orders of
magnitude. As the decay of the longer-
lived nuclides, primarily actinides.
begins to dominate, both the radiation
from and thermal output of the wastes
continue to fall until almost 101.00 to
1 00000 years after emplacement By
that time both have diminished by about
S orders of mineutude and both heat and
radiation become roughly constant due
to the ingrowth of daughter nuclidesr
primarily Ra-Z2 Ra-2 and their
decay products.

The technical critertia would require
the engineered system to be designed so
that the wastes are contained within the
waste package for the first thousand
years following emplacement. Followin
this period. containment is no longer
assured and the hfction of the waste
package and underground facility ls to
control the release of radionuclides from
the underground facility. By requiring
containment 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
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and processes that might affect the
performance during the cotajlmet
period.

Although both the radiation-from and
heat generated by the decay of the
wastes have diminished about 3 orders
of magnitude during the containment
period, the area surrounding the
emplaced wastes will not return to
temperatures near those before the
wastes were emplaced until afler about
10.000 years. As mentioned earlier. the
thermal di sturbasnce of the area near tbo
emplaced wastes adds significantly to
the uncertainties in the calculation of
the transport of the dionuclides
thrugh the gologic environment Tkd
technical crieria are Intended to
compensate for uncertainties by
Imposing further design requirements OD
the waste package and undesrgound
facility, thereby limilting the source term
by controlling the itesse nat
Rate of to Site

The Commission neither intends Ior
expects either containment to be lost
completely at 1000 ye following
emplacement or the engineered systemi
contribution to the control of the releasi
of wastes to cease abruptly at some
later time. However. the Commission
recognizes that at some point the desigt
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 the
requirement Into i performance
objective for the geologic setting. TIe
Cmis..on also recognizes that
Isolation Ss. In fact a controlled release
to the environment which could span
many thousands of years. and that the
release of ,sdionuclidez and the
potential exposures to individuals whIc
could result. should be addressed In thi
evaluation of a repository. A
complement to the evaluation of the
effects of design basis processes and
events which might disrupt the
repository is a projection of how the
repository, unperturbed by discrete
external eventL will evolve throgh tlu
centuries as a result of the geologic
processes operating at the site. Hence.
an amendment ts being proposed to thi
portion of Subpart B of 10 CFR Part 00
which desribes the contents of the
Safety Analysis Report of DOEs
application for geologic disposal of
HLW Which would reqire DOE to
project the expected performance of th
proposed geologic repository noting ths
rates and quantities of expected
releases of radionucides to the
accessible environment as a function C
time

Retievability*
T7e licenring procedures of 10 CFR

Pert 60 were writtez assuming that thers
wo,!d be a program of testing and
wea surement of the thermaL..
mechanical. and chemical properties of
the major engineered barriers to conflrm
their expected performance. Ile
Co-4ssion would like to tie the
requaement for retievability of the
was es to the expected time needed to
execute the performance confirmstion
program. However. at present It appears
to the Commission that seither the
specific nature nor the period needed foi
execution of the performance
confirmation program will be certain
untilconstruction of the repository Is
substantially completeo that Ia umtil the

i actual icensWg to receive wastes at a
geologic repository. Hence It is diiut
at this time to use the performance
confIrmation program as a basis for
establishL'g a period of retrievability.
Nonetheless. DOE Is now mAkin
critical decisions regarding the design o
geologic repositories which will have a
direct effect upon how longteoptoto

' retrieve wastes can beaintained, ad
i upon the dfhiculty whlch will be

encounted In eercing that option
should thst be necessary for protectift

t of public health and safety. herefmoe. I
provide a suitable objective in this
regard. the proposed rule sets forth a
requirement that the enginetred system
be designed so that the option to
trieve the waste can be preserved for

VP to fifty years following completion a
emplacement Thus. the waste package
and the underground facility would be
designed so that the period of
retrievability would not be the
determinant of when the Commission
would decde to pernit closure of the

b repository. Rather. the Commission
I would be assured of the option to let tb

conduct of the performance
confirmation program indicate we It
appropriate to make such a decision. k
particular. the Commission Is concerns
that the thermonmechanical design of
the underground facility be such "t

P access can be maintained until the
I Commission either decides to permit

permanent closure of the repository or
kt to take corrective action WIch may

Include retrieval.
As It ls now structued. the rule wrOu

require in effect that the repository
design be such as to permit retrieval cl
waste packages for a period of up to i1

a e rs. The components of. Ws total
I period are as follows: the first waste

packages to go In the repository are
likely to be in pace about thirty yar

a before all wastes ar in pbae
thereafter, a so-year period Is required

by the rule; finally, a retrieval schedule
is Muggested of about the same time as
the original constructdon plus
emplacement operations-another 30-
odd years. Since It s probably not
practical to adjust the retrievability
design aspects of the repository
according to the order of emplacement
of te waste packages, the 310-year
requirement will apply to all of the
waste. Tbe Commission hi particularly
Iefuesfd In comments on the degree to
which this requirement will govern the
thermal and mechanical design of the

r repository and oan whether some shorter
period would be adequate or whether
there are other ways than an overall
retrievabilty requirement to preserve
options before permanent closure. The
Commission does not want to approve
construction of a design that will
foreclose unnecessarily options for
future decisionmakers. but It is also
concerend that retrievability
requirements not unnecessrily
complicate or domiate repository
design.

The retrievability requirement does
not specify the form in which the wastes
are to be retrievable or that wastes are
"readily retievable." The requirement Is
simply that al the wastes be retrievable

o drng a period equal to the period of
construction and emplacement DOEs
plans for retrieval are specifically
requested as part of its license
application and the practicability of Its
proposal sk be considered by the

f Commission. Waste maty be retrieved
upon NRC approval of a DOE
application or upon order by NRC or
otherwise. wher authoized by DOEs

* Human hftsion

Some concemn as 'been raised on the
Issue of hum Intrusion into a geologic
repository. Human Intrusion could

is conceivably occur either Inadvertently
I or deliberately. Inadvertent Intusion is
d the ccidental breaching of the

repository In the course of some activity
elated to the existence of the

repository. eg..exploration for or
development of resources. For
Inadvertent Intrusion to occur. the
ntiutonal controls, site markers.
public records. and societal memory of

Id the repository's existence must have
been ineffective or have ceased to exit

r Deliberate or intentional intrusion, on
Lo the other hand. assumes a conscious

decision to breach the repository. for
example. fi order to recover the high.
level waste Itself, or exploit a miniral
associated with the site.

Historical evidence indicates that
there is substantial continuity of
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information transfer aver ime. Theim
ar nuerous examples of knowledge.
including complex information being

Use raze for thousands of yea. This
as occurred even in the absence of

printing and moden information
transfer and storage systems
Furthermore. this information transfer
has survived disruptive events, such as
wars. natural disasters. and dramatic
changes in the social and political fabric
of societies. The combinalion of the
historical record of information transfer.
prorisions for a well-marked and
extensively documented sate location.
and the scale and technology of the
-peration needed to drill deeply enough
o penette a geologic repesitoly argue

strongly that Inadvertent Ir -sion as
dsc~ribed above is highly impbable. at

ast for the first reverdl hundred yeam
during which tima the wastes a most
hazardous. Selecting a site for a
repository which is unattractive with
espect to both resource value and

scientific interest further adds to the
improbability of inadvertent human
Intrusion. It is also logical to assume
that any future generation 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 -. n'tro over
the area if needed. FInaUl
riconsistent to assume th a entific and

technical capability to ida.. .. y and
explore an anomalous heat source
several hundred meters beneath the
Erth's surface and not assume that
those exploring would have some idea
of either what might be the cause of the
anomaly or what steps to take to
mitigate any =toward consequence af
that exploration.

The above arguments do not apply to
the case of deliberate intrusion. The
repository itself cmuld be attractive 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 reposiory.
Ind (2) effort of the same magnitude as
that undertaken to emplace the wastes.
Hence intrusion of this sort can only be
the result of a conscious. collective
Societal decision to recover the wastes.

Intrusion for the purpose of sabotage
or terrorism has also been mentioned as
I possibility. However, due to the nature
of leologic disposal, there seems to be
"M little possibility that terrorists or
uboteurs could breach a repository.
Beach of the repository would requir,

ensive use of machinery for drilling

and excavating over a cmnIderable
period of tima. It is highly improbable
that a tLerorist goup com acncoplish
this cove-ry.

In light of the above, the Commission
adopted the position that commonsense
dictates that everything that is
reasonable be done to discourage people
from intruding into the repository. Thus,
the proposed technical criteria are
written to direct site selection towards
selection of sites of little resource value
and for which there does not appear to
be any attraction for furure societies.
Further, the proposed citerla would
require reliable documentation of the
existence and location of the repository
and the nature of the wastes emplaced-
therein. including marking the site with
the most permanent markers practicaL
However. once the site Is selected.
marked, and documented. it does no use
to argue over whether these meaures
will be adequate In the futore or to
speculate on the vitual infinity of
huan intrusion scenarios and whether
they will or will not result in violation of
the EPA standard. Of corse. the
Commission recognizes that there are
alternative approaches to the Human
Intrusion question. Accordingly.
comment on this and alternative
approaches is welcome.
Relation to Other Pats of NRC
Regwalltons

The proposed Me contemplates that
DOE activities at a geoloc rsepoitory
operations area may in appropriate
cases be licensed ander other parts of
NRC regulations and would then not be
governed by these technical critrsa. We
note, in tiis connection, that the scope
section of the procedural rule
specifically provides that Part 60 shall
not apply to ay activityircmsed uider.
another part This allows an
Independent spent fuel storage
Installation to be licensed under Pat 72.
even though located at a geologic
repository operations area (provided. of
course. It is sufficiently separate to be
cldified as Independent") Other DOS
activities of the geologic repository
operations area could be licensed under
Parts 30 or 70 if an exemption from Put
a0 b determined to be appropriate.
Alternative Appr ch

In the course of the Commission's
deliberation. it becomes evident that In
order to have confidc--2 in the ability of
a geological repositor, to contain and
Isolate the wastes for an extended
period of time. the repository must
consist of multiple barriers. In view of
the uncertarnties that attach to reliance
an the geologic setting alone, the
Commission believes that a repositor

should nsist of two malor ennerd
barriers (waste paicaes and
underground facility) in additiou to the
natural barrier provided by the
geological settirg. lle Commission In
emphasizing there elements to take
advantage of the opportunity to ettain
greater confidence in the Isolation of the
waste. Having reached these
conclusions the Commission considers
next whether or not and to what level of
detail the performance criteria for a
geological repository should be
prescnrbed. In this regarc& the
Commission considers the following 3
altenativez'

1 Prescribe a single overall
peformance standard that mst be t
The standard in this would be thS
EPA standard . . -

2. Presmribe minimumu pwrfrmano.
standards for each of the =* o,
elements In addifion to requiring the
overall system to meet the EPA

tmndards: and
3. Prescribe dectld umlercd
fteria on =ritilangbmieerIng

attributes of the repositorysteM.
Alternative 3 isconsidered overly

restrictive on the desgi flexibility and
fudged to be inappropriate at this stqe
of technological development
nhrefora, this alternative ba quckly
ael-mated as a viahi regulator
apprac * '

Aftemathe I has as Its prdpda
advantage the fact that it provides
maximum, flexibility In apportioning
credit for containment end oIatd to
the several elements of the repovitory. It
also allows the designer to incorporute
end apply new tenolocA
developments ant hdgc dse
site characterization phase to the
repository design. Notwithstanding
some concn over its practicality n the
regulatory bramwo, the Commission
cannot at this tlme ellminabt it from
hfrther consideration. Te Commdsslon
Is. therefor specifically requesting the
general public, particularly the bomn
the te communiti. tl comment
On this poinL In addition. the
Commission requests commantors
espousing this altenasivs to address
specifically ways in which the
Commission might find reasable
assurance that Lbe ultimate standards

Detailed d iou as the .dwWtag. 0
asadvantagea of Sacb o tr aitaniatlves am
#iv in Appendix I to Commissian Papa S!C-4l
W. Aptl V. 131L Utlioale kw PerFomase
Obectives ad Rmqimd Cactri=o d
CGelagc Senui&- This appetd is heii pulgished
aepantely and Is available witbmA ctmrp cm
roquart to ft Coaassiaus Public Documua
loom 1717 H St NW. Weasingse. DSC 1
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are met without prescribing standards
for the major elements of a repository.

In relation to the irst and the third
altemnatives that are briefly discussed
above. Alternative I appears to offer a
reasonable and practical compromise. La
*addition to retaining the single overal
performance standard In AlIernative I
as the rwal performance objective, this
approach establishes the minimum
performance objectives for each oftheS
major battiers of the repository. While
this approach limits the repository
designer's flexibility, It Is dear tht
meetng these minimum design goals
would substantially enhance the
Commission's confidence that the final
EPA standard will be meL Therefore.
the Commission prefers a technical rule
established upon this approach.

It should be noted that. In the event
that the Commision decides to adopt
the Alternate t approach in the final
remaking. portions of the proposed
rule (eg. the section ou requirements f(r
the geological setting) would have to be
firthfei studied and possibly revised. In
addition. it is possible that fdirther public
comments would have to be'sough.
Major Features of the Proposed RleU

i Overall Description. The pwoposed
technical criteria have been written to
address the following: performance
objectives and requirements for siting.
design and construction of the
repository. the waste package.
confirmation of repository performance.
quality assurance. and the training and
certification of personneL As
appropriate. these topics are divided In
trn to address separately requirements
which apply during construction, waste
emplacement. and after permanent
dosure (decommissioning) of the
repository. Althcagh the licensing
procedures indicate that them would be
separate subparts for siting and design
requirements. viz. Subparts E and F.
respectively (c£ I 603L(a)12)) the NRC
now believes that the site end design
are so interdependent 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 dearly
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 so
contains both site and design
requirements.

To enable the Commission to reach a
finding as to whether the generally
applicable environmental standard for
disposal of HLW Is met and that public
health and safety will be protected. a

careful and enhaustive analysis of all
the feature. of the repository will be
needed. That'nalysis necessarily must
be both qualitative and quantitative,
although the analysis can and will be
largely quantitative during the period
thst greatest reliance can be placed
upon the engineered system. Thereafter,
although the ssues of concern and'--
certainly the physics of a repositor
.Ilsil do not cange, the numerical
uncertainte begin to become so large
that calulation become a weak
Indiutor of expected repository
performance.

In sum. the technical criteria perform
two tasks. First they serve to guide DOE
In siting. designing. constr and
operating a repository h such a manner
that there can be reasonable confidence
that public health and safety will be
protected. Second. they serve to guide
DOE In those same areas in such a
manner that there can be reasonable
confidence that the analyses. imeeded to
determine whether public health and
safely is protected. can be performed.

L Performonce Obiectives The design
and operation of the repository are
prescribed to be such that during the
period that wastes are being emplaced
and perforciance-assessed. exposure to
workers and releases of radioactivity tp
the environment must be within limits
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 beginnin

,at anytime up to 50 years following
completion of emplacement. Following
permanent closure, the repository must
perform so that releases ar within the
Limits prescribed by the generally
applicable environmental standard
which will be set bythe EPAI Further.
the design of the repository must Include
a waste package and an underground
facility. as wel as the site. as barriers to
radionuclide migratio.,

The performance bf thieeineered
sytem (wute package and;
undergound facilityl followin
peraneit cdosure bs specified ,to require
containiment of the wastes within the
waste package for at least 1000 years
following closure, when temperatures In
the repository are substantially
elevated, and control of the release o£
nuclides to the geologic environment
thereafter.

Transuranic waste (RI)) may be
disposed of in a geologic repository.
Since transuranic waste does not
generate significant amounts of heat.
ther is no advantage to containment far
any specified period. Hence. the
requirement for TRU waste is simply a
controlled release equivalent to that for
HLW. provided they are physically

separlOd from the HLW so that they will
not experience a significant increase In
temperature.

Although a minimum 1.000-year
containment and a maximum one part In
100.000 release rate will satisfy these
criteria, the Commission considers It
highly desirable that wastes be
contained as long thereafter as Is
reasonably achievable, and that release
rates be as far below one part In 100.000
as is reasonably achievable.

3. Sitrng Requirements. Although no
specific site suitability or exclusion
requirements re given in the criteria.
stability and minimum groundwater
travel times are specified as required
site characterstics. ALARA (as low as.
reasonably achievable) princples have
not been applied lo the natural feature
ofa site because they are not amenable
to modification once a site IJ chosen.
However. th technical criteria do -
Identify pile characteristics considered
favorabl for a repository as well as
characteristics which. If present at the
site. may compromise site suitability
and which will require careful analysis
and much measures as may be neceassary
to compensated for them adequately. The
impact of these characteristics on
overall performance would be site
spefi the Commison has

dged that thee hould not be made
absolute requiements. Presence of all
the favorable charateristics does not
lead to the conclusion that the site Is
suitable to host a repository. Neither Is
the presumption of unsuitability because
of the presence of an unfavorable
characteristic incontrovertible. Rather.
the Commission's approach require- a
suffident combination of condition at
the selected site to provide reasonable
assurance that the performance
objectives wilI be achieved. If adverse
conditions are identified as being
present. they must be thoroughly
charaterized and analyzed and It must
be demonstrated that the conditions are
compensated for by repository design or
by favorable conditions In the geologic
setting.

The Commission has not Included any
siting requirements which directly deal
with population density or proximity to

opulation centers. Rather. the issue has
ben addressed indirectly th
consideration o sfources I the
geologic setting. The Commission
believes this to be a more realistic
approach given the long period of time
involved with geologic disposaL
Nonetheless, the Commission Invites
comment on whether population related
siting requirements should be included
in the final rule and how they might be
lmplemented.
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' 4. Dessard Caso & li
addition to the requirements oan
designin far wual ph--ma
crticality am~oia radiat protection.
and efuent controL the proposed
technical cit'r -- u, n the design of
the repos y i ?cmdate potential
interaction oi the WIsteL thS
undm~ound facility. and thu site.
Requirements ar also pIced upon the
design o theeipme t be used for
handling the wastes the performance
and purpose of tw i-sckifl materiaL and
desigmendper*. -oeaofbarehol and
shaft seals. Furbt-.t. -ee ae
requirements related to the methods of
constuction. The Co4 ision believes
such requirements are necessary to
assm that the ability of the repositary
to contain and isolate the wastes will
not be compromised by the contssction
of the repository.

The pro&sd !Z -l cterla would
rtqukie that taue a~surfa facility be
designed so that It cd be contucted
and operated In accordance with
relevant Federal mig regulations
which specfy design req=ments for
certain Ites of electdcsind
mechanical equipment and go the
use of explosives

These c1teria ar a blend of general
and detailed prescziptivs requements.
They ha beens developed from
Commission exp I and practice bi
the 2In g o other n--'ar facilities
such as pwer plants adlud cyc -
facilities. While there ar dierences In
*the sys-w componc=ts addressed
by these rafteria from those f power
pisnts oir fewcd hrlmsc xd

tercia have been wnt to be
appropriate for geologic repository. t5
proposed criteda represent a c:mon
practice based on aepemenca -ich has
shown thst the above items wed to be
.egulatied. Th!lavel of deti od these
criterla eTe= the Comion's
cureant thinkig on how to regulate
effectively geologic oa of HLW.
However. the Commission continns to
examine other possibilities for

* promupating the man detailed of these
rements. Comments are invited on

atons for the desigm and
consactiom criteria in the rule. perhaps.
In a more oc - :arot: these may be
supplemented. of course. with more
details in staff guidance docments such
as Regulatory Guides

s. Waste Pok The proposed
requirements fer the design of the waste
package empasze itsroe asl a
component of the overalle ed
system. Besides being requured to
conflibute to the engineered system's
meeting containment and controlled
release performance objectives both

compatibility with the underground
ficility and the site and a method of
unique identificatfon are required of the
waste package. Included in the section
of the proposed technical criteria which
deals with the waste package are
requirements that the waste form itself
contained within the package be
consolidated and non-pyrophoric.

I& Perfomrxace Conftrmadon. noe
proposed technical :riteria Include
requirements for a program of testing
and measurement (Subpart F The main
purpose of this pror is to confl= the
assumiption, data. and analyses which
led to the flndirbg *tat permitted
construction o -- *pcsitory and
subsequent em;.r :cr et of the waste.
Futrther the peruTo--anci confirmatio
program, InhdWL~ 'qUUremnts for
monitoring of kr]i --tologic and
hydrologic para=::erus throughout site
cracteriztion constrction. and
emplacement to detect any signicant
changes in the cotr&>'ions which
supported the ab, findings during. or
due to operations a. the sit Also
Included in the program would be tests
of the effectiveness of borehole and
sbaft seals and of backfill placement

Ref lellafy wtocna
In acordanca with the egulatory

FlexbiliAt of 190L . U.S.C. 8(b). the
Comissraa hereby e~ltes that ts rle
will nt.if lge *ted.havea sicant
economid impact a a ustantial numberat

=ad entities. Ths propoal rule affeo cal
te Depatumt of Ener8. d do no fan l
with-e the purylaw of tbeAct

Psat to the Atomic Energy Act of
1934. as amended. the Energy
Reorganization Act of 1974. as amended.
the National Evirbonmental Policy Act
of l968 As amended. and sections 53
and 553 of title 3 of the United States
Code. notce is hereby given that
adoption of the following amendments
to Title a chapter L Code of Federal
Regulations Is contemplated.

PART 6O0-ISPOSAL OP HIGHWLEV
RADIOACTPIE WASMT IN GEOLOGIC
REPOSITORIES

.L The authority i'- :n for Part eo
reads as followr

Axtbo". Sees. SL .5 .3 s.. S&SUlmb.,
L. a.. p. tw2a Pub. L 8-0 as

ameznd. 88 Stat. 9Z 9MMML2 93:L 33S4 9
93. gm as amended (42 U.SC. 3M 23.
22 .X Z= 211 O 2:= 3 t Sea
= :& Pub. L 93-434 S Stats 1244.U 2(42

U.SC 5UZ 5a4ft Sec 14.2uh. L 95-Wi (42
U.SC =ak Sel: 1OZ2XcL Pu. L 9i-lM. 8S
Stat, 53 (42 U.1.C. 432)

2. Section 0 is revised to read as
folloum

160.2 Defatonr
For the purposes of this Part-
"Accessible Environment" means

those portions of the environment
directly in contact with or readily
available for use by human beings
. 'Anticipated Processes and Events"

means those natural processes and
events that an reasonably likely to
occur during the period the intended
performance objective must be achieved
and from which the desigo bases for the
engineered system are derived.

"Barrier" means any material or
structure that prevents or substantially
delays movement of water or
adlonuclides.
"Candidate areae means a geololic

and hydrologic system within which a
geologic repository may be located
I "Commencement of construction"
means clearing of land. surface or
subsurface excavation, or other
substantial action tha would adversely
affect tha environment of a site, but
does not include changes desirable for
the temporaryuse of the land for public
recretional uses. site characterization
activities. other preconstraction
monitoring and investigation necessary
to establish background Inforatiom
related to the suitability of a site or to
the protection of environmental values.
or procurement ormanufacture of
components of the geologic repository
operations area.

"CoMMsion" means the Nuclear
Regulatory Commission or ts duly
authorized representatives.

"Containmenta means the
confinement of radlactive wiste within
a designated boundr.

ODec niss sicin&" or "permanent
loz0a.l means final backflhling of

subssrface facilities sealing of shafts
ad decontrination and
dismatlement of srface facilities.

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

"Disposal means the Isolation of
radioactive wastes from the biosphere.

"Disturbed onea 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
radioactive waste.

"DOE "means the U.S. Department of
Energy or its duly authorized
representative . -

"Engineered system" means the waste
packages and the underground facility.

"Far field" means the portion of the
geologic setting that lies beyond the
disturbed zone.

'r
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"FloodplainW means the lowland 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 repository" means a system
for the disposal of radioactive wastes in
excavated geoligic media. A geologic
repository includes (1) the geologic
repository operations area. and (2) the
geologic setting.

Geologic repository operations areaC
means an JHLW facility that Is part of a
geologic repository, including both
surface and subsurAce areas, where
waste handling activities are conducted.

"Geologic setting or site" is the
spatially distributed geologic,
hydrologic, an geochemical systems
that provide Isolation of the radioactive
waste.

"High-level radioactive waste' or
"HLW- means (1) irradiated reactor
fueL (2) liquid wastes resulting from the
operation of the first cycle 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 converted.

"HWL 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 14
(88 Stat. 1244).-

-Host rock" means the geologic
medium in which the waste is emplaced.

"Important to safety." with reference
to structures, systems. and components.
means those structurs 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 938-38) -

"Isolation" means inhibiting the
transport of radioactive material so that
amounts and concentrations of this
material entering the accessible
environment will be kept within
prescribed limits

sThase gm DOE facgitis ased pOmanly for the
reUipt and storage of high-iai ndactar wastes
rnuitin fAm acenvMes scewed under uch act OIe
Atomtc Eergy Aacr ad tremevable Sdface
Storage Facdties and other fawities autharmgd for
the express purpose of subsequent longlte8r
storagr of htio4evs radionave wastes generated
by (DOE). whwh ar not wed or. or ame paM o
research and dnniopmnt a=nfUer

"Medium' or "geologic medium" Is a
body of rock characterized by lithologic
homogeneity.

"Overpack" means 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.

'Public Document Room" means the
place at 17 H Street NW. Washington,
D.C. at which records of the
Commission wig ordinarily be made
available for public Inspection and any
other place. the location of which has
been published in the Federal Register,
at whic public records of he
Commission pertaining to a particuar
geologirepiry ae made available
for pbin kspection.

'Radioactive waste" or 'waste'
means HLW and any other radioactive
materials otherthan 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 establish the geologic
conditions and the ranges of those
parameters of a particular site relevant

* to the procedures under this part. Site
characterization includes borings.
surface excavations. excavation of
exploratory shafts limited subsurface
lateral excavations and borings. and in
situ testing at depth needed to
determine the suitability of the site for a
geologic respository. but does not
include preliminary boings and
geophysical testing needed to decide
whether site characterization should be
undertaken.

"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
undergound portions of the geologic
repository operations area incfuding
openings. backfill materials, shafts and
boreholes as well as shaft and borehole
seals.

"Transuranic wastes" or 'MU
wastes" means radioactive waste
containing alpha emitting transuranic
elements. with radioactive half-lives
greater than five years. in excess of 10
nanocurnes per gram.

"rzibal organizaton" means aTribal
organization as defined in the Indian
Seif-Determination and Education
Assistance Act (Public Law 93-638).

'Undergound facility" means the
undergdund structure. including
openings and backfill materials. but

,excluding shafts. 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 radiation
and radioactive materials. and any area
used for residential quarters.

"Waste form" means the radioactive
waste materials and any encapsulating
or stabilizing materials, exclusive of
containers.

"Waste package" means the airtight.
watertight. sealed container which
Includes the waste form and any
ancillary enclosures. including shielding..
discrete backfill and overpacks -

3. Section 60.10 Is revised to read as
foflows

* 60.10 So e ciacterhmtio.
(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 is not necessary. site
characterization shall Include a program
of in situ exploration and testing at the
depths that wastes would be emplaced.

(c) As provided in I 5L40 of this
apter. DOE is also required to conduct

a program of site characterization.
ncludin in sit testing at depth. with

respect to alternative sites.
(d) The program of site

characteization shall be conducted In
accordance with the folloingi

(11 Investigations to obtain the
required information shall be conducted
to limit adverse effects on the long-term
performance of the geologic repository
to the extent practicaL

(2) As a minimu the location of
exploratory boreholes and shafts shall
be selected so as to limit the total
number of subsurface penetrations
above and around the underground
facility.

(3) To the extent practicaL
exploratory 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.

(4) Subsurface exploratory drilling.
excavation, and In situ testing before
and during construction shall be
planned and coordinated with
repository design and construction.

4. Paragraphs (c)(l). (c)[3). and tc)WM3)
of £ 6021 are revised to read as follows:

60.21 Content of appicatior.
* . . . .
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(c) The Safety Analysis Report shall
Include.

(1) A description and assessmet Of
the site at which the proposed geologic
repository operations area is to be
located with appropriate attention to
those features of the site that might
affect facility design and performance.
The description of the site shall Identity
the limits of the accessible environment
with respect to the location of the
eoloic repositor operaton area.
(I) The desciption of the site shell

also indude the following Information
re. -8ng subsurface conditions in the
vti . iyof the proossed underground

(A SThe orientatio distributon.
aperture in-filllng and origin of fracture.,
discontinultles. and heterogeneities2

(B) The presence and characteristics
of other potential pathways such as
soution features. breeca pipes. or other -
permeable anomalies;

C) The bulk geomechanical
properties and conditions. including
pore pressure and ambient stress
conditions:

(D) The bulk hydrogeologic pmperties
and conditions:

(El The bulk geochemical properties;
Ind

(F) The anticipated response of the
bulk geomechanicaL bydrgeologic. and
geodfiesn;hystems to the maximums
desig thermal loading, given the
pattern of fractures and other
dlscontlnultles and the beat transfer

ropertdes of the rock mass and
.-t;andwater.
(ii) The assessment shall contain.-
(A) An analysis of the geology.

geophysics. hydroseology. geochelstry,
and meteorology of the sits;

(B) Analyses to de ermine the degree
to which each of the favorable and
adverse conditions. if present. has been
tharacterized, and the extent to which It
contributes to or detracts from Isolation.

(C) An evaluation of the expected
performance of the proposed geologf
repository noting the rates and
qUantites of expected releases of
radionuclides to the accessible
environment as a function of time. Im
txecutiri this evaluation DOE shall
assume that those processes operating
oan the site are those which have been
operating on It during the Quaternary
Period and superpose the perturbations
caused by the presence of emplaced
rsdioactive waste on the natural
proecsses.

(Dl An analysis of the expected
Ptrformance of the major desigp
Structures. systems.and components.

h surface and subsurface. that bear
Sgnitcantly on the suitability of the
eologic repoatory for dsposal of

radioactive waste assuming the
anticipated processes and events and
natural phenonena from which the
dsign bses aderived For the
purposes of this alyss it shall be
s ed that operations at te geologic
repository operations area wibl e
carried out *t 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 In paragraphs
(A) through (Dl Analyses and models
that will be used to predict future
conditions and changes in the geologic
setting shall be confIrmed by using field
tests. situ tests. field-verifled
laboratory tests, monitoring data, or
natural analog studies.

(3) A description and analysi of the
design and performance requirements
for structures. systems, and components
of the geologic repository which are
Important to safety. This analysis shall
consider-4i) the margins of safety under
normal and conditions that may result
from anticipated operational
occurrences, Including those or natral
orIgIn (il) the adequacy of s&uctra
systes and components provided tor
the prevention of accidents and
mitigation of the consequences of
accidents. Including those ausedby
natural phenmorena and (W) the
effectiveness of engineered and natural
barriern. including barriers that may not
be themselves a part of the geologic
repository operations area. against the

release of radioactive material to the
environment. The analysis shall also
Includa a comparative evaluation of
alternatives to tha major design features
tat are important to radionuclide
containment and Isolation. with-
particular attention to the alternaftes
that would provide longer radionuclide
containment and Isolation.
* * * * a

(31 An identificatio and eialuation
of the natural resources at the site,
Including estimates as to undiscovered
deposits, the exploitation of which could
affect the ability of the-site to isolate
radioactive wastes Undiscovered
deposits of resources characteuistiC of
the area shall be estimated by
reasonable Inference based on
geological and geophysical evidence.
This evalcation of resources. including
undiscovered deposits. shall be
conducted for the disturbed one and otm
areas of similar size that are
representative of and am within the
geologic setting. For natural resources
-with current markets the resources shalt
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
tecological factors, the resources shall
ba desibed by phyrscal factors such as
tonnage or othet amount. grade. and

.qualit%.
* @a a *

. Paragraph (a)(2) of 150M Is revised
to read as follows

I 603 ComtrUction authorizatlo.

(2) he site and design comply with
the citeria contained in Supart B.

L Paragraph (a)(2) of 16051 is revised
to read as followr.
| $031 U Me to

om * a *-

(2) a detailed description of ths
measures to be employed-such as land
uSE controls. construction of
monuments and preservatn of
record-to regulate or prevent activities
that Iovud Impair lbelong-tern Isolation
of emplaced waste within the geologic
repository and to sse tht relevant
information will be preserved for the use
of fhture generations. As * minimum,-
such measures shal indude-.

*M) Identification of the geologio
repository.operations area by
monuments that have been designated
fabricated and emplaced to be as
permanent as Is practicable: and

(ii) Placement of records of the
location of the geologic repository -
operations area and the natur ad
hazd of the waste in the sichives of
local and Federal government agencie
and archives elsewhere In the world.
that would be likely to be consulted by
potentional human intru ers.
* * * * a

I 7. Nlew Subpart ;'echndal
Criteria:' Subpart F 'Performance
Confirmation." Subpart G. -Quulity
Assurance' and Subpart . rrasiing
and Certification of Personner am
added to 10 CMR Part am
Supart 9-Tecmka CQftera

80.101l Pposeandntum of nins
eo.102 Concepts
Faformaa Oblarcim
80.111 Perfaomance obectvs
60.112 Requked characteristi of the

seolo*& smtti
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Owasrship ard Conaot *[dws Coedooc
Asposihory Operatisa Am

6012 R eq wrvcmens Uoi ow hp antd
control of the stoloec tepoWtOI
operations ares.

AdAit~onal Requirwarals, tr 6*h G0 ec
Settins
e0.=3 Favorable unditim -
10.123 Potentially adverse condttos.
601z Assessment of potentially adv

conditions.

6l.4i a Couttiouc Requ,,mmt
60.130 General design ftquiremnts for th

geologic repoitoy operatio ares.
.*%.131 Additional desin requiremerasf

w*rfac facilities In the elogic
rupositoryoperations ares.

0122 Additional design requiremenut Em
the undergotod facility.

1 Design! of shaft and seals hr shaft
and boroleh-

2124 ConstrctUon spd§C4tlocs la
surface and subsuface fclWtiss.

Wats Paciag Requiremon
60.15 ft ~u ri nen ta ffor tle wat a e 5Xg

and Uts components.
eforMance c Coafrmatlon Iequiamens

6O.1 General requirements foe
performane conlMAflon.

Wopart Ftb*Jrl*Mace C- I.IM
60140 Coral requirement

0t142 Confmattlon of geatechakl ad

60.14 6is1W testi - :
0143 Moniuori and lntin wasft

Slubpart &-Qualitq Assurarm
0.010 Scope
0.1n Applicablft.
0IS2 Implemrotatila.

6015,3 Quality assurance If peWanancr

S bp art H-T ra n in an C eor uf c tl o t
Panonnel
60.110 General rqiremeu.
Oo.1o1 Trainin and certificaion PrOpta
*600162 Physicalc equh =swta

Subpart E-TTchnical fCrtat

5 6D.101 P o nd a o
(aXI)[ Subpart B of this part prscribes

the stan for Usuance of a license
to receive and possess source. special
nuclear. or byproduct matersil at a
geologic repository operations ares. In
particular. 1 60-4(c) requ~re a findl:g
tMAt the issuance of a license Will not
constitute an ressonable risk to the
health and safety of the public.Ths
purpose of this subpart Is to set out
performance objectives and site and
design criteria which. 11 satisfied. will
support such a fnding ef to
unreasonaible risL

2)W~ile these performanes
nbjectives and criteri a e enerpaly
stated In unqualified terms. it ls cot

expected that comoplete iince that
they will be met can be presetted. A
reasonable assurance. on the basis of

- the record before theCmmission, that
the objecti and criteria will be met is
the general standard that is required.
For I 6O.1iT and other portions d ths
subpart that Impose objectives and

* crteria kf ftpository perfora=sce over
tongtlmes into the fat there win
Ineitbly be pester uncertaintles
Proof te future performac of

engineered systems and geologic media
oer time periods of a thousand or many
thousands of year Is not to be had In
the odinarsense of the word. For r=h
lonteu objectivesand criteria what*
s required I reasonable assurace.
a g allOw e for the time period
d h in d, that the outcome

will be In conformance with ism
objectie and aiteria.

) Subport 3 of this part also list
be made in mupport of

an authriation to construt a 8eologic
repositor operaion ares 1n particnizf
I 0=31( requirs a Ending that there is
reasonable aurnce that th types and
amounts of radioactive materials
described In the application can be
raceivei. possessed. and disposed of In
a reposito:7 of the deigp proposd
without urmsonable sisk to the health
andsafetyoth publc. tated in
that paragraph. in ariving at tWis
determintio the Comimion will
consider whether the site and design
* com~l lt h t he c riteria c t n -

- p a rbp O s ce a g i n . w hi l e

may taukee rtantiesand Saps'4i
kIowledge into ac=t. provided that
the Co sion can make the specified
Ending of measonable s&armm as
specified In Vparaph (a) at this secti

I "in0 Concepts.
(a) no IaW OMYc . NRC exercIses

licensing end related regulatory
authority over those facilities described
Ins ectIonu =(3) and (4) of th Energy
Reorganizaticn At of 1974. on f tces
facilities s designated aiALWfaciit.

fWthls put dealswith the exerdseul
authority with respect to a particular
class of HLW facility-oamey a
geologicepaei Wyopextior aQ

(2) A geooiSC repository operadar
ama consists of those surface and
subsurface areas that are part of a

* geologic repository where radioactive
waste handling activitits are conducted
The underground structure. Includint
openings and backfill mate , but
excuding shafts boreholes. and their

- as. b deignted the znyrzvrom
faccrate.*.

(3 The exercise of Commissloa
authority requires that the peologlo
repository opera tions area be used for
stor (which Indudes dkposan of

(4) W Includes irradiatedreactm
fuel a well u reprocessing Wastl
However. If DOE proposes to ase tha
geologic repository operations ares for
storage of mudfooctive waste other tha
HLW. the storage of this radioactive
waste Is subject to the requirements of'
this part. Thus. the storage of
&Ca nnfC-Coa mcead Waste 1WA)
though not Itself a form of M1W. must
conform to the requirements of this part
Ufitis stored Ina geologlctepoult:
opertkosu amea.
, (c) Ar; odjacenits'0 e6ko c
",oefim TMnons wae Although the

ie e to regulation under this
iart are those to be carried out at thie

eologc reposito operatons are the
li en in p roces s als c ni d er
c h a a e rit ics .1 ad ja ce nt are as lb ?
ffiutha to h *n uslthhhDOE
il to exercse specilledcont to

pr vet edvera hum an actions Second.
there is a larger area. dusiated tha
#todafcsttng or site which includes
the spati ll diti bute d geologic. '

drologi and geocheic vsystems
th at p ro vd e io latio o f th ra io ct v
wa t rom the accessible environ e .
The geotogic rpsito ry opertint su are

plus the otogic setting Make up t .
pologlcrepositoy.Withn th geologic
,setti par I attention mut be
given to the ch rct~ t~c of the bot

zo kawellsan-yro k nts
surouning the host in;h

There areeral states liu tce
process. he itue erterftid stage
though begun before submissin of a
license application my result In
consequences requiring eauation in
the license review. The construdim
ifoge would follow, after issuacs of a
construction authorization. Apaeiodof

pemtlfanu follows the issuance ofa
license by the Commission. Ue period
of opertion includes the time during
Which enrlacwent of wastes wc-n
and any subsequent period before
permanent cloure during which the
emplaced wastes are nteriacblc and
permanent dowre. wbich Includes nal
aCklilllng of subsurface facilities

sealing of shafts. decontaminating and
dismantling of surface fcilitieL
Pmanet closure represents the end of
actve u a actvitie withi te geologic
repositary operations ar and
engeced #Ystems

I
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(e) Containment Early during the
repository life. when radiation and
thermal levels are high and the
conscquences of events ara espeially
d~ifscult to predict rigorously. special
emphasis Is placed upon the ability to
contain the wastes by waste packages
within an engineered system This is
known as the containment period Tho
engineemedsystem Includes the waste

5escagts*s ell s nde trground.
(11 The wastetorn which consists of

tie radioactive waste materials and any
associated encapsulating or stabilizN
matcrials
* (2iThe container whilc Is the first
major sealed enclosure that holds the
waste form.

(3) Oven~ack which consist of mny
buer material receptable. wrappe.
box or other structure, that is both
within and an integral part of a waste
pack go. It encloses and protects the
waste form so as to meet the
perfomance objectives.

(1) rsolation Following the
containment period specal emphasis is
placed upon the ablliy to achieve

Isol of 0the wastes by virtue of the
GLhactarlstics ol e geologic
reository. ISOlatiOn means the act of
ili~tins th transport of radioactive

material to the accessible environment
In amounts sd concentrations within
limits. Tle acceSSible eniYronment
means those portions of the environment
directly in contact wit or readily
available for use by human
Performance Objectives

t16111 Performance oblectives.
(a) Performance of the Seolog

reposi tory operation thron
permanent stashat until prmaeto
against radiation exposursanxd
rleaWSeS of radioactve maoteriaL The

closure has been completed, radiation
exposures and radiation levels. wd
releases of tradioactive materials to
nrestricted areas, will at all times be

maintained within the limits specified In
Part 20 of this chapter and any generally
applicable environmental standards
established by the Environmental
Protection Agency.

* (2) fietrivability of wass The
geologic repository operations are SW
be designed so that the entire inventory
of waste could be retrieved on a
tasbonable schedule. starting at any

time up to 50 years after waste
em1placement operations are complete.
A reasonable schedule for retrieval is
one that requires no longer than about
(6 *me overall period of time than

was devoted to the construction of the
geologic repository operations area and
the emplacement of wastes

(b) Peiformance of thegeologic
repository oafer permanent closUr-(1)
Overall system performance The
geologic setting shall be selected and the
subsurface facility designed so as to
assure that releases of radioactive.
materials from the geologic nepository
following permanent closure conform to

*'such generally applicable environmental
radiation protection standards as may
have been established by the
Environmental rotection Agency.

(2) Performance of the nginered
stem.-ii) Contabmenat of wstesThe engIneered system sh be

designed so that even if full or partial
saturation of the underpound facility
were to occur, and assuming anticipated
processes and events, the waste
packages will contain all radlonuclides
forat least the fit .000 years after
permanent closure. This requirement
does not apply to TRU waste nless
TRU waste Is emplaced close enougb to
1HLW that the TRU release rate can be
aignificaitly affected by the heat
generated by the HLW.

lIl Control of releases&'
(A) For IHLW. the engineered system

shall be designed so that. after the first.
1.0 years following permanent closur
the annual relese rate of any
rsdionuclida from the engineered syste=
Into th gepolog!c setting. assuming
anticipated processes and events. Is at
moat one pFart In lOQO of the maximum
samouit of that radionuclide calculated
to be present in the undergound Jazility
(assuming no release from the
underground facility) at any rn after
000 years following permanent closur

This requirement dos not apply to
radlonuclldes whose cuntibution Is less
than 0.1 of the total annual curie
release asprcwibed by this-paragrsph.

(B) Far TRU waste the engineered
%system shall be designed so that
following permanent closure the annual
release rate of any radlonuclide from the
underound facility ito the geologic.

* setting, assuming anticipated processes
and events. Is at most one part In
100.000 of the maximum amount
calcuated to be present in the
underground facility (assuming no
release from the undergond facility) at

Tha CA= n xspefkAlly sW ee s oommu an
iwhthet an ALAU prwiple should be applied to
the petDomauca requinznmts dealin ith
cootainmsat and ontrol od mleses. In partdoals
the Comissito u ha naidmd whether the
hchnical crteria should explicily ruqurim
ofntalnmeat to be for 'a lo as Is reawsably
achievable' ad the rulease rtt to be am low 1a i

- asonably achisvsblam' Comments should address
the meits of such a equirnmmea how to beat fe
It. and thu pnrctcality ot UJ inplementata

any time rollowing permanent closure.
Thi requirement does not apply to
radionuclides whose contribution Is less
than .2% of the annual curfe release as
preseribed by this paragraph.

(3) Perfonmance of the geologic
aettinj.-1) Containment period During

the containment period. the geologic
etting shall mitigate the impacts of

premature failure of the engineered
system The ability of the geologic
stting to Isolate wastes durng the
solaton period In accordanc with

inra graph (bf)(ll of this section. shall
deemed to atisy thi requiement.
(il solation period Folowing the

containment period th geologie setting.
In conjunction with the engineered
asytemiaslong asthat systemls
exected to function and alone
thereafter. sall be capable of Isolating
rad~oactfIve waste so that transponr of
radionuclides to the accessibe
environment shall be in amounts and
concentrations that conform to suc
generally applicable envronmental
standards as may havebeen established
by the Envirnmental Protection
Agency. For the purpose of this
paragraph, the evaluation of the site
shall be based upon the assumption that
thai. processes operating on the site are
those which have been operating an It
during the Quatearsy Period. with
perturations caused by the presence ol
emplaced radioactive wastes-
superimposed thereon.

| 60112 Requiecaatestc ot Us
geologic "tang

(a) The geologic settfng shall have
exhibited structural and tectonic
stability since the star of the
Quatery Peiod

(b)l o geologic setting shall have
exhibited hydrogeologic. geocdemIcal.
and geoMOrphi stability since the start
of the Quaternary Perid

(c) The geologic repository shall be
located so that pro-waste emplacement
rund wter travel times through the far
eid to the accessible environment am
at least L0 yer.
Ownership and Contr0l of thi
GootocJWc Repository Operations Area
U 60.121 Requirements for ownership and
control of the geologic repository
oration are:

a(8) OWnershp ogfth#e0gogc -
repostory operations ara Th e geologfe
repositorryoperations area shall be
located In and on lands that are either
:cqulred lands under the Jurisdiction
nd control of DOE or lands

permanently withdrawn and reserved
for its use. These lands shall be held
free and clear of all encumbrances if
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significAnt. such as 1) rights ansing
under the general mining lawr. (2)
easements for right-o(fway; and (5)1 al
other rights arising under lease. rights of
entry. deed. patent. mortgage.
appropriatior. pmsciptioa or
otherwise.

(bJI Etablishment of iCnMs.
Approp 'ate controls shall be
established outside of the geololdc
repository operations area. DOE shal
exercise any jurisdiction and control
over surface and subsurface estates-
necessary to prevent adverse humaz
actions that could significantly teduca
the site or engineered syStemss ability to
achieve Isolation. The rights of DOE
may take the form of appropriste
possessory interests. servitudes. w
withdrawal from location or patent
under the genmi mining laws.

Additional Requirements for t.
.- Geologic Setting

f 16122 Frewabbe oornditors
Each of the following conditions may

contribute to the ability of the geologic
setting to meet the performance
objectives relating to Isolation of the
waste. In addition to meeting the
mandatory requirements of 1 G11. a
geologic setting Shal exhibit an

.- arpropriate combination ofthese
conditions so et6. together with the
enlieered system the favorable
conditions present are sufficient to
provide reasonable sssrance that such
perform-ace objectives will be meL

(al) e nature and rates of tectnic
processes that have occurred sinc the
start of the Quaterary Period are such
that. when projected. they would not
sffect or would favorably affect the
ability of the geologicreposiory to
Isolate the waste.

(b)The nature and rates of structural
* processes that have occurred since the

start of the Qualernary Period aresuch
that. when projected. they would ot
affect or would favorably effect the
ability of the geologit reposity to
Isolate the waste.

(c) The mature and rate 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.

(d) The nature and mtes of
geochemical processes that have
occurred since the start of the
Quaternary Period are iuch that when
projected. they would not affect or
would favorably affect the ability of the
geologic repository to Isolate the waitL

* (e)The nature and rtes of
geomorphic processes that have

occurred since the start of the
Quarlemary period are such that, when
projected they would not affect or iorild
favorably affect the ability of the
geologic repository to isolate the waste.

(I) A host rock that provides the
following groundwater characteristics-.
(1) low groundwater cvntent (2)
Inhibitlon of groundwater circulation In
the host nck (3) Inhibition of

roudwater flow between
bydrogeologic urits or along shafs.
drift. and borehole:; and (4)
*gondwater travel times, undter pre-
waste emplacement conditions. between
he undergroud cility and the

accessible envroment that
substantiall exceed I= ryears.

Cg) Geochemical conditions that (1)
promode recipitation or sorption or
r tuc 'des: ) lahZbit the formation
of particulates. colloids. and fnorganfc

and organic complexes that Incease -the
mobility of radionuclides and 3Inh1it
the ransport of radlonuclides
particulates. colloid. and complexes.

(hl Minerl assemblages tht when
subjected to anticipated thermal
loading. will remain ualt ed or alter to
mineral assemblages having Increasad
capacity to Inhibit radionuclda
migrati=n

(1) Conditions that permit ttb
eplacement of waste at a miium
depth of aO metrs fm the pound
rfae. (he groud surface shall be

deemed to be the elevation of the lowest
point on the surface abova the disturbed

soloWjlAnyltocaI conditlonlof the

Isolation.

I60.12 otbanoify advers condltfor
The following aV Potentially adverse

conditions.tbe presence of any such
coftions =ay compromise site

iteility and willrequire careu
analysis and such zoeasures as are
necessary to campoeate for them
ade nstt pursuant to I 1..4

ta ) conditu In tshe seosoic
,sewtin.

(1) Potential for failcre of existing or
planned man-madc surface water
Impoundments that could cause flooding
of the geologic repository operations
area.

(21 PotentiaL based on eistint
geologic and hydrologic conditions. that
planned cutructiost of large-scale
surface water impoundments may
significantly affect the geologic
repository tough changes in the
regional groundwater flow system

(5) Potential for human activity to
affect significantly the geologic

repository though changes tn the
hydrogeology. This activity Induldes, but

is not limited to planned Vmrondwater
withdrawal, extensive Irrigation.
subsurface Injection of fluids.
underound pumped storage facilities.
or underimand military activity.

(4) Earthquakes which have occrred
historically that If they were to be
repeated could affect the geologic
repository significantly.

(5) A fault in the geologic setting that
Bas been active since the start of the
Quatemary Period and which is within a
distance of the disturbed zone that Is
less than the smallest dimension of the
fault rupture surface.

(8) Potential for adverse impacts on
the geologic tepositroy resulting from
the occupancy and modification of
Coodplains.

(7 Potential for natural phenomena
iuch as landslides. Subsidence, or
volcanic activity of such a magnitude.
that large-scale surface water
Impoundments could be ceated tha
could affect the perforance of the
geologic repository through chanes In
te regional groundwater Glow.

(B) Expected climatic changes that
would bave an adverseeffct on the
geologic, geochemicaL or hydrologic

cleractic. ..
.(b Aderse candidons In tA,

Eatubedzone. For the purpose of
determinig the presence of the
following conditions within the
distrubed tone. Investigations should
extend to the grester of either 1iU
calculated extent or a horizontal
distance of 2 r om the limits of th
underground facility, and from the
surface to a depth of 00 meten below

-the limits of the repository excavation
(1) Evidence of subsurfae mining for

(2) Evidence of dMq for any

lJ3) Resources that have either greater
gross value, net value. or commerial
potential than the average for other
representatite areas of similar sie that
ar representative of aid located In the
geologic setdng

4) EvIdence of extreme erosl during
the Qustrnar Period.

l5)E Mdence of dLssolutionIng of
soluble rc.

(a) The existence of a fault that bag
been active during the Quatamuy
Period.

(7) Potential for creating mew
iathways for radionuclide migration duc

* to presence of a fault or fracture zone
Irespective of the age of last novement

(a) Structura deformation such as
pIf. subsidence. foldig, and

-fracn durig the Quaternary PeriD.
(p) More frequent occurrnce of

earthqvakes or eahquakes of highr
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magnit Ude than is typcal of the Wres in
which the geologic setting is located.

(*0) Indications, based on correlation
ofearthquakes with tedonic processes .
and features, that either the frequency of
occurrence or nmagnituds of earthquakes
may lncrese.

(11) Evidence of Igneous activity shnc
the staut of the Quatenary Period.

(12) Potential for changes in
'jydrologic conditions that would
sigificanlty affect ths migraion of
radlorwclldeu to the accessible
environment including but not limited to
changes In hydraulic gradient. average
interstitial veloclty. storage coefcent.
hydraulic conductivity. natural recharge,
potentiomsatis levels, and discharge

(13) Conditions to the host rock that
an trot reducing conditions.

(14) Croundwater conditions in the
host rocL Including but not limited to
h4h ionic strength or ranges of Eh-pK
that could affect the solubility and
chetmcal eactivtyof theensneered
systems.II

(2S) Processes that would red=c
orptom result In degradation of the

rock strength. or adversely affect the
.::xof the engineered system.'

(15) Rock or goundwate conditions
that would require complex engineering
mealura aite derifgn and construction
of the underground facility or in the
sealing of boreholes and shaft

(1 Geoamechanical properties that do
aot permit delspgn of stable undergroud
openings during construction waste
emplacement, or retrieval operationl
1L&12# d ei

dvwu3 condfldW
In order to show that a potendaft

adverse conditont O combination d
coditono cited In I 60a23 does not
Impair significantly the ability of the
.oVgc repository to Isolate the
radioactive waste. thu following must e
. monstatedi

1a The potentially advere hua
acvity or natusal condition has been
adequately charadctizd. dinu th
tmna to which the condtion may be
MUsn and still be undetected taki
ito account the degree of resoluton
achieved by the investigations and

[)The affect of the potentially
advere human activity or natural
camdition on the geologic setting hu
htt% Adequately evaluated using
ctUervative analyses and assumptionS.
'".d dle evaluation used Is sensitive to
&I adverse human activity orfatsral
cfndtchon and

(Xl) Ibe potentIAlly advenre human
3ct9*i1Y or natural condition Is shown by
Azablysi in parsgraph (bj of this section

not to effect significantly the ability of
the geoloer. setting to Isolate waste. or.

(23 The eect of the potentially
adverse human activity or natural
condition is compensated by the
presence of a combination of the
fvorable characteristics dted In
I 0.23. or
(3l Te potentiall advrs humnu

activity or natural condition can be
remedie.
Design and Constrnactlom Rqiee
3 6S130 General desIgn requirements for
VW gelogc rpository operatIons area.

(a) Sections 630 through 5013
specify minimum requirements for tha
desilp of and construction
specifications for. the geologlc
epository operations are.
Reum s for desi contalnedla
I I 80.12 through 80.33 must be
considered In conjurcon with the
requirements for construction In
I 8.34 Sectios 60.13 through 81X3
ar not intended to contain an
exhaustive istof design and
consutcfio requirements. Omssions In.
II 818 30 through 134 do not relieve
DOE frm providing safety features ta a
specific facility needed to achleve-ths
performan=c objectives contained In
£ O.1L. All design and construction
citerfia must be Consistent with the
results of site characterization activitles.

(b) Systems. structure, and
components of the geologic repository
operation area shall satisfy the

ooThu
ufructredeysem. and components
located within restrcted aeas shall be
designed to maintain radlation doses.
levels, and concentration of radioactive
material in air in thos. restricted areas
within the imiLs specified in Part 20 of
this chapter.ese structnrs systems.
and Io ____ shall be desigoed
nclu d-
M Meaza to lmft concentrations o£

ndioactivJ material in amr
(HI Mean to limit the tie rquired to

perform wo Inthe vicnity of
radioactive msterlals. Includlng. as
appropriate, designing equipment for
ease of repair and replacement and
providing adequate space for ease of
operation

(1i1) Suitable sahielding
(1) Means to monitor and comtrl th

dispersal of radioactive contamination;
(v) Means ta control access to high

radiation areas or airborne radioactivity
areas: and

(ii) A radiation alarm system to warn
of Increases lh radiation leveb.
concentratiora of radioactive material It
air. and of nceased radioactivity

released hr effluents. Te alarm system
aU be designed with redundancy and
In situ testing capability.

(2) Pratf ian against nalwol
phenomena and environmentol

. Th. stuctues. systems. and
compone~al imlportant to safy al be
designed to be compatible wito
ntlc~pa ted situ chasracteristic and to

accomodae the efects of
environmental conditions. so as to
prevent interference with normal
oparatioo. mantalence and testing
du~ring the entire period of constuton
an operations..

(H) The structures systems. and
components important to safety shall be
designed so that natural phenomena and
environmental conditions antipated at
the site willantresultnanya rav
time period, In faile to achieve the
performac objectlves.

(3) Proteton agalns* dynamie effects
of equipment ftzilre and similar vats
The stute4. systemsand components
Important to safety shall be designed to
*withstand dynamic elects that could
result from equipment failu such as
msi Impacts, and siila et and
conditions that could lead So loss of
thefrsafery Jnctions
(41 PjntCa~ft awainL/4-r

MI nou structures systems. and
components important to safety shall be
designed to perform their safety

d lfu o during and after fr or
explosions In the geologic repository
operations area.

[di) To the extent practicable the
geologic repository operations area shall
be designed to incorporate the ue of
noncom i and heat resistazt
materials.

JIM 13Ta pologic repository
*operatlns area shellbe designed to
Include explosion and fre detection
alarm sytems and appropriate
supprgon qsystems with sufficizt
capacity and capability to reduce the
adverse effects of Sm and explosions
on structures. tems, and components
Important to safety.

Civ) The geologic repo ito operations
area Shan be designed to nlude mane
to protect systems. structures, and
components Important to safety agaitn
the adverse effects of either the
operation or filure of the &V
suppression systems

(5) EMergnCyCoPabiJity.
(nTe Strctr. iystem. -an .

components impoant to sfety shall be
designed to maeintai control of
radioactive wste. and permit prompt
termination of operations ad
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evacuation of personnel during an
emergency.

lii) The geologic repository operations
area shall be designed to include onsite
facilities and services that ensure a sare
and timely response to emergency
conditions and that facilitate the use of
available ofilte services (such as fre.
police. medical and ambulance service)
that may aid In recovery frm
emergencies.

(t) UMityservices.
(I) Each utility service system shall be

designed so that essential safety
functions can be performed under both
normal and emergency conditions.

ii) The utility services Important to
ety shall include redundant systemu.

to the extent necessary to maintain.
with adequate capacity. the ability to
perform their safety functions:

(Mii) The emergency utility services
shall be designed to permit testing of
their functional operability and
capacity. This will Include the ful
operalional sequence of each system
when transferzing between normal and
emergency supply sources. as well as
the operation of associated safety
systems.

(IV) Provisions shall be made so that.
It there Is a loss of the primary-electric
power source or 'Ercult. reliable and
continued emergency power is provided
to Instruments, utility service systems.
and operating systems. Including alarm
systems. This emergency power shall be
sufficient to allow safe cdnditions to be
maintained. All systems important to -
safety shall be designed to permit them
to be maintained at all tmes in a
functional mode.

(71 Inspecd;o testing, and
maintenance. The structures. systems.
and components important to safety
shall be designed to permit periodic
Inspection, testing, and maintenance. a
necessary, to ensure *ter contnutde
functioning and readins.

(t) Criticality cont All systems far
processing. transporting handling.
storage, retrieval emplacement. and
Isolation of radioactive waste shall be
designed to ensure that a nuclear
criticality accident is not possible ulesa
at least two unlikely. Independent. and
concurrent or sequential changes have
occurred In the conditions essential to
nuclear citicality safety. Each system
shall be designed for criticality safety
under normal and accident condition
The calculated effective multiplication
factor (kf1f must be sufficiently below
unity to show at least a 5% margin, after
allowance for the bias in the meLhod of
calculation and the uncertainty in the
experitents used to validate the method
of calculation.

(9) Inatrmentctioa and atntrt
ystem. Instrumenta tion a nd control
systems shall be designed to monitor
and contol the behavior of engineered
systems important to safety over
anticipated ranges for normal operation
and for accident condition The
systems shall be designed with
sulficient redundancy to ensure that
adequate margins of majsre e.
maintained.

* reulatons. To the extent that D}OE Is
bot subject to the Federal Mine Safety
and Health Act of 1977. as to the
construction and operation of the
gologic repository operations area, the
design of the geologic repository
operations area shall nevertheless -
I sude uch provisions for worker
protection as may be necessary to
proide reasonable assurane tfat all

* siructue. system. and componets
Important to safety can perform their
Intended functions ny deviation Jhm
relevant design requirements in 30 CFR
Chapter .L Subchapters D. E and N will
give se to a rebuttable presumption
that t requirement has not been met.
1 60131 AftIonat desIgn requirm nts
for surfacm Iactll In te geologic
repostory opeatns area.

'(al iti' for receipt and retrierl
of waste. Surface facilities In the
gologic repository operations area shall
be designed to alow afe handling and
storage of wastes at the site wether
hese wastes are on the sace before
emplacement or as a result of retieval
from the underground facility. Th
surface facilities shall be designed so as
to permit inspectionm repair. amd
decotamiation of such wastes and
their containe. Surface storage
capacity Is not required for al emplaced
waste.

lb) Swfoac fiaciritvejztiodof .
Surface facilfty ventilation systems
supporting waste transfer. Inspection'
decontamination. processing. or
packaging shal be designed to provide
protection against radiation exposures
and offsite releaseras provied in

(c) adtodon confol and
smanitoin.- (X) Effu7ent contL The
surface facilities shall be designed to
control the release of radioactive
materials in efluents during normal and
emergency operations. The facilities
shall be designed to provide protection
aganst dtin exposues and offslte
releases as provided hn I oo1.i.

(21 Effluentmonitorng. Te fluent
motorig systems shall be designed to
measure the amount and concentration

I. of radionuclides In any effluent with
sufficient precision to determine

whetherteleases conform to he design
requirement for effluent controL The
monitoring system shall be designed to-
include alarms that can be periodically
tested..

d Wauste fretomnjL Radioactive
waste treatment facilities shall be
designed to process any radioactive
wastes generated at the geologic
i-osltory operations area into a form
suitable to permit safe disposal at the
geologic repository operations area or to
permit safe transportation and
conversion to a form suitable for
disposal at an alternatve site In
accordance with any regulation that.
are applicable.

(e) Consideradton of decomminsslafrd
The surface facility shall be designed to
facilitate decommissioning

* 60.132 Addtloal design requirenots
for the uerground faciity.

(a) General criteriafortbe
underond facility.

(i) ne underground faility shall be -
designed so as to perform Its safety

funcons asuming Snteractons amg
the geologic setting, the underground
facl~ity. and the waste pacSage.

(2) The underround facility sh be
designed to provide for structural
stability, control of groundvater
movement and control of rad
releases, as necessary to comply with
the performance objectives of i 500.22
* (3) The orientation. geometry. layout.

and depth of the underground facility.
and the design of any engineered
barriers that are part of the underground
facility shal enhance containment and
Isolation of radionuclidei to the extent
practicable at the site.

(4 Thfe undergroud acility shallbe
designed eo that the effects of disruptive
events duch as ntusions of gas or

. water. or exposions, will not spd
tbou the facility.

(b) flexibiliy of design. 7he
underground facility shall be designed.
with sufficient flexibility to allow
*adjustents. where necessary to
accommodate specfic site conditions
identified through in situ monitoring
testing, or excavation.

(c) sep Lratn of excvation and
waste emplacement (modular concept.
If concurrent excavation and
emplacement of wastes are planed.
them,

[lilhe design shall provide for suih
separation of activities into disciete
areas (modules) as may be necessary to
a*sure that excavation does not impair
waste emplacement or retrieval
operations.
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(2) Each odule shall be designed to
permit insulation from other modules Lf
an accident ocus

(d) Desiganor retrieval of waste IU
underground facility shall be designed
to_

(1) Permit retrieval of waste In
accordance with the performance
oblectives (1 a.111): '

(2) L'ure suMclent structurul
stability of openings and control of
groundwater to permit the safe conduct
of waste retrieval aoperationst and

(3) Allow removal of any waste
packages that may be damaged or
require Inspecon without
compromislnS the ability of the geologle
repository to meet tbe pUfOmance
objectives (1 MU.111

(a) Design of subswfcce enin p
(2) Subsur!ace openings s b

designed to maintain stability
throughout the construction and
operation period. If s5trUCtrl support
Is required for stability. it shall be
designed to be compatible with lotg
term deformato hydrologic.
geochemicaL and thermomechaulcal
characteristics of the rock and to allow
subsequent placement of backfilL.

(2) Suctures required for temporazy
support of ornes of weak or i8hly
fractured rock shall be designed so a
not to Gmpair the placement of
permanent stctures or the capabilt to
seal excavated aaes used for the
containment of waste&,

(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 specing of opening, and
the design of engineered support
systems shal take the following
conditions Into considerations-

(1 natural stress conditon;
(II) deformation characteristics of the

host rock under normal conditionsand
thermal loadir;

(Ull The kinds of wealmenes at
structural dlscontlnulties fond at
various locations to the geologic
repouitoy,

Qv) Equipment requirements: and
(y) The ability to construct the

underground facility as designed so tiat
tability of he rock Is anced.,

(I) ockexcaotia. Te dsign of the
underground facility shll IncoporaeX
#x~nava zin ethods that will lmit
damage to. and fracturing of rocL

) Contr of wtowr and
(1) Water and 8s° control systems

shall be designed to be of auffident
capability and capacity to reduce the
p potentially adverse effects of
Poundwater intrusion. service wates

I

Intruirkm or asa hiflw into tbe
underground facility.

(2) Water and gas control systems
sWl be designed to control the quantity
of water or gas flowing Into or from the
underground facility. monitor the
composition of gases. id permit
sampling of liquids.

(3) Systems shall be desiged to
provide control of water and gas in both
waste emplacement areas and
excaato areats.

(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.

(3) If the Intereection of aqulfere or
watesrbearing geologic s*zuct is
antcipated during consnctn the
de sig of the undeiground fclty shall
include plans for cutof or control of
water in eadvnc o the exavton.

(B 1 lif ngs aereqird, the conact
betwveen th lining and th rd
sronding auburacaexcavation
sail be desipred so atoavoithe :
ereatlon of any preerential pathway for
grudwater or radionuclde mifgration

(h Sobiw fce venzidon. Th
vren~vtiltonste shsall bEne desiged

(13 Coto thetanprto
ndloactive particulate, and gaes
wihi andh relases" fr te subsrfaes
facility isn accrdance with the
perforane objectives (1011Thili]

(2) Pet o pa Of ll
xa)ated aren s dare ng normal

opertieon theouWg the time of
p-ranent dosm

(3) Accmmodatu chsans in-
opertun onditions sucb as varations
ih tempoture d ad hsmidito ai the
underground f£ ellty

t)o onlude redudat eipment a:fd
fail sale contrl systm as muay be
needed to assre conssed funcrtia
under omalad emergency condition
and

(5) Separate the vent i lan of
excavation ant waste emplaceSesn

wi)d = £nie seswd am te sbsrfc

(tl Butly n char3n located wthe
shaeds coud atlor acns for
Prmdwaer to enter os lee th
undergrond facility.

(23 BAccoers sdall crats a wasto
package environmecnt which faorablyr
controbs chemical toactiosu affecv tion
performance of the waste package.

(3) Bmacilt plaend I the ndiety ot d
facility shall be designed au a barrier..

(13 BackiW placed in the undergound
facility shall peform tb functins
assung n aticapated ehanges in the
geolog tc thVtin

(U) Beddll placed In the underround.
facilty Shal e the followiSg
functionsa

(A) t sha provde abarrier to
groundwater movement into and hrm
the underground facility.

B It shall reduce oreep deformaton
of the host rock that may adversely
affect (13 waste packge perfrmanc or
(2) the local hydrologIcal system.

(C) II shall reduce and control
groundwater movement within the
underground facility.

Ml it shall retard radionuclde
migration.

(Ii) Backfill placcIan the Uderound
facility shall be selced to allow r
adequate placement ard comnpactio in
undergon openings.

()Waste handUMn and explAoemeat
(1) The systems used for handling.

transporti. and emplacing radioactive
wastes shall be designed to have
positive, fail-safe designs to proted
workers and to prevent damage to
waste parkaega

(2) handling 3Pstems for
emplacement and retrieval operad"
shall be designed to minimize this
potential for operator err.

(k) Design ardMmdooia
11t nrou facility shall be

dese th predicted thermal
and thezrc-an ca response of the
rock will not drdeigniatly th1
performance of the repository ot the
ability of the natural ot n I
barriers to retard radlo d
migraion.

(2) The design of waste loading and
waste spacings shll take Into
considerstion-

()Effects of the desig of the
und Utmd facility on the thermal and
thermomechanical response of the host
rock and the groundwater syste

(C) Features of the host rock and
geologic setting that afedt the
thermomechanlcal responsaiw the
underground facility and barrier
including but not limited to, behvior
and deformatlonal characteristics of th
host rock, the presence of Insulating
layers, aquifers. faults, orientation of
bedding planes, and the presence of
discontinuities tn the host rock and

(ill) lhe extant to which fracturing of
the host rock is Influenced by cycles of
temperature Increas and dea-ase.
1 80133 DsIgn el aft afldi*i afV
shaft erJt barshas.

(a) S&aft des~m Shaht shullbe
designed so as not to reate ao
preferenial pthway for mirao o
groundwater and so as not to Inerease

eiting8 pathways

0
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f(b Shaft and borehole seals. Shaft
land borehole seals shall be designed so
that-

-t) Shafts and boreholes will be
sealed as soon as possible after they
have served their operational purposL

(2) Al the time of permanent closure
sealed shafts and boreholes will Inhibit
transport of radionclides to at least the
same degree as the undisturbed units of
rock through which the shafts or
borholes pass. In the case of soluble
rocks. the borehole and shaft seals shall
also be designed to prevent groundwater
circulation that would result in
dissolution.

(3) Contact between shaft and
borehole seals and the adjacent rock
does not become a preferential pathway
for water.

(4) Shaft and borehole seals can
accommodate potential variations of
stress. temperature. and moisture.

(5) The materials used to construct the
seals are appropriate in view of the
geochemistry of the rock and
groundwater system. anticipated
deformations of the rock. and other in
situ conditions.

(ci SAeft conveyances used h
-wdioactive waste handling.

(1) Shaft conveynces used to
transport radioactive materials shall be
tesigned to satisfy the requirements as
actset iorinz in160130 for systems
structures, and components important to
safety. - . *

(2) Hoists Important to safety shall be
designed to preclue cage free f

(3) Hoists importaat to safety shall be
desiged with a reliabe cage locato
system.

(4) Hoist loading and unloading *

systems shall be designed with a -
reliable system of interlocks that wl
rfa safety upon malfunction.

(5) Hoists important to safety ahall be
designed to include two independent
indicators to indicate whn waisi
packages are in place. grapped. and
ready for transfer.
j 6134 Constucton setflcatlaw for
surface end osurtacv Ialltm

(a) Ceneral equirement
Specifications for construction shall
conform to the objectives and technicd
requirements of 1160.30 through
60.133.

(b) Construction management
program The construction specifications
shall fadilitate the conduct of t
construhl ion maa gemtent prog ra tha
will ensure that construction activities
do not adversely affect the suitability of
the site to Isolate the waste or
jeopardize the Isolation capabilities of
the underground facility. boreholes.
shaft. and scals. and that the

underground facility is constructed as
designed. The

(cC ConMstructon tcor. Ile
construction specifications shall Include
requirements for the development of a
complete documented history of
reposltory construction This
documented history shall include at
lesst the following-

(23 Surveys of underground
excavations and shafts located via
readily identifiable surface features or
monumet -s

12) Matenals encounteie&. 1
(3) Geologic maps and geologic crss

sections;,
(4) Locations and amowdS of !eepage
(5) Details of equipment methods,

progress and sequence of work
(5) Construction problems;
(7) Anomalous conditon

encountered;
(8) Instrument locations. rtadij is and

analWys;
(9) Location and desription of

structural support systems;
(p0) Location and deslptlon of

dewateing systems and
Details, methodsoemplacement

andlocaiono dais 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 exis' pathways.

e) Coantra, of explosives. If explosives
are used the provisions of 30 CFR 57.
(Explosives) Issued by the Mine Safety
and Health Am;nstai, Depaylment
of Labor. shall be met. as inimum
safety requirements for storage. use and
transport at the geologic repository
operations aw

(I) Wte ofv. Tecntruto
secifcations dsal provide tht water

co red la vations shall be
removed to the surface and controlled in
accordance with design requirements for
radiation control and monitoring

(O) Waste handing and emplocement
'Ae construction specfications shall
proide for demonstration of the
efectiveness of handling equipment and
systems for emplacement and retrieval
-operations, under operating coaditionsa
Waste Package Requirements

* "n135 Rqutrements for aws
package ad Ias components.

(al Generalsrquirements of desigL
The design of the waste package shall
Include the following elementw

(1) Effect of the site on the waste
pockage. 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. oxidatlon/
reduction reactions. corrosion.
hydrfdir. gas generation, thermal
efects mechanical strength. mechanical
stress. radiolysls. ndiation damage.
radionuclide retaurtkstn. leaching. fire
and explosion hazards, thermal loads,
and synergistic interactions.
* (2) Effect of the waste ackpge on Ahe
anudergraundfoality anthDaraanl
barriers of the geoorgic settn. The
waste package shall be designed so that
the La situ chemicaL physical. and
nuclear properties of the waste package

*and Its nteractions wit~the -
emplacement environment do not
compromise the perfoansce of the
underroundt faciity or the geologic
setti. The den shal nclude but not
be limited to consideration of the:
following factors: solubility. oxidationl
reduction reactions, corrosion.
hydriding. gas generation, thermal
effects, mechanical strength. mechanics
stress. tdolysi radiation damage.
radlonuclide retardation. leachin~ firs
and explosion hazards. thermal loads
and synegistic Interactions

.(h Waste fom requirments.
Radioactive waste that Is emplaced in
the underground facility shall meet the
following requirements

(1) &idi Icatian. All such radloactiv
wastes s1 b1e in solid fo=m and place
In sealed containers.

(2) Consolidatio Particulate wasti
forms shall have been consolidated (fo
example. by Incorporation tnto an
ncpslating matrix) to limit the

avalablty uad geneti of

(p) Combusties. Al combustible
dioactlve wastes must have abeen

reduced to a noncombustible form
unless It can be demonstrated that a £
Involving a single package will neithv
compromise te integrity of other
packages, nor adversely affect any
safetyrlated structures, syse. or
components

(c) Wasteackage requirements. ni
waste package design shall meet the
following requirements:

(1) Explosive, pyrophoric. and
chemically reactive materials. The
waste package shall not contain
explosive or pyrophoric materials or
chemically reactive materials that co,
Interfere with operations in the
underground facility or compromise t
ability of the geologic repository to
satisfy the performance objectives.



Federal Register / Vol. 48. No. 130 / Wednesday. July 8 1981 I Proposed Rules � MM

12i Fire liquids. The waste package
shdll nol contain free liquids in an
amount that could Impair the structural
inegrity of waste package components
lbecaust of chemical Inte"Ictions or
ftirnation of pressurized vapor) at result
.a spillage and spread of contamination
in the e% ant of package perforation

(31 Handling. Waste packages shall be
dtisgned to maintain waste containmnent
during transportation. emplacement and
retrieval.

143 Unique identiicadtio. A label or
other mcans of Identification ShaD be
Pro rd for eackackage. The
identification *hal not impair the
inr grity of the package and shall be
applied in such a way that the
iurmation shall be legible at least to
the end of the retrievable storage period.
Fich package identification shall b
consistent with the package's permanent
wntte2 records.
Performance Confirmation
Requirements
* 60.137 General requirements for
performance confIrmatIon.

The geologic repository operations
-aE& shall be designed so as to permit

implemenltation of a performance
confgmalion progam that meets the
equiremens of Subpart F of this part.

Subpart F-Pertoranc Confmaton
jSM140 General rquirementa

(a) The erformance confirmation
program hal ascertain whether-

(1) Actual subsurface conditions
encountered and changes In those
conditions during construction and
waste emplacement operations are
within the limits assumed In the
licensing review: and

(2) Natural and engineered systems
and components required for repository
operation, or which are designed or
at:umed to operate as barriers after
permanent closure are functioning as
intended and anticipated. _

(bl The program shall have been
started during site characterization nd
it will continue until permanent closure

Ic) The program will include in situ
monitoring, laboratory and field testing
and in siltu experiments. as may be
appropriate to accomplish the objective
as stated above.

(d) The confirmation program shall be
implemented so that:

(1) It does not adversely affect Lte
natural and engineered elements of the
3eolotc repository.

121 It provides baseline Information
dnd analysis of that Information on
thoie parameters and natural processes

Pertaining to the geologic setting that

may be changed by site
characterization. construction. asd
operational activities.

(3) It monitors and analyzes changes
from the baseline condition of
parameters that could affect the
performance afa geologic repository.

(4) It provides an established plan for
Feedbaeck *nd analysis of data. and
Implementation of appropriate action.
I 3SC141 Confirmation of geotecnimd and
design parameters.

(a) During repository construction and
operation, a continuing program of
surveillance. measurement, testing. and
geologic mapping shall be conducted to
ensure that geotechnical and design
parameters are confirmed and to ensur
that appropriate action Is take* to
Wnform the Commission of changes
needed In design to accommodate actual
field conditions encountered.

(ob Subsurface conditions shall be
monitored and evaluated against design
assumptions

fo) As a minimum, measurements
shall be made of rock deformations and
di lacement. changes In rock stress
= strain. rate and location of water
Lnlow Into subsurfaceareai, changes in
groundwater conditions, rock pore water
pressures including those along
fractures and joints. and the thermal and
*thermomechanical response of the rock
miss as a result of development and
operations of the geologic reposito.

(d) These measurements and
observations shall be compared with the
original design bases and assumptios
If significant differences exist between
the measurements and observations and
the original design bases end
assumptions. the need for modificatIons
to the design or In construction methods
shall be determined and these
differences and the recommended
changes reported to the Commission.

le) In situ monltoring of the
thermomechanlcal response of the
underground facility shall be conducted
until permanent closure to ensure that
the performance of the natural and
engineering features -w within desip
limits.
1 60142 DeIgn tn

(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 thei waste
packages, backfill, rock, and
groundwater shall be conducted.

pl e testing shall be In~tated as
earlyrasls praccabi shal b f

cotnsbacted to test the effectivens of

backfill placement and compaction
procedures against design requirements
before permanent backfill placement Is
begun.

(d) Test sections shall be established
to test the effectiveness of borehole and
shaflt seals before full-scale operation
proceeds to seal boreholes and shafts.
I 6.43 Mointorin and testing waste

(a) A program shall be established at
the repository for monitoring the
condition of the waste packageLS
Paeckages chosen for the program shal
be representative of those to be
emplaced in the repository o

(b) Consistent with safe operation of
the repository. the environment of the
wkste packages selected for the waste
package monitoring program sh be
representative of the emplaced waste

(c) The waste package monitoring
program shall Include laboratory .
experiments which focus on the internal
condition of the waste padckag To the
extent practical. thk environment
esperienced by the emplaced waste
packages withi the repository drn
t waste padcage montorn prwa
hall be duplicted I the laboratory

experiments.
(d) The wacSte package monitoring

-programI shall continue as long u
practical up to the tie of peraet
cdosure

Subpart G-Ouallty Assuranc

60also Sce. .

(a)As used In this pat "quatit
assurance- comprises all those planned
and systematic actions necessery to
provide adequate confidence that the
repository and Its subsystems or
components will perform satisfactorily
in service.-

(6) Qualit y assurance Ia a
mutitdisciplnry system of management
control whic address uaety.
reliability. maintainability, perforzance.
and other technical disciplInes

I6M151 Applcablty.
it quality assurance poEgram

apples to al system, structures and
components Important to safety and to
activities which would prevent or
mitigate events that could cause an
undue risk tothe health and safety of
the public. These activities include
expoin site selecting. designing
bicat prcasinS. haidling.
ippng, storing. cleaning. erecti

Installing. emplacing Inspecting. testi
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operatffs maintianing. moltorigr4.
repairing. modifying. and
decommisslonlns Wg.
* 64152 bnGmettaX

DOE shall Implement a quality
assurance program based.on the citeria
of Appendix B of 10 CFR Part sO as
applicable. and appropriately
mupplemented by additional crita as
required by I GMISL

IgO.153 Cusuathystsrancia ,'
peflomancs e nmat

The quality cuu ce progam shal
Include the program of tests.
expenments and analyses essential to
achieving adequate confidence that the
emplaced wastes will remain isolated
from the accesaible environment.

SUbp2rt H-Tranin and Certation
ot Prsonne! , S

Operations that htae been Identified
as Important to sftety to tie Safety
Analysis Report and in the license shall
be performed only by traied and
certified personnel or by personnel
under the diect .... supenision olan
Individual with tratning and cerifiation.
In such oneratlon. SupervisoT.
personnel who dret operations that are
Important to safety must also be

* hsw operation
* 60a.111 Trsainhg aud crIfia~n

The DOE sbal establish a program or
* ratMIng proficiency testin& certificatio.
and requalification of operating and

' ' p'li: coitio nandt
.general bealth of persnel certified far
operations that are important to safety -'
shall not be uch as might cause
operational erros that cIld enda
the public health and safety. Any
condition which might came impaired
judgement or motor coordination MuIt
be considered In the selecton of
personnel for activities that are
important to safety. These oditdons
need not categorically dlsqualify a
person. so long as appropriate
provisions are made to accomodate md
defect.

Dated at Waddqca. D.C ItW za day of
July. MSM

* 5Ln.@ 134.U
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I. INTRODUCTION

In this discussion the staff will address a number of the major issues

raised by the commenters on the proposed technical criteria, although for

ease of presentation individual commenters are not identified in this

document. In particular, the report will address concerns about the basis

for numerical performance objectives (including requirements for multiple

barriers with both natural and engineered components) and for a

requirement to design for a retrievability option. Revised performance

objectives, including a requirement to provide a retrievability option,

as recommended by the staff, appear in Appendix I.

This chapter briefly delineates the authority of three federal agencies

in disposal of high-level radioactive wastes (HLW) -- the Nuclear

Regulatory Commission (NRC), the Department of Energy (DOE), and the

Environmental Protection Agency (EPA). Chapters II through V deal with

the nature of the high level waste problem, the function and description

of a deep geologic repository, and the sources of uncertainty in

predicting the performance of such a repository. Chapter VI discusses

the alternatives considered in selecting a regulatory approach and the

rationale for the approach selected. Chapter VII'describes the

anticipated routine long term performance of the repository, and its

relationship to numerical criteria for major barriers of the repository.

Chapter VIII describes two failure scenarios for long term repository

performance, and their relationship to the numerical criteria associated

with the major barriers. Chapter IX describes the rationale for requiring

the repository to be designed-for retrievability; that is, so that the

option to retrieve the wastes is preserved. Chapter IX also contains the

basis for the numerical value selected for the design period during which

the retrieval option is to be preserved.

0002.0.0
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Three Federal agencies have major roles in the national program for

disposal of high-level radioactive wastes. The EPA is responsible for

developing a generally applicable environmental standard which will serve

as the overall performance objective for releases from normal operations

involved in high-level waste disposal. The NRC will develop and issue

regulations which cover all aspects of high-level waste disposal, and

which will implement the EPA standard. The NRC will then consider

license applications for HLW disposal to determine whether the proposal

will conform to the regulation. The DOE has lead responsibility for

formulating national policy for disposal of HLW, and has determined that

national policy should focus on disposal of HLW in mined geologic

repositories (Ref. 1-1). Further, DOE is responsible for constructing

and operating a waste disposal facility in accordance with NRC

regulations.

Disposal of radioactive waste in a manner that will assure safety for-

many thousands of years represents a unique problem not previously dealt

with in other NRC or EPA standards. The NRC staff has considered several

approaches that might be applied to this unusual regulatory problem. The

remainder of this report provides the bases for the approach selected for

siting and design of the repository to assure effective long-term

isolation of the wastes.

II. NATURE OF THE HIGH-LEVEL WASTE PROBLEM

In this chapter we describe the types and quantities of high-level

wastes, and their properties, such as radioactivity and heat generation

rates, that could affect the design and performance of a HLW facility.

For perspective, we compare the hazard of the HLW, as a function of time,

with the hazard of the natural uranium ore that was mined to make the

fuel that produced the wastes. From these considerations we attempt to

0003.0.0
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draw some inferences about the relevant time periods for isolation of

HLW.

Types and Quantities of Wastes

HLW may be disposed of in two basic forms: spent fuel discharged from

nuclear power plants '(if it is disposed of as a waste), and the residue

resulting from reprocessing spent fuel for recovery of uranium and/or

plutonium.

Substantial quantities of HLW currently exist in the United States as a

result of both U.S. defense programs and commercial nuclear power

operations, and additional quantities of wastes are projected to-be

generated in the future by both programs. The amount of radioactivity in

defense wastes is less than 10% of that in the commercial wastes which

are expected to be generated by the time a repository is constructed and

in operation; the following discussion is therefore limited to commercial

waste inventories.' It should be recognized that defense wastes will add

a small but significant increment to the total NLW inventory, and that

commercial wastes represent an upper bound with respect to heat

generation rates and concentrations of radioactivity.

Commercial light-water reactors of the type currently in use in the U.S.

generate spent fuel at a' rate of about 35 metric tons of heavy metal

(MTHM) per GWe-yr* of electrical energy production.- Currently operating

G GWe-yr means the amount of electrical energy, in billions of watts,
produced in a year of continuous operation.

0004.0.0
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nuclear power plants have a generating capacity of about 55 GWe, and

additional plants which are planned or under construction could increase

the total generating capacity to about 130-150 GWe.

Depending on the rate at which new plants are placed in service, the

cumulative year 2000 inventory of spent fuel is likely to lie in the

range from about 45,000 to 72,000 MTHM* (Ref. 2-1), or about the capacity

of a single repository (Ref. 2-2). By the year 2040, 1 to 3 additional

repositories would be required depending on the growth rate of nuclear

power generation, whether or not the waste is reprocessed, and the

geologic media selected for disposal.

Waste Characteristics

As nuclear fuel is irradiated in a nuclear reactor, three types of

radioactive products are formed. Fission products are generated by

fissioning uranium and plutonium isotopes and, with a few exceptions, are

characterized by relatively short half-lives and low radiotoxicity.

Actinides are radionuclides with atomic numbers greater than 88, and

result from non-fission neutron absorptions in uranium. The actinides

typically have longer half-lives and higher radiotoxicities than the

fission products. Small quantities of additional radionuclides, called

activation products, are produced by neutron absorption in the structural

materials which support and contain the fuel in a reactor. The

activation products make only a minor contribution to the overall

radiotoxicity of HLW, and will not be discussed further.

t The small current inventories of-commercially generated reprocessing
wastes are insignificant.
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Figure 1 presents the radioactivity of pressurized water reactor (PWR)

spent fuel as a function of time after removal from a reactor, while

Figures 2 and 3 present the same information for the wastes which would
result from reprocessing the spent fuel from the uranium recycle and

mixed oxide fuel cycles, respectively.* (Figures 1-3 as well as

subsequent figures and tables in this chapter are all normalized on the

basis of one metric tonne of heavy metal (MTHM) initially charged to a

reactor.)

For each of the three waste types, 99.9% or more of the initial

radioactivity decays away within the first 1000 years, primarily because
of decay of Sr-9O, Cs-137 and other short-lived fission products. In all

three fuel cycles,-the fission product radioactivity decreases by 5
orders of magnitude during the first thousand years and then stays
relatively constant until about 100,000 years after disposal. Some of

the shorter-lived actinides such as Pu-238 also decay significantly

during the first 1000 years. -

Figures 4, 5 and 6 display the decay heat generation for spent fuel and

reprocessing wastes from these same fuel cycles. The rate at which heat
is generated by the waste decreases less rapidly than the total

radioactivity, but at least a 99% reduction in heat generation rate is

achieved within the first 1000 years for each of the waste types. Also,

in all three fuel cycles, the fission product decay heat generation rate

decreases by almost 6 orders of magnitude during the first 1000 years

*In the uranium recycle fuel cycle, it has been assumed that 99.5% of
the plutonium in spent fuel is recovered and placed in storage, while
the recovered uranium is returned to the fuel cycle. In the mixed oxide
fuel cycle, both plutonium and uranium are returned to the fuel cycle.
Reference 2-3 discusses additional assumptions.
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and stays relatively constant for the next 100,000 years.

The preceding discussion does not address the differing radiotoxicities

of the nuclides present in HLW. A rough estimate of the intrinsic hazard

of a radioactive waste material can be obtained by calculating the

"hazard index" or "untreated dilution index" (UDI) defined by:

UDI = I Qg

i MPC1

where Qi is the activity of nuclide i in the waste and MPC1 is the

concentration limit for the nuclide in effluents as presented in 10 CFR

20. This "untreated dilution index" then represents the quantity of

water (in cubic meters) which would be required to dilute the waste to

meet the effluent concentration limits of Part 20. Figures 7, 8 and 9

present this index as a function of time for spent fuel and reprocessing

wastes. These figures also include, for perspective, the "untreated

dilution index" for an equivalent amount of unmined uranium ore.

Recent revisions in the ICRP's recommendations for dosimetry calculations

(ref. 2-4) cause some significant changes in this measurement of the

relative hazard of HLW as a function of-time. This effect has been noted

recently in the scientific literature by a number of authors (ref. 2-5,

2-6 and 2-7). Revised curves, based on the more recent ICRP

recommendations (ICRP-30), are displayed in Figures 10, 11 and 12 for

spent fuel and reprocessing wastes. The most significant results of the

ICRP revisions are:

1) the hazard of some of the fission products (primarily Sr-90) is

reduced,

0007.0.0
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2) the hazard of several of the long-lived .actinides is increased

(especially Am-241, Am-243 and Np-237), and

3) the hazard of Ra-226 is reduced and, as a result, the hazard of the

original uranium ore is reduced.

The UDI curves of Figures 7-12 indicate that the toxicity decreases

substantially (90% - 99.9%) during the first 1000 years for all three

waste types and for both dosimetry approaches considered. Table 1 lists

the nuclides and their inventories which dominate the UDI curves using

the revised ICRP-30 calculational procedure.

The "untreated dilution index" can provide some perspective regarding the

intrinsic toxicity of a radioactive material, but is subject to the

following limitations:

o The UDI does not consider the physical or chemical form of the

radioactive material. Properties such as solubility or

leachability may significantly affect the true hazard to human

health.

o The location of the material and the pathways through which it

could reach humans are not considered. ~.

o There is considerable uncertainty inherent in the dosimetry

parameters upon which the UDI Is based, leading to considerable

uncertainty in the Index itself.

Despite these limitations, the UDI and the comparison with uranium ore

are useful in understanding the magnitude of the hazard associated with

HLW and how this hazard changes with time. In order to gain further
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TABLE 1 - Dominant Nuclides* in Spent Fuel

Nucli de
Curies/
MTHM

UDI (m3/
MTHM)

Percent
of Total

UDI

10 Years
Sr-so

Am-241

Cs-137

Pu-241

Pu-238

Cm-244

.6b. E4

1.7E3

8.6E4

8.OE4

2.2E3

1.4E3

n A 4 A 
. _

Z.UO1U

1. lEO

7.2E9

2.7E9

2.5E9

5.2::

43

24

16

6

5

1

1000 Years
Am-Z41

Pu-240

Pu-239

Np-237

Am-243

I-129

Tc-99

9.2'E2

4.4E2

3.2E2

1. OEO

1.6E1

3.8E-2

1.4E1

. _ A _ _

.1EI9

7.5E8

5. dE8

1.1E8

1.1E8

6.4E4

4.. _4

80 -__

10

7

1

1

100,00r' c-
Np-?.7

Pu-239

Ra-226

1-129

Tc-99

1.2EO

2.OE1

9.8E-1

3.8E-2

1.OE1

rs
1.E8

3.-4E7

4.7E6

6.4E4

3.3E4

I8

19

3

*Tc-99 ano 1-1Z9 are included because of their
systems.

mobility in geohydrologic
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understanding of the potential impacts of disposal of high level wastes,

it is necessary to consider the rate of releases of the radioactive

materials-from the location where the wastes are emplaced and the

physical and chemical processes that transport the radioactivity back to

parts of the environment where it can be contacted by humans. These rates

and processes are addressed in detail in the following chapters.

III FUNCTION OF A GEOLOGIC REPOSITORY

At present, national policy is focusing on disposal of HLW in mined

geologic repositories (ref. 3-1). The primary function of a mined

geologic repository is to isolate the waste so that only small quantities

of the wastes would return to the environment over such long times that

disposal would not constitute an unreasonable risk to public health and

safety. The principal mechanism by which radioactive material is

anticipated to be released to the environment from a geologic repository

is by contamination of groundwater (ref. 3-2) that contacts the emplaced

waste and transports the radioactive materials from the repository to

locations in the environment where they can be ingested or contacted by

humans. Thus, the assessment of how well a repository performs its

isolation function involves consideration of the time when groundwater

initially contacts the.waste, the rates at which groundwater can contact

the waste, the quantities and concentrations of radioactive materials

which may be transported away from the disposal'facility, and the rates

of transport of the radionuclides through the geologic, hydrologic and

geochemical systems to the accessible environment.

In order to emplace the wastes, the repository must be open for a period

of years during which.wastes would be received and handled in surface

facilities, transported to the underground facility and placed in

disposal locations. After this period of operation, the repository would

0009.0.0
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be sealed and permanently closed. Until the time of permanent closure,

handling of the radioactive materials would be carried out so that the

public and workers would be protected from excessive exposure to

radiation. The measures taken to protect the public and workers during

the pre-closure period would be similar to those taken for radiation

protection at other nuclear facilities and are not discussed further.

In light of the hazards of the radioactive materials in the HLW and the

time periods involved, the measures required to achieve successful

isolation of HLW are unique. As discussed in Chapter II, there are

substantial uncertainties involved in estimating the toxicity of the

waste material itself, and these uncertainties are compounded by

uncertainties in such factors as the release rate of wastes from a

repository and the pathways by which the wastes might reach the

environment. These uncertainties will be discussed in more detail in the

following chapters.

IV DESCRIPTION OF A GEOLOGIC REPOSITORY

A mined geologic repository is a facility which achieves Isolation

(limiting the rate of waste release to the accessible environment to

acceptable levels) by means of two major subsystems. These are the

geologic setting itself, which is selected for-geologic, hydrologic and

geochemical attributes which can contribute to isolation; and the

engineered system consisting principally of waste packages and materials

used to backfill and seal the underground facility, boreholes and shafts.

The geologic setting and the engineered system differ both in their

contributions to isolation and in the degree of confidence which can be

placed on predictions of their long-term performance. Any mined geologic

repository will contain some combination of these engineered and natural

barriers which together must provide isolation. This is commonly called

0010.0.0
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the multiple-barrier or the defense-in-depth approach. A major issue the

Commission has had to deal with in promulgating technical criteria for

geologic disposal of HLI Is "how do the components of these two

subsystems contribute to isolation and what confidence can be placed on

their relative contributions to overall system performance?" To answer

this question, the staff considered what the respective contributions of

the geologic setting and the engineered system to overall performance

should be so that the Commission can determine that there is reasonable

assurance that a particular repository can isolate wastes.

ENGINEERED BARRIER SYSTEM

As currently envisioned by DOE in its GEIS on Commercial Waste Management

(Ref.' 4-1), wastes placed in a geologic repository will be in solid form

and will be in a container or canister which, as a minimum, is needed to

facilitate shipping and handling. Packages can be made of long-lived

corrosion 'resistant materials, and special low permeability and absorbent

materials can be placed around the canisters and in the underground

facility to contribute to isolation. In fact DOE, in its GEIS, states

that one of the functions of the waste package is to contain the waste

for periods sufficient to allow most of the fission products to decay to

very low levels. This action protects the waste from groundwater contact

until the temperature and radiation levels have decreased to the point

where technically supportable predictions of radionuclide release rates

to the host rock can be made. It is expected that, at the end of

repository decommissioning, the underground facility will have been

backfilled and the boreholes and shafts which connect the underground

facility with the ground surface will have been sealed with low

permeability materials. The combination of waste packages and the

underground facility we have called the engineered barrier system. The

engineered barrier system can contribute to isolation first by

0011.0.0
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controlling the release rate of radioactive materials to the geologic

setting, thereby reducing the contribution which the geologic setting

must make, and second, by providing a source of isolation which is

relatively independent of the geologic setting and which can therefore

mitigate the consequences of unforeseen failure of that setting.

This control of the source term can be achieved in several ways. First,

the engineered barrier system can be designed of materials that limit the

rate at which groundwater can contact the wastes. Second, the waste form

itself can be comprised of, or encapsulated in, leach resistant

materials. Third, materials which can retard migration once leaching has

occurred can be placed in the underground facility and around the

canisters to further control release of radioactive materials to the

geologic setting.

One means by which waste-groundwater contact can be limited is by

containment. In this context, containment means confining the wastes

within a sealed boundary, such as a metal or ceramic container or

canister, to protect the waste form from groundwater and to delay the

onset of leaching and migration until the containment boundary is

breached. Such a container can protect the waste form from water during

the period when radiation and temperatures are high and release rate

predictions are difficult. Even after an initial breach of a canister,

which may only be a small pinhole or crack, the waste package may

continue to contribute substantially to control of release for decades or

centuries by limiting the amount of water which may contact the waste

form.

Use of a long lived package to achieve containment is a means, therefore,

to compensate for, and to an extent avoid, uncertainties in the

prediction of rates of release and migration of the individual
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radionuclides, particularly during the critical period when the hazard of

the wastes is greatest and the heat generation rates are the highest.

This is important, because, as explained in Chapter VY temperature is one

of the principal factors in calculating what the source term to the

geologic setting is. During this critical period the uncertainties in

predicting release rates for long times are very great. Even If we did

understand the mechanisms completely, the data scatter increases with

temperature so that test programs to gather the data to narrow the

uncertainties to reasonable bounds are very cumbersome (Ref.4-2).

THE GEOLOGIC SETTING

Following release of the radioactive materials from the engineered

barrier system, the geologic setting alone must provide whatever

additional isolation is needed to keep radioactive materials entering the

accessible environment to acceptable levels. The geologic setting can

provide the needed isolation by two principal means. First, the geologic

setting can exhibit hydrologic conditions and be comprised of materials

whose properties result in low groundwater velocities and long

groundwater travel times to the accessible environment. Second, the

geologic setting can be comprised of materials that chemically inhibit

transport of radionuclides by groundwater by,..for example, ion-exchange

or precipitation reactions. The objective is for the geologic setting,

through long groundwater travel times and geochemical retardation, to

delay the arrival time of radionuclides at the accessible environment for

many thousands of years. During this time additional radioactive decay

will take place, so that only a small fraction of the material released

from the engineered barrier system will enter the accessible environment,

and then only very far in the future.
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V. UNCERTAINTIES ASSOCIATED WITH GEOLOGIC DISPOSAL OF HIGH-LEVEL

RADIOACTIVE WASTES

In the two previous chapters we discussed the function of geologic

disposal of HLW (Chapter III) and gave a brief description of current

concepts for a geologic repository (Chapter IV). Assessments of the

long-term performance of such a HLW repository require the use of

quantitative models, and substantial uncertainties are associated with

both the models themselves and with the input data necessary for their.

use. In this chapter we discuss the uncertainties associated with

long-term performance assessments, the effects of those uncertainties on

the confidence that can be placed in such assessments, and the means by

which these uncertainties may be reduced or compensated for.

In section 1 of this chapter, we begin by reviewing the functions of

engineered barriers for isolating HLW, noting specific processes which

control or determine these functions. For each process, we cite 1) the

properties important in the process, 2) the methods available to measure

those properties, 3) ways to determine whether the function is achieved,

and 4) the uncertainties associated with those determinations. In

section 2, we treat the key elements of the geologic setting in a similar

manner. Finally, we discuss the implications of the uncertainties with

respect to confidence that the wastes will continue to remain isolated

long into the future.

The specific processes discussed are chosen to follow current concepts of

a geologic repository. A canister containing a leach-resistant waste

form is emplaced within a backfilled underground facility. Hence, in

section 1 we discuss the engineering by focusing upon the containment

properties of a canister, leach properties of waste forms, and

sorption/chemical/mechanical properties of backfill. The processes
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discussed (corrosion, leaching, etc.) would be relevant to any

engineering scheme which might be proposed to control release of

radionuclides to the geologic setting. Similarly, groundwater flow,

geochemical retardation, and the general suitability of a location to

host a geologic repository are discussed in section 2.

1. Uncertainties in the control of radionuclide release to the geologic

setting through engineering.

If an engineered barrier system is used to control the release of

radionuclides-to the geologic setting by methods such as containing the

wastes for some period or controlling the rate at which the nuclides are

released, then therelmust be some level of confidence that the materials

will perform as planned. This section discusses those processes which

determine how engineered materials will behave and affect containment or

release of radionuclides, methods for determining and projecting the

performance of engineered materials and the uncertainties associated with

projecting barrier performance.

To assess the performance of barrier materials is is necessary to

understand the environment which they experience, as altered by the

effects of these materials on that environment. The central feature of

the environment-will be groundwater, whose naturally occurring properties

such as chemistry and temperature will be altered by thermal and

.radiation effects of the waste, as well as by chemical interactions with

the barrier materials. The complexity of these interactions will result

in an uncertainty in the understanding of the environment experienced by

the barrier materials which will-contribute to the uncertainties in the

prediction of their performance.
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a) Leach-resistant waste forms

(i) Properties

Leach-resistant waste forms can control releases of radionuclides to the

geologic setting in two ways. First, the rate at which nuclides are

released can be reduced, reducing nuclide concentrations in groundwater.

Second, retention of radionuclides in the waste form allows time for

decay, reducing the total quantity of radioactivity ultimately released

to the geologic setting.

Leaching will depend on parameters associated with the ground (or

repository) water contacting the waste form, such as composition, pH and

Eh; parameters pertinent to the waste form itself, such as surface area

and structure; and parameters which affect properties of both the water

and the waste form, such as temperature and radiation. (Ref. 5-1, 5-2 and

5-3).

(ii) Determination of leach rate

Leaching of a waste form by groundwater is a very complex process. There

is as yet no rigorous, well determined rate expression available to

describe the leaching of a waste form and its dependence on all the

physical, chemical and geometric properties that are known to affect it.

Moreover, much of the data available indicate a complex interplay between

leach rates and parameters such as pH, Eh, flow rates, leachant chemistry

and how these parameters may change with temperature. As a result the

models presently available to estimate the rate of leaching generally

reflect empirical correlations rather than theoretical principles.

Experimental measurements can be conducted under conditions intended to

represent the expected leaching environment (Ref. 5-4 and 5-5).
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Controlled perturbations of leach rate experiments may lead to a broader

understanding of fundamental leach rate phenomena (e.g., the influence of

temperature and pH on leaching) and, in principle, can aid in the

development of and improve the validity of the models. However, in all

cases, predictions of long term performance will be based on the results

of tests and analyses of those results. From such analyses, it is known

that certain parameters such as temperature and radiation alter the

measured leach rates significantly (Ref. 5-6 and 5-7). As the temperature

increases the mechanism of leaching may change, the nature of the

leaching medium may change, and the ability to precisely and reproducibly

determine the leach rate may be hampered. Radiation will alter

characteristics of the leaching medium, such as, its pH (Ref. 5-8), and

thus will alter measured leach rates. The combined effects of increased

temperature and radiation can potentially increase the uncertainties in

the leach performance of the waste form to a point where they may not

easily be quantifiable.

Further, there will always remain the question as to whether the

conditions by which leach rates are determined in the laboratory are the

same as those which will be encountered by the waste form in the

repository. Uncertainties in measurements of current geologic

characteristics C e.g., flow rates) and, particularly, in predictions of

future geologic conditions, place limits on the reliability of long-term

leaching extrapolations.

(iii) Implications

Several conditions must be met if a leach resistant waste form is to

serve as a major barrier to waste release:
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1) The influence of significant parameters (e.g., temperature,

groundwater chemistry) must be thoroughly investigated. An

understanding of the influence of these parameters may require that

the waste form be contained to prevent the initiation of leaching

until temperature and radiation levels are low enough that a greater

degree of confidence can be placed on the long term leach behavior.

2) Predictions of the repository environment far into the future must

be bounded, including changes in the environment between closure and

resaturation of the underground facility. Such predictions need not

be precise, but the bounds must lie within the range of conditions

for which the waste form has been experimentally tested.

3) Manufacturing quality control must be adequate to assure that the

properties of "production line" waste forms do not deviate

significantly from the properties of the waste forms evaluated in

the laboratory.

If these conditions are met, leach rates may be extrapolated with less

uncertainty. Furthermore, long-term leach rates can probably be

predicted with more confidence than can near-term leach rates because of

the elevated temperature conditions shortly after waste emplacement. A

low leach rate waste form can therefore serve as a high performance

engineered barrier over the long-term after thermal and radiation effects

have decreased. The level of confidence would probably be lower in the

short-term (hundreds of years) when elevated temperatures and radiation

may cause extreme repository conditions.

The waste form testing, groundwater measurement and manufacturing quality

control conditions discussed above seem reasonable in light of the degree

of confidence which could be placed on a low-leach rate waste form as an
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engineered barrier. A numerical limit for the leach rate to be achieved

by such a waste form will be discussed in a later chapter.

(b) Canister

(i) Properties

The use of a canister to contain the wastes Ba-means which can overcome

some of the difficulties with predicting leach ratezand;radionuclide

sorption (to be discussed in section (c))-at the elevated temperatures

and radiation levels likely to be present during the first few centuries

following closure. Containment can delay the-onset of the leaching

process until temperatures have fallen to a level where the leach rite is

predictable with a higher degree of confidence._

The mechanism of containment functions not so much to keep wastes within

a specified volume, (e.g., the canister) but to keep the groundwater from

contacting the waste-form until temperature and radiation levels are

within the range where laboratory data can be relied on to predict long

term performance with reasonable assurance. Hence, the process of

concern is deterioration of the canister.- Some of the physical and

chemical parameters which determine corrosion rates are the same as those

which determine leach rates. Principal among these are groundwater

chemistries (Eh, pH chemical composition), temperature and radiation

(Ref. 5-9).

(it) Determination of expected containment time.

Actual containment time can not be observed directly because of the long

periods involved. Rather, the expected containment, time must be inferred

from extrapolation of experiments, noting both the modes and rates of
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deterioration and failure. Typically, specimens of the material to be

used, including weldments, will be subjected to conditions simulating the

groundwater and, possibly, the radiation environment expected to be

present.

(iii) Implications

The p--cipal advantage of containment is that it permits the system to

be simplified by separating the waste from the groundwater until such

time as temperature and radiation effects decrease to where laboratory

tests can better simulate repository conditions.

Container degradation or failure can be experimentally measured over a

wide rarnge of anticipated repository conditions (e.g., typical

repository water chemistries, temperatures and radiation fields). As

with leaching from a waste form, corrosion of a metallic barrier is a

complex kinetic process and may be difficult to predict. At higher

temperatures, new m; hanisms may arise and the uncertainties in the data

may increase. Howetv-, failure rates for some processes, or the

conditions under wh`::h a specific process can cause failure, may be

investigated. Failure rates under the range of conditions expected in

the repos4tory can be estimated and their accompanying uncertainties

bounded. These can then be used to assess the performance of canister

materials and to bound the confidence in that assessment.

The conditions previously discussed for leach rate predictions

(predictions of groundwater conditions, testing that bounds these

conditions, and manufacturing quality control) also apply to containment

time predictions. If these con: tions are met, containment times may be

extrapolated with confidence. A numerical limit for the containment time

to be achieved will be discussed in a later chapter.
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(c) Backfill

(i) Properties

Backfill materials can serve a number of purposes. They can retard

migration from the underground facility of radionuclides leached from the

waste form, can condition groundwater within the underground facility

both to slow corrosion of canisters and to lower leach rates, and can

physically limit the rate of groundwater contact with a canister or waste

form (Ref. 5-10). The chemical, thermal, and mechanical (physical)

properties of the backfill and its interaction with the groundwater

determine its performance. When groundwater interacts with a canister or

a waste form, the chemical composition of the resultant solutions must be

considered if backfill is used to retard radionuclide migration, limit

leach rates or reduce solubility limits. Further, for backfill to be a

useful agent for conditioning groundwater or retarding radlonuclide

movement it must contact the groundwater effectively. That is, the

backfill must be emplaced in such a way that there are no extensive voids

or channels that would permit the groundwater to bypass the backfill

materials. In addition, the backfill must be able to perform its

function in the changing thermal, chemical, and radiation environment of

the repository.

(ii) Determination of backfill performance

Standard engineering tests for compaction, permeability, homogeneity, and

gradation can be performed on backfill emplaced within an underground

facility to assure the proper mechanical properties for its intended

function. Groundwater conditioning and radionuclide retardation

properties can be determined by laboratory tests which focus on the

chemical properties of the backfill. Backfill materials can be tested in
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the laboratory and in-situ to determine their behavior in the repository

environment (Ref. 5-11 and 5-12).

(iii) Implications

The functions of a backfill material can be considered to be of two basic

types:

(1) An adjunct to other barriers. A backfill can condition groundwater

to help control containment times and leach rates, and can limit the

rate of groundwater contact with a canister or waste form.

(2) A barrier in its own right. A backfill can retard movement of

nuclides away from their location of emplacement.

The uncertainty in the performance of a backfill material probably cannot

be quantified very precisely. Rather, the backfill serves largely to

reduce the uncertainty in the performance of the other barriers. (For

example, by controlling the pH of the groundwater, uncertainty in the

corrosion rate of a canister may be reduced.) The backfill can,

nevertheless, serve an important function in overall repository

performance, and can be instrumental in predicting the performance of the

other engineered barriers. -

2. Uncertainties with respect to transport of radionuclides through the

geologic setting.

Regardless of the extent to which engineering is used to contain wastes

or control the release of radionuclides, the geologic setting determines

the environment in which the engineering must perform its intended

function. Hence, the geologic setting must be characterized, measured,
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and understood at least with respect to the design parameters of the

engineering. Moreover, to the extent that the geologic setting is used

to isolate the wastes from the accessible environment, or that it is

relied upon to mitigate the consequences of premature or unanticipated

failure of the engineering, it must be characterized, measured, and

understood with respect to its ability to control the movement of

radionuclides to the accessible environment. In this section we discuss

the parameters which describe the processes and characteristics of the

geologic setting relevant to the functions described above.

(a) Groundwater Hydrology

(I) Properties

The groundwater is the likely means by which radionuclides would be

transported from a geologic repository to the accessible environment.

Hence a long groundwater flow time between the underground facility and

the accessible environment is a highly favorable condition for waste

isolation. Further, our confidence in the ability of a geologic

repository to isolate wastes is directly dependent upon an understanding

of the groundwater at the location of the repository. The

characteristics by which we describe the groundwater flow through porous

media typically are those by which any fluid system is described:

gradient, porosity, permeability, temperature, density, viscosity, and

the geometry of the system. For flow in fractured media, an effective

porosity and an effective permeability can be developed based on average

fracture size and length and the porosity and permeability of the

unfractured rock. (The chemical properties of the groundwater also are

important to the design of the engineering used to contribute to the

isolation of the wastes. The measurements of the chemical properties
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relevant to engineering, and their associated uncertainties were

discussed in the previous section.)

(ii) Determination of groundwater flow

The hydraulic properties of the groundwater system particularly important

to isolation of radioactive wastes are related to groundwater flow (rate,

quantity, direction, and, in the saturated zone, time for resaturation of

the underground facility). Groundwater flow can be measured directly for

simple, fast-moving aquifers. However, the underground facility is

likely to be constructed in an aquitard or aquiclude, and nearby aquifers

are likely to be very slow flowing, and may be complex and fractured.

Such slow flow or complex heterogeneous conditions make direct

measurement of groundwater flow difficult. Fluid systems models that

incorporate the properties described in the preceding section can be used

in place of direct measurement to estimate groundwater flow. Such models

have been developed, but have not been validated, for estimating

groundwater flow in the slow-flow conditions expected in the stratum in

which an underground facility would be constructed. Moreover

fracture-flow will likely be of importance in many host rocks, but the

development of fracture-flow models is in its infancy and the utility of

these models for predictive purposes has not yet been demonstrated (Ref.

5-13 through 5-16).

Groundwater dating is an alternative to direct measurement for estimating

groundwater flow, and does not require measurement of all the properties

which determine groundwater flow. Hence, groundwater dating can provide

a semi-independent check on groundwater flow estimates (Ref. 5-17).

Groundwater dating involves uncertainties which are potentially

important, however. Among these are uncertainties in initial isotope

ratios, chemical or physical processes which could alter isotope ratios
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or concentrations along the flow-path, and mixing with groundwaters from

other sources between measurement locations. At present, groundwater

dating techniques applicable to waste repositories are mostly in the

early stages of development, except for methods using C-14 (Ref. 5-18).

(iii) Implications

Some of the uncertainties associated with estimates of groundwater flow

for repository performance can be assessed quantitatively by means of

parameter sensitivity analyses and statistical sampling techniques (Ref.

5-19, 5-20 and 5-21). However, the utility of uncertainties estimated in

this way is limited with regard to actual flow at a repository site for

several reasons. Validation is lacking for flow estimates under

slow-flow and fracture-flow conditions. Also, the models used to make

the estimates may not properly account for (1) the diverse and

heterogeneous geologic environments which are likely to be encountered

over the distance of groundwater travel from where the wastes are

emplaced to the accessible environment, and (2) the effects of natural

geologic processes, as well as the thermomechanical perturbations caused

by the wastes themselves, which may significantly.alter groundwater flow

patterns over the time period required for waste isolation.

(b) Geochemistry

(i) Properties

Favorable geochemistry would tend to retard the movement of radionuclides

with the groundwater. The movement of radionuclides typically is

described by the groundwater flow rate and the empirical retardation

factor. The latter is a shorthand for the complex geochemical processes

which affect radionuclide transport in groundwater. The retardation
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factor is described in terms of characteristics of the geologic medium

(e.g., bulk density and porosity for porous-medium flow) and the

equilibrium distribution coefficient, Kd, which accounts for the chemical

interactions among a radionuclide, the constituents of the groundwater,

and the host rock/aquifer of concern.

Solubility limits may also be important, particularly for the actinide

elements. If the rate of groundwater contact with a waste form is very

low (e.g., because of favorable backfill material properties), or if the

solubility limit of an element is very low, the apparent "leach rate" of

a waste form will be reduced independent of the inherent leaching

characteristics of that material. Solubility limits are dependent

primarily on the groundwater chemistry (for a given element). Thus, a

combination of a favorable groundwater chemistry and a low rate of

groundwater contact with a waste form (e.g., good backfill properties)

could substantially reduce nuclide dissolution rates from a waste form.

(ii) Determination of geochemistry conditions

The relevant processes and considerations which must be measured or

inferred to understand and predict geochemical retardation of

radionuclides include, among others, precipitation/dissolution

(controlled by solubility), the chemical forms of nuclides in solution,

sorption/desorption interactions, and colloid transport and

ultrafiltration. Generally, the limiting geochemical processes are

chemical complexing (which determines species present in the

groundwater), and precipitation and sorption/desorption (which affect the

amounts of radionuclides dissolved in groundwater).

Laboratory tests can be used to estimate maximum solubilities, and field

measurements can be made to verify laboratory measurements. Similarly,
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laboratory measurements can be used to determine sorption/desorption

properties. However, the relevance of laboratory measurements to actual

field conditions is only beginning to be investigated. This area must be

considered to be very speculative.

Theoretical geochemical models have recently been developed to

investigate element speciation in realistic geochemical environments.

(Ref. 5-22 and 5-23). However, the requisite field data and

thermodynamic data, particularly for transuranic elements, are difficult

to obtain. Most of the available thermodynamic data are at a temperature

of 250C and standard atmospheric pressure, and need to be adjusted to

expected repository conditions (Ref. 5-24). Experiments at elevated

temperatures are being conducted (Ref. 5-25). In addition, the models

involve important assumptions, such as that of chemical equilibrium,

which may be unrealistic if the spatial variation in geochemical

properties of the geologic setting is severe. Finally, theoretical

models do not yet incoporate kinetic effects in the predictions of

element speciation, nor do they relate speciation to predictions of

retardation in groundwater transport. At present, theoretical

geochemical modeling probably cannot provide an adequate substitute for

empirical data approximating projected anticipated repository conditions,

especially for elements such as Pu, Np, U, and Tc, whose mobility

characteristics depend strongly on geochemistry (Ref. 5-26).

(iii) Implications

A large body of experimental data on solubilities and Kd's has been

obtained for many of the important radionuclides in HLW (Ref. 5-27 and

5-28). However, serious questions have been raised about the relevance

of Kd's to observed retardation effects, and about the ability to measure

and to predict the in situ conditions which must be known to reduce the
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uncertainties associated with both solubilities and kd's to tractable

levels (Ref. 5-29). Estimates of solubilities and Kdas and the

uncertainties associated with them have been made for the geologic media

of interest to the national program (Ref. 5-30) and are used in the

calculations appearing in Chapters VII and VIII of this document.

(c) Geologic Environment

(i) Properties

The characteristics customarily used to describe the geologic environment

relate to its mechanical and thermal properties, its mineralogy, and its

geologic structure. The processes which affect these characteristics

include climatic changes, surface erosion/deposition, diagenesis, and

tectonic processes such as uplift, subsidence, folding, and faulting.

(ii) Characterization of the geologic environment

Geologic characteristics, i.e., both the present thermal, mechanical,

chemical, etc., properties of a given location and the geologic processes

anticipated to be operating there now and in the future, are essential

not only for understanding factors relevant to transport of wastes by

groundwater, but also for confidence in the performance of any

engineering over the long term. Not only must the present conditions be

favorable for those functions, but also there must be some assurance that

the processes expected in the future at the location will have no

significant adverse effect. That is, the processes and events which occur

at this location either 1) leave the relevant characteristics unchanged, or

2) change them in a way that allows confident predictions of no adverse

consequence to the isolation of the wastes. Measurements can be made of

the mechanical and thermal properties, mineralogy, and structure of a
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particular location, although complexity of a location and spatial

inhomogeneity add to the difficulty of interpreting the results of such

measurements. The existence of past geologic processes are evidenced by

the geologic record. Inferences are made from that evidence as to the

likelihood of continued or renewed activity of those processes.

(iii) Implications

Uncertainties in our understanding of the present state of a geologic

environment result from the potentially complex spatial variations in

pressure, structure, and mineralogy. In order to reduce uncertainties,

field data can be collected employing sample sizes and spacings of

sampling locations which match the scale of important inhomogeneities in

the location. Some uncertainties are quantifiable, e.g., those

associated with the extrapolations and interpolations based on field data

which are numerical and, thus, are subject to statistical analyses (Ref.

5-31). The magnitude and significance of these uncertainties are site

specific.

The predictions as to which geologic processes are likely to be active

into the future and which events are likely to occur are based primarily

on interpretations and-temporal extrapolations of the geologic record.

Significant uncertainties may result from the incompleteness or possible

misinterpretation of the geologic record. Predictions based on the

geologic record are inherently judgmental, particularly for discrete

events at specific locations. Nonetheless, the geologic record can be

used to estimate bounds for the future effects of anticipated geologic

processes and events.: At locations which have exhibited little change

since the beginning of the Quaternary, the numerical uncertainties in

quantitatively predicting the effect of geologic processes on repository

performance are likely to be unimportant for time periods of about 104
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years or less, but may become significant for longer times (Ref. 5-32).

However, there is always a residual uncertainty as to whether a process

or event might occur which is not expected or considered likely on the

basis of the geologic record and which will cause the engineering to

fail.

Thermal and mechanical perturbations of the natural geologic environment

caused by development and operation of a repository and emplacement of

wastes also need to be taken into account in determining the suitability

of a location for waste disposal (Ref. 5-33). For about the first 103

years, when the decay heat generated in the waste is most important, and

decreasingly thereafter,it is likely that the thermal perturbations will

have important effects in the rock in close proximity to where the wastes.

are emplaced. In principle, uncertainties associated with predicting the

post-closure effects of thermal field and mechanical perturbations (e.g.,

in salt) are quantifiable on the basis of field tests. Testing is

difficult, however, both because of the long time period over which the

decay heat is significant and because the physical size and layout of a

test facility should simulate expected repository conditions.

3. Assessment of performance over long periods of time

In the previous sections we discussed the properties by.which engineered

and geologic systems could contribute to isolation of radioactive wastes.

We also discussed the kinds of measurements and experiments needed to

conclude that those systems would perform the various functions that

might be attributed to them. Finally, we discussed the uncertainties

associated with those measurements and experiments and touched upon the

implications of those uncertainties with respect to confidence in the

isolation of high-leve' radioactive wastes.
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From the preceding discussions of this chapter it is seen that, of the

uncertainties which affect confidence in geologic disposal of HLW, the

most common and most easily accommodated is measurement uncertainty.

There are, of course, practical limitations to the accuracy and precision

of measurements of the relevant properties, especially field measurements

of the geologic setting in which a repository might be located. Yet,

measurement uncertainty is quantifiable and amenable to statistical

analyses. Not only the values of properties deemed relevant can be

known, but also some quantitative statement can be made as to how well

those values are known.

Mathematical models must figure prominently in any assessment of the

long-term performance of a HLW repository since there will be no

opportunity to observe actual repository performance prior to licensing.

The reliability of the predictions of these models is limited by the

reliability of the input data to these models and by the reliability of

the models themselves. The geologic sciences are far from being

precisely predictive and, as a result, the models and most of the

geological data upon which they rely are subject to sizeable

uncertainties. These uncertainties could make repository licensing

problematical for the Commission unless adequate compensating measures

are employed.- Engineered barriers can, as the preceeding paragraphs

indicate, substantially reduce and compensate for these uncertainties.

Some engineered barriers, e.g., waste forms, can reduce uncertainties by

reducing the source term which the geologic environment must control.

Other engineered barriers, such as canisters, can reduce uncertainties by

preventing contact between the waste form and the groundwater until the

temperature and radiation levels are low enough that the mechanisms

controlling radionuclide releases to the geologic setting are understood

and the data scatter in measuring and predicting these releases is

reduced to tractable levels. Additional engineered barriers, such as
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backfill materials, can compensate for uncertainties in ways which may be

largely qualitative, but which will nevertheless lend confidence to a

decision on overall repository performance.

In a complementary manne;., the geologic setting will compensate for

uncertainties in the performance of the enc` -ered barrier system. A

minimum groundwater trave` time can provide quantifiable compensation for

premature failure of or - cessive early releases from the waste package

and unde-ground facility. Siting criteria addressing resources can

reduce - e liklihood of inadvertant intrusion into the engineered

barriers system. Overall, this element of redundancy of barriers is

expected to play a significant role in any Commission decision to license

a HLW repository.

The specific con' butions which individual barriers can make to overall

reposit performance ard to reductions in uncertainty, are discussed in

more detail in subsequent chapters.

VI. IMPACT OF UNCERTAINTIES ON REGULVTIONS FOR GEOLOGIC OISPOSAL OF HLW

1. Regulatory policy

If we examine again the implications of uncertainties (discussed in

Chapter V) 7--ociatedi with determining whether the engineered and natural

barrier sys- -Is will function as desired as components of a geologic

repository, we see that none is free from the uncertainties discussed

above. 7urther, no matter how good the design or how excellent the site,

and no matter how prec-se and accurate the neasurements and observations

of the components of the repository, the best that can be known is the

state of the repository'at the time the Commission must decide whether to

allow closure. The state of the repository beyond that decision point is

0032.0.0



* J s

1OCFR60 Rationale - 6/30/82 46

an inference. While it is conceivable that the DOE could develop a

design that does not require anything of the geology other than to

provide a location, or could choose a site so good that no engineered

barriers would be needed, there will be no opportunity to see the

engineering or the site work under all the anticipated conditions, or to

observe whether the actual conditions are those for which the engineering

is designed or the site selected. Further, there is always the

uncertainty as to whether processes and events not anticipated in the

design or not expected to occur at the site will indeed occur, and fail

the repository.

Faced with this same type of uncertainty for other licensing decisions in

the past, although not to the same degree, the Commission has applied a

policy of multiple protective systems. This is commonly known as the

defense-in-depth approach. In the case of geologic disposal of HLW, this

policy would be realized as a requirement that the site and the

engineering share in the task of isolating the wastes. Moreover, no one

who has been involved in the formulation of national policy for the

disposal of HLW, including the DOE, the USGS, the EPA, and the

Interagency Review Group on the management of radioactive wastes has

suggested exclusive reliance on either geology or engineering for

isolation of HLW. The reasoning behind the implementation of the

Commission's policy and its advantages for licensing geologic disposal of

HLW are discussed below.

First, requiring both engineering and geology to contribute to isolation

can be used to limit the consequences of an unanticipated process or

event, which could cause failure of one barrier to properly perform its

isolation function. Since the Commission will need to make a judgement

as to whether it has reasonable assurance that the public health and

safety suffers no unreasonable risk from permitting disposal of HLW
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within a repository in the absence of any experience and proof-testing,

the knowledge that mechanisms are in place which limit the consequences

of partial failure will add to confidence in that judgement, despite the

knowledge that unanticipated processes and events could occur. Further,

since some of the functions of the engineering and the site operate by

different mechanisms (e.g., groundwater flow and canister corrosion),

requiring DOE to use both in a repository provides multiplicity in the

methods by which safety is provided. Although one can never be sure that

all eventualities have been addressed, viewing possible failure

modes/mechanisms from more than one perspective adds confidence that

nothing major has been overlooked.

Finally, although isolation of wastes through engineering or geology

involves many of the same properties, and indeed in some instances

involves similar processes (e.g., both containment of wastes by a waste

package and retardation of radionuclides by the geochemistry of the

geologic setting could rely on sorption of radionuclides suspended in

groundwater), the major contributors to uncertainty for each arise from

different considerations. For example, poor correspondence between

laboratory and field measurements has resulted in considerable

uncertainty associated with retardation factors for the geologic setting.

In the case of material incorporated in the waste package to retard

radionuclides, the retardation factors can-be measured to relatively

small amounts of statistical uncertainty. Hence, to the extent, and over

the times, that we can rely on waste packages to contain radionuclides,

the uncertainties associated with retardation by the geology are less

important. On the other hand, as time progresses our confidence in the

waste package's continued performance diminishes. However, the long

history of geologic conditions provided by the geologic record permits

more confident evaluation of the ability of the location to maintain some

level of retardation of radionuclides into the future. Hence confidence
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in the geologic record compensates for the uncertainty in the

survivability of engineering, while confidence in containment for an

initial period compensates for uncertainty in geochemical retardation.

2. Numerical requirements

Numerical specification of the contribution to isolation to be made by

the site and by the engineering should be consistent with both the

standard to be met (the generally applicable standard for radiation in

the environment from the disposal of HLW), and whatever the Commission

regards as an appropriate level of risk from unanticipated processes and

events.

Although no HLW standard exists at present, the Commission can proceed to

specify numerical performance objectives by assuming a standard based

upon a reasonable expectation of what an HLW standard might be. Several

comments on the proposed rule referred to Draft 19 of the EPA standard,

which has been under development for some time. We have therefore chosen

this draft as the basis for an assumed standard, and in Chapter VIII we

consider numerical requirements for containment,'controlled release, and

groundwater flow time which, if met, will contribute to meeting it.

3. Additional considerations

Use of an assumed HLW standard provides a basis for specifying

numerically, at this time, performance of individual barriers (e.g.,

containment) under anticipated processes and events. However, when a HLW

standard is promulgated, the Commission should have the discretion to

review and change as needed the numerical values specified for those

barriers in light of that standard. Among the factors the Commission

might take into account in exercising this discretion are the age and
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nature of the wastes, characteristics of the geologic setting, and

particular sources of uncertainty in predicting the performance of the

engineered barrier system or the geologic setting. Finally, in

specifying performance numerically at this time, we have not foreclosed

the possibility that considerations related to unanticipated processes

and events could form a basis for changing the specification, for

requiring additional specifications, or both.

VII IMPACT OF NUMERICAL REQUIREMENTS ON ROUTINE RELEASES

As stated in Chapter VI, Draft 19 of the EPA standard, referenced by a

number of comments on the proposed rule, has been employed to show the

relationship between overall system performance and the numerical

requirements on the engineered barrier system and the geologic setting.

We expect EPA to publish soon a proposed standard for public comment

similar to this draft. This chapter contains an assessment of the

contributions to overall performance under anticipated processes and

events. An assessment of the mitigation of unanticipated processes and

events appears in Chapter VIII. The working draft of the assumed

standard fixes a number of parameters against which the overall

performance of a repository will be evaluated, including a location at

which performance is to be measured (the boundary of the accessible

environment), a measure of performance (cumulative releases of specific

radionuclides measured in curies), and an interval during which

performance is to be measured (10,000 years). In the draft Supplementary

Information accompanying the working draft, the EPA also notes its

judgment that regulation of releases for a 10,000 year interval will

protect public health and safety beyond 10,000 years. Specific limits

for releases for reasonably foreseeable (anticipated) processes and

events appear in Table 2.
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Table 2

Limits of Cumulative Releases to the Accessible
Environment for 10,000 Years After Disposal

According to the Assumed Standard

Radionuclide

Americium-241

Americium-243

Carbon-14

Cesium-135

Cesium-137

Neptunium-237

Plutonium-238

Plutonium-239

Plutonium-240

Plutonium-242

Radium-226

Strontium-90

Technetium-99

Tin-126

Any other, alpha-emitting
radionuclide

Any other radionuclide
which does not emit
alpha particles

Release Limit
Curies Per 1000 MT

10

4

200

2000

500

20

400

100

100

100

3

80

2000

80

10

500
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For purposes of our assessment, consistent with the assumed standard, the

accessible environment is assumed to be all areas on the land surface

regardless of distance from the repository and to include all subsurface

locations beyond a vertical surface one mile away from the location of

the emplaced wastes. These boundaries appear in Figure 13. (A more recent

working draft of the standard allows a distance of up to 10 km rather

than 1 mile. This change does not significantly affect the results of the

present study, however, since only the groundwater travel time explicitly

appears). For an actual repository the distance from the wastes to the

vertical boundary of the accessible environment is expected to be site

specific but not to exceed 10 km.

Routine Release Scenario: The Undisturbed Repository

The NRC staff identified a scenario for the purpose of showing the effect

of numerical requirements for the engineered barrier system and the

geologic setting on the performance of a geologic repository which is

operating normally. A diagram of this scenario appears in Figure 13.

It is anticipated that if radionuclides are released from an undisturbed

repository to the accessible environment, this release will take place by

failure of the container surrounding the wastes, dissolution of the

wastes by groundwater, and migration of the radioactive material

dissolved from the wastes with the groundwater to the accessible

environment. For this reason, location of the underground facility in the

saturated zone is considered a realistic bounding case for routine

release. In this scenario, groundwater is presumed to resaturate the

repository within a few centuries after closure and to initiate

deterioration of the waste packages, causing eventual breaching of the

waste packages and start of radionuclide release to the underground

facility. In time, the radionuclides are released to the geologic

0037.0.0



ACCESSIBLE ENVIRONMENT

LAND SURFACE
~~r~ .__

,_#m

0(0
3 n

Zs-4

- m

;p > I|, - - VnERLYINa AQUIFER -> .b. �* � -- > I ��
I -

DISTANCE 4
TO BE
DETERMINED I

I

I I

I t'
HOST ROCK

I

1'
faI -I

I
k1 ,

. DISTANCE
TO Be
DETERMINED .1I

I

I

1'
.Z: C-
C b

0(L

3: C7
rr: rn

-4

U'

i /'

WASTE
PACKAGES

t

FIGURE 13 - DIAGRAM OF EIIGINEERED BARRIER SYSTEM AND GEOLOGIC SETTING FOR THE
ROUTINE RELEASE SCENARIO FOR ALL MEDIA.



rat

1OCFR60 Rationale - 6/30/82 53

setting. The assumption of prompt resaturation is conservative but

realistic because void spaces in the backfilled repository will result in

a hydraulic gradient that will tend to promote flow inward, and because

some natural leakage is anticipated. An upward hydraulic gradient in the

geologic setting is assured, causing groundwater carrying the

radionuclides to move vertically through the host rock from the

repository to an overlying aquifer. The radionuclides then follow the

groundwater flowpath horizontally along the aquifer away from the

repository and eventually reach the accessible environment. Transport of

some radionuclides through both the host rock and the aquifer is assumed

to be impeded by chemical retardation and by limitations on radionuclide

solubility. Alternative release paths might be selected, such as a

downward gradient which could move radionuclides to an underlying

aquifer. However, thermal effects will tend to enhance transport to an

overlying aquifer, so this upward case is considered realistic. This

scenario will be considered for the three media currently. of greatest

interest for HLW disposal: basalt, welded tuff, and salt. Evaluation of

this scenario involves prediction of the behavior of an undisturbed

repository taking into account uncertainties associated with significant

parameters.

Numerical Assessment: The Model Chosen

To quantify the effects of numerical requirements for the engineered

barrier system and the geologic setting in the routine release scenario,

it is necessary to specify a quantitative model which corresponds to the

qualitative description above. That model may then be used to determine

how each of the barriers affects the performance of the overall geologic

repository. The model selected for describing this scenario is a

quasi-two dimensional model in which the radionuclides travel vertically

upward, both through the repository and from it to the aquifer, after
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which they travel horizontally along the aquifer. This model approximates

the groundwater flow shown in Figure 13 by a series of legs, shown in

Figure 14. Legs A and B correspond to the upper aquifer, leg C

corresponds to flow through the underground facility itself, and leg 0

corresponds to flow from the underground facility through the host rock

to the upper aquifer.

A number of simplifying assumptions have been made in order to implement

this model. These assumptions are consistent with generally accepted

practice in transport modeling and are not intended to introduce either

conservatism or non-conservatism into the analysis. First,

one-dimensional Darcy flow is assumed, implying that flow in the legs is

proceeding slowly through porous media, andthat all significant flow is

unidirectional. Slow flow is certainly reasonable in view of the small

conductivities and hydraulic gradients involved in geologic disposal

systems. Porous flow is reasonable for sandstone aquifers assumed to

overlie bedded salt, but for basalt and welded tuff flow through

fractures is likely. Therefore, the hydraulic conductivity has been

adjusted for basalt and welded tuff to roughly approximate fracture flow.

Presumption of unidirectional flow in the legs hah been shown to lead to

good agreement with complex multidimensional models such as SWIFT (Ref.

7-1) for applications similar to this one (Ref. 7-2 and 7- 3).

The model also presumes that rock properties are invariant for the length

of an individual leg, so that properties such as permeability and

chemical retardation are constants. A radionuclide passing through an

actual unit is likely to encounter a spatially varying environment that

may affect its velocity. The constant properties of the leg specified in

the model therefore are spatial averages of estimates of the aquifer

properties, so that a radionuclide is modeled to traverse the leg in the

same length of time it would take to traverse the aquifer unit the leg
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represents. Further, the ranges of the properties considered below are

considered to encompass the changes in these properties that'are

anticipated to occur along actual-aquifer units. '

Another simplifcation made by. this model is that it does not account for

all of the effects of the heat released by the waste.: The model does

account for thermal buoyancy effects on flow in.leg D, by adjusting the

pressure at point 2, the point where flow-enters the underground

facility.

The model does not account, however, for possible permeability changes in

the overlying host rock which might result from thermomechanical effects.

Finally, as applied here, the model does not'deal with the specific

processes which cause canister failure or which affect radionuclide

release rates from the engineered barrier system. It therefore does not

deal with the uncertainties associated with early failure of containment

such as hydrothermal dissolution of waste forms or failure of the

backfill to retard radionuclides due to elevated temperatures or

radiation fluxes. While these limitations of the model are noted, it is

the staff's view that the model can provide significant, realistic

insight into the relationship between numerical criteria and repository

performance.

To implement this-model, the NWFT/DVM code was used (Ref. .7-4 and 7-5),

which requires an extensive set of parameters as input data. These

parameters, whose selection reflects the assumptions mentioned above,

have been divided into two groups; the first is subject to relatively

little uncertainty, the second reflects many of the sources of

uncertainty discussed in Chapter V. The first, to be called fixed

parameters, are those quantities which define the system and which are

specified as point values. In an actual case these parameters would be

fixed by the geometry of the site and the properties of the fluid and
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waste which are relatively well known. These include the distances along

the legs shown in Figure 14, the cross-sectional area of the legs, fluid

properties such as density and viscosity, and waste properties such as

initih3 inventory and.half-lives. The second group, to be called

variables, consists of parameters whose values are subject to

uncertainties which may span several orders of magnitude. These

parameters are not taken as point values in the calculation, but are

approximated ty distributions. These variables include solubility and

retards ion factors for individual radionuclides, and factors affecting

groundwater travel time, such as permeability and hydraulic gradients. In

addition, this group includes parameters for which numerical criteria

were establi..•hed in the Proposed Technical Rule, such as containment time

by the waste packages and radionuclide release rates from the underground

facility, so tha: -oos.itory performance can be assessed'as these

parameters vary ove- the given ranges.

Table 3 identifies the fixed parameters used by the model and the values

used in the analyses. Table 4 identifies the variables whose values are

approx.-,.*ed by distributions in the calculations, and gives the ranges

of those values used in these analyses.

Input for Routine Release Scenario

The po.-_ values for the fixed parameters shown in Table 3 reflect the

media and undergrour- lacility c-? igns currently being given the most

emphasis by DOE. Tt: Dimensions ..,f the underground facility which lead

to the areas of leg : --ad D and the length of leg C are taken from EPA's

granite reference re.. :itory (R-f. 7-6). The areas of legs A and B and

the ler."th of leg B are consiste with overlying aquifers for

repositories located in basalt, welded tuff, and salt (Ref. 7-7) and the

length of leg D corresponds to the one mile distance to the accessible
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TABLE 3. FIXED PARAMETERS FOR ROUTINE RELEASES IN
BASALT, WELDED TUFF, AND SALT

Description Value

Area
II

.,

am

of
.s
..

n

leg A
" B

C
nI D

1 x
1 x
8 x
8 x

°06
106
106
10

Units

ft2
F'S

.,

..

nI

Length
K

IS

to
n01

of
of

..
#
nm

leg

. 1

it

of

A
B
C
D
a.
if

(Basalt)
(Welded Tuff)
(Salt)

Not needed
5250
16
1530
2725
1850

ft

II

II.
!to

is

Conductivity of leg C
Porosity of leg C
Pressure at point 1
Initial radionuclide inventory
Radionuclide half lives
Water Density
Water Viscosity

infinite
Not needed
0
*

*

62.3
1.02

psi
Curies
years
#/ft3
Centipoise

*From Ref. 7-8.



- 59 -

TABLE 4. Variables and their ranges. (For normal and
ranges are for .001 and .999 quantiles.)

lognormal distributions,

Var able

Ka for Am
in host reck

Kd for Pu
in host rock

Kd for U
In host rock

Kdatfr Np
in host rock

Kd for fission
products in host
rack

X4 for As
In aquifer

Ka for Pu
in aquifer

K4 for U
In aquifer

Ka for No
In aquifer

Ka for fission
products in
aqui fer

Solubility limit
for AN

Selubility limit
for Pu

Solubility limit
for U

Solubility limit
for Np

Solubility limit
for Tc

Solubility limit
for fission
products

Oispersivity

Radionuclide

"elease time

Conductiwity in
aquifer
(legs A & 8)

Porosity in
aquifer
(logs A & 3)

Conductivity in
host rock
(legs C & E)

Pososity in
host rock
(legs C & E)

Gradient In
host rock

Gradient in
*auif fr

Canister life

Distribution
Range in
bas I t

Ranqe in
volcea tuff

Ranqe *n
beddeo salt Units

Lognormal

Lognormal

Lognormal

Lognormal

Lognormal

Lognormal

Lognormel

Lognormal

Lognormal

Lognormal

Lognormal

Lognormal

Lognorsal

Lognormal

Uniform

Logun form

Lognormal

Normal

(2.5EI. 2.OE6)

(4.51E. 5.2E3)

(4.010. 1.3E3)

(1.5EO. 2.8E4)

(L ME1. 5.8E3)

(I.CE-Z, 1.OE5)

(1.0E-2. OISE4)

(1.OE-2. l.OE4)

(I.0E-2. S.0EI)

(1.OE-2. 5.0E2)

leach-limited

(Z.SE-12, 2.SE-8)

(2.0E-6. 2.0E-4)

(2.5E-19. 2.51-13)

(I.0E-9, 1.01-7)

leacn-limited

(5.01E. 5.0E2)

(L0E3. I.OE7)

(1.OEO. l.OE4)

(I.E-1, 3.0E-l)

(a.5E1. 9.5E3)

(7.0E1. 2.0O3)

(1.OE-2. 1.5E1)

(4.5EO. 3.1E1)

(5.O11. 2.1E5)

(3.51n. 3.CE2)

(7.011. 4.5E2)

MIOE-2. I.1E )

(5.0EO. 7.0EO)

(1.2E2. t.6S3)

leac11- limited

leach-l imi ted

leach-linitod

leaeh-limsited1MAC1h-11-0iteo

leecn-linitea

(S.OEl, .OE2)

(l.Ot3, l.0E7)

(1.OE-5. 2.CEO)

(2.0E-1, 4.8E-1)

(3.1E-S. 9.1EO)

(l.SE-5. 1.3E-2)

l.OE-2. 4.0E-2)

Loquniform
(.OE-3. .0E-1)

(l.ME. I.OE4)

(5.OEl. l.0E4)

(3.0E1. l.0E4)

(I.OE-2. 2.7E2)

(2.OEO. 4.0E2)

(1.OE-2. 3.013)

(S.OEI. 1.0E4)

(3.OE1. I.0E4)

(I.OE-2. 2.7E2)

(2.0E0. 4.012)

(1.OE-2. 3.Q03)

leach-lisitad

(1.0E-17. 4.0E-4)

(1.6E-e. 3.0E-2)

(1.31-25. S.OE-7)

(1.9E-9. 9.5E-5)

(6.3E-17. 1.6E-4)

(5.0E1 5.0E3)

(1.013. l.0E2)

(1.SE-1. 6.8E2)

mlq/

al/g

m1/9

1/p

1/9

mi/9

1/g

a1l9

e1/p

mi/p

9'0

g'9

p/g

p/p

ft

yr

ft/da

Logunitorm

Lognormal

Uniform

Lopunif orm

(1.0E-7. l.0EO)

(IIE-3. I.OE-2)

(5.0E-3. 3.0E-2)

Uniform
(l.OE-4. l.OE-2)

(1.OE2. I.OE4)

(IOE-I, 2.OE-I)

(3.6E-12, 2.810)

t3.3E-4. 2.2E-1)

(5.0E-3, 3.0E-2)

Uniform
(2.0E-3. 1.0E-2)

(1.OE2. 1.3E4)

ft/da

ft/ ft

ft/ft

yr
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environment. The initial radionuclide inventory is taken from DOE's

projections for spent fuel (Ref. 7-8).

The variables which appear in Table 4 reflect many of the uncertainties

discussed at length in Chapter V. Uncertainties in geohydrology include

predictions of conductivities, porosities, hydraulic gradients and

dispersivities. These sources of uncertainty are accounted for in the

model by expressing these variables as distributions of values which span

the range of available data.

and distribution coefficients

the uncertainties involved In

radionuclides, 329I, 14C, and

chemically, and are therefore

groundwater. This information

under contract to NRC through

Similarly, distributions of solubilities

(Kd's) are generally used in recognition of

predicting these properties. Three

Tc, do not appear to be retarded

presumed to move at the same speed as the

was developed by Sandia National Laboratory

a review of the available data for

pertinent sites and rock formations (Ref. 7-7). These data are consistent

with conditions to be found in the media being investigated by DOE and

are considered appropriate for this modelling exercise. However, it is

recognized that a thorough analysis of a specific site might well make

use of additional or different data which would be more pertinent to that

particular site. The ranges and distributions for waste package life and

radionuclide release rate were selected to uniformly bound the numerical

values in the proposed rule.

Outout From Routine Release Scenario

The effects of the variables whose uncertainties are modeled by the

distributions in Table 4 on repository performance were investigated by

repeatedly running NWFT/DVM using a standard statistical sampling

technique (Ref. 7-9, 7-10). In this statistical technique, a "case"

comoosed of 26 values, one for each of the variables in Table 4, was
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selected from within the ranges shown in the table. By selecting the

values at random and by running enough cases to investigate the entire

data range, the effects of each of the variables on repository

performance can be determined.

The effect of radionuclide release rate from the repository to the host

rock on the fraction of cases tested which meet the assumed standard can

be seen in Figure 15 for routine releases from basalt. In this figure,

release rates are varied along the horizontal axis and groundwater travel

times are varied along the vertical axis. It should be noted that the

release rates shown are limits which apply to all radionuclides for a

particular case; if the solubility for a particular nuclide for that case

was sufficiently low, that radionuclide might be released more slowly

than the release limit associated with that case. The lines plotted on

the figure are for constant fractions of cases tested which fail to meet

the assumed standard. For example, for a groundwater travel time of 1000

years and a release rate from the underground facility slightly slower

than 1 part in 50,000 per year, the fraction of cases failing to meet the

assumed standard is 0.10 or 10%. Similarly, at a groundwater travel time

of 100 years, the release rate from the underground facility at which the

fraction of cases failing to meet the standard is 0.10 is very nearly 1

part in 300,000 per year.

Engineered Barrier System Release Rate Requirement

Impact of Release Rate on Performance

Figure 16 is like Figure 15, but for bedded salt rather than basalt.

Because of the generally low permeability of salt, it should be

emphasized that travel time is an independent variable in Figure 16, and

the likelihood of actually having any particular travel time is not
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Figure 15. Contours of constant fraction of cases failing
to comply with the assumed standard, as a
function of limiting release rate and travel
time. Medium is basalt.
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ROUTINE RELEASE
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Figure 16. Contours of constant fraction of cases failing
to comply with the assumed standard, as a
function of limiting release rate and travel
time. Medium is bedded salt.
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considered. Nevertheless, in spite of the generally low permeability, a

routine release scenario in salt is considered because of the

uncertainties discussed previously.

In Figures 15 and 16, it is seen that as release rate from the repository

decreases, the probability of failing to meet the assumed standard

decreases significantly for both welded tuff and bedded salt. It may

also be seen that there is a region in each figure in which the lines of

constant fractions of cases lie relatively close to each other. In these

regions, relatively small changes in release rate from the underground

facility or in groundwater travel time are observed to make relatively

large changes in the fraction of cases whose releases fail to comply with

the assumedstandard. Outside these regions, changes in release rate from

the underground facility and in the groundwater travel time has less

impact, since they do not cause the lines of constant failure rate to be

crossed. (Although no fractions less than 0.10 are shown in the figure,

it is apparent that the largest gradients are near the lines shown.)

For basalt (Figure 15), decreasing release rates from the underground

facility from about 1 part in 5,000 per year to-about - part in 50,000

per year reduces the fraction of cases failing to meet the assumed

standard from about 1.00 to 0.10, while for bedded salt (Figure 16)

reducing release rates from the underground facility to about 1 part In

100,000 per year is needed to achieve a fraction of failures below 0.10.

For these media, it is therefore quite advantageous to have a release

rate from the underground facility as low as about i part in 100,000 per

year, but there is little further improvement to be gained from a

substantially slower release rate, since this release rate-results in

compliance with the assumed standard for most travel times.

0044.0.0



10CFR60 Rationale - 6/30/82 65

On the other hand, inspection of Figure 17 reveals that for a repository

in the saturated zone in welded tuff, the greatest improvement is gained

by having releases less than about 1 part in 1,000,000 per year. This

result is due to inferior geochemical retardation of uranium in welded

tuff compared to basalt or bedded salt, consistent with the lower range

of Kd's for uranium in welded tuff which appears in Table 4. Figure 18

is identical to Figure 17, except that the effects of uranium are

neglected, and for that case, the behavior of a welded tuff repository is

very much like those in basalt and bedded salt. This result demonstrates

that the impact of the rate of release of radionuclides from the

engineered barrier system is media specific.

Alternatively, the influence of the engineered barrier release rate can

be evaluated by directly comparing releases from the engineered barriers

with the release limits of Table 2. Table 5 presents such a comparison

for a release rate of 10 5 per year following an initial 1000 year

containment period. The quantities released do not greatly exceed the

limits for any of the nuclides except Am and Pu. This table demonstrates

that a low release rate from the engineered barriers is able to

contribute substantially to overall repository performance, and may

provide a very desirable degree of redundancy for nuclides such as 99Tc

which are unlikely to be controlled very effectively by the geologic

barriers.

Achievability

As stated in the proposed rule, "Proof of the future performance of

engineered systems and geologic media over time periods of a thousand or

many thousands of years is not to be had in the ordinary sense of the

word." Demonstration of compliance with any of the performance

objectives will be accomplished through extrapolations and data using
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Table 5. Effectiveness of 10- per year release
rate in complying with the EPA standard.

NUCLIDE

- Am-241

Ain-243

C-14

Cs-135

Cs-137

1-129

Np-237

P' - 38

Pu-239

Pu-240

Pu-242

Ra-226

Sr-90

Tc-99

Sn-126

REPOSITORY.
INVENTORY
@ 1000. yr

lRu ies).

9.24E7

1.57E6

1.35E3

2.23E4

1.00

3.8E3

1.0E5

9.8E4

3.2E7

4.4E7

1.7ES

2.84E2**

1.5E-1

1.4E6

5.6E4 .t

NRC
RELEASE
RATE* -

(Ci/yr)

9.2E2

1.6E1

1.4E-2

2.2E-1

1.OE-5

3.8E-2

1.OEO

9.8E-1

3.2E2

-4.4E2

1.7EO -

2.84E-3

1.5E-6

*-1.4E1- ,
5.6E-1

TOTAL
RELEASES
(YEARS
1000 to
10 000)

3.0E6

1.4E5

1.2E2

2.OE3

3.4E-3

3.4E2

9.OE3

8.2E2

2.9E6

4.0E6 -

1.SE4

2.6E1

4.8E-4

1.3E5

5.OE3

EPA
LIMIT-
i7T 100,000
MTHM)

1000

400

20,000

200;000

50,000

90,000

2,000

40,000

10,000

10,000

10,000

300

8,000

200,000

.8,000

RATIO OF
TOTAL

RELEASE TO
EPA LIMIT

3,000

350

0.006

0.01
0

0.004

4.5

0.02

290

400

1.5

0.09
0

0.65

0.62

Total 1.7 x 108 1.7E3

*Equal to 10i5 x values in column 1.
of total rate) meet the rule.

Note that release rates at or below 1.7 Ci/yr (0.1%

**Release calculations based on inventory at 1000 years. In the absence of leaching, the
quantity of Ra-226 would increase to 1.22E4 Ci per 100,000 MTHM at 10,000 years.



1OCFR60 Rationale - 6/30/82 69

physical models based on accelerated tests and natural analogs which are

subject to uncertainties. These uncertainties can only be expressed as a

statement of reliability or probability that the criterion will be

achieved. To require absolute assurance of exact numerical compliance is

neither reasonable nor intended. Rather the quantity and quality of the

data and the methods will be carefully reviewed as part of the licensing

process.

While DOE has not proposed a particular design to control releases from

the engineered barrier system, considerable research and development has

been devoted to the subject. The NRC staff has been following DOE's

technology development program closely, and has been assessing the

uncertainties associated with achieving a release rate of 1 part in

100,000 per year.

Brookhaven National Laboratory (Ref. 7-11) has concluded that the

criterion is readily achievable, and in some cases exceeded, using

borosilicate glass encased in non-radioactive glass.

Savannah River Laboratories consider that this requirement can be met by

either of their waste forns currently receiving most attention, boro-

silicate glass or SYNROC CRef. 7-12). The Department of the Interior in

its comments on the proposed rule supported the achievability of this

crit- :n by means of a succession of barriers at low temperature

conditions (Ref. 7-13).

Nowak considers that a one-foot-thick backfill barrier around the waste

can delay breakthrough of most fission products for 1000 to 10,000 years,

and the breakthrough of transuranics for substantially longer (Ref.

7-14). Smith, Salter and Jacobs suggest that, for the case of Hanford

basalts, low solubility alone may limit releases from the underground
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facility to very low levels (Ref. 7-15). Therefore, having reconsidered

the matter, the staff continues to conclude that the requirement to limit

the release rate from the engineered system to 1 part in 100,000 per year

at 1000 years is reasonably achievable, particularly in view of the

Commission's statement that absolute proof of compliance is not required.

Geolocic Settino Groundwater Travel Time Requirement

Impact of Travel Time Requirement on Performance

Figures 15 and 16 also show the effect of groundwater travel time on the

fraction of vectors whose results fail to comply with the assumed

standard for basalt and bedded salt. In each figure, groundwater travel

times of several hundred .years are required to reduce the fraction of

vectors which fail to 0.10 or less, without simultaneously requiring

excessively low release rates from the underground facility. It is also

seen that groundwater travel times approaching 10,000 years are needed to

reach the region where rapid release rates from the engineered barrier

system such as 1 part in 5,000 per year and faster can be tolerated.

(This is intuitively reasonable since the model assesses repository

performance over a 10,000 year interval and a 10,000 year groundwater

travel time would-prevent radionuclides from reaching the accessible.

environment during that time.)

It has already been demonstrated that a release rate from the underground

facility of i part in 100,000 per year is appropriate, and a nominal

groundwater travel time requirement should be consistent with it. Such a

value could lie between several-hundred and several thousand years for

basalt and bedded salt, and a value of 1,000 years is certainly helpful

in conjunction with reasonably achievable leach rates.
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Figure 17 shows that a groundwater travel time of more than 5,000 years
is needed to achieve reasonably low failure rates for welded tuff. As
noted in the discussion of the release rate criterion, this result is due
to lowered geochemical retardation of uranium in welded tuff, compared to
basalt and bedded salt.

Achievability

The NRC staff has estimated the time necessary for groundwater to travel
one mile from the underground facility. Using data from Table 4, the
staff evaluated the fraction of these travel times which exceeded 1,000
years. Those fractions are 0.61 for basalt, 0.93 for bedded salt, and
0.98 for welded tuff. While the permeability and hydraulic gradient data
(from Table 4) used in these analyses are not intended to represent a
particular site, it is considered that these data are representative of
conditions likely to be found in these media.

Further, Battelle has modeled the Hanford site, and reports (Ref. 7-16)
that the average distance which groundwater travels from the underground
facility in 10,000 years is 5,800 feet, (less than 1.1 miles). Rockwell
has also modelled the Hanford site, and shows how far groundwater travels
in 100,000 year increments (Ref. 7-17). According to this report, after
800,000 years, the groundwater has moved less than 5 kilometers (about 3
miles) from the underground facility.

The staff considers that these results provide significant support for
the achievability of a minimum groundwater travel time requirement of
1,000 years between the disturbed zone and an accessible environment
which is located up to 10 kilometers away.

Conclusion

A 1000 year groundwater travel time can be of significant value in
providing reasonable assurance that the assumed-standard can be met
without placing an undue reliance on the ability of the underground
facility to minimize release rates, and is readily achievable.

Further, the 1000 year groundwater travel time requirement is an
essential component of the defense-in-depth concept as applied to waste
disposal. This requirement constitutes a quantifiable criterion for the
geologic setting to meet, in contrast to the remainder of the siting
criteria for which compliance will be determined by expert judgement.
The 1000 year groundwater travel requirement thus constitutes an
invaluable measure of the quality of the geologic setting.
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Enoineered Barrier System Containment Time Reauirement

Impact of Containment Time on Performance

The impact of a containment interval on repository performance is

discussed from a different perspective than criteria on release rates

from the engineered barrier system or groundwater'travel time. Use of a

long lived package to achieve containment is a means to compensate for,

and to an extent avoid, uncertainties in the prediction of rates of

release and migration of the individual radionuclides, particularly

during the critical period when the hazard of the wastes is greatest and

the heat generation rates are the highest. These uncertainties have been

discussed in Chapter V, but for convenience, they are briefly reviewed

below.

Temperature is one of the principal factors in calculating what the

source term to the geologic setting is. During the initial period the

uncertainties in predicting release rates for long times are very great.

Even if we did understand the mechanisms completely, the data scatter

increases with temperature so that test programs.to gather the data to

narrow the uncertainties to reasonable bounds are very cumbersome

(Ref.7-18).

Additional uncertainties due to thermal effects influence radionuclide

transport following release. Thermally induced convection near the

underground facility may occur and may transport radionuclides in

unanticipated ways. Thermomechanical effects may create pathways for

groundwater to travel through the host rock in the disturbed zone. By

containing the wastes until the repository temperatures have peaked and

are spatially relatively uniform, much of the uncertainty associated with

these effects can be avoided.
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A further source of uncertainty arises from the large number of different

fission product radionuclides, each of which has a variety of

solubilities and retardation factors. The latter uncertainties recall

Chapter II and the Untreated Dilution Indices appearing in Figures 10,

11, and 12. By containing the wastes until the fission products are

nearly depleted, these uncertainties can be greatly reduced.

In order to determine a nominal containment time requirement which can be

expected to reduce these sources of uncertainty, it is necessary to

consider how fission product inventories and near-field temperatures

change as a function of time. Fission product inventories and their

changes appear in Figures 1 through 12, and have the same general

characteristic in each figure. At about 1000 years, the fission product

contribution either becomes extremely small or, having decreased

dramatically up to that time, becomes relatively constant. Thus, on the

basis of the fission product contributions to either radionuclide

inventory in curies, to heat generation rate, or to hazard,, containment

for about 1,000 years appears to be appropriate. Therefore, from the

perspective of impact on repository performance, a containment time of

1,000 years, with provision for flexibility, is most appropriate for

dealing with uncertainties involved in assessing routine releases.

Achievability of Containment Requirement

As expressed more generally in the discussion of the achievability of

release rates, the staff does not intend that the containment time

requirement be achieved absolutely for all of the waste (i.e., absolute

proof of zero release for 1000 years is not required). It is expected

that containment of the waste will be substantially complete, with

releases during the containment time limited to a small fraction of the

inventory present. What is intended is that the waste package design
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have a high reliability, taking into account anticipated processes and

events that could affect package performance. It is realized that a

small fraction of the approximately 100,000 packages will be breached

before 1000 years due to variations in materials, manufacturing

processes, etc. that can only be estimated using statistical procedures.

Similarly, a signficant fraction of the packages may remain intact for

much longer than 1000 years.

There has been considerable emphasis in the DOE program over the last

several years on the research and development needed to design a long

lived waste package. NRC has, in its own program, been reviewing DOE's

R&D and has been performing assessments of the uncertainties involved

in designing a waste package that could reasonably be expected to contain

waste for 1000 years.

Brookhaven National Laboratory (Ref. 7-fl) states that a multilayered

metal container can provide containment for 1,000 years, as can carbon

coated particles and high silica glass coated waste forms. Westinghouse

has developed for DOE conceptual designs for titanium clad and

self-shielded cast steel and cast iron containers which they consider

will contain wastes for 1,000 years in basalt (Ref. 7-19). In a report

for the Electric Power Research Institute, SAI describes a container

capable of retaining its integrity for 13,000 years (Ref. 7-20). While

DOE has not yet proposed a waste package design, the NRC staff considers

that the concepts being considered have promise and that a design

objective for the waste package lifetime of 1000 years is reasonable.
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Combined Performance Objectives For The Routine Release Scenario

Impact of the Proposed NRC Requirements

The combined impact of all three performance objectives for the case of

the routine release scenario in basalt is shown in Figure 19. Like

earlier figures, Figure 19 results from repeatedly running NWFT/DVM using

a standard statistical sampling technique (Ref. 7-11). In this figure,

the horizontal axis displays the sum of the ratios of releases of

individual radionuclides to those permitted by the assumed EPA standard.

The vertical axis displays the fraction of cases in the sample which

exceed the value appearing on the horizontal axis. It may be seen from

the figure that for the unrestricted case, which includes all sample

points regardless of whether or not they satisfy the 10 CFR 60 criteria,

there is about a 0.10 or 10% probability of exceeding the assumed

standard by a factor of 10. However, for the case of a repository which

complies with 10 CFR 60, the probability of about 0.10 or 10% is

associated with releases of 1/100 of the assumed standard. Alternatively,

the unrestricted case has a 0.20 or 20% probability of releases exceeding

to the assumed standard, but compliance with 10 CFR 60 reduces that

probability to near zero.

Figures 20 and 21 contain similar results for bedded salt and welded

tuff, respectively. The probability of releases exceeding the assumed

standard is reduced from about 6% to nearly zero for bedded salt, and

from about 10% to near zero for welded tuff.

A comparison of Figures 17 and 21 raises the point that in Figure 17,

compliance with the release rate and groundwater travel time values still

permits about a 90% probability of repository failure to meet the assumed

standard, but Figure 21 indicates that similar compliance will result in
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a near-zero probability of failure. These figures are consistent, because

the permeability and hydraulic gradient data for welded tuff which appear

in Table 4 generally result in long groundwater travel times, and the

entire range of these data was used to arrive at Figure 21. Thus, for

welded tuff, the relatively low geochemical retardation of uranium

compared to other media, which was discussed in connection with Figure

-M,-Tis compensated for by relatively long groundwater travel times.

Therefore, in Figure 21, both the unrestricted case and the case in

compliance with 10 CFR 60 have sample points with groundwater travel

-times which generally exceed thousands of years, and therefore result in

releases to the accessible environment below the assumed standard. By

contrast, Figure 17 takes travel time as an independent variable, taking

no account of the probability of actually having a certain travel time.

Figures 19, 20, and 21 are alike in that the figures show results for the

entire range of the variables in Table 4.

In summary, for a routine release scenario in basalt, bedded salt, and

welded tuff, for the variable ranges tested, the probability of exactly

meeting or exceeding the assumed standard is reduced from a range of from

6% to 20% to nearly zero by complying with the performance objectives in

10 CFR 60. By associating these predicted probabilities with

uncertainties in achieving the standard, it is concluded that compliance

with the numerical criteria in 10 CFR 60 significantly reduces such

uncertainties.

VIII IMPACT OF NUMERICAL REQUIREMENTS ON UNANTICIPATED EVENTS

In the previous chapter we showed how meeting the controlled release rate

of 1 part in 100,000 per year and minimum groundwater travel time of 1000

years to the accessible environment contributed to meeting the assumed
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'HLW standard. We also discussed how requiring containment of the wastes'

within the waste package substantially contributed to confidence that the

assumed standard would be met. In this chapter we show how the numerical

requirements, If met, would limit the consequences of a failure of a

portion of the repository system (the natural barriers). We present this

chapter by way of illustration only. We have made no estimate of the

probability of such events actually occuring. Estimates of the

likelihood of a low probability geologic event that could disrupt the

repository can only be made on the basis of the geologic record for a

particular site, and even then will involve-considerable uncertainty.

However, we illustrate how the numerical requirements for'the individual

barriers mitigate the consequences of failure'of the natural barriers

with respect to the Assumed EPA standard as it applies to unanticipated

processes and events.,

1. FAULTING SCENARIO

There are plausible scenarios in which the geologic barrier is breached.

One such scenario assumes a-fault through the underground facility,

extending through an overlying aquifer. We assume'that the'fault offers

no hydrologic resistance to vertical flow to the overlying aquifer, which

carries the contaminant to the accessible environment. However, we

assume that the fault does not breach any waste packages and does not

Influence the release rate from the 'engineered barrier system.

The code'used to evaluate'this scenario is the same NWFT/DVM code that

was used in the routine release scenario. In'this case leg 0 has been

modified to simulate the result 'of the fault described above by assuming

infinite permeability and a-Zero retardation factor. The variable ranges

for the fluid parameters are those for basalt shown in Table 4 of Chapter
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VII. Figure 22 shows the flow model for this scenario, and Table 3 shows

the fixed parameters selected. The time of the occurrence of the fault

was a random variable distributed uniformly over the 10,000 years.

Conclusions

Figure shows the fraction of outcomes of the faulting scenario

exceeding various multiples of the assumed EPA standard. Results are

displayed both for repositories which meet the numerical criteria

associated with the engineered barrier system and for repositories whose

containment interval and release rates span the ranges for these

variables shown in Table 4. The staff has not attempted to establish a

standard for releases for this scenario. However, for comparison

purposes, it may be seen from the Figure that that compliance with 10 CFR

60 reduces the frequency of releases greater than or equal to the assumed

standard from about 0.85 to about 0.70. Similarly, the frequency of

releases 10 times the assumed standard or greater decreases from about

0.60 to less than 0.40, and the freqlency of releases 100 time the

assumed standard decreases from 0.40 to less than 0.10. Clearly, for this

scenario, controlling the rate of release of radionuclides to the

geologic setting does have the effect oif limiting consequences.

2. Borehole Scenario

We have re-examined the human intrusion question in light of the public

comment on the proposed technical criteria. We make no assumption with

respect to the question of whether small-scale unintentional intrusion

may warrant examination at the time of licensing, and, therefore, may be

appropriate for inclusion in the safety analysis report to be prepared by

DOE as part of a license application. Nevertheless, in this section we
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examine the consequences of a small scale intrusion scenario which

assumes a borehole penetration into the underground facility as an

example of such small-scale intrusion, and examine the consequences. The

model for this scenario appears in Figure 24. As in the preceeding

scenarios, groundwater is presumed to resaturate the repository shortly

after closure and to initiate deterioration of the waste packages.. The

eventual breach of the packages releases radionuclides to the underground

facility, and in time, to the geologic setting. The time when the

borehole is drilled is distributed uniformly between 100 and 10,000 years

after repository closure. Release occurs by the bulk removal of

33'contaminated water during the drilling process. A volume of 200 m3 (7058

ft3) of water from the underground facility is assumed to mix with the

drilling fluid and to be brought to the surface. (Ref 8-1). The

concentrations of radionuclides in the groundwater in the repository

determine the quantity of each nuclide brought to the surface (the

accessible environment). If a larger quantity of contaminated water were

brought to the surface, or if more frequent small-scale intrusions were

considered credible, the consequences would be proportionately greater.

Figure 25 illustrates the effect this small-scale intrusion in terms of

consequence relative to the assumed standard of Chapter VII. We note

that under the assumptions of this scenario, small-scale intrusion of

this type is mitigated by the engineered barriers already required to

meet the assumed EPA standard as it applies to routine releases.

IX RETRIEVABILITY

In its licensing procedures for disposal of high-level radioactive waste

in geologic repositories, the NRC has adopted a step-by-step approach

that consists of four principal stages:
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(1) Site characterization, during which detailed studies of alternative

candidate sites are conducted before selection of one of the sites

for development as a repository.

(2) Construction authorization, during which NRC reviews a license

application that contains a detailed design and an analysis of the

performance of the repository based on the site specific information.

obtained during a site characterization.

(3) License to receive wastes, when the application is reviewed again

prior to operation. At this time, the repository design and

performance assessment are upCxated in light of new information

obtained about the site during construction of the r sository.

(4) Permanent closure, at which time an application to terminate

operations and seal the repository is submitted. The application

will again contain updated analyses of the performance of the

repository in light of: (1) information obtained about the site

during the operation of the repository; and (2) data collected about

the performance of the engineered barrier system to verify that

performance can be expected to be within design limits.

At the permanent closure stage, the Commission will determine whether the

DOE's performance confirmation program demonstrates that the repository

can be expected to work as planned. Here performance confirmation means

the program of tests, experiments, and analyses which is conducted to

evaluate the accuracy and adequacy of the information used to determine

reasonable assurance that the performance objectives for the period after

permanent closure can be met. Commission's intent in separating the

license application and permanent closure decisions was to be able,

following emplacement of the waste, to obtain further information

0057.0.0



f . -0

1OCFR60 Rationale - 6/30/82 88

concerning the workability of the repository and to use this information

in making its final decision on the acceptability of permanent closure.

The retrievability option provides the capability to implement this

regulatory approach.

The NRC staff therefore considers that the option to retrieve the wastes

must be preserved long enough to complete a program of monitoring and

verification of repository performance. The design must also ensure that

the option is preserved long enough to permit a decision to permanently

close the repository or take any corrective actions shown to be necessary

by the verification and monitoring program.- Since some of the

assumptions and issues that will need to be verified and resolved by the

monitoring program may not be identified until the underground facility

is excavated, it is not possible-to specify prior to construction the

complete content ofthe verification program or how long it will take.

We expect the verification program to evolve throughout the operating

lifetime of the repository.

On the other hand, important design decisions will need to be made before

submitting an application. Some of these design decisions will affect

the length of time available to take corrective action or conduct

retrieval, if found to be necessary. For example, the thermal loading of

the waste in the emplacement areas will affect the temperature of the

host rock and the stability of the underground structure. These factors

will have a large effect on the ability to retrieve the wastes, since the

structure could become too unstable or the rocks too hot to safely

recover the wastes. Therefore the staff concluded that a retrievability

period must be chosen early in the design process to permit the design to

go forward, and a retrievability. requirement was included in the proposed

technical criteria.
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For the licensing procedures to be workable, the staff considers that the

option to retrieve should be preserved for the time necessary to emplace

all of the wastes, complete a performance confirmation program, arrive at

a decision as to whether retrieval must be undertaken, and execute

retrieval, If found to be necessary. The design for retrievability

should encompass all of these considerations.

Present estimates of the time to be devoted to the operation of the

repository are 25 to 30 years (Ref. 9-1, 9-2). Performance confirmation

programs have been suggested which require a variety of periods to

complete. For example, some proposed hydro-thermomechanical studies (Ref.

9-3) will require 8 years to complete. Alternatively, performance

confirmation may require approaching maximum temperatures in the host

rock near the waste package. Reaching these temperatures will require up

to 10 years for reprocessed high level waste and 20 to 25 years for spent

fuel depending on the geologic medium, according to the DOE Final GEIS

(Ref. 9-4). For some media and conceptual repository designs more than

25 years may be required according to TM-36 (reference 5). While the

appropriate length of such a program will be site and design specific,

the above estimates suggest that a program extending through the period

waste is being emplaced is not unreasonable.

.Clearly, such a program should be initiated as early in the operational

phase as practicable, both to provide guidance during operations and to

ensure that completion of the program does not delay closure. However,

common sense dictates that the option to modify or to initiate a new

phase of a performance confirmation program late in the operational phase

should be maintained to be able to respond to variability in the host

rock or to technological developments which lead to engineering changes.

The capacity to keep the repository open for 10 to 15 years after the

operational phase if needed is therefore advisable.
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Adding the time needed for the operational phase to the time needed to

provide the options discussed above results in a total interval of around

35 to 45 years.

Therefore, we have concluded that the repository should be designed so

that the waste could be retrieved on a reasonable schedule starting at

any time up to 50 years after waste emplacement is initiated. We

consider a reasonable schedule to be one in which the waste could be

retrieved in the same overall time that the repository was constructed

and wastes were emplaced. We do not intend to preclude a decision to

permanently close the repository before 50 years has elapsed, if

sufficient data are available to support an earlier decision, and if the

people charged with the decision to seal the repository are satisfied.

However, we do not want the underground facility design to be such that

retrieval would be so expensive or difficult or entail such high

occupational exposures that the option is foreclosed and needed

corrective actions could not be taken.

As discussed earlier, the staff recognizes that site and design specific

factors will strongly influence selection of the-design for ,

retrievability. The performance objective has therefore been expressed to

permit flexibility to take these factors into account during licensing.

Maintaining the option to retrieve the wastes does not entail keeping the

mined areas open, although DOE may choose to do so in some geologic

media. A design in which the emplacement rooms are backfilled and

sealed, but corridors and shafts are kept open and surface handling

facilities are maintained could be acceptable, provided that the rooms

could be remined and the wastes removed, if necessary. Remining of the

backfill should not be precluded because of high temperatures or because

it was needed for structural stability. Trade-offs between keeping rooms
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open and ventilated, backf tiling, and areal heat densities are design

options that DOE must consider in meeting this requirement. Both the

proposed and final rules do not require that retrieval be essentially the

reverse of emplacement. We can foresee no situation where protection of

the public health and safety would require the waste to be removed very

rapidly.

Rather, we envision that if, as the result of years of data collection

and analysis, a decision is made that the site or design is not adequate

to isolate the wastes for the long term, corrective actions could be

taken. These actions could be performed over a period of years or decades

without an imminent health and safety hazard. Therefore, the final rule

requires that if a decision to retrieve is made, the design should be

such that the inventory of wastes could be removed in about the same

number of years in which it was emplaced. We intend for DOE to have

considerable flexibility in the design of the repository in meeting these

requirements.

A repository designed to permit retrieval of the waste has advantages in

addition to the limiting case of preserving a Commission option to order

abandonment of the site at as late a stage as permanent closure. From the

time waste emplacement starts until permanent closure any of a variety of

eventualities may require corrective action. Examples might include

repair or replacement of canisters that prove to have manufacturing

defects, changes to more effective backfill, or perhaps installation of

additional barriers in the exits. Design of the repository for

retrievability of the waste assures that it will remain practical to take

corrective actions should they become necessary.
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FINAL ENVIRONMENTAL IMPACT ASSESSMENT

IN SUPPORT OF 10 CFR PART 60,

"DISPOSAL OF HIGH-LEVEL RADIOACTIVE WASTE IN

GEOLOGIC REPOSITORIES"; TECHNICAL CRITERIA

Summary and Conclusion

No comment was received on the "Environmental Impact Assessment In Support of

Proposed Rulemaking: Disposal of High-Level Radioactive Waste in Geologic

Repositories; Technical Criteria, 10 CFR Part 60," NUREG-0806, July 1981 (EIA),

which was published in support of the proposed technical criteria. However,

since there have been some changes to the rule as proposed, the staff has

reviewed the EIA to determine whether it should be modified.

The principal change to the rule relevant to the EIA is the increased flexi-

bility provided with the numerical performance requirements for the two major

components of the'engineered barrier system and for the geologic setting. The

staff examined the assumptions, analyses, and findings of the EIA in light of

this change. After examining the EIA, the staff concluded that the analysis

and conclusions of the EIA remained sound and that no amending or modifying

was warranted. The reasoning which lead the staff to this conclusion is dis-

cussed below.
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Logic of The EIA

The EIA published in support of the proposed technical criteria contained an

assessment of non-radiological environmental impacts which could be expected

from two different geologic repository concepts. The first was a concept

which relied exclusively on the properties of the geologic setting in which

the repository was located to isolate the emplaced wastes from the accessible

environment. The second relied exclusively on engineering to contain the

wastes, the geologic setting only being host to the engineering. It was rea-

soned in the EIA that these two concepts represented extremes in a spectrum of

possible repository designs which rely to one degree or another on a combina-

tion of natural and engineered barriers to isolate the wastes. Further, it

was concluded that a design conforming to the technical criteria as proposed,

particularly the performance objectives, clearly would be bounded by the two

extremes. If the incremental impact of going from a minimal engineering reposi-

tory to an all-engineering repository were insignificant, then so too would be

the impact of meeting the proposed technical criteria. The analysis of the

EIA indeed did indicate no significant differences in non-radiological environ-

mental impact between the two repository concepts. Hence, the staff concluded

that the proposed technical criteria were not likely to impose any substantial

environmental impact over and above that which would be expected to result

from geologic disposal of HLW. Radiological impacts were not addressed in the

EIA because consideration such impacts are part of the process for setting the

radiological standard for HLW disposal.

2 Enlsr
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Effect of Changes to the Technical Criteria

The numerical requirements on the performance of the engineered barrier system

and the geologic setting have not been changed substantially from those pro-

posed. There is, however, flexibility for other values to be proposed by DOE

or imposed by the Commission. Nonetheless, the explicit requirement in the

final rule that both the engineered barrier system and the geologic setting

contribute to the isolation of the wastes assures that any licensed repository

would be within the extremes considered in the EIA. Hence the expected non-

radiological impacts remain bounded by those extremes, and the conclusions of

the EIA remain valid.

An additional change is that the retrievability period has become more flex-

ible in the final criteria and does not necessarily extend for as long a time

as would have been required under the proposed technical criteria. Retrieva-

bility was one of the design considerations with potential environmental

impacts addressed in the EIA. The incremental impact of 100 year post opera-

tion retrievability over the five year retrievability of the minimal engineer-

ing concept was not found to be significant. The final technical criteria

nominally requires retrievability for 50 years past beginning with the start

of operations rather than 50 years past the end of operations. Hence with

respect to retrievability, the final technical criteria still would not be

expected to have any significant environmental impact.

For these reasons the staff does not believe that the environmental impacts

due to the technical criteria of the final rule are likely to be significantly

different for any actual repository which the DOE might propose from those
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assessed in the EIA for meeting the proposed technical criteria. Thus the

staff expects no significant incremental non-radiological environmental impact

to result from meeting the requirements of the final rule. Therefore, no

changes are necessary in the EIA.
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VALUE IMPACT STATEMENT ON

10 CFR 60--DISPOSAL OF HIGH-LEVEL

RADIOACTIVE WASTES IN GEOLOGIC

REPOSITORIES: TECHNICAL CRITERIA

On July 18, 1981 the proposed rule, 10 CFR Part 60 was published for

public comment in the Federal Register accompanied by notification that the

Preliminary Value/Impact Analysis for the proposed rule was also available

and open for public comment.

In summary, the preliminary analysis concluded that "in regard to the

disposal of high-level radioactive waste in subsurface excavated areas, the

NRC should provide guidance to DOE through regulations which establish per-

formance objectives and associated technical criteria. The method of meeting

the performance objectives and criteria should be contained in regulatory

guides and staff position papers. The development of guidance should be done

by NRC with external technical assistance as needed. The guidance should

contain both performance objectives to clearly state what is expected of a

geologic repository, and to the extent needed, prescriptive requirements to

constrain and direct design and siting such that the health and safety find-

ings necessary for licensing can be made with confidence."

The public comment period resulted in a total of 85 comments on the

proposed rule. No comments were received on the'Preliminary Value/Impact

Analysis. As a result, the basic findings of the Preliminary Value/Impact

Analysis have not changed and are applicable, as written, to the final

version of 10 CFR Part 60.
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Department of Energy
Washington, D.C. 20585 OCt k 2

MEMORANDUM FOR Honorable Nunzio J. Palladino
Chairman
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

On July 29, 1982, the Department of Energy met with the NRC staff in an open
meeting to discuss the proposed final draft of 10 CFR Part 60. Others who
had participated in the rulemaking proceeding were also invited to this meeting.

Draft copies of the final Rule and "Rationale for Performance Objectives in
10 CFR Part 60" were distributed. Based upon those documents and discussions
at that meeting, it is clear that a number of basic Department concerns are
not being adequately addressed by the NRC staff as it proceeds with the
development of the Rule. Accordingly, I am writing to advise the Commission
directly that the Department has serious difficulties with certain aspects of
the Rule as now written, despite extensive discussions with NRC staff management
and the apparent accommodations of our concerns.

The Department's major concern with the proposed Rule, which has been noted
in our comments and in those of other reputable reviewers, is the inclusion of
ad hoc numerical design requirements for subsystems (individual barriers).
Because the degree to which a-repository contains radionuclides over time is
the ultimate test of its adequacy, we believe the Rule should be based on and
derived from an overall system performance objective, as were the curie release
limits which have been proposed by EPA in their draft Standard. Instead, the
Rule centers on the imposition of performance requirements for individual
components that are neither derived from nor related to an overall system
performance objective.

Further, inclusion in the Rule of numerical performance requirements for
individual barriers will, because of the difficulties in demonstrating
compliance, significantly complicate the licensing process and add needless
expense of the disposal o fhigh-level waste. The NRC has issued drafts for
public review and comment twice, first on May 13, 1980, and again on July 8,
1981. In response, the Department and other concerned parties have expressed
reservations about the NRC's approach. These comments, however, have not
been fully addressed by the NRC staff, perhaps partially because of a failure
to appreciate the potential licensing pitfalls involved.

In its current form the Rule still contains rigid, numerical requirements for
individual components that are not Justified. For example, the Rule states in
section 60.113(a)(1)(ii)(A):

"Containment of HLW within the HLW waste package will be
substantially complete for a period of 1,000 years after
permanent closure of the geologic repository, or such other
period as may be approved or specified by the Commission.'
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The NRC staff position is that the phrase 'or such other period as may be
approved or specified by the Commission" sufficiently addresses the Department's
concern that the 1,000-year period constitutes a firm requirement. We, however,
cannot agree. As a practical matter, case-by-case approvals of deviations
from specific numerical requirements are almost never granted, require
extensive litigation, and, accordingly, are not a realistic alternative
to compliance with specific numerical criteria.

We are seriously concerned over the numerical requirements prescribed in
60 113 for components in the Rule for three reasons. First, we believe that
the need to demonstrate compliance will unnecessarily complicate and prolong
the licensing process. Simply determining the requirements necessary for
demonstrating a 1,000-year waste package, for example, is likely to consume
considerable time. Secondly, the requirements in the Rule are not technically
justifiable. For example, as discussed in our previous comments on the
proposed Rule, a long lived (1,000-year) waste package makes no measurable
contribution toward protecting the health and safety of the public. The
third reason for concern is that of unnecessary cost. The cost of a very
long-lived waste package--and exotic, very low release rate waste forms,
which also appear to be required by the Rule--would needlessly add to the
expense of the disposal of the Nation's waste.

In addition, we have found that the NRC staff's "Rationale" document, which
accompanies the draft Rule and sets forth the staff's bases for the requirements
it contains, does not, in fact, support the specific requirements in the Rule.
During their presentation to the Commission on the proposed Rule, the NRC staff
acknowledged that the imposition of the numerical values will not in and of
themselves ensure that the proposed EPA Standards will be met. The geologic
conditions in the repository must provide a measure of protection from premature
radionuclide release. In assessing the effectiveness of the geology, however,
minimal credit was allowed because of assumed conditions which were seriously
flawed compared to geologic options the Department is investigating.

Enclosed are excerpts from the comments of others on the NRC Rule. You can see
that the Department i s not alone in taking a position against the specific
design requirements included in the proposed Rule. Even one of the NRC staff's
principal contractors, Sandia National Laboratories, has stated "If a constant
release rate and a groundwater travel time greater than approximately 500 years
is assumed, then the presence of (a) canister has little effect on releases."

I-

We understand that on November 2, 1982, the NRC staff is scheduled to brief the
Commission on alternative procedures to finalize the technical criteria.
portion of 10 CFR 60. Given our concerns with the requirements of the Rule
as presently drafted, we urgently request an opportunity to present to the
Commission our concerns and to suggest alternatives which we believe will
significantly improve the Rule. Unfortunately, senior members of DOE
management will be out of the country on November 2. Consequently, we
request that the Commission reschedule the NRC's staff presentation to a
mutually convenient time. Additionally, we request that the Commission defer
any action on this matter until we have had an opportunity to present our
concerns to the Commission.
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Thank you for your consideration of our request. I am sure that we can worktogether to develop a useful, technically sound rule.

Sincerely,

Shelby T Brewer
Assistant Secretary

for Nuclear Energy

Enclosure

cc:
John F. Ahearne, Commissioner
James Asselstine, Commissioner
Victor Gilinsky, Commissioner
Thomas Morgan Roberts, Commissioner



Enclosure

SUMMARY OF OTHER PARTICIPANTS' COMMENTS

I. SYSTEMS APPROACH

Many commentors supported the systems approach to performance assessment and
suggested elimnatlon of subsystem performance requirements. A few of these
comments are quoted below.

NRC Advisory Committee on Reactor Safeguards

* . we believe that the licensee should be given a greater degree
of flexibility for compliance with the overall safety goal. One approach
would be to emphasize the fact that the NRC will be evaluating the
anticipated performance of the total waste repository as a system, in
cortrast to the performance of its individual components. Since we
foresee only one or two repositories being built within the next several
decides, we believe that each should be evaluated In relation to overall
performance on a case-by-case basis.'

American Nuclear Society

* . ANS strongly recommends that all subsystem numerical performance
requirements be deleted in favor of more general statements permitting
system trade-offs to achieve the desired overall system or repository
performance. Specifically, the following values should be deleted:

1000-Year Waste Package Life (Section 60.111(b)(2))
10 Long-Term Release Rate (Section 60.111(b)(2)(ii)(A))
1000-Year Undistrubed Water Travel Time (Section 60.112(c))
50-Year Retrieval Time (Section 60.111(a)(2))"

ult is our concerted view that overly restrictive and specific performance
standards are not necessary, and that such standards in regulation form
are likely to add to the overall cost of waste disposal without achieving
any degree of benefit to the public health and safety. Instead, using
current engineering practices, a carefully sited, engineered, and designed
repository coupled with effective confirmation and design validation can
assure compliance with a single, overall performance criterion for the
repository as a whole system. The application of such a single performance
standard would not only coincide with the Environmental Protection
Agency's recommended approach of the systems concept, but would permit
repository designers to optimize the repository as a system of both
natural and engineered barriers for differing site and geologic medium
characteristics."

Utility Nuclear Waste Management Group

the NRC barrier performance objectives approach, as embodied in
the current proposed regulations, can only be viewed as the arbitrary
imposition, on individual system components, of special-value standards
that are without scientific or other technical support."

me . . we cannot agree that the inclusion of such component requirements
will increase the ability to show compliance with an overall system
performance requirement (e.g., EPA protection standards), since such a
showing will necessarily Involve the use of mathematical models independent
of specific component performance requirements.'
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NUNMWG is firmly of the view that overall repository performance should
be addressed directly by means of the systems approach. Utilization of
an overall performance standard would correctly serve to focus attention
on total repository performance. In addition, it would provide for
appropriate design flexibility; something which is important in order to
both be able to take advantage of new developments, as this new undertaking
proceeds, and to accommodate and effectively utilize the specific character-
istic of individual sites.'

National Research Council/National Academy of Sciences

*The BRWM (Board on Radioactive Waste Management) questions the adequacy
of the proposed numerical criteria to accomplish these (their) purposes.'
. . . Specifically, our conclusions regarding the proposed numbers are
as follows:

1. NRC has not presented adequate evidence that these numerical
criteria can 'support a finding of no unreasonable risk to
the health and safety of the public . .

2. NRC has not shown that these numerical criteria are either
necessary or sufficient to meet the 'EPA Standard." . .

3. It has not been shown that adoption of the numerical
criteria will simplify the licensing process . . .

4. No attempt has been made to demonstrate the technical
validity of the proposed criteria. .

5. NRC has not shown how the proposed numerical criteria for
the waste package can be verified . .

* . we recommend that precise numerical criteria for major elements
of the repository system be eliminated.'

II. 1000-YEAR WASTE PACKAGE -

The NRC received many technical comments questioning the validity of the
1000-year waste package containment requirement. A few of the comments are
quoted below.

Lawrence Livermore Laboratory

'The zero-released containment limit as proposed by the Commission is
not necessary because more reliance can and should be placed on the
other barriers . . *' "In addition, it should be recognized that small
releases are not intolerable, in view of the vast inventory of naturally-
occuring radionuclides in the earth's crust . . *. 'The containment time
proposed by the Commission is not reasonable because the function of thi-e
waste package should be to provide containment primarily during handling
and shipping, including possible retrieval, not long-term containment."
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American Nuclear Society

'The requirement for a 1,000-year containment period by engineered
barriers is grossly excessive and unsupported by scientific fact." "NRC
claims that the basis for the choice of 1,000 years is mainly that the
heat induced by the waste in the geologic medium will increase the waste
package leachability and reduce the near-field transport time, with the
net result that the radiological source term from the 'distrubed zone"
increases. NRC does not argue that the 1,000-year containment period-is
necessary to reduce the overall radiological releae to man's environment
to an acceptable level."

It is agreed that the postulated release from the underground facility
would be accelerated due to resulting higher temperatures in the geologic
medium but, generally, the calculational models used do not take credit
for'any holdup or delay of radionuclides in the region of relatively
higher temperatures. Rather, the radiological source term for the
far-field transport models are derived directly from the waste package
release rate as if the heated geologic medium region or "distrubed zone"
did not exist. Thus, any acceleration of release from the underground
facility due to temperature effects has already been discounted and,
therefore, should not be used to penalize the waste package design."

Dr. T. H. Pigford, University of California at Berkeley

Dr. Pigford has prepared a detailed analysis of the NRC's proposed 1,000-
year waste package containment period. Seven areas were analyzed: (1)
the NRC's purpose; (2) the importance of 1,000-year containment to overall
performance; (3) temperatures assumed by the NRC; (4) temperature effects;
(5) extrapolation from current knowledge; (6) compliance verification; and
(7) cost estimate.

Dr. Pigford summarizes:

"The above analysis shows that NRC's proposed criterion that the radio-
nuclides be confined within the waste package for 1,000 yr is without
adequate or valid technical foundation, is based upon questionable
assumptions, and may not be important to long term public health and
safety. There is no showing by NRC that the proposed criterion is
necessary or. sufficient for NRC's stated purposes."

Environmental Protection Agency

"Although we strongly support the multiple barrier approach, we think
that the 1000 year waste package requirement may be excessive. Studies
published by the Electric Power Research Institute (EPRI) and confirmed
by EPA indicate that in almost all situations improvements in canister
life are less important for reducing long-term risks than improvements in
waste form or careful selection of site characteristics. If the waste
package lasted only a few hundred years, it would guard against uncertainties
during the period of greatest heat generation; however, the 1000-year
life requirement for the waste package could necessitate the use of very
expensive or exotic materials (such as titanium) for waste canisters.
The supporting documentation for the rule does not consider the potential
cost of this requirement. In light of the relatively small benefits and
possible high cost, we believe the Commission should reexamine this
requirement."
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Institute of Electrical and Electronics Engineers

'The 1000-year requirement for Waste Package integrity would probably
be unduly restrictive in cases where engineered barriers are available
and/or groundwater travel times are longer than 1000 years. In addition,
it may be prohibitively difficult and expensive to fabricate waste
packages that will remain intact for 1000 years, and impossible to
provide assurance that the requirement will be met."

III. RELEASE RATE REQUIREMENT

The NRC proposed release limit of one part in 100,000 per year was also
disputed by most of the technically qualified commentors.

Dr. T. H. Pigford, University of California at Berkeley
.The numerical specification of a fractional .release rate of 10 5 /yr is
of questionable importance to long-term safety and is proposed without a
technically valid basis and with invalid assumptions of existing technology
and cost if such a numerical criterion were adopted, compliance could
probably not be verified. It would be more appropriate for NRC to state
the considerations which may help guide DOE in its development and proof
of the waste package as one of the possible barriers that may aid in
meeting whatever safety standards that emerge."

Dr. H. P. Ross, Geophysical Consultant

'The one part in 100,000 release requirement for the engineered system
again will be impossible to verify and ignores the positive features of a
good geologic site to contain or delay transport of radionuclides. The
requirement as stated requires engineering overkill for a single component
of the system which will be unnecessarily costly and still impossible to
verify. Sorption, long travel paths, and dilution all tend to offset the
effects of release from the engineered system."

IV. 1,000-Year Groundwater Travel Time

Several commentors disagreed with the 1,000-year groundwater travel time
requirement.

Dr. T. H. Pigford, University of California at Berkeley

ANRC has not shown need or adequate technical basis for its proposed
numerical criterion for water travel time. It would be more appropriate
for NRC to state its considerations of water travel time as a contributor
to overall safety performance. It would be appropriate for DOE to have
the flexibility to select sites with water travel times sufficient so
that, in combination with the other properties of the site and of the
engineering design, there will be reasonable assurance that a regulatory
specified overall performance standard will be achieved."
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Institute of Electrical and Electronics Engineers

'Placing the requirement on water travel time, rather than on radio-
nuclide travel time, may, in effect, result in focusing on an
implicit assumption that no retardation occurs. This is another
compounding conservatism."

V. INTERNATIONAL COMMENTS

Agencies from two countries, the Netherlands and the United Kingdom, were
concerned about the performance criteria proposed by the NRC.

Netherland Energy Research Foundation

" / . . there should be only one approach for setting performance
criteria for a high-level waste repository. That approach should be
the prescription of a single performance standard for the overall
disposal system. . . . It is only by means of an iterative process of
safety assessment and repository system improvement that the relative
importance of the different components to the overall system can be
evaluated.'

'At least for a carefully designed HLW-repository in salt the waste
package is therefore not a key component of the overall engineered
system . . .*

"The restrictive containment or confinement of the radioactive waste to
its waste package is an irrational requirement. The boundary of confinement
can easily be shifted more outward without any consequences from the point
of view of radiological hazard to man and his environment.'

Department of the Environment, United Kingdom

"Document 10 CFR 61 illustrates the setting of overall performance
objectives whilst allowing some flexibility in designing and operating
each individual repository, whereas document 10 CFR 60 appears to set
acceptance criteria not always justified by-technical evidence."

'The rule has been developed in the absence of raidological protection
criteria (environmental standards), for disposal of high-level wastes;
the proposed technical criteria are, therefore, arbitrary. This approach
to setting technical criteria is incorrect in principle. It leads to
criteria which are inflexible because, since they have no clear basis,
there can be no basis for changing them. In addition the approach
is very likely to lead to criteria which are too restrictive, thus
causing more expenditure on high-level waste disposal than is warranted
by radiological protection consideration."

'The rule does not define in any detail the means by which compliance
with performance objectives is to be demonstrated. As a consequence
the proposed performance objectives have little meaning and it is
very difficult to decide whether they are appropriate or achievable."

. . . the proposed rule is unsatisfactory and should not be adopted
in its present form. It would be preferable to leave the rule in
"proposed' form until the EPA standards have been published and until
there is sufficient information available to derive technical criteria
from these standards. The rule should then be revised.'
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Owe feel that too many firm numbers are being laid down without sufficient
experimental and theoretical justification. Particularly if disposal
will not take place for many years it is better to set overall dose
limits to define the required performance of the multiple barrier. It
is then up to designers to optimize the individual elements in the system
as models and experimental data are improved over the years. The
proposed rule would freeze options too soon.'
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1 D . I

2 CHAIRMAN PALLADINO: Good afternoon, ladies

3 and gentlemen.

4 Today's meeting addresses the Commission's

6 proposed technical rule for disposal of high-level

6 radioactive waste in geologic repositories.

7 Proposed technical criteria were published for

8 public comment in July 1981. Today's sceakers will

9 touch on several questions concerning the timing and

10 content of a final technical rule.

11 Cur first presentation will be made by the NRC

12 staff under the EDC, 3ill Circks. The staff has

13 recently highlighted for the Commission the potential

14 problems in finalizing the technical rule before the

i6 Environmental Protection Agency issued an effective

16 standard for high-level waste disposal.

17 In particular the staff noted that the NRC's

18 performance objectives for waste package containment

19 time and the release rate from the engineered barrier

20 system are closely linked to the EPA standard. The

21 staff argues that the two performance objectives ought

22 not be finalized until the EPA standard is published.

23 Following the NRC staff will be the Department

24 of Energy represented by Shelby Ereewer, Assistant

25 Secretary for Nuclear Energy and by Dr. Frank Coffman,

ALDERSON REPORTING COMPANY. INC.
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Deputy Assistant Secretary for Nuclear Energy.

In a letter dated October 29th, 1982 DOE

expressed a fundamental objection to the NRC's numerical

performance objectives for the individual bqrriers of

the geologic repository. ODE requested the opportunity

to address the Commission before the Commissioners act

on the staff's approach to finalizing the NRC technical

criteria, including the individual performance

objectives.

Following DOE we have allotted time for the

EPA represented by Dan Egan of the Waste Management

Branch and the National Academy of Sciences represented

by Cr. Konrad Krauskopf who is the Chairman of the Board

on Radioactive Waste Management. The representatives

may wish to comment on the presentations of the NRC and

DOE and the Commissioners will probably also wish to ask

some questions.

We have allotted roughly 30 minutes apiece for

the NRC staff and DO speakers and five minutes apiece

for the remaining two speakers. That doesn't mean

though that we won't interrupt with questions.

(Laughter.)

CHAIRMAN PALLADINO: If there aren't any other

Commissioner remarks at this time ---

COMMISSIONER GILINSKY: I have a question I

ALDERSON REPORTING COMPANY, INC,

400 VIRGINIA AVE. S.W.. WASHINGTON. D.C. 20024 (202) 554-2345
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1 would like to ask. I guess I would like to understand

2 what it is we are letting ourselves in for. Are we

3 starting another round of comments or are we going to

4 entertain comments from others who participated in this

5 rulemaking? I guess I would like to ask the General

6 Counsel what happens if we modify.our views as a result

7 of today's meeting? Would we then have to put a rule

8 out for comment again?

9 MR. MALSCH: It would depend on what the

10 change was. If the data is already basically in the

11 record and what you are hearing are sort of elaborations-

12 or arguments based upon data already submitted in

13 comments, I would say there is no need to go out again

14 for comment.

16 If we get, you know, laid before the

16 Commission at a late date an entirely new rationale for

17 an entirely different rule, then, yes, there is a

18 possibility you would have to go out again for comment.

19 It would decend on the nature of the comments.

20 MR. CUNNINGHAM: I would agree with that, but

21 I would add specifically if the changes go to the

22 systems approach rather than the engineering barriers

23 approach and Eliminate those subcriteria, that would be

24 a major change which I think would require renoticing.

25 C3MMISSICNER GILINSKY: And are we going to

ALDERSON REPORTING COMPANY, INC.
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1 entertain comment from others?

2 CHAIRMAN PALLADINO: Whet is that?

3 COMMISSIONER GILINS.KY: Are we going to

4 entertain comment from others who are not hers today?

5 CHAIRMAN PALLAOINO: I think that would depend

6 a little bit on what we hear.

7 COMMISSIONER AHEARNE: Cr on whether it makes

8 any modification to the rule proposed.

9 COMMISSIONER GILINSKY: Whether we change our

10 views.

11 COMMISSIONER AHEARNE: That is right.

12 CHAIRMAN PALLADINO: Any other comments or

13 questions?

14 (No response.)

15 CHAIRMAN PALLACINO: Okay. Then I will turn

16 the meeting over to Mr. Dircks.

1 7 MR. DIRCKSZ We had one primary objective when

8 the meeting was scheduled and that was to discuss the

19 five alternatives that we presented to the Commission in

20 SECY-S2-427, and John Davis will go through those

21 alternatives.

22 I have to emphasize that all those

2 alternatives are based on the multiple-barrier

24 quantitative criteria approach. So we didn't intend to

25 get into an argument over whether or not you should have

ALDERSON REPORTING COMPANY. INC,
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1 multiple-barriers and numerical criteria. That we

2 thought was established by the Commissioner in its

3 guidance to the staff and when we issued the proposed

4 rule. If that were changed, we would have to go back

5 and have further discussions on that subject.

6 I thought before we got to the alternative

7 questions, I do think it is necessary though to address

6 some of the points raised in the.DOE October 29th '

9 memorandum. Again, : don't want to get into a debate on

10 the technical issues they raised, but I do think it is

11 important to address I think the allegations that were

12 made that we didn't follow a rulemaking process that had

13 integrity.

14 I think in our rulemaking process in the

15 addressing of comments, I do think we have followed a

16 legitimate and correct path. There were comments made

17 in the DOE memo that gave examples of how we were

18 unresponsive or did not adequately address comments and

19 I do think we want to get into that issue because that

20 did question the integrity of the whole rulemaking

21 process.

22 COMMISSICNER GILINSKY: You say you do or you

23 don't?

24 MR. DIRCKS: We do. Now in some ceses it is

25 going to be difficult because the memo goes back and

ALDERSON REPORTING COMPANY, INC.

AM VIR(:INIA AVF S W WASHINGTON 0.r. 2M2A (2021 S54-234S5



7

1 forth between the comments that were made in the context

2 of the rulemaking process and some comments that were

3 quoted I think out of context. So we are going to try

4 to match the two and I am going to ask Pat Comella to

5 try very briefly to address that issue.

6 After she is finished, I would like to then go

7 back to John Davis to go over the options that we

8 presented in our memorandum to the Commission.

9 MR. CUNNINGHAM; All right. To just recap a

lo few facts connecter with the public comments that we

11 received, to date we have received and documented 91

12 comment letters of which the most rscent was the October

13 29th memorandum from DOE. Those letters were

14 distributed. We had about nine from other federal

is agencies, 11 from state and local governments, two from

16 foreign countries who were very interested in the

17, question of waste disposal, and, oh, about 20 from the

18 industry professional societies, consulting firms and

19 the remainder from private individuals. There were two

20 letters from Congressional either committees or

21 Congressmen.

22 The summary of the oublic comments received,

23 it is going to be difficult to avoid getting into

24 contents but I will do my best.

25 CLaughter.)

ALDERSON REPORTING COMPANY. INC,

400 VIRGINIA AVE., S.W.. WASHINGTON. D.C. 20024 (202) 554-2345
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1 MR. CUNNINGHAM: There was general support for

2 the multi-barrier approach, and let me characterize that

3 as general acceptance that both engineering and geology

4 should contribute to waste isolation in the geologic

5 repository.

6 Concern, however, was expressed over the

7 numerical performance requirements. There was concern

8 about specifying numerical requirements for subsystemst.

9 and the comments generally fell into two categories.

10 one would be no numerical criteria for subsystems at all

11 specified in the rule, or, if you do, have some

12 provision for flexibility.

13 The lack of an EPA standard was noted. It was

14 noted in two respects. How can you finalize criteria if

15 yo don't have a standard and how can you show a

16 relationship between the subsystem oerformance

17 requirements and an overall system requirement without

18 the standard in place?

19 The question of the meaning of riasonable

20 assurance, that evoked quite a lot of concern. What is

21 the nature of the proof required during the licensing

22 process in order to arrive at a licensing decision given

23 the very long periods of time involved and the

24 uncertainty associated with this particular enterprise?

25 There was comment on the retrievability,

ALDERSON REPORTING COMPANY, INC.
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1 specific detailed requirements, the TRU requirements

2 that were in the proposed rule and there was discussion

3 of disposal in the unsaturated zone. If you will

4 recalls the proposed rule was limited to disposal in the

5 saturated zone, a fact that a number of commenters

6 offered very helpful comment upon.

7 COMMISSICNER AHEARNE: Pat, just one

8 question. On those that raised questions about the

9 level of detail, did they suggest elimination of the

10 detail from the rule and placing it in something else or

11 Just the elimination of the detail?

12 MR. CUNNINGHAM: It was varied, if I recall

13 correctly. Some suggested elimination of very specific

14 requirements. Generally I think that there was not

1i difficulty with putting into another form of guidance.

16 It was just the question of whether or not that was

17 appropriate for a regulation.

18 COMMISSIONER AHEARNE: So that it was not

19 necessarily then complete disagreement with the approach

20 that the detail represented?

21 MR. CUNNINGHAM: I wouldn't say that. Yes, I

22 would say that there was not difficulty with it. It was

23 where it was.

24 COMMISSICNER AHEARNE: So that something like

25 a reg. guide might be an appropriate route.
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1 MR. CUNNINGHAM: Yes.

2 In the next few viewgraphs I am going to just

3 quickly step through how we went about analyzing public

4 comments. I don't think that there was anything

5 different from the approach that we took in analyzing

6 these comments for this rulemaking versus other

7 rulemakings.

8 I would say, however, that the staff was

9 particularly sensitive to the great importance and

10 visibility attached to this rulemaking and the fact that

11 that recent rulemakings of the Commission have come

12 under scrutiny by the courts and have come in for

13 criticism, and I think that that provided additional

14 incentive to do a very fine job in terms of providing

15 systematic and documented identification and

16 consideration of all of the issues addressed by the

17 commenters of showing how they were considered, what

18 changes resulted from the proposed rule and why those

19 changes were made.

20 We went through a very detailed process then

21 to identify all of the topics, to collect the individual

22 comments of which there were several hundred and to

23 place them into proper context. We were quite concerned

24 about that I know and went through a number of

25 iterations before we felt that we had them properly
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1 contextea.

2 We then categorized them by topic, and then we

3 did topical analyses. The results of those analyses

4 occur in three different documents. Each comment is

5 responded to individually. It may be a cross-reference

6 to the policy overview in the section-by-section

7 analysis which shows where the changes were made and

8 there may be some discussion in tha individual response.

9 The third document that is provided is the

10 treatment of the technical issues and those are treated

11 in the rationale document which you received in July.

12 In order to provide some idea of what we did,

13 what the comments were and how the staff responded to

14 them, I have used the DOE letter of November 'th, 1981

15 for three examples and I have selected the most recently

16 arrived letter from DOE for the fourth example. I did

17 that because they ere the ones who have expressed the

18 most concern about how we have handled the comment

19 analysis. So it seemed to me to be most appropriate to

20 use their letter.

21 I have quoted hopefully not out of context or

22 misrepresented what they said. "We have long recognized

23 the need for a multi-barrier approach and the objectives

24 which the Commission is seeking to achieve." The staff

25 response to that in terms of reference to the draft
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1 final rule Could be that the multi-barrier approach is

2 retained. The individual repository subsystems are

3 identified, containment within the waste packages,

4 controlled release from the underground facility and a

6 minimum groundwater travel time to the accessible

6 environment, those are treated qualitatively as well as

7 then numerical requirements specified quantitatively.

8 Also in comment letter No. 48 "The Department

8 considers that a more appropriate way of accomplishing

10 the objectives expressed by the Commission would be to

11 provide specific subsystem performance goals by

12 providing the flexibilty to select numerical subsystem

13 criteria on a case-by-case basis." Language was also

14 provided as part of the DOE submittal at that time. The

16 staff considered the language as well as the comments.

16 I would note, too, that similar comments were

17 received. These are in other letters and these are

la merely illustrative. The numerical performance

19 objectives for individual subsystems are'retained.

20 However, there is provision for flexibility to propose

21 alternative numbers.

22 The third example DOE expressed concern, "It

23 is not clear how the individual performance objectives

24 are related to the EPA release limits using the

25 techniques of performance analysis and an understanding

ALDERSON REPORTING COMPANY, INC.
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1 of the geologic and hydrologic environments." I would

2 make reference here to the rationale document in which

3 the staff has shown the relationship between the assumed

4 EPA standard which is Draft 19 referenced by a number of

6 commenters in their letters and the numerical

6 performance objectives that are in the draft final rule.

7 The Sandia performance assessment models were

a used to perform this analysis and there was a detailed

9 discussion-in the document of the uncertainties

10 associated with the geologic and hydrologic environments

11 now that have been typical for a repository system.

.12 For my last example I have gone to the most

13 recent OCE letter which has been assigned Docket No.

14 91. We are seriously concerned over the numerical

15 requirements for components. We believe that the need

16 to demonstrate compliance will unnecessarily complicate

17 and prolong ths licensing process.

is While I have provided a preliminary staff

19 response that points out the fact that in licensing the

20 individual subsystems would have to be identified

21 wherever OnE wants credit for the performance of a

22 particular subsystem or component of the geological

= repository, be it an engineer component or a geologic

24 barrier, it would have to be able to demonstrete why

25 such credit snould be given.
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1 Ultimately a criterion is specified

2 numerically and performance is measured against that

3 particular criterion. So there is potential for

4 litigation involving compliance demonstration in the

5 licensing process regardless of whether you specify the

6 performance criterion now in advance in the rule or

7 whether you await the licensing case.

8 The question then is whether or not you bound

9 the litigative risks more readily by specifying the

10 criteria in advance or whether you do so by waiting

11 until you get to licensing. On that point I would like

12 Guy to address the advantages as the stuff sees it of

13 specifying the requirements now.

14 MR. CUNNINGHAM: The point was mada in DOE's

15 most recent letter that in their view licensing would be

16 much more difficult if these performance criteria were

17, specified in the rule. Our experience in licensing

18 would suggest that the case is-probably just the

19 opposite.

20 You have two features here, identifying the

21 criterion and measuring performance against the

2 criterion. If the criterion is identied in the rule,

2 that cannot be litigated. If you don't have the

24 criterion, you will litigate it.

25 The classic example, of course, was SCCS.
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1 Back in the early 70's the only criterion was abundant

2 emergency core cooling and we litigated months and

3 months what is abundant. Then after you define what is

4 abundant then you have to say do you have that much.

5 This rule would prescribe what is abundant and that

6 would not be litigated.

7 I might add that when we went to rulemaking

8 the ECCS we eliminated that issue and we don't litigate

9 ECCS any more.

10 COMMISSIONER GILINSKY: What you say is I

11 think right., but reading what OOE has sent to us my

12 impression is that what concerns them is having to come

13 in and ask for an exemption will be an awkward thing.

14 MR. CUNNINGHAM: Well I think that is a

15 separate issue.

16 COMMISSIONER AHEARNE: Wells you see, your

17 description was quite right, if the criteria could be

18 met.

19 MR. CUNNINGHAM: That is right.

20 COMMISSICNER AHEARNE: And if it is a

21 different assumption, you get a different answer.

22 MR. CUNNINGHAM: That is right. If they

23 choose to avail themselves of the flexibility which we

24 have in this proposed rule, then they are back to the

25 situation where there were no criteria and you have to
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1 litigate both issues.

2 COMMISSIONER GILINSKY: Right.

3 MR. CUNNINGHAM: What are the criteria and do

4 you meet it.

5 MR. OIRCKS: That is the other issue, are the

6 criteria reasonable criteria and can they be met. Of

7 course, that is the other issue that I think we would be

8 prepared to discuss, but I didn't know whether you

9 wanted to get into that issue.

10 COMMISSIONER AHEARNE: I was just commenting

11 on Guy's descriptions and he started with an unspoken

12 something.

13 MR. CUNNINGHAM: You are correct. If you meet

14 the criteria, then you eliminate a major issue. If you

15 don't eliminate and meet the criteria and Just to

16 justify some other approach, then you litigate both

17 issues.

18 CHAIRMAN PALLADINC: I gather they felt they

19 might be, es Commissioner Gilinsky said, in an awkward

20 position if they have to come back and ask for less

21 stringent criteria.

22 COMMISSIONER GILINSKY: Well, it is something

23 that ought to get very careful scrutiny.

24 CHAIRMAN PALLADINO: Sure. I am just saying

25 what their argument was.
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1 MR. CUNNINGHAM: Wall, I think that is true.

2 Part of their argument was that there is a regulatory

3 mind stand against ever granting exemptions.

4 COMMISSIONER ROBERTS: And they say that

6 pretty emphatically.

6 COMMISSICNER AHEARNE: I think it is certainly

7 true that for the first repository it will be very

8 difficulty to get away with many explicitly stated

9 exemptions.

10 MR. DIRCKS: Of courses that is why we out the

11 Alternative B in there. We didn't want them looking at

12 that as an exemption but as an alternative path than the

13 one they are taking.

14 You are finished?

15 MS. COMELLA; Yes.

16 MR. DAVIS: Now if I can focus on why the

17 staff felt we were originally coming down here, and that

18 is to get some guidance.

19 COMMISSIONER GILINSKY: The original purpose

20 of the meeting.

21 COMMISSIONER AHEARNE: No, those are two

2 different things.

23 (Laughter.)

24 MR. DAVIS: Why we thought we were coming

25 down.
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COMMISSIONER AHEARNE; There were two meetings

that.turned out to be combined into one.

MR. DAVIS: This is the part that the staff

was asking for, and that is basically to receive from

the Commission some guidance on how to proceed to go to

a final on Part 60 in the absence of the EPA standard.

As you all know, the EPA standard is used as

the overall performance goal for Part 60. We in

developing this rule, which has been in the works for

some years, never anticipated that we would be at this

point without the EPA standard. We were well mindful of

some recent experiences which we have had with regard

to, and I think the term is getting ahead of EPA in our

rulemaking.

COMMISSIONER GILINSKY: Which isn't hard to do.

(Laughter.)

MR. DAVIS: So consequently we thought it was

time to pause and come back to the Commission and say we

would like to have some guidance on how should we now

proceed.

Now of course the major issue that has arisen

is this performance objectives appearing in the rule.

As Mr. Dircks has already mentioned of course, this was

a Commission.position previously taken and the staff has

gone through and followed through on what we considered

ALDERSON REPORTING COMPANY. INC.

Ann VIOMlMhIA AVe c w W^qwwInt:TAIJ n e -nnod hono% 4rA I.*



19

1 to be the Commission direction and we have ended up with

2 the rule which does have the numerical performance

3 criteria within it.

4 Now the criteria that we are suggesting as in

5 the options, we are not suggesting that we remove the

6 numerical performance criteria for the geological

7 setting.

8 COMMISSIONER AHEARNE: You mean the ground

9 water travel time.

10 MR. DAVIS: I am sorry, the ground water

11 travel time. The concept of geologic disposal suggests

12 isolation over a long period of time and we believe that

13 the time of the criteria within the rule is a prudent

14 number. I also 'might comment that this is not a matter

15 in issue. This has not been brought to us as a matter

16 in issue.

17 COMMISSIONER AHEARNE: Let me see if I

16 understand that last comment, John. There are three

19 numerical criteria in the proposed rule.

20 MR. DAVIS: Right.

21 COMMISSIONER AHEARNE: You are saying that two

22 of them are the ones that you are going to talk about.

2 The third one, the ground water travel times is not

24 going to be one of items that is listed either in or out

25 of these options because it is not an iten at issue.
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I MR. 3IRCKS: No. That was a side statement.

2 The real reason is because we think the concept of

3 geologic disposal calls for a long time and that that

4 number which we have is a prudent time. Parenthetically

5 it has not been raised as an issue.

6 COMMISSIONER AHEARNE: What I am puzzled by is

7 that I thought that all three numbers were in there

a because deep ;eolo;ic disposal and prudent planning

9 requires the barrier concept and the numbers are in

10 there to try to get confidence that the overall limit

11 can be met. I am having difficulty seeing why one of

12 them is treated so differently than the other two.

13 MR. OAVIS! Wells the geologic number is of

14 course a matter of geology. The other two numbers are

15 matters which can be influenced by engineering. So

16 consequently what has been focused upon are those

17 numbers which are subject to some degree of influence by

18 man and engineer. -

19 COMMISSIONER AHEARNE: The geological one is

20 subject to selection.

21 MR. DAVIS: That is right.

22 COMMISSIONER AHEARNS: In other Words, where

2 you choose the site

24 MR. DAVIS! --- will determine the degree of

25 the geologic barrier, right.
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1 Now the next slide shows why we need the

2 standard and I think we are all aware why we need the

3 standard. It does specify the quantities of radioactive

4 material that can be released to accessible

5 environment. It does set the time period over which

6 performance must be assessed, in other words, 10,000

7 years. It does provide the definition for the

8 accessible environment. Then we are relying on the EPA

9 EIS, on its standard to address the radiological impacts

10 of a high-level waste discosal.

11 As I have mentioned we did fully anticipate

12 that the EPA standard would be in place before we got to

13 this point.

14 COMMISSIONER ANEARNE. Now when the comments

i1 were out or when our rule was out, and it was Draft 19 I

16 think was the EPA standard that you were talking about,

17 is that still the latest draft or are there any major

IS changes since that time?

19 MR. BELL: The draft that was available at the

20 time the proposed rule went out and the one that we used

21 in our analysis was Draft 19. The current working draft

22 of the EPA is Draft 21. There have been some changes to

23 the definitions and to the guidelines, but the numerical

24 quantities in the standard itself haven't changed at all.

25 COMMISSIONER AHEARNE: So the 10,000 year, for
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1 example as the period of assessment is still the some?

2 MR. BELL: It is still the same and the

3 quantities that could be released over that period would

4 be the same.

5 MR. DAVIS: Now if se can turn to the five

6 options that are called out in the staff paper ---

7 COMMISSIGNER GILINSKY: Did you say Draft 21?

8 MR. SELL: Yes.

9 MR. DAVIS: Under Option 1 what the staff is

10 proposing is that you finalize the rule-except for the

11 numerical substance then of the two numbers associated

12 with the performance objectives of the engineered

13 barrier system, that is the waste package containment

14 time and the EPA barrier system, and move forward with

15 the rule.

16 These two numbers would be reserved until

17 after the EPA publishes an effective standard at which

18 time the staff would look at that which it has done and

19 see if it needs to be modification to the rule and

20 proceed to insert the numbers.

21 COMMISSIONER GILINSKY: If there were any

22 major departure from numbers that have been Put out for

23 comments wouldn't you go out for comment again?

24 MR. DAVIS: It would have to back out for

25 comment. Now of course what this would do ---
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1 COMMISSIONER GILINSKY: Do you have any sense

2 for how long that process would take?

3 MR. DAVIS: It would depend on when the EPA

4 standard comes out of course.

5 COMMISSIONER GILINSKY: For going out for

6 comment again.

7 MR. DAVIS: For going out for comment?

a COMMISSIONER GILINSKY: Yes.

9 MR. DAVIS: What would you think?

10 MR. BELL: On a narrow issue like this, fixing

11 the couple of numbers, given an EPA standard, we think

12 that could be done fairly quickly in a fairly narrow

13 scope of the rule.

14 MR. DAVIS: Now the major points in item I are

15 it does get ahead of the EPA standard and it would get

16 the major portion of the rule into place and remove

17, whatever uncertainty there is in those portions.

18 Option 2 is the some as option 1 with the

19 exception that the staff proposes to go out on limited

20 public comment on the removal of the two numbers; that

21 iss comments would be asked on should we reserve the

22 numerical objectives until the standard is publicized,

23 or should we finalize numerical objectives in the

24 absence of the standard and rely on flexibility

25 provisions which are in the current version of the rule.
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1 CHAIRMAN PALLADINO; The rule you are talking

2 about does have additional information about saturated

S versus unsaturated?

4 MR. DAVIS: Yost sir, it does, and we would

6 have to go out for comment on that. In anything we do

6 we will have to go out for comment.

7 CHAIRMAN PALLADINO: Well, the first one,

8 okay, you are not asking for comments.

9 MR. DAVIS: Right, but in the first one, sir,

10 when we publish the final rule we would have to ask for

11 comments on the saturated and unsaturated also.

12 COMMISSIONER GILINSKY: Let me ask you, if

13 there any suggestion in these various reiterations of

14 the EPA that their basic numbers are going to be changed

15 or is it a matter of additional criteria or guidelines?

16 MR. DAVIS: There is an EPA person here to

17 address that. I don't believe we have such an -

18 indication.

19 COMMISSIONER GILINSKY: Aren't the EPA numbers

20 the only thing that would affect the numbers in our

21 rule, and if those aren't changing what prospect is

22 there for our changin-g our numbers?

23 MR. BELL: EPA will be in the process of

24 publishing these for comment for the very first time and

25 we expect that it may be a very controversial standard
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1 on some of the issues being dealt with, the time periods

2 involved and how you treat issues such as intrusion and

3 other potential disruptive events.

4 COMMISSIONER GILINSKY: Wells let's see, are

5 we talking about waiting till EPA has a final rule or

6 until EPA has a proposed rule?.

7 MR. BELL: A final rule.

8 COMMISSIONER GILrNSKY: Oh, that is a long

8 time, isn't it?

10 MR. OAVIS: It can be a considerable period of

11 time.

12 COMMISSIONER GILINSKY: Because they are not

13 even proposing yet.,

14 MR. DAVIS: That is right, the proposed rule

15 is not yet packaged.

16 COMMISSIONER GILINSKY: So we might be taking

17 about years.

18. COMMISSIONER AHEARNE: Yes.

19 MR. DAVIS: Based on the issue, we are talking

20 about years.

21 COMMISSIONER ASSELSTINE: What is the impact

22 of that kind of a delay given all of the ongoing work

23 that is planned over the next several years?

24 COMMISSIONER GILINSKY: The impactlI take it

25 on the waste program.
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1 COMMISSICNER ASSELSTINE: Yes. Doesn't it

2 really call into question the whole foundation of the

3 program over the next several years?

4 (Simultaneous conversations -- Inaudible)

6 (Laughter.)

6 MR. DAVIS: I think what the benefit of what

7 we are proposing to do is that it makes claar if we

8 publish the rule either under one or two in the final

9 form it is merely subtracting out these two numbers.

10 Now if the Commission has firmly decided on the

11 comparative approach, then all it is waiting for is what

12 should these numbers be. If you don't publish the rule,

13 in other words, if you don't do anything at the present

14 time or sit back and wait, then that decision is not

15 yet

16 MR. DIRCKS: And I think it allows the site

17 selection and site characterization process to go

18 forward.

19 COMMISSIONER GILINSKY: Well, but if you don't

20 gave numbers, what the public knows or DOE knows is that

21 there is a box and something is going to go in there

22 between zero and infinity.

23 CCMMISSIONER AHEARNE: Eut, Vie, we can't

24 choose the final numbers no matter what we do. The

25 final number, Congress at the moment says that final
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1 number is EPA's.

2 COMMISSIGNER GILINSKY; We can put out a

3 number which is subject to change or subject to

4 modification upon receiving EPA's final number.

5 CHAIRMAN PALLADINO: What is the force of

6 doing that, Vic?

7 COMMISSIONER GILINSKY: Wells it keeps things

8 moving and it gives people guidance and the chances are

9 on the basis of what we are hearing that it is probably

10 going to be about right.

11 COMMISSIONER AHEARNE: Johns let me ask you

12 what would happen if we had something slightly

13 different, if we put out our final rule as final and we

14 took those two numbers and put them in a regulatory

15 guide?

16 MR. DAVIS: Well, of courses that I am sure is

17 an approach that certainly could be taken. It would of

18 course, if the decision is made at a later point to

19 change those numbers, make it procedurally less

20 difficult to change. I think the downside of that would

21 be again a question of Commission resolve as much as

22 anything else.

2 CCMMISSIONER AHEARNE: Except that these are

24 the two numbers that you have pointed out in your

25 proposal, at lamst several of them. Several of your
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1 options are ones that we are supposed to be saying that

2 they aren't final.

3 MR. OAVIS: That is whet we are saying noœ,

4 ri;ht.

5 COMMISSIONER AHEARNS: So that it would appear

6 to me that if you put them into a regulatory guide then

7 that is I thought a clear statement that these are the

8 numbers the staff believes are the right numbers to be

9 used and in the absence of an EPA final number it would

10 also seem to avoid the court challenge or the type of a

11 challenge that we have recently been going through of

12 how can we firm up a final answer in the absence EPA

13 because we would not have firmed up the final answer,

14 but if the final rule went out it would still have the

is multi-barrier concept, wouldn't it?

16 MR. DAVIS: Are you suggesting removing the

17 numbers at any time from the final rule?

18 COMMISSIONER GILINSKY: When we have final

19 numbers, I assume we could put them in the rule if we

20 wanted to, but in the meantime to publish them but in a

21 less formal manner.

22 COMMISSIONER AHEARNE: Yes.

23 CHAIRMAN PALLADINO: But I understand under

24 your route you wouldn't even have to put them in a final

25 rule.
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1 MR. DIRCKS: Than you would lose the advantage

2 on the litigation.

3 COMMISSIONER ASSELSTINE: That is right.

4 COMMISSIONER GILINSKY: It sounds like if they

6 do not do everything you are suggesting plus publish a

6 regulatory guide with a number.

7 MR. DIRCKS: John is saying keep them there

8 temporarily until you firm them up and then put them

9 back in the rule.

10 MR. DAVIS: That is not what I understood him

11 to say.

12 COMMISSIONER AHEARNEZ Once they are finally

13 firmed up, but it looks like years if that is going to

14 happen. This just cleans up to my mind that you have

15 got a final rule and you have got a regulatory guide

16 that says here is the way we traditionally treat

17 regulatory guides.

18 CHAIRMAN PALLACINO: Then what would you do,

19 have another final rule when you get the numbers?

20 CCMMISSIONER AHEARNE: If we ever get the

21 numbers.-

22 CHAIRMAN PALLAOIND: But I am assuming we will.

23 MR. DAVIS: Let me ask so I clearly understand

24 this, Commissioner. Are you suggesting that we would go

25 with option l or 2 and then have a regulatory guide?
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1 COMMrSSICNER A.EARNE: I would say option 1

2 except rather than saying they are reserved until the

3 EPA standard, you could say up in the beginning, and

4' depending upon your belief, you could say if or when an

6 EPA standard final rule is published then final

6 performance criteria can be put into this rule. You

7 would publish a regulatory guidel however, that would

8 say here are the ---

9 MR. DAVIS: Concurrent with this final rule.

10 COMMISSIONER AHEARNE: Yes.

11 COMMISSIONER GILINSKY: It seems to me you

12 could achieve the same result by just putting in the

13 numbers and labeling them as provisional and subject to

14 change upon receipt of EPA's final

15 CHAIRMAN PALLADINO: But there is still this

16 point though that if you wanted to go final and you

17 wanted to include some of the material on unsaturated

18 soils-you would still have to get comments, would you

19 not?

20 MR. DAVIS: On that particular aspect.

21 CHAIRMAN PALLADINO: So we wouldn't be final,

22 at least for that exception ---

23 MR. DAVIS: Except for that particular aspects

24 it would be.

25 CHAIRMAN PALLADINO: It would be final except
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1 for that

2 MR. DAVIS: Except for that particular aspect.

3 CHAIRMAN PALLADINO: But could you call that a

4 final rule?

5 COMMISSIONER 4SSSLSTINE: Except for that

6 particular aspect.

7 (Laughter.)

8 CHAIRMAN PALLAOINC; Would you say that in the

9 rule then, that this is. final except ---

10 MR. DAVIS: You would say it when you publish

11 the final rule.

12 (Laughter.)

13 CHAIRMAN PALLADINO: No, I am following John's

14 approach where you say this is the final rule right now

15 and you would have identified except for this part and

16 which you are asking comments for this part.

17 MR. DAVIS: Right. That is what we would do

18 with regard to that saturated zone.

19 CHAIRMAN PALLADINO: So that portion would not

20 be final.

21 MR. DAVIS: Right.

22 CHAIRMAN DALLADINC: The reason I was asking

23 is if we are going out for comments on that we wouldn't

24 be lengthening the period if we went out on option 2.

25 MR. DAVIS: If you went on option 2 we would
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1 answer to that regardless of what option we took.

2 CHAIRMAN PALLADINO: What would option 2 do

3 for you?

4 MR. DAVIS: Option 2 would give us some advice

5 and comment from the oublic on how this thing should

6 proceed. Now it may be well if the Commission at this

7 point wanted to go with Commissioner Ahearne's approach

8 that would be an another option.

9 CHAIRMAN PALLADINO: You are recommending

10 option 2 if I recall.

11 MR. DAVIS: Right.

12 CHAIRMAN PALLADINO: And I think it is

13 important for us to know why you recommend it and what

14 you hope to get out of it as opposed to any other option.

15 MR. DAVIS: If they would put the rest of the

16 rule in place as a final rule and remove whatever

17 uncertainties may exist in that part of the rule, that

18 would be firm.

Is COMMISSICNER AHEAPNE: That is the same as

20 option l.

21 MR. DIRCKS: It has all the advantages in our

22 eyes of option lo plus it covers the extra base of

23 making sure we have gotten public input into this

24 decision. I think that is the only added advantage.

25 Now I think when you talk about, as the
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1 discussion went here, of moving ahead with a final rule,

2 which I think is essentially option 3 in a variation,

3 although we discussed in our memorandum to the

4 Commission the issue of the environmental impact

5 statement, it was not discussed here today and you might

6 went to hear from Guy Cunningham on that issue. If we

7 move ahead with a final rule we do have some

8 environmental impact statement considerations that

9 should be kept in mind.

10 CHAIRMAN PALLADINC: I didn't follow that,

11 Bill.

12 MR. CUNNINGHAM: The consideration is that the

13 Commission did not prepare an environmental impact

14 statement on this rule. That decision was made at the

is -time of the proposed rule and the rationale was tthat

16 there would be both an EIS done by the Department of

17 Energy, its programmatic environmental impact statement,

18 and there would be one from the EPA dealing with its

19 standard and that those two would cover the entire area

20 and that we could essentially adopt those conclusions.

21 The problem we have now of course is that one

22 of those assumptions is false, that there is not

23 presently an EPA EIS. ' think its absence poses some

24 litigativo risk if we were to go ahead with a final rule

25 now.
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COMMISSICNER GILINSKY; Who is going to

litigate it?

MR. CUNNINGHAM: It could be an

environmentalist type group, NROC or Sierra Club. If

your answer is it is likely to be the Department of

Snergy, I doubt it.

MR. DIRCKS: Well, anyhow, we wanted to

mention that in case you got on that track of ---

COMMISSIGNER GILINSKY: I am on that track.

CLaughter.)

MR. OIRCKS: You are on that track.

CHAIRMAN PALLADINO: Which track?

MR. DIRCKS; I think publish the rule. On 3.

CHAIRMAN PALLADINO: Which you haven't gotten

to yet.

MR. DIRCKS; No.

MR. DAVIS: Option 3 is to publish the rule as

it now exists, and it does have existing numerical

performance objectives in it.

COMMISSIONER GILINSKY: We would have to say

that those are provisional and subject to change upon

obtaining the 2-PA's final numbers.

MR. DIRCKS: Yes, and we would condition it on

that it would be revised in case the EPA came out with

numbers substantially different from their standard.
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1 MR. DAVIS: Then options 4 and 5 is to go into

2 limbo and wait until the EPA standard comes out.

3 (Laughter.)

4 MR. DAVIS: Then option 5 is to renotice the

5 whole rule as it is now and perhaps get additional

6 public comment. I think the primary point against that

7 is most of the rule is not a matter of contention at all

8 and we would urge that you move forward with at least

9 finalizing those parts of the rule which are not in

10 contention.

11 COMMISSIONER AHEARNE.: John, could you explain

12 to me why the following description of the difference

13 between 1 and 2 is not correct. No. 2 is the same as

14 No. . except it says for years we have been frustrated

15 with trying to get EPA to act. The Congress has been

16 frustrated with trying to get EPA to act.. Option 2 says

17 we are asking the public can youtell-us how to get the

18 EPA to act.

19 (Laughter.)

20 COMMISSIONER AHMARNE: This is a

21 semi-facetious way of saying I didn't see what option

22 was buying for you.

23 MR. DAVIS: It would highlight certain aspects

24 of our current situation.

25 MR. DIRCKS: It is asking for a little help.

ALOERSON REPORTING COMPANY. INC.

400 VIRGINIA AVE.. S.W., WASHINGTON, D.C. 20024 (202) 554-2346



36

1 That completes our portion of the program.

2 MR. DAVIS: Again, what we came down for is

3 some guidance so we can move along with putting it into

4 final form.

5 CHAIRMAN PALLADINO: Let's see, under No. 1

6 you would issue the final rule highlighting that one

7 little part of it that is not final and has to have some

8 comment.

9 MR. DAVIS: Right, and we would subtract out

10 the two numbers.

11 CHAIRMAN PALLAOINO: Then you would also

12 subtract the two numbers.

13 MR. DIRCKS: Yes.

14 MR. DAVIS: Right.

15 CHAIRMAN PALLADINO: But you would have to get

16 some input on this unsaturated material.

17 MR. DAVIS: That is true in all options.

18 CHAIRMAN PALLADINO: Now I can understand

19 that, but I am having trouble with understanding why you

20 think No. 2 is an improvement over No. 1.

21 MR. DAVIS: Because we would get public input.

22 COMMISSICN!R AhEARNS: I just described it.

23 (Laughter.)

24 CHAIRMAN PALLADINOZ I understand your

25 version. I want to hear his version.
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1 (Laughter.)

2 MR. DAVIS: Because we would get public input

3 into the Commission decision and hopefully develop a

4 stronger position for their decision, whatever it may be.

5 MR. OIRCKS. I think it is Just another signal

6 and we talked about it. 1 and 2 are about equal and 2

7 says we Just gat a little more public input into whether

8 this is the right course or not to take.

9 CHAIRMAN PALLAOINc: 3ut it wouldn't get

10 public input on the. substance of the rule.

11 MR. DURCKS: That is right.

12 MR. DAVIS: Just on how to handle the EPA.

13 (Laughter.)

14 MR. 0IRCKS: Comments may come back to-go

15 ahead with Option 3 and move ahead and finalize the

16 thing and revise it later on.

17 COMMISSIONER ASSELST:NE: The public could

18 well provide a rationale for what is the best approach

19 to take.

20 MR. OIRCKS: Yes.

21 CHAIRMAN PALLADINO: Okay. Any further

22 questions?

23 (No response.)

24 CHAIRMAN PALLADINO: Well, both I and 2 would

25 permit COE to proceed, except insofar as those numbers
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1 might apply.

2 MR. DAVIS: That is right.

3 CCMMISSIONER AHEARNE: All of them would. The

4 absence of a rule also allows DOE to proceed. The

5 question is what kind of constraints are placed on that

6 procedure.

7 COMMISSIONER ASSELSTINE: But 1 or 2 would

8 principally affect the question of packaging and the

9 design of the facility.

10 MR. OIRCKS: I think the ground water

11 movement, I think that part would enable them to move

12 along with a little more security in their site

13 selection.

14 COMMISSIONER ASSELSTINE: That is right, but

16 to the extent that exploration or investigative work on

le packaging form and the engineered aspects of the

17 facility were intended to go along at the same time that

18 site characterization work was--going along, then that

19 would be new uncertainty or continuing uncertainty in

20 those areas.

21 CHAIRMAN PALLAD:NO: Do you have any reaction

22 to Commissioner Ahearne's suggestion using, what is it,

23 a NUREG?

24 COMMISSICNER AHEARNE: A reg. guide.

25 MR. DAVISZ Was the suggestion to combine that
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1 with No. 2 or No. I or No. 3?

2 COMMISSIONER AHEARNE: No. 1.

3 MR. DAVIS: No. 1?

4 COMMISSIONER AHEARNE: Yes.

6 MR. DAVIS: WSlle the only thing you would

6 give up in it is of course the Commission would give up

7 the opportunity to have public comment on proposals.

8 Now let me make certain I understand it, Commissioner

9 Ahaarne. You are saying No. 1 as it is written with

10 subtraction of the two numbers, the placement of these

11 two numbers-in a req. guide which would be published

12 simultaneously with the rule?

13 COMMISSICNER AHEARNS: Yes.

14 MR. DAVIS: I don't see anything wrong with

15 that. I can think of nothing right now to argue against

16 that.

17 MR. DIRCKS: I think it is consistent with 1,

la but it gives a little more guidance.

19 CHAIRMAN 0ALLADINO: Any other questions of

20 the Commissioners?

21 (No response.)

22 CHAIRMAN PALLADINC; Okay, thank you.

23 (At this point in the proceedings Ms. Comella

24 and Messrs. Cunningham, Circks, Davis and Bell left the

25 Commissioners' table and Messrs. Hewett, Coffman, Brewer
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1 and OeJu joined the Commissioners at the table.)

2 COMMISSIONER ASSELSTINEZ John, it does strike

3 me that that is a somewhat unusual use of a reg. guide

4 because it is not the normal situation where you are

5 saying this is one approach to satisfying the

6 requirements of the regulation that the staff finds

7 acceptable. This would be an area where we are taking

8 the requirements out of the regulation altogether.

9 COMMISSIGNER AHEARNE: Except that we would be

10 having barriers. The regulation talks about barriers.

11 COMMISSIGNER ASSELSTINE: Yes, that is true.

12 COMMISSICNER AHEARNE: And of course what it

13 is an attempt to got at is EPA eventually in theory will

14 nave some limit end this is now how. At that stage our

15 regulations have to be constructed in such a way to take

16 sure that limit is met.

17 COMMISSIONER ASSELSTINE: That is right.

18 CHAIRMAN PALLADINO: We are-prepared to listen

19 to GOE's comments.

20 MR. BREWER: Thank you, Mr. Chairman.

21 We are very grateful for the opportunity to

22 appear before you this afternoon. I think you

2 understand the urgency the President has propelled us

24 wiith toward a swift, careful solution to the high-level

25 waste management system.
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1 . have with me Frank Coffman, who is the

2 Deputy Assistant Secretary for Waste, Raul OeJu from

3 Rockwell and Mr. Hewett from 5attolle.

4 In general we strongly support the current

5 version of 10 CFR 60. As you knows we do have some

6 reservations about the quantitative guides placed on

7 individual subsystems and it is about that central

8 concern that we will brief you this afternoon on a very

9 technical basis. I would like to have Mr. Coffman

10 proceed with that at this time.

11 MR. COFFMAN: Thank you also for the

12 opportunity to comment.

13 Before I get into the presentation let me say

14 that the rule has gone through three rounds of comment

15 and the specific area, Section 113,-was called out

16 specifically for comment the last time around.

17 Secondly, we fully agree with the combination

18 of multi-barrier approaches including engineered

19 barriers and natural geologic barriers. The question is

20 one of course of applying a general and ad hoc barrier

21 and the impacts of that which I want to describe today.

22 Your staff today presented to the Commission

2 options with respect to finalization of the technical

24 criteria. The Department of Energy, Which is the future

25 apolicant, does not believe that any of these options
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1 properly addresses the Department's concerns.

2 To do that we recommend that the Commission

3 modify Sections 112 and 113 before publication perhaps

4 using the results of a searching peer review if the

6 Commission needs additional technical evaluation beyond

6 that already available to them in our and other

7 participants' comments.

8 Before elaborating on this recommendation let

9 me affirm the Department of 5nergy's support for the

10 Nuclear Regulatory Commission in the matter of 10 CFR

11 60. As the Department testified in the oversight

12 hearipg on nuclear waste programs before the House

13 Interior Subcommittee, wa saw the need for Commission

14 involvement early in the Department's site exploration

15 and characterization activities. I should note the

16 effective ongoing interactions between the Department

17 and the Commission's staff as evidenced by our last

18 eight workshops at Hanford. The same might also be said

19 for TMI.

20 (Slide presentation.)

21 MR. COFFMAN! If I could have the first

22 viewgraph.

23 in addition, we do feel that the draft final

24 rule es presented in the rublic meeting at Germantown on

25 July 29th has many positive features which deserve
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1 publication. Without enumerating them in detail, the

2 draft rule provides for public health and safety, it

3 also supports an overall system performance objective

4 upon which we have taken a strong supportive position

5 and provides guidance in many key areas. -Resolution of

6 these key areas are a result of..NRC staff work in

7 response to the comments provided by the Department and

8 other participants.

9 However, the Department continues to disagree

10 with portions of 10 CFR 60 technical criteria as we

11 discussed in our letters to the Commission of November

12 5th, 1981 and October 29th, 1982. The concerns center

13 on the lack of technical Justification for numerical

14 subsystem requirements the probable complications and

15 delays in the licensing process that would occur in

16 demonstrating compliance and the probable cost of

17 developing components that would be required.

18 CoMmISSIONER GILINSKY: You are not, I take

19 it, objecting to a particular number, but to having the

20 numbers there at all?

21 MR. COFFMAN: That is correct. We believes if

22 1 can get ahead of myself, that we need a broad,

23 flexible rule on which we can build a comprehensive set

24 of standards and NURE~s. We do not believe that an ad

25 hoc Generic standard in the rule is the proper
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1 approach. If there was a NUREG guide on basalt issued

2 in the future based on this rules I would understand

3 that and We would support that. The answer is we are

4 not objecting to numeric engineered numbers. We are

5 objecting to an ad hoc number which calls into

6 fundamental question the licensability on a site

7 specific basis.

8 CHAIRMAN PALLADINO: You used the word "ad

9 hoc." Would not the future ones be ad hoc also? I

10 don't know what you imply by ad hoc. Do you mean

11 arbitrary?

12 MR. COFFMAN: By that I mean that when you

13 license a repository there will be a series of systems,

14 ground water travel time, absorption solubility and

15 engineered requirements as you have here which in

16 consort must show that you are a small fraction of the

17 EPA standard.

18 If you are in a media-such as salt where we

19 believe it might be impossible to demonstrate a waste

20 package that we could ever afford to pay for, we might

21 rely on other parameters or we might disavow that site.

22 CCMMISSICNER GILINSKY: Well, I will tell you,

23 you really went total flexibility in meeting the EPA

24 standard. Is that a mischaracterization?

25 MR. COFFMAN: It is in that we would be
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I receptive to site specific reg. guides. In other words,

2 if thur. was a reg. guide that talked to waste package

3 life and engineering system performance, if you want to

4 *specify a subcomponent we would be receptive to that.

5 COMMISSIONER GILINSKYZ But that could only

-6 after a site has been picked and you know the

7 characteristics and then you started developing a reg.

8 guide, but that is likely to come too late, don't you

9 think?

10 COMMISSIONER ASSELSTINE; And even then it is

11 not a requirement.

12 COMMISSIONER GILIMISKY: Yes,. and even then it

13 is not a requirement. But in any case ---

14 MR. COFFMAN: We will come back to that. It

16 is a valid points but I would hope we could come back to

16 it in future viewgraphs.

17 If I can skip forward, I am going to go to

18 viawgraph No. 2.

18 The second viewgraph, please.

20 Our comments center on the content, as I said,

21 of Section 112 and 113, that is specifically we feel

22 that the requirement to meet generic levels of

23 performance on site specific subsystems is

24 inappropriate. ke also believe that there is a

25 significant dsgrse of uncertainty and inconsistency in
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1 the two sections.

2 If I can have the next viewgraph.

3 In summary what we are recommending is that

4 Section 113 be eliminated and that Section 112 be

5 redrafted to emphasize systems analysis procedures and

6 that consultation between the NRC and DOE staffs and

7 other appropriate participants take place to resolve

8 other concerns such as definitions proofs of compliance

9 and proposed rag. guides.

10 Cn the other hand, the Commission may feel

11 that it is preferable to turn to a technically competent

12 peer group for analysis of NRC staff's and our positions

13 on these two issues. In that case we suggest that the

14 Commission -ay wish to consider requesting the ACRS

i5 Subcommittee on Waste Management or the National Academy

16 of Sciences to comment or appoint a Hearing Board.

17 Either of thess actions should be followed by specific

18 recommendations including a draft of the final rule to

19 the Commission by the peer group or Hearing Board.

20 COMMISSIONER GILINSKY: Isn't this all going

21 to set the program back I would think at least a year

22 and perhaps more?

23 MR. CCFFMAN: Cur understanding until a week

24 ago was that neither of those paragraphs were in the

25 final version and we had deeply hoped that this rule
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would be going to final without further comment in two

weeks.

COMMISSIGNER AHEARNE: And neither with 60.113

or 60.112?

MR. COFFMAN: The new paragraphs in Section

113.

COMMISSIONER ROBERTS: Say that aCain, as of

two weeks ago you what?

MR. COFFMAN: Our understanding was as of two

weeks ago that these two paragraphs were being

considered for deletion in response to the comments froi

the National Academy of Sciences and the ACRS, the EPA

and other commenters, including ourselves. Then we

learned of this option meeting and found that, indeed,

that was not the case which is why we requested the

opportunity to brief you directly.

COMMISSIONER GILINSKYS Let me ask you, does

this material you are presenting contain new data or no

arguments or is this sort of a reformulation of

arguments and data you have presented before?

MR. COFFMAN: It is a reformulation of the

arguments in the November letter and again as late as

our October letter.

COMMISSIONER GILINSKY: But both letters come

after the comment period. Did these letters, do you

Im

w
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1 feel, contain new material?

2 MR. COFFMAN: I don't believe they do. We

3 have material here by example which shows what the

4 positions taken mean, but in terms of the position they

5 are essentially identical.

6 COMMISSIONER AHEARNE: Specifically, Frank,

7 you mentioned the two paragraphs. These were the two

8 with respect to the numerical criteria for the barrier

9 package?

10 MR. COFFMAN: The package and the ten to the

11 minus five ---

12 COMMISSICNER AHEARNE: Now you also say there

13 is an inconsistency between 112 and 113.

14 MR. COFFMAN: Section 112 basically supports

15 the need to perform a systems approach to licensing the

16 repository where you identify all of. the barriers in

17 sequence and assign to them what you think is licensable

IS and defensible barrier characteristics and-those would

19 be assembled and provided as a Package for licensing.

20 Whet Section 113 does is it says independent

21 of whether it is Hanford basalt where you have ground

22 water or whether it basalt where there is no ground

2 water flow and where you probably don't need a thousand

24 year package at all. Independent of all those you have

25 to meet these criteria and if you don't meet them then
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1 both the Oepartment and the Com-nission must entertain an

2 exception to a design objective in the rule. That is

3 where the fundamental difficulty arises.

4 MR. BREWER: Section 113, Commissioner,

5 effectively eliminates the degrees of freedom that the

6 Department would have. For exaqrple, to give a very

7 simple, crude example, a thousand year package should be

8 compared for example, to the ground water transport

9 time in basalt, which I believe is some 30,000 years.

10 So the 1,000 year package would just make it 31,000

11 rather than 30,000.

12 COMMISSIONER GILINSKY: If you have complete

13 confidence in both of them.

14 MR. COFFMAN: Yes.

16 MR. BREWER: Yes.

16 CHAIRMAN PALLADINO: What does 112 have that

17 -you want to modify?

18 MR. CCFFMAN: Do you want to comment on that?

19 MR. HEWETT; The basic disagreement we have

20 with 112 is the last sentence which stimulates that we

21 have to assume the repository would be saturated with

22 water. In the case of a salt repository, one chooses a

23 salt repository because of an absence of water and the

24 staff has preassumed without basis that the repository

25 would fill with water, which is contrary to what our
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1 studies show.

2 MR. COFFMAN: Likewise witet tuff.

3 COMMISSIONER GILINSKY: Could I ask you where

4 you got the impression that these were going to be

6 dropped?

6 MR. COFFMAN: Well wet as a result of the July

7 29th meeting where we ware briefed on that, we had a

8 series of discussions

9 COMMISSIONEQ GILINSKY: -This was what meeting?

10 MR. COFFMAN: This was a public meeting that

11 Jack Martin had to describe the rationale document which

12 is the new document. in those series of discussions we

13 came to the understanding that those paragraphs were

14 probably going to be deleted.

15 COMMISSICNER GILINSKY: From Jack Martin?

16 MR. COFFMAN: Yes.

17 CHAIRMAN PALLADINC: What is that last

18 sentence? Do you have the version of the sentence that

19 you want to get rid of?

20 MR. IEWETT: ' don't have the draft with me.

21 CHAIRMAN PALLADINO: I have a draft here that

22 is a comparative draft.

23 MR. HEWETT: Is this the one with lines

24 through it?

25 CHAIRMAN PALLAD!NO0 Yes.-
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MR. HEWETT: In that particular draft they

moved the sentence to 113. If we had that draft we

could narrow our comments to 113.

MR. COFFMAN: In two viowgraphs down the road

I would like to show some examples of how engineered and

natural barriers interact to show compliance with the

EPA standard.

If I could summarize briefly, the two

fundamental differences between NRC and DOE is

summarized in these two points. Our interpretation of

the staff position is that they believe that man can

build a respository with less uncertainty in its

performance by depending on engineered systems rather

than relying on the performance.of natural barriers.

COMMISSIONER ASSELSTINE: Let me stop you

right there, Frank. Is it rather than or in addition to?

MR. COFFMAN: Well, it provides a rule and

standard which has its focus on engineered system.

Whereas the bulk of the retardation, the factor of ton

to the eighth that you need in retardation comes

basically from natural barriers that you get from

picking the site.

COMMISSIONER GILINSKY; Well, it is fair to

say it weights things in the direction of engineered

systems.
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1 MR. COFFMAN: Yes, that is correct.

2 COMMISSIONER ASSELSTINE: But it has an

3 additional degree of providing assurance.

4 MR. CCFFMANZ And that is the point I hope to

5 show in the next viewgraph.

6 CHAIRMAN PALLADINO: I don't follow that. I

7 thought part of the issue in packaging was to keep it

8 intact during a period when the heating and therefore

9 ths temperature reached a peak and got it over that peak

10 so then you can rely on the natural geologic situation.

11 The reason they picked a thousand years was because it

12 peaked somewhere maybe as late as 500 years and you just

13 added some for assurance.

14 So ' am not sure that is a true statement that

15 they think they can build something. Well, it depends

16 on how you want to describe it. I was trying to follow

17 it as you were paraphrasing it and I see it is stated

18 differently here. It says "The dependence upon

19 engineered systems rather than a natural barrier system

20 will result in a repository with less uncertainty in its

21 overall performance." Now the way you say it here I

22 would say that is true. Now tell me why it isn't.

23 MR. COFFMAN: The point of fact is that the

24 issue at heart is the presence of radioactivity in the

25 accessible environment. That is the slant of the EPA
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1 standard and the systems approach is what they use to

2 derive it.

3 As I will show on future viewgraphs, the

4 presence or absence of either the waste form requirement

5 or the package requirement makes a negligible impact on

6 that standard and that result which is what you are

7 there to meet.

8 Now, indeed, you can focus on a sort of

9 generic argument that there will be a thermal plume

10 there for the first 200 years and would it not be nice

11 to have it canned during that time.

12 CHAIRMAN PALLAOINO: I understood from the

13 staff it was necessary to keep the leaching rate down.

14 MR. COFFMAN: Maybe then I should skip this

15 viewgrah and go to the next one.

16 CHAIRMAN PALLADINO: No, I am just trying to

17 understand. I am not unwilling to accept your point of

le view.

19 MR. HWETT: I think the point should be made

20 that it may be necessary, but that is highly site

21 specific. In certain sites, in hard rock sites where

22 you have water that goes through the rock at a low rate,

23 leaching could occur there fairly soon. In a salt site

24 there isn't any ground water flowing through and you

25 have excellent containment provided by the salt itself.
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1 COMMISSIONER GILINSKY: Does this pose

2 problems for sites other than salt? I mean you keoc

3 returning to salt and I wonder whether that is the

4 problem?

5 MR. HEWETT: That is because there is a groat

6 difference between a salt site and a hard rock site

7 because the salt is plastic and flows and it is free

6 from ground water.

9 COMMISSIONER GILINSKY: Is that where the

10 principal problems lie with the application of this rule?

11 MR. HEWETT: That is why we would prefer to

12 see a guide issued for a particular' medium. If you are

13 going to have a guide with numbers, there should be a

14 guide for salt and a guids for basalt.

15 COMMISSIONER ASSELSTINE: Are you saying

16 basically that you recognize that there is a need for

17 these kinds of requirements for sites other than salt,

18 but you are not prepared to recognize that there is a

19 need for these kinds of requirements for salt since you

20 don't expect tnev?

21 MR. COFFMAN: I think that what we are trying

22 to say is that we acknowledge that we would want to take

23 some credit for waste form and package life depending

24 upon the site. If you have a-site where the water is

25 flowing fast through it and you are up against a
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1 thousand year ;round water travel time, you are probably

2 going to want an elaborate package.

3 On tne other hand, if you have got a site

4 where the ground water travel time is zeros then there

5 is no mechanism to mobilize that waste for the first

6 thousand years. So why do you Wave a can to mobilize a

7 waste that is not moving. It is that kind of systems

a tradeoff that we would like to have.

9 COMMISSICNSR GILINSKY: Well, isn't there in

10 here implicit the notion that you may have made a

11 mistake about the geologic setting and you may have

12 taken a number of measurements and concluded something

13 about the water travel time but you may have missed

14 something else?

15 CHAIRMAN PALLADINO: Or something happens that

16 changes it.

17 COMMISSIONER GILINSKY: It is really that

18 drives one in the direction of something that you can

19 design and test.

20 MR. HEWETT; But it can't change that much.

21 There are too many natural barriers in there.

22 - COMMISSICN-R GILZNSKY: ; guess it is a matter

23 of opinion.

24 MR. COFOMAN: Of all of the models that we

25 have put together we have been unable to model P
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situation with zero package and in zero waste form we

would exceed the EPA standard. The next viewgraph

starts getting at the reasons why. If we could take

Just ten more -minutes and then come back. Your points

are important, but I also want to make a couple of

technical points.

If I could have the next viewgraph.

The SPA standard is t 10,000 year standard.

The-first point I want to make is the predominant

importance of ground water travel time. We are going to

pick sites that have ground water travel times of tens

of thousands of years. The net result of that will be

that by the time any radioactivity which is leached gets

to the site boundary or to the accessible environment it

will have decayed for 35 to 100 thousand years and the

only residual nuclide will be Iodine 129 which a half

life of 16 million years.

COMMISSICNER AHEARNE: Frank, your assumption

here is that everything starts when you first ---

MR. HEWETT: Immediately.

MR. COFFMAN: Immediately, and that is exactly

the point. A thousand year waste cackage will change

that 35,000 year number ;y 1,000 years.

COMMISSIONER GILINSKY: Assuming you have got

those numbers ri;ht and you haven't made any mistakes.
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1 MR. COFFMANZ We have a viewgraph for that one

2 as well.

3 CLaughter.)

4 COMMISSIONER AHEARNE: These are generic

5 materials? The general sites for example, the tuff site

6 would have this range of characteristics?

7 MR. COFFMAN: Yes.

8 MR. HEWETT: These are actual sites. These

9 aren't generic.

10 MR. COFFMAN: These are our three sites.

11 MR. DeJU: There are actual data to support

12 each of these measurements.

13 COMMISSIONER AHEARNE: The basalt is Hanford?

14 MR. COFFMAN% Yes.

15 MR. OeJU: The basalt is Hanford and that is a

16 composite of over 200 measurements.

17 COMMISSICNER ASSELSTINE; Which are the two

18 salt sites?

is MR. OeJU: The Paradox Basin in Utah and the

20 Permian easin in Texas and there are on the order of a

21 hunareo measurements for each of them.

22 COMMISSIONER AHEARNE: And the tuff is the

23 bottom?

24 MR. DeJU: night.

25 MR. CCFFMAN: May I have the next viewgraoh,
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1 please.

2 Now hopefully this will give you a feeling of

3 the importance of engineered systems relative to natural

4 geologic systems. Cn the left you see the draft EPA

6 limit. If you assume a site with a thousand year ground

6 water travel time, a thousand year waste package and a

7 ten to the minus five leach rate and ignore the natural

8 absorption and the natural solubility, which is an

9 absorptive assumption, but if you only rely on your

10 engineered systems, within about 3,000 years you will

11 exceed the EPA standard by a factor of three or four

12 thousand and it will for thousands of years into the

13 future.

14 CHAIRMAN PALLADINC: Where do I see that?

15 MR. COFFMAN: This red curve going up right

16. here.

17 CHAIRMAN PALLADINO: Now what is it that this

18 curve is telling/me?

19 CCMMISSICNER ASSELSTINE; That is only if you

20 rely on en;ineered barriers, right?

21 MR. COFFMAN% Right.

22 MR. HEWETT: What we did was use exactly what

23 the staff asked for, you know, 60.113. We said if we

24 meet those reouirements this will be the result and we

25 assumed a hypothetical site exactly as the staff did in
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1 their rationale.

2 MR. COFFMAN: This is a rationale document

3 assumption.

4 MR. 0eJU: That ignores absorption and

6 solubility.

6 MR. COFFMAN: Right.

7 If I can go to the extreme right-hand side, I

8 took as an example and it is even better for salts but

9 if I take the Hanford site and I take the ground water

10 travel time, absorption solubility and natural decay

11 with zero waste package and zero waste forms I will be

12 at 11 vercent of the EPA standard after 35,030 years.

13 Now if I put in addition to that, and this is

14 your question, Jim, if I put a thousand year waste

15 package and ten to the minus five leach rate, I would

16 reduce at Hanford for this conservative, realistic case

17 my exposure to man from about 11 percent of the standard

18 to about 7 percent of the standard.

19 Now that would occur 1,000 years later because

20 it had a waste package. This is for all time. This is

21 not for 109000 years. This is exposure to mankind for

2 all time and it would be 11 Percent of the standard.

2 That incremental that I would buy with the waste package

24 represents 40 health effects in basalt for all mankind

25 for all time.
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1 CCMMISSICNER ;C8ERTS: Have you made this

2 presentation to the NRC staff?

3 MR. COFFMAN: This one I have not. We have

4 made the arguments in more detail but not this briefing.

5 COMMISSIONER AHEARNE: Frank, on your

6 left-hand side the difference between that and the

7 right-hand sides and you have the natural barriers on

a the right-hand side ---

9 MR. COFFMAN: That is correct.

10 COMMISSIONER AHEARNE: ---you did include

11 absorption

12 MR..DeJU: Absorption and there is some

13 solubility constraints for basalt.

14 COMMISSIONER AHMARNS: And decay?

15 MR. DeJU: That is right, and that is 99

16 percent of Iodine 129.

17 MR. COFFMAN: That is another point, that

18 after 35,000 years for any of these sites the isotope

19 which gives you dose is 99 percent Iodine 129. It has a

20 16 million year half life. Unless you have a waste form

21 that can do terr to the minus six or ten to the minus

22 seven, the ultimate dose to mankind is identical. I

23 don't know of any engineered system that can hole it

24 back 16 million years nor do I think I cara.

25 If I could have the naxt viewgraph.
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CHAIRMAN PALLADINO: No, don't go too fast.

You haven't brought me along yet.

MR. COFFMAN: Sorry.

CHAIRMAN PALLADINO: Is this only for Hanford

basalt, this 11 to 7 percent?

MR. COFFMAN: Yes.

CHAIRMAN PALLADINO: What is for other

situations?

MR. COFFMAN: It is better.

Can I have the vieugraph after this one.

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

COMMISSIONER GILINSKY: May I ask you why have

you not take this up with our staff?

MR. CCFFMAN; We have. This discussion has

been going on for three years.

COMMISSIONER GILINSKY: But I thought your

response to ---

MR. HEWETT: We haven't shown them this

presentation.

MR. COFFMAN: : haven't shown them this set of

viewgraphs.

MR. DeJU: Commissioner Gilinsky, at the

workshops that we had at Hanford with the staff we

discussed in much more detail the subject that we are

talking about here in terms of waste package life and

what it represents and performance for a repository in
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1 basalt.

2 MR. COFFMAN: Mr. Chairman, you asked the

3 question what about salt.

4 CHAIRMAN PALLAOINO: And what about the

5 others, the tuff and what-nots are they better than this

6 11 to 7?

7 MR. COFFMAN: Yes. This is salt. If you read

8 the middle headline, for embedded salt we predict for

9 all models zero release of the radioactivity from that

10 embedded salt for all time.

11 COMMISSIONER AHEARNE: That is because there

12 is no ground water.

13 MR. COFFMAN: That is because there is no

1 4 ground water. So the number is zero for salt.

15 CHAIRMAN PALLADINO: This assumes that what

16 has been will stay and you will have no ground water and

17 it will be stable.

18 MR. COFFMAN: Yes. Then the question comes of

19 intrusion. Here we have modeled an eight-inch bore hole

20 drilling within 20 feet of a waste package going through

21 the above aquifer, through the repository and into the

22 bottom adquifor, which is the direction that water would

23 move because of hydrologic head.

24 What would happen there is we assumed the

25 wiorst case that the salt would not extrude the thing off
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1 within a thousand years, the models show about 200, and

2 that there would be some leaching out. The net result

3 of that would be that some 50,000 years after that hole

4 was boraed which would be the year after you close the

5 repository, that 50,000 years later there would be a

6 blip in the accessible environment 10 miles away which

7 could represent 5/10000ths of the EPA standard under an

8 intrusion with a drill hole.

9 MR. DoJU: That is about a half a health

10 effect.

11 MR. COFFMAN: And it is one-half of one health

12 effect.

13 MRi BREWER: Over all time.

14 MR. COFFMAN: We cannot see any impact *f

15 waste form or waste package on that number. It is all

16 Iodine 129.

17 COMMISSIONER AHEARNE: Correct me if I am

18 wrong, but I doubt whether the staff would have said we

19 agree that there is no water flowthrough and never any

20 chance but we still believe there could be'a significant

21 health effect. That is not their position I would

22 imagine. It is a good argument, but it is not clear to

23 me it is addressing their argument. I recognize this is

24 the OCS argument and we have to judge which side ---

25 MR. 'CFFMAN: If I can back up one viewgrvph.
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1 CHAIRMAN PALLADINO: Why is it that you didn't

2 convince the staff or what is it that they are holding

3 on to that you are not recognizing?

4. MR. HEWETT: The dialogue with the staff was

6 always directed at us asking them the basis for the

6 numbers and for a very long tine no basis ever

7 appeared. Then we started to hear about what some of

8 the bases were. As a matter of fact, in the case of the

9 waste package even the staff's contractors didn't agree

10 with it. There was a paper given this year by the

11 Sandia contractor that showed that you didn't need a

12 waste package as long as you had 50d years ground water

13 travel. We never really tried to provide a technical

14 basis for the staff. We came to the staff to find out

15 what their basis was and we finally saw what they were

16 using in the rationale document and on that basis they

17 don't look at anything beyond 10,000 years.

18 Well, you can use that argument and show that

19 we need nothin; because all of the ground water travel

20 time is far in excess of 10,000 years. So if we use

21 their basis that would knock down all those numbers.

22 COMMISSIONER AHEARNE: Would it be correct

2 Just for argument purposes that then you would be

24 satisfied with a licensing criteria that would say that

25 it can only be located in a location where the ground
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water travel time can be proven to be at least 35,0O0

years?

MR. HEWETT* I don't believe it is necessary

to be that strict.

CHAIRMAN PALLAD:NOC How strict would you feel

it necessary to be?

MR. COFFMAN: I think that is the whole point

of the EPA's standard making and the systems approach to

it. The objective is not to pick a number which is

close to the best that anybody can meet. The objective

is to oick a series of subcomponents, engineered and

natural, at a specific site which guarantees that the

public health and safety is protected, and it is that

systems approach that is getting lost in a discussion

about an ad hoc package lifetime.

COMMISSIONER GILINSKY: Eut suppose we follow

up this point about the travel time, would you then

propose to put the waste away without any package or any

facility, and then why not if it meets the ---

MR. COFFMAN: As a matter of fact, and I

understand that question, the package discussions and

the waste form discussions came up when we t3lked about

shipping the waste from a reprocessing plant to the

repository and everyone agreed that you cannot ship

liquid high-level waste. So we got into discussions of
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1 calcines and then we got into borasilica glass and the

2 Department is selecting borasilica glass as a waste form

3 for shipping and it has to be put into a can and put in

4 the repository. I think it is important that during the

5 repository operation and during shipment that it is safe

6 from the environment.

7 COMMISSIONER GILINSKY: So this is a

8 transportation casket.

9 MR. COFFMAN: I think technically in terms of

10 the public health and safety the concerns are during

11 transportation and during the period when the repository

12 is open.

13 COMMISSICNER GILINSKY: Do you see any need to

14 put standards on the repository itself given that the

1i water travel time would meet the EPA 10,000 year

16 requirement?

17 MR. HEWETT: Well, we think that you should

18 look on a site specific basis to see if there are

19 engineering enhancements that can help.

20 COMMISSIONER GILINSKY: !ut if you have a site

21 where the water travel time is well over 10,000 years ---

22 MR. COFFMAN: Independent of that, the place

23 where you can have potential water in leakage and you

24 may want to recover or whatever, I think you have to

25 have a package in a stable waste form during the 50 to
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1 100 years that the facility is operational and that

2 provides I think the kind of assurance ---

3 CCMMI-SSIONER GILINSKY: So those are the kinds

4 of times you are thinking about?

6 MR. COFFMAN: Yes.

6 COMMISSICNER GILINSKY: Let me ask you one

7 more question. You mentioned the output of a

8 reprocessing plant- What is it that you see going to a

9 repository and ---

10 CHAIRMAN PALLADINO: In what form? Are you

11 thinking of just pouring water down there?

12 MR. CCFFMAN: The defense waste treatment

13 facility is selecting borasilica glass in a steel can

14 which has a lifetime probably of two to three hundred

15 years in borasilica glass. We at West Valley are

16 proceeding with a waste form which we are staffing to be

17 borasilics glass in a steel can which is a two or three

18 hundred year waste package.

19 COMMISSIONER GILINSKY: When are those ;oing

20 to be available?

21 MR. COFFMAN: You mean the waste?

22 COM'ISSICNSR GILINSKY: Yes.

23 MR. COFFMAN: In about 1990 for OWP= and in

24 about 19929 '91 or '92 for West Valley.

25 COMMISSIONER GILINSKY: OWPF is what?
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1 MR. BREWER: The CWTF if the proposed Defense

2 Waste Solidification Plant at Savannah River to work off

3 the tanked waste, liquid waste.

4 COMMISSIONER GILINSKY: And what do you see

5 happening with the commercial fuel?

6 MR. COFFMAN: I would hope that there is some.

7 institutional mechanism found by.which a commercial

e venture at Barnwell will proceed by 1990. If not, then

9 other ---

10 MR. BREWER: We are making our repository

11 designs in planning to be satisfactory for either spent

12 fuel or solidified high-level reprocessed waste.

13 COMMISSIONER GILINSKY: It wouldn't then be

14 sensitive to that choice?

15 MR. BREWER: No, sir.

16 CHAIRMAN PALLADINC: Frank, you are talking

17 about borasilica glass in a steel liner and you say it

18 is 200 years. Why do you say 200 years, because you

19 made the liner thin and it is going to corrode or there

20 is going to be interaction between it and something

21 else? What more do you have to do to go to a thousand

22 years, for example? To me now you just admitted that we

23 are not talking about whether we should package it or

24 not, but we are talking about the price of the packing,

25 so to speak. So it isn't whether you package or not.
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I It is that you want to Package and do you want it to

2 last for 200 years or 1,000. That is the where you have

3 led me to right now.

4 MR. COFFMAN: I am talking about the site

6 specific aspects of it. I am thinking about getting a

6 license is what I am really thinking about. If I have

7 to come to you and get a license and I have got a

8 stainless steal package in salt and the standard says

9 that you have to assume that it is saturated with ground

10 water, then the corrosivity of salt makes it extremely

11 difficult for me to show you based on 10 years of

12 engineering oat& that this thing will last with

13 "reasonable assurance" for a thousand years.

14 CHAIRMAN PALLAOINOS So you are saying that

15 the price or the degree of difficulty should be related

16 to the site.?

17 MR. COFFMAN: I think it will be, yes.

18 CHAIRMAN PALLADINO: Those are the major

19 points I am getting out of the discussion so far.

20 MR. BREWER: Mr. Chairman, if I could explain

21 it another way. There are sort of four degrees of

22 freedom that the waste form, be it borasilica glass or

2 whatever, the liner and its design and thickness and

24 material, and the geology, that is the water transport

25 time, et cetera, and the fourth is economics. The way
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1 the rule now reads that we are oppossed to is that three

2 of those four degrees of freedom are nailed down. We

3 are overconstrained. So that we cannot optimize the

4 repository the entire system.

S CHAIRMAN PALLAOINO: There is one other

6 argument that ' think has to be addressed. One might

7 say well here is a packaging form I am going to use for

8 this particular material salt. You say great and we

9 package it and all of the sudden for some reason you

10 can't put it there and you have to go put it in another

11 place where the characteristics are different. I

12 thought part of the staff philosophy was let's make it

13 good enough so you don't have to worry about whether it

14 is site specific.

15 MR. HEWETT: rut you probably would change the

16 package in going from a site of salt.

17 CHAIRMAN PALLADINO: If you make it so it

18 meets the requirements for any of your sites, then you

19- don't into that problem that you package it for one and

20 now it is no good for the other.

21 MR. DeJU; Mr. Chairman, the problem that you

22 have with that option, and the Department looked at that

23 option earlier, is that when you have a generic waste

24 package you have a very expensive waste package. You

25 nave overdesigned the waste package in order to be
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1 generic.

2 CHAIRMAN PALLADINO: Oh, sure, if you are.

3 going to make it adaptable to every site.

4 MR. OeJU; In terms of optimizing the waste

5 package design, it is more important to go to a site

6 specific ---

7 COMMISSIONER GILINSKY: What sort of

8 differences are you talking about?

9 MR. 3eJU: Well, you.are talking some

10 sizeable in the millions of dollars or hundreds of

11 millions of dollars to billions of dollars difference.

12 COMMISSIONER GILINSKY: Well, per package whit

13 is the difference that you are talking about?

14 MR. DeJU: The various waste package costs

15 range from S1OOOO-plus a package to hundreds of

16 thousands of dollars a package. It depends upon whether

17 you put a titanium overpack or whether you don't have an

18 overpack or what how much metal you are going to bury in

19 a repository.

20 COMMISSIONER AHEARNE: You are saying that you

21 already have a fairly good sense of what type of design

22 would be required to the level of detail to enable you

23 to do a cost estimate?

24 MR. DeJU: There are conceptual designs and

25 preliminary designs for the various sites that have
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1 incorporated some cost estimating.

2 MR. COFFMAN: Ralph, can I back up one

3 viawgrach.

4 COMMISSICNER ASSELSTINES Let me go back to

5 one quick point you made, Frank, earlier just a few

6 minutes ago. Were you saying that for salt it may not

7 only be an economic problem, but it may be a technical

8 feasibility problem?

9 MR. COFFMAN: I am sorry.

10 COMMISSIONER ASSELSTINE: Were you saying that

11 for salt it may not only be an economic problem, but

12 that it also may be a technical feasibility problem in

13 being able because of the corrosiveness to design a cask

14 that would satisfy the numerical requirement for the

15 container?

16 MR. CCFFMAN: That is right.

17 CHAIRMAN PALLADINO: I don't follow that one

18 because then if you are going to put anything in salt,

19 then you are going to have corrosion problems and you

20 have got to make it thicker.

21 COMMISSIONER ASSELSTINE: That is the

22 assumption that it is full of water, right?

23 MR. COFFMAN: That is part of it, yes.

24 CHAIRMAN PALLADINO: Well, you are going on

25 the basis that things are Es they have been, and I am
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1 not sure that is what we ---

2 MR. COFFMAN: And that there are intrusions.

3 COMMISSIONER AHEARNE: I think as you put it

4 there, Joes I would guess that is one of the fundamental

5 differences between the staff approach and the DOE's

6 position.

7 COMMISSIONER GILIfNSKY: Let me ask you

8 something as a general questions you are troubled by

9 having to come back on a case-by-case basis for an

10 exemption for some particular either package requirement

11 or repository requirement, but yet you are asking for an

12 approach that would have us treat the whole question on

13 a case-by-case basis and somehow you feel it is going to

14 be easier for you that way. It would be harder to do it

is on one little piece of the license.

16 MR. BREWER: In the first case, Commissioner,

17 it would be of the nature of applying for an exemption

la of an existing quantitative rule, and that has less

19 appetite ---

20 COMMISSIONER GILINSKY: You just got an

21 exemption fromu the rule.

22 MR. BREWER: We have less appetite for that

23 than asking for ad hoc repository-by-repository

24 rulemaking.

25 COMMISSIONER GIL'NSKY: Well, I think it may
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1 be unfamiliarity with our system that leads you to think

2 that one is simuler than the other.

3 (Laughter.)

4 MR. BREWER: Well, one has public optics which

5 are not there in the other.

6 MR. COFFMAN: Here is an example of another

7 approach at this. If we apply for a license the first

8 thing that we are going to go for and make an argument

9 to you on is the ground water travel time. This is

10 Hanford basalt. You see that by getting credit for the

11 ground water travel time and the natural decay of

12 radioactivity before it leaves the site we drop this by

13 a factor of tan to the third.

14 CHAIRMAN PALLADINO: Could you explain what is

16 on here. I ami sorry, that is where I lose you.

16 MR. CCFFMAN: The first hatched bar is the

17 repository inventory in curies, and if that were

18 released over a 10CO0 year period you would be at about

19 a million times the EPA curie limit.

20 CHAIRMAN PALLADINO: If released over what

21 period of time?

22 MR. COFFMAN: About 10,000 years, which is the

23 period the standard applies. if you take all the curies

24 of the repository and release them over 10,000 years you

25 would exceed the EPA standard by a million.
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1 COMMISSIONER AHEARNE: By released you mean ---

2 MR. HEWETT: Without any credit for decay.

3 MR. COFFMAN: You release it to the accessible

4 environment.

5 Then if you on the other hand take the entire

6 inventory and release it, and a complete solubility, no

7 absorption and lot it transport through ground waters it

8 will naturally decay down to about a thousand times. So

9 35,000 years from now you would exceed the EPA standard

10 by about a factor of a thousand.

11 CHAIRMAN PALLAOINO: And that is because of

12 the 35,000 year ground water travel time?

13 MR. COFFMAN: Exactly, the ground water travel

14 time and the natural decay.

15 CHAIRMAN PALLADINO: You seem to have as an

16 assumption all the way along the 359000 year travel tine.

17 MR. DeJU: 35,000 is a very conservative

18 number for Hanford and it is a result of a lot of work

19 that has gone on there and it is the same number that is

20 reported in the site characterization report that has

21 gone to the Commission.

22 MR. COFFMAN: Then if you assume that while it

23 is being transported along that there are realistic

24 solubility limits on nuclides, you get down and meet the

25 -PA standard. Then if you assume the absorptivity
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1 limits that ara in Hanford basalt, you drop down to

2 about 11 percent of the EPA limit. Then-if you put on a

3 thousand year waste package there is no change. This is

4 for Hanford basalt.

5 CHAIRMAN PALLA0IN0: Wait a minute, why is

6 there no changs?

7 MR. CCFFMAN: Because, ones it takes it 35,000

8 years to get there, it is delayed for 1,000 yearst but

9 the curies ars of Iodine 129, which is so long half

10 lifed that the dose to man over all time is identical.

11 COMMISSIGNER AHEARNE; What you really mean is

12 that there is no visible change in this scale.

13 CHAIRMAN PALLADINO: What did you do with the

14 red there, you Just put it in the package?

15 MR. COFFMAN: Then I assumed that the package

16 was added in.

17 CHAIRMAN PALLADINO: And then what did you

18 assume?

19 MR. COFFMAN: In the last one I assumed that I

20 had to meet a ten to the minus five ---

21 CHAIRMAN PALLADINC: You added the package

22 into what?

23 MR. HEWETT: These accumulative effects of

24 barriers.

25 MR. CCFFMAN: To being with I assume the waste

ALDERSON REPORTING COMPANY. INC.

.% MIlAl AgeC C %A/ %&#AD k^* U ^.&. Al ^ -.. ,^- . foCe



77

1 was in there and it was completely soluble and

2 completely liquid and it could immediately go to ground

3 water. Then I assumed that some of it had solubility

4 limits as a liquid like cesium has a solubility limit.

5 Then I assumed that Hanford basalt has K-effective

6 absorption rates. Then lastly I assumed that it was

7 bottled up in a thousand year can. That is the first

8 red block which has no impact. Last of all I assumed

9 not anly that, but I had a ten to the minus five waste

10 form.

11 COMMISSIONER AHEARNE: I assume what you mean

12 is that you had someone go back and redo the

13 calculations.

14 MR. COFFMAN: Exactly.

15 CHAIRMAN PALLAOINO: I was going to ask you in

16 the can, while it is spending a thousand years.in the

17 can you are not getting the absorption or you not

18 getting the solubility.

19 MR. HEWETT: That is correct.

20 CHAIRMAN PALLADINO: So that is where I am

21 having trouble understanding what you are talking about.

a MR. HEWETT: We are 4ust trying to find.a way

u to show you the effect of adding barrier after barrier.

24 The blue barrisr is an natural and we showed those first

25 because they are a Dart of the site and we really don't
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1 nave much choice there once we have chosen the site.

2 MR. COFFMAN: The red ones you have to buy and

3 pay for and select. That is fine if they add in terms

4 of health effects or dose to man.

5 CHAIRMAN PALLAOINC: But you are going to put

6 it in a package for some reason anyhow.

7 MR. COFFMAN: Right.

8 CHAIRMAN PALLAOINO: And you are saying those

9 reasons are? Why do you put it in a package at all?

10 MR. COFFMAN: To transport it to the

11 repository and to keep it stable and retrievable for the

12 first hundred years.

13 CHAIRMAN-PALLAOINO: And this -applies to any

14 particular site?

15 MR. COFFMAN: Any of theme yes.

16 COMMISSIONER AHEARNE: This particular chart

17 is Hanford?

18 MR. COFFMAN: This one is Hanford.

19 MR. OeJU: By the way, that particular chart

20 is very, very conservative in that it doesn't take

21 credit for a lot of barriers and it assumes a very large

22 flow rate through the repository. So a lot of those

23 conservative assumptions have been taken into account.

24 MR. CCFFMAN: Ralph, if I can proceed through

25 two viewgraphs.
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1 CHAIRMAN PALLADINO: Just one more question

2 and then I won't bother you any more for a while. In

3 all these processes you must be making some assumption

4 about temperatures and how those temperatures influence

5 interaction. If you don't have it packaged as opposed

6 to having it packaged, don't you change these rates

7 considerably?

8 MR. HEWETT: It is all lost in the ground

9 water travel. We assumed in the case of this Hanford

10 example that the waste was released immediately over a

11 one-year period, We looked at it over a ten year period

12 and over a hundred year period and over a thousand year

13 period and it didn't make any difference at all in the

14- release.

15 MR. COFFMAN: The real reason is because if it

16 is sitting here and you dump it in, the ground water

17 travel time is about an inch a year. Now, you know,

18 during the first five inches or- five years all the

19 cobalt decays. During the next 30 inches all the cesium

20 and strontium is decaying. The point is that by the

21 time you get to any accessible environment everything

22 has decayed except Iodine 129. Iodine 129 has a 16

23 million half life and the waste form is not going to

24 have any impact on that.

25 CHAIRMAN PALLADINO: See, but I picture things
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1 having cracks and not everything goos exactly the way

2 you say.

3 MR. HEWETT: These numbers are very

4 conservative, as Raul indicated in our estimation.

5 CHAIRMAN PALLADINO: Well okay. Why don't

6 you go on.

7 MR. COFFMAN: This is another approach just to

8 show what we are talking about when we say there are

9 natural defense in depth barriers. You have the

10 vertical separation from aquifers, you have low host

11 rock permeability, you have the question of solubility,

12 you have the question of gound water travel times, you

13 can pick media which are absorptive and of course if you

14 have an acquifar which is penetrated you h-ave the

i5 dilution potential there in that situation.

16 So not only are we supportive of engineered

17 barriers which are specified on a site specific basis,

18 but there is defense in depth through these systems

19 which have been stable for geologic time.

20 If I can have the next view graph.

21 This is the time to get at Jim's question. We

22 will have about five or ten years of data base when you

23 give us our construction authorization and we have to

24 make a reassonable extrapolation for a thousand year

25 waste Package as a result of this rule.
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1 At the time we seal it up, which is 40 or 50

2 years after we have our construction authorization, we

3 will have 50 years of data assuming we have run an

4 aggressive RED program. Even then there are Questions

5 about whether you can make reasonable assurance

6 arguments under the current licensing environment that

7 this number can be met. In lieu of making that argument

8 we have to come back on an exception basis so that both

9 the Commission and the Department has to make the

la arguments about why this thousand year number is

11 accepted.

12 If I can have the next viewqraph.

13 This shows you the kind of time extrapolation

14 arguments that we have to make for natural barriers. We

is are trying to pick sites which have been completely

16 stable over the quaternary period which is the last

17 million years approximately.

18 We are trying to extrapolate that data for the

19 EPA standard of 10,000. We believe that convincing

20 arguments can be made that ground water travel times,

21 basic rock solubilities basic rock absorptivities,

a those quantities and those arguments can be made

23 convincingly before a licensing committee.

24 I don't think that the same is true in a

25 near-field environment where you have a three or four
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1 hundred year waste package which is varying with time,

2 where you hava ground water intrusion at temperatures

3 comparable to the heat exchanger environments and where

4 you have a changing environment.

5 To make that argument and to model that in the

6 near field is much more difficult than making a

7 licensing argument in the far field where you are saying

8 that ground water has traveled at this speed for the

9 last hundred thousand years and we are reasonably

10 convincea it will continue along at that speed for

11 another 10,000 years.

12 COMMISSICNER AHEARNE: Frank, is it correct

13 that your argument, and let me characterize it and see

14 if you disagree. I had thought originally when you

15 first started speaking that you were talking about the

16 systems approach which the IRG had talked a lot about.

17, My sense is that that is really not what you are

18 advocating. What you are really advocating is site

19 protection rather than the systems but it is really the

20 specific chacteristics of the specific site because as

21 far as I can tell your argument really is being based

22 upon the properties of that site, either the absence of

2 water such as salt or the very slow water travel time.

24 Is that correct?

25 MR. COFFMAN: That is partially correct, yes.
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1 All the way back to the 1957 National Academy of

2 Sciences there was a basic push that man cannot design

3 an engineered system to store his waste into the

4 indefinite future. The only thing that is stable for

5 geologic time is stable geology. So the whole purpose

6 of a national screening and siting program is to find a

7 site which has a set of natural features and

8 characteristics that will orotect mankind for all time.

9 Now we want to get a license for that and we

10 want to protect during the operational phases. That is

11 where the package and waste form question creeped in.

12 Now we agree that there should be site specific waste

13 package lifetime requirements and waste form

14 requirements. That is not the problem. The problem is

15 that they should be tailored to the specific sites ---

16 COMMISSICNER GILINSKY: But aren't you going

17 to come in hers and argue when you have got a site that

18 you estimate to have a water travel time of say 35,000

19 years that you don't need a waste package and you don't

20 need an engineered facility because you have made it?

21 MR. COFFMAN: The waste form and waste package

22 will be required in part because of the retrievability

23 requirement in the standard and because of the

24 transportation laws. I can't ship liquid high-level

25 waste on tha highway.
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1 COMMISSIONER GILINSKY: I understand and we

2 talked about that.

3 CHAIRMAN PALLAQINO: But that wouldn't be site

4 specific. The transportation requirement wouldn't be

5 different for one site from another.

6 COMMISSIONER GILINSKY; But as far as the site

7 goes you are really laying it all on geology and the

8 purpose of having requirements on the package and the

9 facility and so on is to compensate for mistakes in

10 analyzing the geology.

11 CHAIRMAN PALLADINO: At least in the first

12 thousand years.

13 MR. COFPMAN: Let me say it one other way.

14 What we are saying is that all the comments by competent

la others and ourselves have suggested that you should put

16 in place a broad flexible rule and that as we gather

17 physical data during the next two or three years that

18 that should be supplemented with NUREGS or licensing

19 guides as with the case with reactors which are tailored

20 to the specific reality that we are going to be

21 operating in and a thousano year waste package for salt

22 poses a real technical and logical difficulty.

23 COMMISSIONER AHEARNE; As you may have

24 gathered from my earlier comments in the previous

25 section of the meeting, I am not in favor of putting
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1 that into the rule. So putting it in some separate

2 document is the way I was pushing. I am just trying to

3 understand though. It really seems to me that at least

4 your current thinking would, however, end up putting all

5 of that protection on the geologic setting and the only

6 thing I have to mull over, and I recognize your argument

7 that we have all this pest historical data, it

8 nevertheless still is the argument that the uncertainly

9 is sufficiently small that therefore one doesn't have to

10 be concerned aoout the reliability of that estimate.

11 MR. HEWETT; Let me just bring out one point

12 on that. All of the studies that hayv been done to date

13 indicate that it isn't a matter of choice that we are

14 saying put the reliance on the natural system. It is a

16 matter of -fact that with any reasonable natural system

16 you simply can't design anything good enough to have

17 much effect, and an example is this ten to the minus

IS fifth.

19 COMMISSIONER AHEARNE: Of course and I

20 wouldn't argue that. The reason that one looks at

21 uncertainty and then says in the regulatory world let me

22 look at, say, a worst case is you ask yourself what if

23 the predictions you are making fail. If your geological

24 estimates are correct, they aren't going to argue with

25 your coset well then this waste form engineered berried
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2 true. The issue is what if because of some element of

3 uncertainty you may be sufficiently far out on the

4 fringe and you haven't looked at-that. What if the

5 estimate was completely wrong and it doesn't work that

6 way?

7 MR. HEWETT: And that is why we chose numbers

8 for this analysis that were way down on the conservative

9 end of the range we have.

10 MR. COFFMAN: Let me give an example of the

11 difficulty-. Can I go four viewgraphs forward.

12 CHAIRMAN PALLADINO: You are ignoring this

13 temperature problem during the early period of life.

14 That is one of the major reasons I believe you have this

15 engineered package so that you can cope with that and

16 not somehow invalidate what is going to take place later

17 on. That is one of the arguments I remember hearing.

18 MR. COFFMAN: Would you move forward four

19 viewgraphs.

20 Thesa are the kinds of problems we see coming

21 into play. What is substantial containment and how do

22 you prove it for a thousand years? Do all of the

23 packages have to survive and, if not, how many are you

24 talking about here? Can statistically significant

25 thousand year accelerated tests be performed, radiation

ALDERSON REPORTING COMPANY. INC.

400 VIRGINIA AVE.. S.W.. WASHINGTON. D.C. 2nn24 OfM) LS.-23AS



87

1 on the waste package, brine on package components,

2 radiation on brine and package component interactions

3 with each other which was raised es an issue with the

4 DWPF waste form decision? Do the standards apply to

5 worst case or to the average package? Where is the

6 compliance boundaries for then to the minus five? How

7 can licensing credit be determined for engineered system

8 componentst by long-term proof testing, long-term

9 materials properties, the basis for intra-repository

10 flow calculations, the basis for engineered component

11 long-term radionuclide retention? For soluble host

12 rocks like salt how can flow be shown to be affected by

13 the engineered barriers? These are the kinds of ---

14 COMMISSIONER GILINSKY: But you can ask

16 questions like that for your approach, toot which seems

16 to me to be much mushier and more difficult to justify

17 in a legal proceeding.

18 MR. COFFMAN: These arguments are made in the

19 near field to meet a standard which is some cases is

20 against the edge of what we think we might be able to

21 meet in a dynamic thermal environment in the presence of

22 high heat load and high radioactivity loads to meet an

n ad hoc number as opposed to meeting something in the

24 ground water at the ambient temperature.

25 CCMMISSICNER GILINSKY: Well, you are going to
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1 have to convince someone that the standard is met. This

2 is a way of doing it. You raise these questions an~d

3 they are good questions, but that is why the law has

4 words like "reasonable assurance" and so on.

5 CHAIRMAN PALLADINO: I think we could sit down

6 and agree to answer many of them.

7 Excuse me, I am sorry. Go ahead.

8 MR. COFFMANt I have one viewgraph which.

9 summarizes I guess the issues all in one.

10 If I can have the slide A-i.

11 (Laughter.)

12 MR. COFFMAN; What we are saying here is that

13 if those numbers go in, those two paragraphs go into

14 this rule, then we have to do two things. To avoid a

15 delay from not mee'ting the ad hoc number we have to run

16 about a $40 or $50 million a year ROD program as an

17 insurance that we are going to deliver this repository

18 regardless.

19 Secondly, we have to come in with rather

20 elaborate documentation of proof of compliance with an

21 exception to that and both the Commission and the

22 Oepartment are going to have to deal witm that as an

23 exception and the public perception of requesting this

24 exception is going to be that we requested something

25 more relaxed and something less restrictive and it is
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1 going to create a lot of extra licensing issues.

2 COMMISSIONER GILINSKY3 But what is the public

3 perception of us relaxing entirely right now if you are

4. going to talk about public perception?

5 MR. COFFMAN: The last time that this rule

6 went out for comment the Commission explicitly requested

7 that this section be commented on and the ACRS and the

8 National Academy of Sciences, C0O and EPA recommended

9 that you proceed toward a broad, flexible rule. That-

10 has been the comment for the. last three years.

11 COMMISSICNER GILINSKY: I am not deciding this

12 on the basis of public perception but on the basis of

13 what I think is a reasonable rule. What I am suggesting

14 to you is that the public perceptions may not be

15 favorable to the approach that you are suggesting.

16 MR. HEWETT: ' see one big difference and the

17 big difference is that right now we are saying that the

18 numbers in that regulation really don't buy you anything

19 as far as the public health and safety is concerned.

20 Now presumably if the Commission puts out the regulation

21 with those numbers, the Commission has made a finding

22 that those numbers do indeed buy you something for

23 public health and safety and we would be coming in for

24 an exemption against something which the Commission has

25 found to be necessary. But right now that is still an
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1 open question we believe.

2 COMMISSIONBR ASSELSTINE: On that point you

3 have mentioned the comments from a number of other

4 commenters. ' looked at the comments from the

5 Oepartment of Interior and the Department of Interior

6 seems to take just the opposite view from just your past

7 statement, and that is that there is a significant

8 advantage to redundancy among barriers during that

9 initial period when short-lived fission products

10 dominate the hazara and heat generation is greatest. I

11 guess the Chairman raised that a little while ago and I

12 would like you all to address that specifically because

13 it does seem to me that one of the advantages to the

14 staff's approach is that you get redundancy during that

15 earlier period. It is not just a thousand years tacked

16 on the end. It is a thousand years up front.

.17 COMMISSIONER GILINSKY: You didn't include EPA

18 in that group, did you?

19 MR. HEWETT: Yes, we did.

20 MR. COF'MANS Yes.

21 COMMISSIGNER MILINSKY: Their comment to us

22 here seems to say the opposite and I suppose we will

a have an opportunity to find out.

24 MR. HEWETT: The comment to the regulation and

25 what is in this presentation eppear to be a bit
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1 different. 3ut getting to the Department of the

2 Interior, we mat with them two weeks ago Wednesday to

3 ask them about their comment. The reason for the

4 comment was they were under the impression from talking

5 with the staff that it was a very easy matter to have a

6 thousand year package and to have a one in ten to the

7 minus fifth release rate and that this was something you

8 could buy off the shelf, and if you could do that, well

9 then why not?

10 When we tried to explain some of the

11 difficulties we saw, their reply was well, would you

12 like us to send a letter in and clarify our comment.

13 COMMISSIONER GILINSKY: And?

14 MR. HEWETt: We suggested they wait until

16 after this meeting.

16 (Laughter.)

17 COMMISSICNER ASSELSTINE: Well, I guess what

18 you are saying is they see a substantial advantage in a

19 redundancy of barriers, but if it is impossible to have

20 a redundancy in barriers than all right, they are

21 willing to live with the situation without them.

22 MR. HEWETT: They weren't aware that we

23 thought that that would muddy the waters. They thought

24 it would clear them uV.

25 CHAIRMAN PALLADINC: If there is no water
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1 there you can't muddy it.

2 (Laughter.)

3 COMMISSIONER ASSELSTINE: ' guess the other

4 thing I saw in their comments in particular was a

5 considerably greater degree of uncertainty in their

6 minds about the performance of a geologic environment

7 over substantial periods of time.

8 MR. HEWETT; And if you look at our ground

9 water travel time for the permian basins it could vary

10 from a hundred thousand years to a million years and

11 that is a lot, but it is still ten times more than you

12 need for the 2PA standard.

13 MR. DeJU: Th'at is why you would use very

14 conservative numbers in doing these calculations. There

1i is of course some uncertainty in all those numbers, but

16 the more experimentation we do the more reliability we

17 are getting into that. Sut you have to remember that in

18 order to ascertain the value of the engineered barriers

19 you also have to get some side data and you have to got

20 some side geochemistry which a lot of times is more

21 difficult to got than the overall far-field data that

22 you need for the overall side assessment.

23 MR. COFFMAN: Again, I think it is important

24 to recognize when you talked about disagreements, I

25 think it is important to recognize, ones that we support
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1 the promulgation of the rule and that it has many

2 features to it from land ownership to QA, et cetera, and

3 that we consider those desirable features and we

4 consider that the staff activities on that have been

5 very constructive and will be very helpful.

6 On this particular one we also agree on a

7 multi-barrier approach using a combination of engineered

a and natural barriers. The disconnect comes from how

9 that is done and we believe that specific inflexible

10 numbers at this time could create licensing difficulties

11 and time delays for both the Commission and the

12 Department in seeking a license.

13 We do not object to subsequent regulatory

14 guides as we get some at-depth data. To date nobody

15 bigger than eight inches in diameter have been at depth

16 at any of these sites. Regulatory guides which contain

17 numerical or more specific guidance on the issue of

18 engineered systems and definitions associated with them

19 to avoid this other morass of things associated with

20 broad definitions we would support and I think that is

21 the option we would like to suggest to you.

22 COMMISSIONER GILINSKY: But what we are

23 talking about are the guts of the rule. These numbers

24 really are, whether you agree with them or not or

25 whether they are right or not, that is really the core
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of tne rula.

MR. COFFMAN: If that is the case, why does

the rule not have a minimum absorption number or a

minimum solubility number? Why doss the rule not have

specific numbers for all of the barriers in the natural

system? in other words, two numbers were picked out

that came from a history of shipping waste and got put

into place and the comments have gone around those

things for three years, but basically it has been

ignored on the technical merits and that is our

fundamental problem.

CHAIRMAN PALLAOINO: Let me make proposal. Wi

have been hers two hours. : am going to suggest, if out

guests can spare the time, I am going to suggest a

ten-minute break and then we will have EPA and the AES

representatives speak, and I might want the staff to

comment on some of the points you have made. I think it

is worth our spending some time on it. I don't see us

taking any vote today. I think we are still in the

learning process.

COMMISSIONER ROBERTS: Mr. Chairman, I will

not be here when you reconvene. I am going out of

that. That does not indicate any lack of interest at

all and I will familiarize myself of what the remaining

speakers say.

I

4
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1 CHA:RMAN PALLAOINO: Okay, thank you.

2 COMMISSIONER ASSELSTINE; Just before we let

3 the 0OE people go let me ask Just one question, if I

4 could, on the EPA standard. Based upon your whole

5 presentation it really comes through to me how critical

6 the EPS standard is as an element. Virtually all the

7 assumptions you have made so far are based upon having

8 an EPA standard and having one along the lines of the

9 draft that has been bottled up for so long.

10 Would you agree that it is just absolutely

11 critical that we get that standard out as just as soon

12 as possible?

13 MR. COFFMAN: Yes.

14 COMMISSICNER GILINSKY: Do you have any

15 difficulty with the EPA standard?

16 CHAIRMAN PALLA0INO: I don't know what they

17 are.

18 COMMISSIONER GILINSKY: Assuming that it ends

19 up being 10,000 years.

20 COMMISSIONER ASSELSTINE: Draft Z.

21 MR. COFFMANZ There are some technical

22 definitions which both NRC and we have commented on.

2 There is one issue regarding definition of accessible

24 environment, but that to us is a technicality. I think

25 both to NRC sta'ff and to OCE there are a couple of other
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1 examples and we have recommended that the rule be

2 promulgated for comment and that these minor things

3 could be worked out in the public comment period. We

4 have sent a letter to the OME recommeding that it be

6 sent out for public comment.

6 CHAIRMAN PALLADINO: . Well, thank you very much.

7 Co you have more?

8 COMMISSIONER ASSELSTINE: No.

9 CHAIRMAN PALLADINO: Will you be able to

10 remain in case we want to get back to you.

11 MR. BREWER; Dr. Coffman can remain.

12 Thank you, Mr. Chairman.

13 CHAIRMAN PALLADINO: Thank you for coming.

14 We will recess for 10 minutes.

15 (Whereupon a short recess was taken.)

16 CHAIRMAN PALLAD'NO: Would you please take you

17 seats so that we can get started.

18 The next,specker will be Mr. Dan Egan of the

19 Waste Management Branch of EPA.

20 Dan.

21 MR. EGAN: Thank you.

22 Glen Sjoblom sands his regrets that he

23 couldn't be here this afternoon. He has been called

24 away on business. I am the Project Leader for the

25 oft-mentioned EPA standards and he felt there is some
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OPTIONS FOR PROCEEDING WITH PART 60

o FINALIZE ENTIRE RULE EXCEPT FOR NUMERICAL PERFORMANCE OBJECTIVES FOR
CONTAINMENT AND CONTROLLED RELEASE RATE, WHICH WOULD BE RESERVED UNTIL
AFTER THE EPA STANDARD IS ISSUED

o FINALIZE ENTIRE RULE EXCEPT FOR NUMERICAL PERFORMANCE OBJECTIVES FOR
CONTAINMENT AND CONTROLLED RELEASE RATE, BUT REQUEST PUBLIC COMMENT ON
WHETHER OR 11OW TO PROCEED IN THE ABSENCE OF THE EPA STANDARD

o FINALIZE THE ENTIRE RULE AND SAY WE WILL GO BACK AND REVISE IT IF.
NECESSARY WHEN THE EPA STANDARD IS ISSUED

o LEAVE THE ENTIRE RULE IN PROPOSED FORM UNTIL THE EPA STANDARD IS ISSUED

o REPROPOSE THE ENTIRE RULE AND ASK FOR THlE PUBLIC COMMENT ON HOW WE
SHOULD PROCEED

.. . :
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justice in my coming to speak to you this afternoon

about our program.

COMMISSIONER AMEARNE: I thought it was to

convince us there really was someone.

(Laughter.)

MR. EGAN: Yes, he has allowed you to stick

pinpricks in my hand to see if I really do bleed.

(Laughter.)

COMMISSIONER ASSELSTINE: The problem may not

be with you.

COMMISSIONER AhEARNE; We recognize that.

(Laughter.)

MR. EGAN: I was hoping somebody else but me

might make that point.

COMMISSICNER AHEARNE : was, too.

(Laughter.)

MR. BGAN: What I have brought with me is a

couple minutes of comments that really address perhaps

your second meeting today, the question of whether it is

appropriate to assess specific numerical requirements

for the individual barriers.

Then perhaps after I read that what I would

like to do is turn it over to questions both about those

comments and about anything you might want to ask about

the status of our standards.
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1 Our environmental standards, part of that

2 package would establish overall performance requirements

3 for high-level waste disposal systems in terms of limits

4 on releases of radioactivity to the environment for

5 10,000 years after disposal.

6 We believe that these limits should provide

7 very good long-term protection for disposal of

8 high-level waste and they should keep risk to future

9 generations to a level no greater than the risk from the

10 equivalent amounts of unmined uranium ore.

11 COMMISSIONER AHEARNE: That is the comparison

12 criteria.

13 MR. EGAN: It is a comparison we use. It is

14 not that we are saying that that is the basis for the

15 standards. However, we picked a level that we think is

16 reasonably achievable for an overall system performance,

17, indeed reasonably achievable with a considerable margin,

18 and we picked a level that both captures that and also

19 captures a level we think should be low enough to be

20 acceptable to the community and hopefully the public at

21 large.

22 COMMISSIONER AHEARNE: The acceptabity is

23 based on ---

24 MR. EGAN: It is one of the comparisons we

25 made. There is certainly no way that we or anybody else
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I has come up with a single valued approach to say this is

2 an acceptable risk for an activity independent of

3 circumstances. There is always a balancing of

4 achievability and the acceptability involved.

5 COMMISSIONER GILINSKY: I am sorry I missed

6 your first remarks and if you covered it I apologize,

7 but in your prepared remarks you do say you expect to be

8 able to propose them for public review in the near

9 future.

10 COMMISSIONER AHEARNE: I think you skipped

11 that initially.

12 (Laughter.)

13 MR. EGAN: I was expecting that we would

14 probably get to questions on that topic after I finished

15 my comments on the question of individual barriers. I

16 had no doubt that that would escape your attention.

17 (Laughter.)

18 MR. EGAN: The comment I made in response to

19 Commissioner Ahearne's question is certainly those are

20 judgment calls we had to make in balancing those two.

21 In fact, the comments we got in our public proceeding

22 will certainly be a test of whether we have done that

23 correctly.

24 However, in talking about the overall

25 performance standards, we very clearly do not believe
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1 that these release limits provide an adequate regulatory

2 framework by themselves. Disposal systems that meet our

3 overall performance requirements will need to isolate

4 high-level waste for many thousands of years in spite of

5 unplanned events and in spite of unplanned potential

6 failures of parts of the disposal system.

7 Compliance with these requirements will have

B to be judged through analytic projections of disposal

9 system performance over a period far longer than any

10 that has previously been considered in government

11 regulations.

12 Because of the uncertainties inherent in

13 applying these overall requirements, our package also

14 contains seven criteria that should be met to assure the

15 needed confidence that our long term release limits will

16 be complied with.

17 COMMISSIONER AHEARNE: Is that for certain?

18 MR. EGAN: That is currently our position and

19 we have not at the agency changed from that. As I am

20 sure you are probably aware, we have represented that

21 very strongly in various diaglogues with other agencies.

22 COMMISSIONER AHEARNE: Yes.

23 COMMISSIGNER GILINSKY: Are those public,

24 those criteria?

25 MR. EGAN: We haven't made them public.
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1 However, certainly they are p;rt of Draft 19, and as I

2 understand it, Craft 19 is now understandably in your

3 Public Document Room such that in that sense you have

4 done that for us.

S (Laughter.)

6 CUMMISSICN_ 5ILINSKY: We do that sometimes.

7 (Laughter.)

8 MR. _GAN: These criteria call for a cautious

9 and commen-sense approach to disposal that encourages

10 use of aisoosal systens that ars tolerrnt of potential

11 mistakes and unknowns.

12 rne of thesa crittria calls for use o4

13 Multiple barriers in disposal systems with each barrier

14 separately designed to orovide substantial protection.

15 This criterion is intended to compensate for unexpected

16 failures of one or 'ore of the barriers of a disposal

17 system. Thus, the performance goals for each barrier

18 should not merely be ootimized within the context of a

19 properly functioning system to .ieet our overall

20 performance requirements. ;nstead, each barriar should

21 be designeo to provide as much protection as reasonably

22 achievabla for that barrier taking into account economic

23 and social and other considerations end also allowing

24 for possible failures of other barriers.

25 Z4MMISSIONE' GILINSKY: Now does this
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I represent the chance from previous ---

2 4R. -GA8: No, this critorion has not changed

3 in its wording for some time.

4 COMMISSIONER GILINSKY: I mean, 0C

5 represented ---

6 MR. -GAN: Let me tou:h upon that a little bit

7 as we go threu;h the letter. We did not use ths words

8 "as reasonably achievable" for each barrier in tha

8 :riterion because we are not sure how you Judge that,

10 out tne idea is that you do indeed design each barrier

11 to a large extent independently and not counting on esch

12 and every other barrier to back ur that particular

13 barrier. it is a concept we are all familiar with here,

14 one of redundancy end deftnse in deoth and there is

15 nothir; particularly conceptually now-to any of us.

16 We reiterate, and this ;ets to your question,

17 that we strongly support the aporoach taKen in proposed

18 Part 60 to select specific performance requirements for

19 the individual barriers of a geologc repository. We

20 believe this is the !3est uiay to rchiave the cautious

21 strategy fcr dis.osal that we believe is e3sential and

22 it shoulc prevent shortsighted designs for barriers that

23 de not appear critical in the context of an analytical

24 overall system analysis. In ftct, we have consistertly

25 urgec thL Comvission to extend the aporoach to include
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1 spacific performance reauirements for set,, ;eochamistry

2 and hydrology.

At the sama tim2, selection of the oerformance

4 requirements for individual barriers must include

5 judgments about cost and feasibility. For instance, our

6 co.mments on your proposed techn'ca' criteria questions

the appropriateness of the specific number of-a thousand-

8 year requirement for containment within the wrste

9 packa,.

10 Our assaesmsnts and the data that we have

11 available to us indicate that a thousand year waste

12 packa;e might cost a groat deal without offering the

13 axtra long-term orotection that enhanced parformpnce of

14 ot!her barriers could crovide even when it is assumed

15 that some of the recository's components do not perform

16 as expected.

17 Perhaps most i.mportantly we are concerned that

18 the ap-carent siverity, again from our perspective, of

19 that oarticular require-nnt may encourage not merely

20 attack of that raQuirsment, but attack of the whole

21 approach, essentially throwing the ;,aby out with the

22 bath water, as it were.

23 MMISSICNEQ SlLINSKY: Did you sug;9st any

24 otVer time fer tnat ---

25 MP., dGAN:F No. In our rule and our comments
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1 we did not make any s)ecific suggestions.

2 CHAIRMAN PLLA`INF: Are you saying that the

3 number hare is not long enough?

4 MR. EGAN; Lot me gat to my second question.

5 We are seeing again our date and cost and the like. We

6 certainly don't oelievs they are by any means the final

7' xord. in fact, when we discussed this with DCI, because

8 we had to preoars a regulatory impact assessment for our

9 standards, tha date was clearly quite uncertain at that

10 time and I susoect it still is. 'n fact, cost data is

11 something that will come along fairly slowly as it

12 typically does in a process such as this.

13 It is our judgments just based on what we have

14 seen, that the thousand year requirement may in fact

15 have significant cost imclications. Cn the other hand,

16 it is also our judgment that the ton to the minus five

17 waste form does not seem to have the same severity of

18 cost implications as we understand it, but we certainly

19 don't claim to be the ultimate experts on that, but that

20 is the information we have.

21 To reiterate this, we supoort a specific

22 numerical requirement for waste package lifetimes but a

23 value otner than a thousand years a thousand years may

24 be appropriate.

25 COMMISSICNER AHSAONS: Since you have reached
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the conclusion that a thousand nay be inaporooriate,

2 would you hava a numoer which you feel might be

3 appropriate?

4 MR. EGAN: Yes. From my own personal

5 judgment, I will be glad to ;ive you what I have seen,

6 numbers like two or three or four hundred years, in that

7 range, a few huindreds of years to get you past the very

8 intense heat problem with the '0 year half life fission

9 products. That seems to be perhaos more defensible and

10 perhaps more achievable with the technologies we have

11 seen, but again ' hesitates you know, to pass that on as

12 the findings of an exoert.

13 CHA:RMAN PALLADINO: Are there uncertainties

14 in the len;th of time ever this heat has to be handled,

15 in other words, two or three hundred years might be a

16 calculation? Is there something tnat you might say

17 would be longer or shorter or different?

18 MR. EGAN: Wall, whan you get into the heat

19 generation of the waste of course, the waste itself, you

20 know Pretty well that heat removal of course is a much

21 .nore sita specific thing and we have not studied that

22 extensively. My picking of two or three hundred years

23 is more based on the argument than the facts staff made

24 to you that it was the decay of the radioisotopas that

25 was oerhaps the nost important. Again, we have seen
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1 numbers that stretch into a thousand and it may drive

2 you into materials that you might not have to go to if

3 you cut that by a factor of three or four.

4 I am struck by the argument, Particularly in a

5 very high heat period that in fact you may have things

6 going on that you can't model very well and there is

7 some reason to have a redundant, or an extra redundant

8 barrier in the system at that time.

9 CCMMISSIGN=_ ASSELSTINE: But your comment is

10 oased more upon the difficulty in meeting the thousand

11 year requiremunt and the incremental protection that you

12 sea might be gained from that rather than anything, for

13 example, in your standards that would drive it one way

14 or the other?

15 MR. BGAN: That is correct. Let me finish

16 this and comment on that in a minute.

17 To reiterate our Position, we do support a

18 specific numerical requirement and a value other than a

19 thousand may b2 appropriata. We are encouraged that the

20 revisions that we have seen in the proposed Part 60

21 woulc allow the Commission to pick a different

22 requirement when more information, particularly

23 information such as cost data, becomes available. We

24 also wish to point out that the other specific

25 requirements in the procosed Part 60, particularly the
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1 requirement on waste form release rate, aapear to be

2 both appropriate and we believe are also more important

3 than the waste package requirement.

4 The eaproach of setting such soecific

5 numerical requirements on individual barriers, which is

6 clearly not within our authority is an appropriate way

7 for the Commission to implement our environmental

8 standards. Furthermore, we believe this aoproach is

9 essential for developing the confidence that will be

10 neaded in disoosal systems that must work for so lonm,

11 and we believe the Commission should continue on this

12 course.

13 I will got back to the question Commissioner

14 Asselstine reised. In the comment letter we sent you

15 all and which I.- has correctly quoted in their

16 submission to you we did of course question the thousand

17 year requirement and we are also fairly careful both in

18 that paragraph and elsewhere in the letter to sty we did

19 support the approach you were takir.- ,

20 We did not, as I go back and remember the

21 letter, say exactly the words we said here such Ps you

22 mi-ht consider this to be a clarification of our

23 pravious comments. But we have consistently felt you

24 should set not only the reouirements, scecific numeric

25 requirements that you have sat, but we have also argued
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1 quite often that you could extena that to the geology as

2 well and the ;eochemistry because it is clear.

COMmISSICNEP AmEARN-: You said "We urge the

4 Commission to ixtend the multiple barrier approach to.

5 the geolouy ond geochemistry at the disposal site."

6 .MR. _GAN: The analyses the DCE showe.d do

7 reflect the fact that the geology does provide

8 substantial protection and we are concerned that that

9 should be focused on as well.

10 That completes I ;uess my formal comments or

11 comments on your second 2art of the meeting and I guess

12 1 will go back to Commissioner Gilinsky's question as to

13 where we stand on the packalge.

14 Of course I clon't have a particularly firm

15 answer as always.

16 (Lau;htor.)

17 MR. EGAN: Th- Administrator has been pushing,

18 as Chairman Palladino well knows, very hard in the last

19 several wieks to get the package cut. We are not

20 preparin; internally a package so that everything is

21 ready to ;o for her signature, and I am hoping that that

22 read block can be cleared up and I think a feasible date

23 would be by the end of the year, by mid or late

24 December. My predictions here have not been terribly

25 reliable before so I offer that with soma salt, but I do
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1 ;et indications that there may be some resolutions of

2 that coming along.

3 As you know, we have been over at CM6 now

4 since Christmas _ve of last year in the formal 12291

5 review.

6 CHAIIRMAN PALLADINO: 3c you think you are

7 making pro;ress?

8 AMR. EGAN: Yest I do in fact, but then I have

9 thought that for a while.

10 (Laughter.)

11 COMMISSIGNER 5'L;NSKY: But the reports we

12 have gottan balk from meetings that 1 gather were held

13 with you were that things seemed to be pretty much at an

14 impasse.

15 MR. EGAN: Yes. Certainly the meeting the

16 Chairman was at did not end with any agreement in sight,

17 out it did end with the Administrator being very firmly

18 comfT'ittec; to solve that particular oroblem et whatever

19 level is approoriate.

20 COMISSION!R ASSELSTINE: Is it fair to say

21 that as for as you all are concerned and our staff is

22 concerned and the CEE people are concerned that there is

23 agreement there?

24 MR. EGAN: Yes.

25 CHAIRMAN RALLADINC: That.there is agreement
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1 where?

2 COMMISS-CNER ASSELST!NE: That there is

3 agreement between our staff ana the EPA and the COE

4 people.

5 MR. -GAo: We have letters on tha record since

June this sumimr from both Cd' and NIRC saying, you know,

7 we agree that the standards are fine for Public

8 comment.

8 COMMISSICNER ASSELSTINE: So the hold is

10 coming from CM3.

11 MR. 2-GAN: Oh, there is no Question about

12 that, ano there has been that particular point for some

13 time.

14 COMMISSICNER 2ILINSKY: Can I ask you what we

16 are talking about hers is putting the EPA standard out

16 for comment. How lons a period do you envisage for a

17 standard to become effective?

18 MR. EGAN: I anticicated you might ask that,

19 too. We do envision certainly initially allowing

20 10-day cotmment period, which is perhaps somewhat longer

21 than the minimum required, but again because of the

22 tremenaous interest in this issue and also the

23 complexity of the issue ; feel it would be wrong to try

24 to cut short a comment period any more quickly than

25 that. We will hold public hearings at the ond of that
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1 comment period.

2 we are forecasting that one year after the day

3 of proposal we plan to Promulgate the standard.

4 COMMISSIONER GILINSKY: Co you think you can

5 cio that even with public hearings at the end of the

6 183-day period because after that you have to precare

7 for those hearin;s?

8 MR. EGAN: Well, we will hold the hearings

9 within the comment period, within the 180 days, and

10 probably near the and of that period and then close the

11 comment record both from written comments and from

12 public hearing in aeproximately six months after we

13 propose. That will give us about six months to organize

14 the comments and deal with whatever we have to deal with

15 as far as revising tne rule if that is aopropriats. My

16 personal judgment is that it will come out, you knows on

17 schedule within one year afterwards, you know, Murohy's

18 Low being I think very valuable here, because I expect

19 ate will get I. very wide range of comments. There are a

20 lot of social issues besides techical issues that are

21 involved ners.

22 Fe do have a technical review panel that we

23 area settin; uo through our Science Advisory Board to

24 conduct a technical peer review at the same time as the

25 public comment period. Essentially we have a number of
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1 things going on during that period of time.

2 COMM"SSICNEP GILINSKY: So really the earliest

3 that one could have a final -- A standard is early 1984.

4 MR. EGAN: I think that is certainly a fair

5 assessment. That would oe my personal call from the way

6 Ihis has proceeded to date.

7 CCMM'SSIGNER GILINSKY: That assumes that you

8 in fact resolve your problems by the end of the year.

9 MR*. EGAN: Not knowing what they are, that

10 assumes that wa do, yes. You know, your Judgment, I

11 would say at this point, is as good as mine on how much

12 that is going to take you down through a similar type of

13 rulemakin; on yours.

14 CHAIRMAN PALLADINO: Any other questions?

15 COMM4SSIONR AHEAPNE:, No. I thark Mr. Egan

16 for nis Presentation.

17 COMMISSICNER GILINSKY: Thank you very much.

18 CHAIRMAN PALLADINO: Thank you both for your

19 presentation and for your forthright answers to

20 questions.

21 Now we Wava Or. Krauskopf.

22 (At this point in the proceedings Mr. Egan

23 left the Commissioners' table ano Messrs. Krauskoof and

24 Meyers joined the Commissioners at the table.)

25 CHAIRMAN PALLACIN'O: It is nice to have you
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1 with us.

2 MP. KRAUSKOPF: I anm very glad of the

opportunity to be with you.

4 i am the Chairman of the 3oard on Radioactive

6 Waste Management of the National Academy, and I have

6 with me Dr. Peter Meyers who is the Executive Office of

7 that Board.

8 About a year ago the National Academy sent to

9 you some comments that had been prepared by the Board on

10 Radioactive Waste Manabemsent regarding an earlier issue

11 of 10 CFR 60. Much of what I have to say will be a

12 little dated because ths Board has not considered 10 CFR

13 60 since that time. So some of the comments thrt were

14 made in that letter would undoubtedly have to be revised

15 today.

16 I will try to distinguish between what the

17 Board said in that letter end what .my guesses would be

18 about what its opinions would be today.

19 CCOMMISSICNER GILINSKY: I wonder if you could

20 say a word about the Soard, the composition of the Board.

21 MR. KRAUSKCF: The Board is made up of people

22 from a number of different disciplines, from nuclear

23 energy through chemistry, geology, hydrology to

24 economics, materials science and even political

25 science. It has been functioning for oh in one form or
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1 another for the last couole of decades, and it has tried

2 to proviae the answers to questions posed to it by

3 Government a;encies, the Department of Energy, NRC and

4 *PA. This report that ; am speaking of was in answer to

5 a request for comments by the NRC.

6 The 3oard was complimentary about the proposed

7 rule in general. We were much impressed with the work

8 that had gone into it and the care with which its

9 recommendations nad been prepared.

10 The letter was rather critical in some

11 respects. We thought for one thing that the rule should

12 not be issuec until EPA had set its standards, that the

13 rule should be lift in a proposed form at present or

14 otherwise the rule snould carefully justify why it was

I5 bein; promulgated before the 2PA standard nad been set.

16 Regarding the numbers that have been talked

17 about so much this afternoon, the general feel of the

18 joard was that tne nu%1ars for subsystems did not belong

19 in the rules that if numbers were to be used they should

20 appear in regulatory guices rather than in the rule.

21 We felt that the evidence supporting the

22 numbers was not really very convincing, that no evidence

23 was given, that the numbers would really support a

24 finding of no unretsonsble risk to the health and safety

25 of the public. ve thought that it had not teen shown
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1 adequately that the numbers were either necessary or

2 sufficient to meet the standard that EPA had apparently

3 adopted, that is we did find a tentative standard at

4 that time in I believe it wuas EPA's l9th version of

5 tneir standard and we didn't feel tnat the numbers were

6 demonstrated to be either necessary or sufficient to

moat that standare.

8 We did not think that it had been adequately

shown that the numbers wou-ld aid the licensin; Process,

10 that the numbers were technically valid or that the

11 numbers could be verified. We felt also that there was

12 no real proof that the numbers were actually achievable

13 at any reasonable cost.

14 We thought that concentration on these numbers

15 would deflect the Cepartment of Energy from work on an

16 overall performance standard which we thou-ht should be

17 the object of the rule. A single overall performance

18 standard was one of the alternatives in the rule at that

19 time and we thought that that was a preferable aporoach

20 rather than trying to set numbers for some systems.

21 We thought that the rule should contain a

22 qualitative analysis of the factors which the numbers

23 were attachea to, that is, there should certainly be

24 discussion of the lifetime of a canister, of the amount

25 of radioactive material that could be permissible after
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400 VIRGINIA AVE.. S.W.. WASHINGTON. D.C. 20024 (2021 5SS-2345



116

1 tte first few hundred or thousano years and there should

2 be a discussion of geological factors like the motion of

ground water.

4 3ut there should not be fixed numbers because

S each repository site is going to be different from

6 others in many respects and that it is more inoortant

7 that each situ be evaluated *on its own and that the

8 repository system should be investigated as a system and

9 that there should be an opportunity for balancing say

10 deficiency in one respect against advantages in another

11 respect.

12 Also, we thought that the numbers, if they

13 were set, will undoubtedly be changed in the future as

14 we learn more about resoository sites and as we learn

15 more about the effects of radioactivity on organisms

16 and if the numbers are frozen in the rule they will be

17 difficult to change in the future.

18 As Dr. Coffman has so eloquently explained,

19 the numbers will be different from one site to another,

20 that is for example, if you contrast P repository in

21 salt with a repository in silicate rock the requirement

22 for the life of the canister would necessarily be quite

23 different and it would be awkward to have a specific

24 number in the rule itself.

25 Well, these are some of the statements in that

ALDERSON REPORTING COMPANY. INC.
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1 letter of last year. :t seems to me that if the 3oard

2 were to consider the latest version that probably some

3 of those statements would be modified. Now I am

4 speaking now as an individual and I am really making

guesses as to what tne Board would say.

6 :t seems to me that the rationale that is

7 attached to the final rule or document answers a number

8 of our objections that is, it does provide considerable

9 evidence that the numbers suggested in the rule might be

10 sufficient to satisfy the requirements of EPA.

11 Now I make that statement with some

12 trepidation because I have not gone through the analysis

13 and I do not know. :t Just seems to me that a real

14 effort has been made in that direction and it looks to

15 me as if there is much more evidence that there was

16 originally. I am not sure that the evidence is so good

17 that these numbers are necessary. in fact, I would

18 think myself es an individual that some of thim are more

19 restrictive than necessary as a general rule.

20 Also it seems to ma, and again this is an

21 individual opinion, that part of this discussion ought

22 to keep in toe background that there will be only one or

23 two repositories commissioned in the next say 40 years.

24 So it seems to me that therm isn't very much gained by

25 making generi: rules that woulc apply to many
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1 repositories. There simply won't be many repositories.

2 So ' should think each one would be better handled on a

3 case-by-case basis considering the peculiarities of the

4 particular sites.

It seems to me that flexibility is

6 particularly important so that OCS can carry out its

7 function of building a repository that will have minimum

8 risk to tealth and safaty.

9 I thirk that is about all I have to say.

10 CHAIRMAN PALL.DINC: Okay. Thank you very

11 much.

12 4ny questions?

13 tNo resoonsa.)

14 CHAIRMAN PALLADINC: I wonder if I might ask

15 you a question. -You said that you dor't anticipate many

16 repositories will be established and yet r have heard

17 discussions ^f having astmblished one can we kaep up

18 with the rates at which spent fuel or waste would be

19 generated. Fro% that ' got the impression there might

20 be several and they might za .four purposes of

21 experimentation or mainly for diversity, and it may be

22 that we havo different sites in different ;eologic

23 formation.

24 If you have everything being site so'cific you

25 are faceu with having to predict which site it is going
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1 into. Do you have any thoughts on overcoming that

2 problem?

3 MR. KRAUSKOPF: Possibly my guess about the

4 number of repositories was pessimistic. Z am afraid tht

5 I have been conditioned by say 12 years or so in this

6 game when ori inally a repository was supposed to be

7 built in the middle 19aO's and now it has been oushed up

8 toward the end of the century.

9 CHAIRMAN PALLADINC: I wasn't thinking when

10 these repositories ---

11 (Laughter.)

12 CHAIRMAN PALL4ING: Go ahead. , am sorry.

13 MR. KRAUSKOPF: Well, it simply seems to me

14 that the rule should have an analysis of the imoortant

15 factors to consider in a repository the g3ologic

16 factors and the engineering factors. There is no

17 argument on our side about the necessity for a

18 multi-barrier approach, ano this should be spelled out

19 in aualitativa ter-s in the rule and then for etch

20 repository there should be guidelines established for

21 that particular kind of a geologic environment.

22 CHAIRMAN PALLADINO: If you found something

23 wrong in the one and you wanted to transfer material

24 over to the other ---

25 MR. <RAUSKOPF: That could well be a

ALOERSON REPORTING COMPANY. INC,

AMn VI0121MIA A%10 Q TAI %A/WitJe2TeFl Mt' e MA)A tenonN ceA.)'eAA



120

1 difficulty, but to fashion a waste package that would be

2 suitable both for putting in silt and for outting in a

3 rock like basalt or granite or tufl, that would be

4 pretty difficult and I think would be needlessly

5 expensive.

6 C00MMISS'CNER GILINSKY: Let's see, you would

7 se* a orocass in which COE would pick a site, inform us

8 and we would then develop standards for that site before

9 they designed a repository?

10 MR. KRAUSKOPF: You would develop regulations

11 for that site, yes.

12 CZMMISSIONER GILINSKY: Before they designed

13 the repository presumably.

14 MR. KRAUSKCPF: I don't know about the

15 sequence of events here. They would certainly have at

16 least rough plans for the design of the repos'tory.

17 COMMISSICNER GILt!ISKY: The way we were trying

18 to work it was to, or our staff was at any rat,, was to

19 develop rules now that would be turned over to JGE and

20 OCE wouldc then pick a site on the besis of this and

21 desiSn a repository, packages and so on and submit an

22 aoplication. 3ut if one ;oes with the sita specific

23 approach, then whet we need to hav'e is for DOc to pick a

24 repository, come back and tell us about it and for us

25 then to ouvelop standards for that particular geology.
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1 You are shakin; your heed. So how do you see

2 it differently?

3 MR. 4EY.FS: isn't it for OCE to make its

4 proposal for that specific site as to the particular

S tradeoffs which it would feel adequately protected

6 health and safety in line with the SPA's ---

7 CO4MISSIONESR GILINSKY: So there would simply

8 be no standards. We would simply see what they have

9 done and see if it meets the SPA standard? You talked

10 to us earlier about regulatory guides.

11 MR. KRAUSKOPF: Yes.

12 CCMMISS1CNSR SILINSKY: When will these come

13 in the process? That is what I was trying to get at.

14 f you are talking about a regulatory guide which is

15 site specific, that can only come after we know which

16 site we are talking about. So there would be a period

17 of time during -sw ere preozring regulatory guides after

18 a site has bean picked and before one can design a

19 repository.

20 t MR. -YEFS: There is no reason you could not

21 start a generic set of guides for salt and another

22 generic set of guijes for besrlt. Much of the work can

23 3e done while the sits selection and qualification is

24 ;oing on because it is medium soecific rather than ---

25 C9Mm:SSICNER GILINSKY: well, but the wAy CDE
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1 was aporoclchin; it there is more to it than that. It is

2 really knowirg all the various other barriers ard their

3 performances that allows you to pick, sayJ the neckage

standard.

5 MR. KRAUSKCiPF: Of course I don't know the

6 procedure of astablishin; these regulatory Suidas. I

7 should think, as Peter has Just pointed out, that it

8 would be poss'ble to develop a series of guides for the

9 different possible gsolo;ic media and then those could

10 be rather quickly modified for oerticular sites. I

11 would not want to introduce long delays in the process.

12 COPNIISSICNER 3ILINSKY: It seemed to me that

13 we were taking a simpler asproach which doas involve

14 possibly an increase in cost in the pbckaga over what

15 you might arrive at if you had a very site specific

16 approach, but it is one that acplies to all sites and

17 doesn't than reouire us to develop a regil3tory

18 framework for each one of those sites.

19 MR. KRAUSKQOF: Well, the difficulty is of

20 course thrt it is imposs'hle to set actual numbers that

21 will be suitae')e for all sites.

22 CCMM:SS-rN= GILI NISKY: Well, you ory a

23 penalty at some sites certainly. The alternative though

24 is it seems to me a r.ther ln;thiar process. In other

25 words, if one wants to optimize further I think we would
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1 be ;etting into a rather longer process which is ;oing

2 to have to take a look at individual sites and set up a

3 framework for those.

MR. KRAUSKGPF: Well, I wish I knew more about

the process of establishing regulations end guidelines.

6 CHA:RMAN PALLADINO: I think Commissioner

Ahearne has a question.

8 COMM:SSICNER AHEARNE; A couple of zuestions,

9 if I could. Reading your letter is it fair for me to

10 assume that underlyin; it was the report that was

11 prepared by Tom Pickford?

12 MR. KRAUSK:PF: Ch, yes, very much so.

13 C.MMISSIONER 111ARNE: He sent that into us

14 and he said that your -oard have given him permission to

15 senc that in as his inoivicual comments.

16 MR. KRAUSKOPF: That is correct.

17 CCOMMISSICNE2 AHSARNE: Based on that then let

18 me see if I unoerstand correctly. It seams that you

19 were raisin; in your letter two types of concerns. The

20 first xas there was no technical Justification develoPed

21 for the criteria, and I believe that to some extent the

22 staff has att4motecd to. addriss, as you had mentioned.

23 MR. KRAUSKCOF: That is correct, yes.

24 COM.ISSICNER AHSARNE: The second, and now I

25 refer more to Pickford's oaoor, is a auestion that the
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1 numbers themselves weren't correct, not so much that

2 there was no Justificmtion, but then going through his

3 own analysis he was reaching the conclusion that those

4 were wrong numbers. Z wondered whether that second

5 piece in your sense would still be the flavor of your

6 Soard's position if they were to review it again?

7 MR. KRAUSKOPF: I would only be guessing as to

what Dr. Pickford would say to a question like that. I

9 would think that we would still object to the particular

10 numbers. We would think I believe that the numbers are

11 too restrictive.

12 COMMISSICNER AHEARNE: That is the site

13 specific issue that is being debated.

14 MR. KRAUSKOPF: Yes.

15 COMM;SSIONER AMHARNE: A final question

16 speaking specifically to one of the comments in your

17 letter. You say, ana then I want to ask the imolication

18 of what COZ's position is, "The criterion of water

19 transport time may not be verifiable and is probably not

20 verifiable in some ;9olo;ic media. because the flow of

21 water in some media is complex and poorly understoood,

22 the transport time may to verifiable only within broad

23 limits."

24 0O0- is makin; a great part of their ar;ument,

25 at least it seemed to be this afternoon, based upon very
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1 large travel times* Iow should I interpret your

2 comments? Shoild I interpret them ats saying that we

3 ought to be cautious on acceptin; the complete reliance

upon estimated large travel time?

MR. KRAUSK0OF: This is a technical matter of

6 how you oetermine hoa fast ground water is moving. *

suppose the question really hinges on what is meant by

8 the broad limits.

9 COMMISSAICNIR AHEARNE: Yes.

10 MR. KRAUSKC'F: When ground water moves

11 through rock it doesn't just move as a body but there

12 will be stringers that will move faster than the rest of

13 it and of course it will disperse in all directions and

14 that sort of thing.

15 In the presentation by OCE this afternoon they

16 were careful to point out repeatedly that they were

17 using conservative numbers. They were using small

18 numbers which woulc be on the low side of this broad

19 limitation. So I don't think there is anything

20 necessarily inconsistent there with their position.

21 COMMISSIONER AHSARNS: Thank you.

22 CHAIRMAN PALLAOINC: All right. Thank you

23 very much, Dr. Krauskopf and Dr. Meyers.

24 $ was going tc ask Mr. Circks if he had any

25 comment that he would feel appropriate to mrke based on

AWERSON REPORTING COMPANY. INC,
AMld AlIrtI %kIAA A'- 0 1A 1 AACLBSETk-^ r% P knotA CCw c



126

1 what ha has heard hers and the staff.

2 MR. D:RCKS: Well, as we mentioned earlier, we

3 didn't want to get into a point-by-ooint technical

4 rebuttal of what DCE had to say. I think though you

6 picked up where we do have a basic fundamental

6 variance. 't is that they are putting much More weight

7 on the certainty of geology then the staff did and still

8 does, and we are particularly concerned I think about

9 the first several hundred to a thousand year limit when

10 we believe that the material is at its most hazardous

11 state.

12 I think the arguments were the temperature and

13 particularly the fission prcduct decay were two elements

14 that we were particularly concerned about in our

15 discussion of ths thousand year period.

16 There are in audition to the DC_ comments of

17 course and the other comments you have heard today,

15 there are many other commenters on this subject, and

19 rather than for us to deal only with oC- today, you do '

20 think owe it to yourself, if you want to get into this

21 more deeply, to hear the comments of the Deoartment of

22 &nterior, the ;eologic Survey anc of course the outside

23 groups such as the Natural !esources Defense Council

24 which has been cuite active in commenting on the rule.

25 1 do tnink that is the basic underlying
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1

2

3

diffarencs. It is that thousand year period, up to the

thousand year Period where we are a little bit less sure

of the geology than :.E seems to be.

4

5

6

7

8

9

10

11

12

13

14

15

16

17

1s

19

20

21

22

23

24

25

COMMISSIONEV GILINSKY: Where does the rule

stand geographically?

(Laughter.)

CCMMISS:C.NSR

it to us to deal with?

MR. DIRCKS:

CO4MISSIONES

MR. DIRCKS;

I have the rule and iA

C CMMISSICNER

Is it in Sethesda or is it here?

31 LINSKY: ' mean have you sent

rNor not the full package.

.ILINSKY: That is what I moeant.

We sent you the rule itself, but

you ask me where it is ---

GILINSKY: Nfo, no, no, I meant

the packtge from you.

MR. DAVIS: ,, nce 9s get the guidance we have

requested today we can finalize the rule and bring it

down fairly prom-otly and than go through all the

technical briefings that the staff would be prepared to

do. We were holdin; it back.

CCMM.SSICNx-R GILINSKY: I would very much like

for you to send us the package. I don't know that at

have tc uecide on tthe precise cption for you to do that.

CHA:RMAN PALLAOINC: I have something here

that maybe is not the latest but it is dated November

5th. It says a prooosed Part 60 criteria per your

ALOERSON REPORTING COMPANY, INC.

An^ 'JtoVmlA *%1C e %At l %A1AV Ik1" Tf ^ r v*. ,^.s ,,A ^"AC



12s

1 request at ths agenda planning session.

2 MR. DAVIS: That is not the whole package.

3 MR. 3IRCKS: That is not including all the

4 comments.

5 CHAIRMAN PALLADIN C: The rule but not the

6 entire packages.

7 COMMISSICNEV GILINSKY: When I said rule I

8 meant package.

B COMMISSICNR ASS LST'NE: We have the rule but

10 not the packea.

11 MR. OIRCKS: We can send that down.

12 CCMMISSICN!R GILINSKY: I think it would be

13 useful for you to sand that forward and than wa can

14 deliberate on just exactly how we want to deal with it.

15 MR. DIRCKS: Fine.

16 CHAIRMAN PALLAOINC: okay. Any other comments?

17 C(o response.)

18 CHAIRMAN PALLADINC: Well, thank you very much.

19 Now !efora we adjourn ; would like to make a

20 request of the whole audience. This may take an

21 investment of two minutes of your time, but it could

22 save us considerable more. I am going to adjourn this

23 maetin; and I am coin; to reconvene in affirmation

24 session which is a ritual whereby wa affirm notation

25 votes End it takes a very short period of time unless
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1

2

3

4

6

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

somebocdy has a question on thtm and I don't anticip.te

any today. So if you would beer with us, I will ask you

to stay seated and I will adjourn this meeting and start

the other.

This meeting will stand adjourned.

(Whareuoon, at 5:00 p.m., the meeting

adjourned.)
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WITH 1 0 CFR 60

.112 AND 60.113

1. REQUIREMENTS
PERFORMANCE

TO
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MEET GENERIC LEVELS OF
A SITE-SPECIFIC BASIS

2. INCONSISTENCY BETWEEN 60.112 AND 60.113

3. IMPOSITION OF GENERIC ASSUMPTIONS ON
SPECIFIC ROCK TYPES
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DOE RECOMMENDS:

1. ELIMINATION OF 60.113

2. REDRAFTING OF 60.112

3. CONSULTATION BETWEEN NRC/DOE STAFFS
TO RESOLVE OTHER CONCERNS

4. PUBLISH FINAL RULE

II.
I

i
11
il

I

i
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FUNDAMENTAL DIFFERENCES BETWEEN
NRC STAFF AND DOE ARE:

1. NRC STAFF STATES THAT DEPENDENCE UPON
ENGINEERED SYSTEMS RATHER THAN NATUlRAL
BARRIER SYSTEMS WILL RESULT IN A REPOSITORY
WITH LESS UNCERTAINTY IN ITS OVERALL
PERFORMANCE.

2. NRC STAFF STATES THAT BY SPECIFYING
ENGINEERED PERFORMANCE YOU CAN REDUCE
THE UNCERTAIlNTY IN TOTAL SYSTEM
PERFORMANCE. [EVEN WHEN THE SUM OF THE
SUBSYSTEMS PERFORMANCES DOES NOT ENSURE
OVERALL (EPA STANDARD) COMPLIANCE.]
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THE PROPOSED 10 000 YEAR EPA LIMIT WOULD BE MET
ON THE BASIS OF GROUND-WATER TRAVEL TIME ALONE
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RELEASE INTEGRATED OVER ALL TIME)

LOW INTEGRATED RELEASE DUE TO MULTIPLE NATURAL BARRIERS
(SHOWN IN BLUE). ENGINEERED BARRIERS HAVE LITTLE OR NO
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DEFENSE-IN-DEPTH IS PROVIDED BY THE
MULTIPLE NATURAL BARRIERS

BASALT

VERTICAL LOW OST FAVORABLE GROUNDWATER 1 1 1 DILUTION I*SEPARATION ROKGOHMCL II RADIONUCLIDE POTENTIAL
ARUIFERS _______j TRAVELARCOTTE
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BEDDED SALT

V[ERIICALDOWNWARD NEGLIGIBLEVETCL I NEGLIGIBLE HYDOLOIC POENIAIOSEPARATION HOST ROCK SELF-SEALING HYADROOICNT GROUNDWATER RADIONUCLIDE POENTEING OFROM IIPERMEABILITY' HOST ROCK GRADIENROM TRAVEL TIMES USORPTION POAEEUAE
GROUNDWATER HUM AWA I FRMYS lPTABEMWST'

VG 9



PROVING COMPLIANCE WITH 60.113
REQUIREMENTS (E.G., 1000 YEAR WASTE
PACKAGE) REQUIRES EXTRAPOLATIONS

THAT A VERY LARGE RELATIVE
TO THE ENGINEERING DATA BASE

TIME IN YEARS

0 100 200 300 400 500 600 700 800 900 1000

171m!. I 1 I I I I I I I

DATA BASE AT SEALING

DATA BASE AT CONSTRUCTION AUTHORIZATION
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CONVERSELY, THE DATA BASE FOR SITE PREDICTIONS
EXTENDS MILLIONS OF YEARS BACK INTIME MAKING
THE FORWARD EXTRAPOLATION VERY MINOR.

II
f
I
II

TIME IN YEARS

2 MILLION

-Sf- I I

1 MILLION 0.5 MILLION

I Ior

AVAILABLE DATA BASE
FOR SITE PREDICTIONS

10,000 YEAR TIME FRAME
MANDATED BY EPA

,QUATERNARY
PERIOD <ml

iI

vr, II



ALTHOUGH TECHNICALLY FEASIBLE,
PROOF OF COMPLIANCE WILL BE
EXTREMELY DIFFICULT DUE TO:

a VERY LARGE ENGINEERED
DATA EXTRAPOLATIONS
REQUIRED

* UNCERTAINTY REGARDING
NATURE AND EXTENT OF
PROOF REQUIRED BY NRC

VG 12



191.14 IMPLEMENTATION

COMPLIANCE WITH 191.13 SHALL BE DETERMINED THROUGH
ANALYTICAL PROJECTIONS OF POTENTIAL RELEASES OF
WASTE TO THE ACCESSIBLE ENVIRONMENT. THESE PROJEC-
TIONS SHOULD BE MADE IN ACCORDANCE WITH THE FOLLOW-
ING PROVISIONS:

(A) PERFORMANCE ASSESSMENTS USED TO DETERMINE
COMPLIANCE WITH THE PROJECTED PERFORMANCE RE-
QUIREMENTS SHOULD CONSIDER REALISTIC PROJECTIONS
OF THE PROTECTION PROVIDED BY ALL OF THE ENGINEERED
AND NATURAL BARRIERS OF A DISPOSAL SYSTEM.
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THE ADOPTION OF 60.1
IN SIGNIFICANT R&D AN
DESIGN CONTINGENCY

13 WILL RESULT
D SYSTEM
COSTS DUE TO:

I.

* TIMING AND UNCERTAINTY IN
OBTAINING A 60.113(B)
COMMISSION APPROVAL

* UNCERTAINTY REGARDING
REQUIREMENTS FOR COM
PLIANCE WITH 60.113

Ie . I



THE CASE-BY-CASE COMMISSION
APPROVAL PROVISIONS IN 60.113(B)
REQUIRE LARGE AND TIME CONSUMING
EFFORTS BY DOE & NRC.

* DETAILED TECHNICAL ANALYSIS AND PETITION BY DOE
(ACCOMPANIES PSAR)

* STAFF ANALYSIS AND RECOMMENDATION

* BOARD* REVIEW AND RECOMMENDATION TO COMMISSION

* COMMISSION FINDING

THE PROCESS COULD TAKE SEVERAL YEARS CONSIDERING FIRST-OF-
A-KIND PROBLEMS, TYPICAL STAFF/APPLICANT QUESTION-RESPONSE-
ANALYSIS CYCLES, POTENTIAL FOR PUBLIC INTERVENTION. AND THE
COMPLEXITY OF SITE SPECIFIC TECHNICAL ISSUES.

ASLB, ACRS SUBCOMMITTEE. AD HOC PANEL

VrA I



THE PROPOSED 60.113 REQUIREMENTS ADD NUMEROUS COMPLEXISSUES TO THE LICENSING PROCESS BY FOCUSING ATTENTION ONNEAR-FIELD AND VERY-NEAR-FIELD PHENOMENA THAT DO NOT
STRONGLY AFFECT SYSTEM PERFORMANCE.

* HOW CAN SUBSTANTIAL CONTAINMENT FOR 1000 YEARS BE PROVEN?
* MUST ALL PACKAGES SURVIVE? IF NOT, HOW MANY?
* CAN STATISTICALLY SIGNIFICANT 1000 YEAR ACCELERATED TESTS BEPERFORMED?

- RADIATION ON PACKAGE COMPONENTS?
- BRINE ON PACKAGE COMPONENTS?
-RADIATION ON BRINE?
-PACKAGE COMPONENT INTERACTIONS WITH EACH OTHER?

* DO STANDARDS APPLY TO WORST-CASE OR AVERAGE PACKAGE?
* WHERE IS THE COMPLIANCE BOUNDARY FOR THE 10-5 CRITERION?
* HOW CAN LICENSING CREDIT BE DETERMINED FOR ENGINEERED

SYSTEM COMPONENTS?
- LONG-TERM PROOF TESTING?
- LONG-TERM MATERIALS PROPERTIES
- BASIS FOR DETAILED INTRA-REPOSITORY FLOW CALCULATIONS
- BASIS FOR ENGINEERED COMPONENT LONG-TERM RADIONUCLIDE
RETENTION

* FOR SOLUBLE HOST ROCKS (E.G., SALT) HOW CAN FLOW BE SHOWN
TO BE AFFECTED BY THE ENGINEERED BARRIERS?

VG 16
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I
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DOE CONCERNS WITH 1 0 CFR 60
60.113CENTERS ON 60.112 AND

1. REQUIREMENTS
PERFORMANCE

TO
ON

MEET GENERIC LEVELS OF
A SITE-SPECIFIC BASIS

I
i

I
2. INCONSISTENCY BETWEEN 60.112 AND 60.113

3. IMPOSITION OF GENERIC ASSUMPTIONS ON
SPECIFIC ROCK TYPES

I

I
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i
i
t

i4

I

l~
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DOE RECOMMENDS: I
1. ELIMINATION OF 60.113

2. REDRAFTING OF 60.112

3. CONSULTATION BETWEEN NRC/DOE STAFFS
TO RESOLVE OTHER CONCERNS

4. PUBLISH FINAL RULE

VG 1b



I

BRIEFING ON OPTIONS FOR FINAL 10 CFR PART 60

TECHNICAL CRITERIA

W. J. DIRCKSj ET. AL. NOVEMBER 18, 1980



TECHNICAL CRITERIA: BACKGROUND ON PUBLIC COMMENTS

* PROPOSED TECHNICAL CRITERIA PUBLISHED FOR COMMENT JULY 8, 1981

* PUBLIC COMMENT PERIOD CLOSED NOVEMBER 5, 1981

O SEVERAL HUNDRED INDIVIDUAL COMMENTS IN 91 LETTERS

o EVERY ISSUE ON WHICH COMMISSION SOUGHT COMMENT/EVERY ASPECT OJ

RULE ADDRESSED



BACKGROUND ON PUAIIC COMMENTS CONT'D

o SUMMARY OF PUBLIC COMMENTS RECEIVED

; GENERAL SUPPORT FOR MULTI-BARRIER APPROACH

- CONCERN EXPRESSED OVER:

NUMERICAL PERFORMANCE REQUIREMENTS
LACK OF EPA.-STANDARD
MEANING OF REASONABLE ASSURANCE

LENGTH OF RETRIEVABILITY REQUIREMENT

LEVEL OF DETAIL
TRU REQUIREMENTS
DISPOSAL IN UNSATURATED ZONE

1A



STAFF ANALYSIS OF PUBLIC COMMENTS

OBJECTIVE: , SYSTEMATIC AND DOCUMENTED IDENTIFICATION AND CONSIDERATION

OF ALL ISSUES AND TOPICS RAISED IN THE PUBLIC COMMENTS TO

SHOW WHAT WAS DONE IN THE FINAL RULE IN LIGHT OF COMMUENTS

RECEIVED AND WHY

2



STAFF ANALYSIS CONT'DD.

- LETTERS EXAMVINED TO IDENTIFY TOPICS ADDRESSED IN PUBLIC COMMENT

- LETTERS SECTIONED INTO INDIVIDUAL VERBATIM CONTEXTED COMMENTS

ACCORDING TO TOPIC

- INDIVIDUAL COMMENTS COMPILED BY TOPIC

- PROPOSED RULEMAKING PACKAGE ANALYZED TOPICALLY BY TEAMS OF COGNIZANT

TECHNICAL STAFF IN LIGHT OF COMPILED COMMENTS

- ONGOING MANAGEMENT REVIEW OF DRAFT RESPONSES AND RECOMMENDED CHANGES FOR

ADEQUACY OF ANALYSIS, COHERENCY, INTERNAL CONSISTENCY, ETC.

- INDIVIDUAL COMMENTS AND RESPONSES PRESENTED IN 500-PAGE STAFF ANALYSIS

- SYNTHESIS OF INDIVIDUAL COMMENTS AND RESPONSES PRESENTED IN 70 PAGE

POLICY OVERVIEW AND SECTION-BY-SECTION ANALYSIS OF CHANGES FROM

PROPOSED RULE

- CRITICAL TECHNICAL ISSUES TREATED IN RATIONALE DOCUMENT

2A



ILLUSTRATIVE EXAMPLE-1

DOE LETTER OF NOVEMBER 5, 1981

DOCKET NO. 48

"WE HAVE LONG RECOGNIZED THE NEED FOR A MULTIBARRIER APPROACH AND THE OBJECTIVES
WHICH THE COMMISSION IS SEEKING TO ACHIEVE."

STAFF RESPONSE:

MULTIBARRIER APPROACH RETAINED (§60,112 & §60.113(A)(1)(1))

INDIVIDUAL REPOSITORY SUBSYSTEMS IDENTIFIED:
- CONTAliNMENT WITHIN WASTE PACKAGES

- CONTROLLED RELEASE FROM UNDERGROUND FACILITY

- MINIMUM GROUNDWATER TRAVEL TIME TO ACCESSIBLE ENVIRONMENT

-7



ILLUSTRATIVE EXAMPLE-2

DOE LETTER OF NOVEMBER 5, 1981:

DOCKET NO. 48

i THE DEPARTMENT CONSIDERS THAT A MORE APPROPRIATE WAY OF ACCOMPLISHING THE

OBJECTIVES EXPRESSED BY THE COMMISSION WOULD BE TO PROVIDE SPECIFIC SUBSYSTEM

PERFORMANCE GOALS . . . BY PROVIDING THE FLEXIBILITY TO SELECT NUMERICAL SUBSYSTEM
CRITERIA ON A CASE-BY-CASE BASIS.'

STAFF RESPONSE:

NUMERICAL PERFORMANCE OBJECTIVES FOR INDIVIDUAL SUBSYSTEMS (060.113(A)(1)

(II) & (2)) WITH FLEXIBILITY TO PROPOSE ALTERNATIVE NUMBERS (§60.113(B))

I.



ILLUSTRATIVE EXAMPLE-3

DOE LETTER OF NOVEMBER 5, 1981

DOCKET NO. 48

. . IT IS NOT CLEAR HOW THE INDIVIDUAL PERFORMANCE OBJECTIVES ARE RELATED

TO THE EPA RELEASE LIMITS USING THE TECHNIQUES OF PERFORMANCE ANALYSIS AND
AN UNDERSTANDING OF THE GEOLOGIC AND HYDROLOGIC ENVIRONMENTS."

STAFF RESPONSE:

RELATIONSHIP BETWEEN ASSUMED EPA STANDARD (DRAFT NO. 19) AND NUMERICAL

PERFORMANCE OBJECTIVES SHOWN IN RATIONALE DOCUMENT. SANDIA PERFORMANCE

ASSESSMENT MODELS USED IN ANALYSIS. UNCERTAINTIES ASSOCIATED WITH GEOLOGIC

AND HYDROLOGIC ENVIRONMENTS DISCUSSED EXTENSIVELY.



ILLUSTRATIVE EXAMPLE-4

DOE LETTER OF OCTOBER 29, 1982

DOCKET NO. 91

"WE ARE SERIOUSLY CONCERNED OVER THE NUMERICAL REQUIREMENTS. . . FOR COMPONENTS. .

WE BELIEVE THAT THE NEED TO DEMONSTRATE COMPLIANCE WILL UNNECESSARILY COMPLICATE

AND PROLONG THE LICENSING PROCESS."

STAFF RESPONSE:

o LICENSING PROCESS REQUIRES IDENTIFICATION AND ASSESSMENT AGAINST NUMERICAL CRITERIA

OF CONTRIBUTIONS TO OVERALL SYSTEM PERFORMANCE OF ALL INDIVIDUAL SUBSYSTEMS OF DOE

DESIGN FOR WHICH DOE WANTS CREDIT.

o ABSENCE OF NUMERICAL CRITERIA IN RULE DOES NOT CHANGE NEED FOR DOE TO IDENTIFY AND

DEMONSTRATE INDIVIDUAL SUBSYSTEM PERFORMANCE.

0 POTENTIAL FOR LITIGATION INVOLVING COMPLIANCE DEMONSTRATION IN LICENSING PROCESS

REGARDING PERFORMANCE OF INDIVIDUAL SUBSYSTEMS EXISTS REGARDLESS.

* COMMISSION JUDGMENT THAT IDENTIFICATION OF INDIVIDUAL SUBSYSTEM NUMERICAL CRITERIA

IN RULE ADDS TO CONFIDENCE (LEADS TO REASONABLE ASSURANCE) AND MORE CLEARLY DEFINES

HEARING ISSUES FOR INDIVIDUAL SUBSYSTEM ASSESSMENT.

O ABSENCE OF NUMERICAL CRITERIA IN RULE BROADENS SCOPE OF ISSUES TO BE LITIGATED.

a BROADENED SCOPE IHAS POTENTIAL FOR NEEDLESS EXPENSE AND DELAY IN DISPOSAL OF NATION'S

WASTE.



STATEMENT OF ISSUES

HOW TO PROCEED WITH 10 CFR PART 60 IN THE ABSENCE OF THE EPA STANDARD

* EPA STANDARD IS USED AS THE OVERALL PERFORMANCE GOAL FOR

10 CFR PART 60

a PUBLICATION OF THE EPA STANDARD HAS BEEN IMMINENT FOR AT LEAST

2 YEARS, BUT HAS STILL NOT BEEN PUBLISHED FOR COMMENT

a NUMERICAL PERFORMANCE OBJECTIVES NEEDED TO HAVE CONFIDENCE THAT THE

EPA STANDARD IS MET

o MINIMUM GROUNDWAT ER TRAVEL TIME NEEDED TO HAVE CONFIDENCE THAT GEOLOGIC

SETTING CAN PROVIDE ADEQUATE ISOLATION



WHY EPA STANUARD IS NEEDED

THE EPA STANDARD WILL SETTLE A NUMBER OF IMPORTANT ISSUES THAT PART 60

DOES NOT COVER

o IT SPECIFIES THE QUANTITIES OF RADIOACTIVE MATERIAL THAT CAN BE

RELEASED TO THE ACCESSIBLE ENVIRONMENT FROM A REPOSITORY FOR

ANTICIPATED AND UNANTICIPATED PROCESSES AND EVENTS

o IT SETS THE TIME PERIOD OVER WHICH PERFORMANCE MUST BE ASSESSED -

10,000 YEARS

o IT PROVIDES THE DEFINITION OF THE ACCESSIBLE ENVIRONMENT

o WE ARE RELYING ON THE EPA EIS ON ITS STANDARD TO ADDRESS WHAT ARE THE

RADIOLOGICAL IMPACTS OF HLW DISPOSAL



OPTIONS FOR PROCEEDING WITH PART 60

I - o FINALIZE ENTIRE RULE EXCEPT FOR NUMERICAL PERFORMANCE OBJECJIVES FOR

CONTAINMENT AND CONTROLLED RELEASE RATE, WHICH WOULD BE RESERVED UNTIL

AFTER THE EPA STANDARD IS ISSUED

o FINALIZE ENTIRE RULE EXCEPT FOR NUMERICAL PERFORMANCE OBJECTIVES FOR

CONTAINMENT AND CONTROLLED RELEASE RATE, BUT REQUEST PUBLIC COMMENT ON

WHETHER OR HOW TO PROCEED *IN THE ABSENCE OF THE EPA STANDARD-

o FINALIZE THE'ENTIRE RULE AND SAY WE WILL GO BACK

NECESSARY WHEN THE EPA STANDARD IS ISSUED

AND REVISE IT IF.

o LEAVE THE ENTIRE RULE IN PROPOSED FORM UNTIL THE EPA STANDARD IS ISSUED

o REPROPOSE THE ENTIRE RULE AND ASK FOR THE PUBLIC

SHOULD PROCEED

COMMENT ON HOW WE

:1
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