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R A

OVERVIEW

1.0 BACKGROUND .

1.1 _Introduction

On February 25, 1981, the Nuclear Regulatory Commission (NRC) published rules
which establish procedures for the licensing of geologic disposal by the U.S. '
Department of Energy (00E), of high—level radfoactive wastes (HLW). 46 FR 13971.

‘vbn 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 93 comment letters on these proposed technical criteria. 89 of

- which were recefved in time for the Commission to consider in preparing the -

final technical criteria. No significant new fssues were raised in the letters
received too late foriconsideration The NRC staff has considered all these
comments in preparing the technical criteria that they have recommended to the
Cormission for publication fn final form. The principal comments, and the
staff's responses, are reviewed in the discussion below. This discussion takes
the form of a Statement of Considerations and, hence, appears to state the

’ views of the Commission itself. In reality, it is the staff's analysis cast

into a format so as to facilitate Commission consideration of the staff's
recommendations on the disposition of the final technical criteria.

This overview is one of several "cuts" at the'problem of analysis of the public
comments received. In this overview the staff will first discuss six {ssues

on which the Commission 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 staff recommends that the Commission not ‘adopt. Finally,

a section-by-section analysis reviews all changes being recommended other than

those of & strictly editorial nature. A more detailed analysis of the comments
is contained in Parts A and B of this document. Due to. the large number of
individual comments (about 700) the individual comment letters have been sub-
divided and categorized according to'tne headings found in the Table of Contents.
Part A of this Staff Analysfs contains responses tovgeneral comments‘on 10 CFR

. e ommmee o= =+ e » - - e e s e s s e s rmea e



Part 60 and nine itemized issues* not specifically 1inked to the text of the
proposed rule (e.g., Role of the States). Part A addresses Comment Nos. 1-148.
Part B contains the NRC staff responses to public comments on the text of the
proposed rule and conforming amendments as well as closely associated comments

on particular issues. Part B addresses Comment Nos. 149-674. The organization
and numbering of these individual comments are presented in the Table of Contents.
Part C of this report contains the Rationale for the numerical performance
objectives that are part of,the final technical criteria being recommended to

the Commission. Copies of the full text of the 93 comment letters are found in
Appendix A and a comparative staff version of the fina] rule being recommended

by the staf?f to the Commission 1s found in Appendix B, as the final rule contains
a number of changes, explained in this statement, that reflects concerns addressed
in the public comments. Appendix C contains a copy of the assumed EPA standard
used in the analysis of the numerical performance objectives. To the extent

that the results of the multi-format presentations of comments and analyses of
comments are duplicative, redundant or confusing,'the staff apologizes. The
objective was to be thorough even at the expense of extra verbage.

1.2 Licensfng Procedures

The licensing procedures referenced above provide for DOE to submit site charac-
tarization reports to NRC prior to characterizing-sites that may be suitable

for disposal of HLW. NRC would analyze these reports, taking into account
public comments, and would make appropriate comments to DOE.

The 1icensing process will begin with the submission of a license application
with respect to a site that has been characterized. Following e hearing, DOE
may be issued a construction authorization. Prior to emp]acement of HLW, DOE
would be required to cbtain-a license from NRC; an opportunity for nearing is
provided prior to issuance of such a license. Permanent closure of the geologic
repository and termination of the license would eléo‘require licensing action
for which there would be opportunity for hearing.

*Genaral comménts or the discussion of each issue such as retrievability,
discussed in the Supplementary Information at 46 FR 35282, will be answered
with those addressing the provisions for retrievability set forth in the pro-
posed rule at 46 FR 35289 (50.111)). This was done to reduce the amount of
duplication in staff responses. :




1.3 -Purpose of the Technical Criteria

The purpose of the technical criteria s to define more clearly the bases upon
which 1icensing determinations will be made and to provide guidance to DOE and

i'information for the public with respect to the Commission 's policies fn this
- regard The criteria also “{ndicate the approach the Commission is taking with

respect to implementation of an Environmental Protection Agency (EPA) standard
particularly with respect’ to the classification of processes and events as
"anticipated" or "unanticipated" and the definition of the l‘accessible envi-
ronment" from which radionuclides must be isolated 1

The Commission antfcipates that licensing decisions win be complicated by the
uncertainties that are associated with predicting the behavior of a geologic
repository over the thousands of years during which LW may present hazards to
public health and safety. ‘It has chosen to address this difficulty by requiring
that & 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
radioactivity 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 perform-
ance objectives and by more’ detailed siting and design criteria 2 1In addition
to the objective of assuring that licensed facilities will adequately isolate

t'ﬁeorganization Plan No. 3 of 1970 authorizes EPA to establish generally
applicable environmental standards for radicactivity. EPA's recently
proposed standard 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 proposed standard alsc relates

these levels to places within the "accessible environment.” ' The Commis-
-sfon has assumed that these concepts will be reflected in final standards

 that may be established by EPA.
‘2Under the Nuclear Waste Policy Act of 1982 the Commissfon's technical .
- ‘eriteria “shall provide for the use of a system of multiple barriers in the

design of the repository...as thé Commission deems appropriate.® Sec-
tion 121(b)(1)(B). The criteria set forth fn this rule represent the
criteria which, for purposes of this provision. the Commission deems
appropriate. )




HLW over the 1ohg term, these provisions also address considerations related to
health and safety during the operational period prior to permanent closure of
the geologic repository.

L4

In this statement of considefations the Commission will first discuss six issues
on”uhi;h it had‘spécifica11y‘fequested public comment. - It will then review other
principal chsrges to the rule which have been adopted fn the 1ight of comments
received. The discussion wiil then take up suggestions of a policy nature which
the Commission has declined to ‘adopt. -Finally, a sect{on-by-section analysis
raviews all changes made other than those of a strictly editorial nature. As
appropriate, reference {s made to relevant provisions of the Nuclear Waste
Policy Act of 1982, Pub. L. 97-425, approved January 7, 1583, and to the Environ-
mental Protection Agency's pfoposed EnvironmehtélIStandards for the Management
and Disposal of Spent Nuclear Fuel, High-lLevel, and Transuranic Radioactive
Wastes,i47‘FR 58195, Oecembér 29, 1982. The Commission regards the publication
of these rules as constituting full compliance with Section 121(b)(1)(A) of the
Nuclear Waste Policy Act, which require: promulgation of the Commission's
technical criteria for géoiogic repositories not later than January 1, 1984.3

SThe technical criteria are explicitly stated to be applicable to construction
authorization, § 60.101(b) and o the issuance of licenses.to receive and
possess high~level radiocactive waste at geologic repositories, § 60.101(a).

An application to authorize permanent closure requires a license amendment,

§ 60.51(a); the relevant technical requirements and criteria ars set out in
the rules here being adopted, inasmuch as the Commission is to be "guided by
the considerations that govern the issuance of the initial license, to the
extent applicable,” § 60.45(b). The Commission interprets the statutory
provision pertaining to applicatfons for ®decommissfoning” to rafer to the
procedure described in § 60.52, pertaining to termination of a 1icense; such-
an application would also require a license amendment, and ‘the COmmission
hera, too, would be guided by the present rules to the extent applicable,
togethar with the additional criteria already set out at § 60.52(c). Thus,

at every stage of the licensing process, the central inquiry will be the
adequacy of DOE's plans and activities as they ralate to the isolation of
wastes (as well as to safety during operations); and for each decision point
we have provided, as {s appropriate, for an evaluation that takes into account
both the performance objectives and the more detafled criteria that the
Commission here adopts. (If Section 121(b)(1){A) applies to the decommission-
ing of surface facilities, the required criteria have been included in

§ 50.132(a). That paragraph provides that surface facilities must be designed
to facilitate decontamination or dismantling to the same extent as would be
required, under other NRC reguiations, for equivalent activities. This topic
may be treated again, in greater detail, in connection with the devalopment
of rules that would be gensrally applicable to decontamination and dismantle-
ment of facilities at which activities subject to Commission regulatory
authority are carried out.)




The Commission will review these criteria after EPA's environmental standards
are published in final form and will initiate subsequent rulemaking actions,

" as necessary, to take any such standards into account. The Commission further
intends additfonal rulemaking to deal with any changes in licensing procedures,
that may be necessary in light of the Nuclear Waste Po]icy Act.

2.0 lIssues Rajsed bxhthe Commission

- As noted above, the Commission specifically requested public comment on six
issues, each of which will be reviewed here before turning to other considera-
tions. These {ssues dealt with: (1) a single overall performance standard vs.
minimum performance standards for each of the major elements of the geologic
repository; (2) the need for, and appropriate duration of, & waste retrievabil-
ity pericd; (3) the level of detail to be used in the criteria;'particu1ar1y
with respect to design and construction requirements; (4) the desirability of
population-related siting ériteria; (5) the application of an ALARA (as low as
reasonably achievable) principle to the performance requirements dealing with
containment and control of releases; and (6) alternative approaches on dealing
with possibilities of human intrusfon fnto the geologic repository.

2.1 Single vs. Multiple Performance Standards

The Commission identified two potentially viable approaches to assuring

~ achievement of the desired isolation goal of controlling releases so as to
assure that radicactivity in the general environment is kept to sufficiently
Tow levels. The Commission suggested that a course that would be "reascnable
and practical® would be to adopt a "defense-in~depth" approach that would
prescribe minimum performance standards for each of the major elements of the
geologic repository, in additfon to prescribing the EPA standard as'a-singie
overall performance standard. However, as an alternative, the Commission
invited comment on an approach that would specify the EPA standard as the sole
measure cf 1solation performance. Co : :

There was general acceptance of the’ COmmission s uultiple barrier approach
with fts 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 6f multiple barriers was recognized, the establishment of
fixed numerical values for performance was extensively criticized. The
criticism took two Torms. First, numerous commenters argued that until such
time as an EPA standard is established, no logical connection can be demon=
strated between the performance of the particular barriers and the overall
system performance objective. The values specified by NRC, it was argued, had
not been shown to ba either necessary or sufficient to meet any particular

tandard. The seconc criticism was that the performance appropriate to a
particular barrier {s greatly dependent upon design features and site charac-
teristics and that values such as those proposed by the Commission cc.id unduly
restrict the applicant's flexibility - possibly imposing great additional
expense without compensating protection of public health and safety.

The Comnission recognizes the force of both these arguments. Nevertheless, if
the Commission were simply to adopt the EPA standard as the sole measure of
performance, it would have fafled to convey in any meaningful way the degree of
confidence which it expects must be achieved in order for it to be able to make
the required 1icensing decisions. More should be done. To that end, the
Commission considers it appropriate to include reasonable generic requirements
that, if satisfied, will ordinarily contribute to meating the standards even
though modifications may need to be made for some designs and locations.

The Commission's response, therefora, 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 satisfied. For this purpose, a draft EPA standard which was referred
to in some of the comments has been used. A copy of this draft standard has
been placed in the PDR and is also contained in Appendix C. Following publi-
cation of EPA's proposed standard in the Federal Register on December 29, 1982,
a supplemental avaluation was made to take into account certain departures from
EPA's earliaer draft. In this way, the Commission has been able to demonstrate
the logical connection which it makes between the overall system performance
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objective for anticipated processes and events, as set out in EPA's propdsed
standard, and the performance of specific barriers. One of the considerations
that affects its judgment in this regard is the need to take proper account of
uncertainties in the performance of any of the barriers. As one commenter
noted, "To provide a safety factor to compensate for this.unCertainty, a muiti-
barrier system has many advantages. 51nce_;he Commissfon cannoi hnéWer the
global problem and predict every possible combination of circumstances that
might cause releases of waste, multiple, independent mechanisms of slowing or
Timiting the discharge of radicactive materials to the environment are desir-
able." There §s nothing inconsistent between the multiple barrier, defense-
in~depth approach and ‘a unftary EPA standard; on the contrary, in view of the
many possible circumstances that must be taken {nto account, the Commission
firmly believes that the performance of the engineered and natural barriers

" must each make ‘a definite contribution in order for the Commission to be able
to conclude that the EPA standard will be met. The Commission's task is not

" only & mathematical one of modeling & system and fitting values for particular
barriers into the model {n order to arrive at a "bottom line" of overall‘system
performance. The Commission s also concerned that its final judgments be made
-with a high degree of confidence. Where it is practical to do so, the Commis-
sfon can and will expect barrier performance to be enhanced sc as to provide
greater confidence in 1ts licensing judgments. Accordingly, & varjance between
actual and assumed EPA standards will not necessarily require a change of
correspond{ng magnitude in the individual barrier perfofmance requirements,

While use of an assumed EPA standard provides a basis for specifying antici-
pated performance requirements for individual barriers, it does not deal with
the concern about undue restrictfon upon the applicant's flexibility. The
Commission's response to this has not been to abandon the values altogether,
but rather to allow them to be modified as the partfcular case warrants. Thus,
to take one example, the Commission continues to be concerned that thermal
disturbances of the area near the emplaced waste add significantly to the
uncertainties in the calculatfon of the transport of radionuclides through the
geologic environment. The proposed rule addressed this problem by providing
that all radfonuclides should be contained within the waste packages for a

- perfod of 1,000 yéars. The Commission continués‘to'consider it important to

— —— PR - . - A e e e B aar -



1imit the source term by specifying a containment period (as well as a release
rate). But the uncertainties associated with the thermal pulse will be

affected by a number of faétors. such as the age and nature of the waste and

the design of the underground facility. For some repositories, a period -
substantially shorter than 1,000 years may be sufficient to allow for scme of

the principal sources of uncertainty to be eliminated from the evaluation of
repository performanca. For cases ana]yze& by the Commission on the,basis of
specified assumptions, a range of 300 years to 1,000 years would be appropriate.
(Thesa valuas appear in § 60.113(a)(11)(A).) Yat even a shorter designed con-
tainment perfiod might be specified, pursuant to § 60.113(b), in the light of
conditions that are materfally different from thosz that had been assumed. For
exampla, i1f the wastes had been processed to remgve thae principal heat-generating
radfonuclides (cesium=-137 and strontium=-90), the 300-year provision would not

%2 controlling. Similarly, the Commission may approve or specify a radicnuclide
-:1ease rate or a pre-waste-emplacement groundwater travel time that differs

irom the normal values, provided that the EPA standard, as it relates to antic-
jpated processes and events, §s satisfied. Appropriate values will be dater-
mined in the course of the 1icensing process, in a manner sensitive to the
particular case, using the principles set out in the performance cbjectives,
without having to have recourse to the exemption provisions of the regulations.

The numerical criteria for the individual barriers included in the rule ara
appropriate, insofar as anticipated processes and avents are concerned, in. _
assisting the Commission to determine with reasonable assurance that the pro-
posed EPA standard has been satisfied. It should be noted, however, that in
order to meet the EPA standard as it applies to unanticipated processes and
avents, higher levels of individual barrier performance may be required.

2.2 Ratriagvability

The purpose of this requirement was to implement in a practical mannar the
1icensing precadures which provided for temporal separation of the emplacemént
decisfon from tha parmanent closure decision. Sinca the pericd of emplacement
would be lengthy and since the knowledge of expected repository performance
could be substantially increased through a carefully planned program of tasting,




—

the Commission wished to base its decision to permanently ‘¢close on such informa-

tion. The only way it ‘could envision this was to insist that ability to

retrieve - retrievability = be incorporated fnto the design of the geologic -

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 yeers

(30 years for emplacement 50 years to confirm performance, 30 years to )
-‘retrieve) The Commission solicited comment noting that it would not want to

approve construction of a design that would unnecessarily foreclose options for
future decisionmakers, but that it was concerned that retrievability require-
ments not unnecessarily complicate or dominate repository design ‘

. While the benefits of retaining the option of retrieval vere recognized the

length of the proposed requirement fn the opinion ‘of several commenters was
excessive. In their view, the Commission had given inadequate consideration to
the additional costs of design, construction, and operations implied in the
original proposal however, no new cost or design information was presented :
by the commenters. ‘ ' o

The Commission adheres to its original position that” retrievability is an

\important design consideration. However, in response to the concerns expressed
‘the Commission has decided to rephrase the requirement in functional terms.

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, unt{l the completion of a performance confirmation
program and Commission review of the information obtained from such & program.
By that time, significant uncertainties will _have been resolved thereby pro-
viding greater assurance that the performance objectives will be met. In
particular. the performance confirmation program can provide indications
whether engineered barriers are performing as predicted and whether the
geologic and hydrologic response to excavatfon and waste emplacement is con-

“sistent with the models: and tests used in the Commission's earlier evaluations.

While the Commission has provisionally specified that the design should allow
retrieval to be undertaken at any time within 50 years after commencement of
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emplacement operations, this feature is explicitly subject to modification in
tha 1ight of the planned emplacement schedule and confirmation program for the
particular geologic repository

Some commenters suggested that the technical criteria specify the conditions
that would require retrieval operations to be initiated. Such provisions would
not belong in Subpart E, which is coucerned with siting and design. Nor are
they needed elsewhere In the Commission's view 1t s clear that retrieval
could be required at any time after emplacement and prior to permanent closure
§f the Commission no longer had reasonable assurance that tha overall system
performance objective would be met. This situation could exist for a variety
of reasons and the Commission believes that it should retain the flexibility
to take fnto account all relevant factors and that it would be imprudent to
1imit the Commission's discretion by specifying in advance the particular
circumstances that would make it necessary to retrieve wastes. It should be
noted that DOE‘may alect to maintain a retrievability capability for a longer
period than the Commission has specified so as to facilitate recovery of the
economically valuable contents of the emplaced materials (especially spent
fuel). So long as the other provisions of the rule are satisfied this would
not be prohibited. This consideration, however, plays no role in the Commis-
sion's requirement pertaining to retrievability. The Commission's purpose is
to protect public health and safety in the event the site or design proves
unsuitable. The provision is not intended to facilitate recovery for resource
value,4

4Under the Nuclear Waste Policy Act of 1982, the Commission's technical criteria
"shall include such restrictions on the retrievability of the solidified high-
level radiocactive waste and spent fuel in the repository as the Commission
deems appropriata,® Section 121(b)(1)(B)..- The criteria set forth in this rule
represent the criteria which, for purposes of this provision, the Commission
deems appropriate.

Section 122 of the Nuclear Waste Policy Act provides that, at the same time a
repository is designed, DOE shall specify an appropriata period during which
spent fuel could be ratrieved for any reason pertaining to the public health
and safety, or the environment, or for the purposa of permitting recovery of
the economically valuable ccmponents of such spent fuel. The pericd of retriev-
ability is subject to approval or disapproval by the Commission as part of the
construction authorization process. Insofar as health and safety cons{derations
are concarned, the Commission intends to grant such approval so long as its
technical criteria are satisfied, and the Commission further intends to medify
the licensing procedures to so specify.
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The Commission has also included a specific provision clarifying its prior
intention”thet the retrievability design features do not preclude decisfons
allowing earlier backfilling or permanent closure. ‘A related clarifying change
has been the fncorporaticn of a definition of "retrieval." This definition
indicates that the requirement of retrievability does not imply ready or easy
‘access to emplaced wastes at all times prior to permanent closure. Rather, the
Commission recognizes that any actual retrieval operatfon would be an unusual
event and may be an fnvolved and expensive operation The {idea s that it shouid
not be made impossible or {mpractical to retrieve the wastes if such retrieval
turns out to be necessary to protect the public health and safety. DOE may
elect to backfill parts of the repository with the intent that the wastes
emplaced there will never again be disturbed tnis is acceptab]e so long as the
waste retrieva] option is preserved

The Commission has thus retained the essential elements of the retrievabilfty -
design feature, but has provided greater fiexibility in §ts appiication The
Commission recognizes that retrievability impiies additional costs - more,
perhaps, for some media and designs than for others - yet it believes this is
an acceptabie and necessary price to pay if it enables the Commission to
determine with reasonable assurance prior to aneirrevocabie act of closure,
that the EPA standard wii] be satisfied

2.3 Level of Detail

The proposed rule contained general and detailed prescriptivelrequirements,
derived from Commission experience and practice in licensing other facilities,
with respect to the design and construction of a geologic repository. The:

. Commission noted however, that it was continuing to examine other possibil-
ities for promulgating the more detailed of these requirements and 1t invited
comments on the topic ' i

The'pubiic response included arguments addressed both to the level of detail
generally'and to specific'criteria which were deemed to be unduly restrictive.

The Commissfon has concluded that there is merit in describing, in functional
terms, the principal features which should be incorporated into geologic
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repository design - such as protection against dynamic effects of equipment
failure, protection against fire and explosions, emergency capability, etc.
Cartain of these proposed criteria, however, such as those dealing with sub-
surface ventilation and shaft and borehole seals, were excessively detailed
and, in some cases, inappropriate. At this stage of development, the Commis-
sion believes it should place emphasis upoqjthe objectives that must be met and
not become unduly_cbncenned about the particular techniques that may be used

in doing so. The changes that have been made are addressed in some detail in
the section-by-section analysis of the rule.

2.4 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. The Commission indicated its belief that a more
realistic approach, given the long period of time involved, would be to address
the issue indirectly through consideration of resourcas in the géologic,setting.

The numerous comments submitted in response to the Commission's specific
question on this issue fall generally into two categories - those that endorsed
the proposed approach and those that argued that population factors were
important. The latter group addressed not only the geologic repository's
long-term {solation capability, but also the relevance of popuilation con-
siderations in connection with the period when wastes are being received and
emplaced.

The Commission is persuaded that population factors may need to be considered
in connection with the ﬁeriod when wastes are being received and emplaced
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 raviewed on a case-by-case basis in the licensing process according

to criteria that will be set forth in the future in Subpart I. (It should also
be noted that under Section 112(a) of the Nuclear Waste Policy Act of 1982,

DOE is required to davelop guidelines that, among other things, will specify
population factors that will disqualify a site from development as a reposi-
tory. Issuance.of thase guidalines is subject to the concurrence of the

12




Commission. The Commission has made no determination whether such guidelines,
when issued, should in some manner be reflected in either the technical
criteria or licensing procedures portions of 10 CFR Part 60.)

Population distribution over the long term is fomaterial 4f the geologic
repository operates as anticipated. Demographic factors could nevertheless be
of concern to the extent that they could fncrease the probability or the con-
_sequences of releases associated with unanticipated processes or events. As to
probability, it is difficult to relate the 1ikelfhood of releaseés to population
factors;'it'is the view of the Commission that it 1s more realistic, as originally
stated, to reduce the probability by avoiding 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, it is the view of the Commission that
it makes 1ittle sense to attempt to 1imit such consequences by means of a
population-related siting criterion. since Tong-range demographic forecasts are
s0 inherently speculative and unreliable, instead, the Commission is taking the
approach that releases that result from the occurrence of unanticipated
processes and events nust be evaluated and must satisfy the EPA standard

While the Conmission considers. based on the above, that the rule should not
now contain explicit requirements particularly numerical limits on population
density or distance from population centers, it notes that considerations
related to future human activitfes, particularly uses of groundwater, are an
important source of uncertainty in assessing future performance of a geologic
repository. The Commission would consider it a favorable condition if these

. sources of uncertainty. which. would be affected by a large nearby population,
were not present at a particular site Therefore. the Commission has included
in the final rule, as a favorable condition, & low population density within the
geologic setting and a controlled area that is remote from population centers

The Commission anticipates that the selection of a densely populated area would
be unlikely even in the absence of expressed constraints fn NRC regulations.

" For one thing, such a site would be disqualified under the guidelines to be
developed under the Nuclear Waste Polfcy Act. Additionally, DOE will need to
acquire interests in land within the controlled areas and may have additional
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powers beyond the boundaries of the controlled area. These requirements may be

difficult to satisfy gnless a remote location is selected for the geologic
repository.

2.5 ALARA

The notice of proposed rulemaking requested comment on "whether an ALARA (as

low as reasonably achievab1e) principle should be applied to the performance
requirements dealing with containment and control of releases.” Some commenters
balieved that ALARA should be epplied to all licensed activities, and that no
exception should be made for geologic repositorfes. Other commenters argued
against incorporating ALARA, since the allowable releaées under the EPA standard
wouId already be so low as to eliminate any significant risk to public health
and safety.

Bzsed in part upon the standard recently proposed by EPA, the Commission
considers {t reasonab1e_to 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 commensurate with their costs. Accordingly, the ability of a geologic
repository to perform at levels superior to the EPA standard should not be the
{ssue in licensing proceedings. The central issue with respect to the EPA
standard is whether DOE's proposal, and the de;a presehted in its support; will
enabla the Commission to\determine with reasonable assdrance that the‘established
EPA standard will be met., The Commission may insist upon the adoption of a
variety of design features, tests, or other measures in order to be able to
conclude with confidence that the EPA standard {s met. The result may be the
same as {f the Commissi:: were to 1mpose similar requirements fn the name of
keeping raleases as low as reasonab]y achievable. But when the Commission finds
that certain measures are needed to improve confidence in dealing with uncertain-
ties, it 1s making a substantial safety judgment.

The same kinds of balancing that are undertaken in ALARA determinatfons may be

appropriate. That fs, if confidence in tha performance of the geologie reposi-
tory is sensitive to a particular source of uncertainty, it will be in order
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for the Commission to take into account both the significance of the factor
involved and the costs of reducing or eliminating it. ‘ |

In short, the Commissfon ‘has concluded that the long-term performance requirer
ments should not be tied to an ALARA principle, and the rule remains as it was
~ when proposed. The Commission believes the concerns of the commenters in sup-
port of the ALARA approach will be largely accommodated in connection Wlth its
treatment of uncertainties in the course of the licensing process 5

2.6 Human‘Intrusion |

" The Commission observed in the preamble of the proposed rule, that everything
that {s reasonahle should be done to discourage people from intruding into the
geologic repository Those measures which it believed to be reasonable
included directing site selection toward sites having little resource value and
marking and documentation of the site. Beyond that the Commission felt there
would be no value in speculating on the Byirtual infinity of human intrusion ,
scenarios and whether they will or will not result in viclation of the EPA
standard." The Commission 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 {f it should occur, it is logical to assume
that the intruding society would have capability to assess the situation and
mitigate consequences. The Commission recognized ‘that deliberate fntrusion to
‘recover the resource potential of the wastes could result in elevated releases

‘TThe proposed EPA standard calls for disposal systems to be selected and
designed to keep releases to.the accessible environment as small as reasonably
achievable, taking fnto account technical, social, and economic considerations.
Proposed 40 CFR § 191.14(b). The Commission 3 rules will accommodate the

_ underlying concerns of EPA, as they are articulated in the preamble to the
Agency's proposed standards. There EPA explains that it is concerned, as is

 the Commiséion, with assuring confidence in complying with the numerical :

" release limits. - The Commission also notes that the definition of “generally

. applicable environmental standards" in Reorganization Plan No. 3 of 1970
refers to Timits such as those contafned in proposed § 191.13 and related
definitions.. Accordingly, the Commission would not contemplate making any
revision to its rule even if EPA were to adopt a provision such as proposed
§ 191.14(b). Because of the measires that will be required to address the
uncertainties, the Commission fully expects that actual.releases are likely to
be well below the upper bounds expressed in the EPA standard.




of radioactivity. but concluded that the acceptability of such releases was
properly left to those making the decisfon to undertake resource recovery
operations. It noted that comment on its 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 “ut they suggested no
alternative means for dealing with the prospect. One commenter corraectly calls
attention to the possibility of a third category of intrusion - that which is
"{ntentional y2t indiffercnt” - which was not covered in the earlier discussion
of “inadvertent” or “deliberate” intrusfon. This behavior presupposes knowledge
(albeit imperfect) of the existen-e and nature of the geologic repository and a
level of technology that could be applied to remediz? action as well as to the
intrusion itself, yet makes no judgment as to whether a sociatal decision has
been made concerning the intrusion. The Commission has addressed this and
other concerns in the revised language that is being adopted as explained
below. '

Although the discussion accompany? = the proposed rule indicated that intrusfon
scenarios ne:z4 not be considered, . = rule itself was not explicit on this
point. The f.xnission considers it necessary to clarify its position and, in
Adoing so, allows for examination of intrusion under appropriate bounding condi4
tions. After careful consideration of the public comments received on questions
relating to human intrusion, the Commission s of the view that ‘while the
passive control measures it 1s requiring will reduce significantly the likeli-
hood of inadvertent intrusion into a geologic repository, occasional penetra-
tion of the geologic repository over tha period of isolation ‘cannot be ruled
out, and some provision should be made in the final rule for consideration of
intrusion should these measures fail. Its objectiva 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. The Commission
will not require this generation to desfgn for fanciful events which the
Commission has an ahiding conviction will never occur; on the contrary, it will
grant a license 1f it s satisfied that the risk to the health and safety of
future genarations is not unreasonable.
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The rule now fncorporates a definition of “unanticipated processes and events"
which are reviewable in a licensing proceeding; such processes and events
| expressly fnclude intrusion scenarios that have & sufficiently high 1ikelihood
and potentially adverse consequence to exceed the threshold for review. The
scenarios must be "sufficiently credible to warrant consideration.” The
Commission fs requiring that certain assumptions be made in assessing this
Tikelfhood. First, the monuments required by the rule are assumed to be
sufficiently permanent to serve their {ntended purpose. The Commission takes
‘this position because of its confidence that mondmentsiéan be built to survive.
“While it assumes that the monuments will last, it does not automatically assume
" that their sfgnificance will continue to be understood. Second, the Commission
requires an assumption that the value to future generations of potential -
~ resources can be assessed adequately at this time. Consistent with its pre-
viously stated views, it thinks that the selection of & site with no foresee-
ably valuable resources could so reduce the 1ikelihood of intrusion as to
reduce, or eliminate, any further need for it to be considered. Third, the -
Commission requires the assumption that some functioning fnstitutions - though
not necessarily those undertaking the intrusion - understand the nature of
radioactivity and appreciate its hazards. The extent of intergenerational
transfer of knowledge s, of course, ‘debatable; it is conservative, in the
 1ight of human history to date, to predict this minimal level of information
and to take it into account in assessing the 1ikelfhood that intrusion will
occur. Fourth, the Commission provides that relevant records are preserved,
and remain accessible, for several hundred years after permanent closure.
While perhaps this period could not be justified on the basis of historic
precedents alone, the Commitsion considers the required deposit in land records
and archives, together with current data handling technology, to provide a
sufficient basis for assumfng that information about the geclogic repositony
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 radicactivity and survival of records,
but slso by the further assumptions that if there are institutions that can
cause intrusfon at depth fn the first place,“thére will also be fnstitutions .
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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.

It was suggested that another way to reduce the 1ikelihood of human intrusion
would be to adopt additional design criteria for the waste form or waste package.
These would prohibit, or at least discourage, the emplacement of materials which
themselves might attract recovery operations - for example, operations to recover
the residual energy resource value in spent fuel or scarce and expensive materials
in the waste package. But, under the definition of "unanticipated processes and
events” in the final rule, intrusion for such purposes would have to be reviewed
in the licensing process if the particular circumstances are sufficiently credible
to warrant consideration. This imposes a reasonable constraint. The Commission
believes that any further limitation would unduly interfere with the flexibility
of DOE as a designer and could, in the case of spent fuel disposal, conflict

with other national objectives.

In summary, the Commission has retained the principle that highly speculative
intrusion scenarios should not be allowed to become the driving force in
license reviews, but has introduced some flexibility to permit consideration of
intrusion on a case-by-case basis where circumstances warrant.

3.0 Other Principal Changes

3.1 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 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, the Commission was
requiring that the facility be designed so as to assure that long-term releases
confarm to standards established by EPA. The statement of considerations
pointed out that 1f the procass or avent is unlikely, the overall system must
sti1l 1imit 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 shou]d be derived from anticipated processes and events
whiie, on the other hand the design was to meet an EPA standard as applied to
what was unanticipated ’

The Commission has resolved this conflict by eliminating the reference to design
bases from the definition of Banticipated procésses and events." It has also
included a definition of "unanticipated processes and events." In the final
rule, numerical performance objectives are established for particular barriers,
assuming “"anticipated processes and events. * Such numerical criteria are not
established for "unanticipated processes and events." ‘Rather, additional
requirements May be found to be necessary to satisfy the overall system
performance objective as it relates to unanticipated processes and events.

It should be noted that the distinction betneen'anticipated and unanticipated'
processes and events re1atesAso]e1y to natural processes and events affecting
~ the geologic setting; The Commission intends that a judgment whether a natural
_ process or event is anticipated or unanticipated be based upon & careful review
of the geologic record. Such processes or events wod1d not be anticipated
unless theijere reasonably likely, assuming that processes operating in the
geoiogic setting during'the'Quaternary Pericd were to continue to operate but
with the perturbations caused by the presence of emp]aced waste superimposed
thereon. Unanticipated processes and events would include those that are Judged
not to be reasonably 1ike1y to occur during the period the fntended performance
objective must be achieved, but which nevertheless are sufficiently credible
to warrant consideration. These 1nclude 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. Identifica-
tion of anticipated and unanticipated processes and events for a particular
site will require considerab]e judgment and will not be amenable to accurate
quantification hy statistical analysis of their probabiiity of occurrence
®The Commiseion views the proposed EPA standard as befng directed to the
evaluation of releases arising out of the categories that we have defined as
“anticipated processes and events" and “unanticipated processes and events.®
As EPA itself recognizes, there can only be estimates rather than rigorous
demonstrations of probabilities of occurrence. The Commission's translation
of the EPA language fnto qualitative terms provides a clearer basfs for

Judging, under the Atomic Energy Act, whether there is unreasonable risk to
the health and safety of the public.
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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 affect on the basic structure of the
1icensing proceedings. The Commissfon therefora coniemplates directing that
rulings made in the course of construction authorization hearings on the scope
of anticipated and unanticipated processes and events be separately identified
by the presiding officers and certified to the Commission for {nterlccutory
review, pursuant to 10 CFR 2.718({).

The license review will thu: 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 upanticipated processes and events, 1f any, as
have been found to warrant consideration. Each determination will be made in
the 1ight of assessments which will involve 1nterprétation of the geologic
record and consideration of credible human-induced events as bounded by the
assumptions set forth above. Worst-case scenarios would be analyzed to the
extent they ﬁay be encompassed by the definition of unanticipated processes and
events. Complex quantitative models will need to be employed, and a wide range
of factors considered in arriving at a determination of whether there is reason-
able assurance, making allowance for the time perfod and hazards involved, that
the EPA standard will be met. There are two principal elements that will go
into the Commission's application of this "reasonable assurance" concept. First,
the performance assessment which has been performed must indicate that the
1ikelihood of exceeding the EPA standard is low. Second, the Commission must

be satisfied that the performanca assessment is sufficiently conservative, and
'§ts 1imitations are sufficiently well understood, that the actual performance

of the geologic repository will be within predicted limits.

3.2 Transuranic Wasta (TRU)

The proposed rule included a definition of transufanic‘wasta and performance
objectives that would apply to the disposal of TRU in a licensed geologic
repository. This was widaly misconstrued as a requirement that radfoactive
matarial conforming to the definition must be disposed of in this manner. This
was. not the intention, nor in fact did the rule so specify. Rather, the Commis-
sion was merély indicating what performance objectives would apply‘il TRU were
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- disposed of in a licensed geologic repository. Sdhé commehters alsoc took
exception to the definition of TRU in the rule.

Whether or not a geolegic 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 facflity is licensed, then the
Commissfon must consider the radiological hazards associated with whatever
wastes may be emplaced. The Commission attempted, in the proposed rule, to
address the requirements for one such kind of waste - TRU.: But the Commission
was too restrictive, in that its definition of TRU was tbo"]imited for‘present
purposes and in that wastes other than HLW and TRU were not covered at all.

For the time being, the Commission has concluded that the matter is best handled
by eliminating a1l references to TRU. The remaining performance objectives =
provide adequate guidance to deal with TRU-related issues that may arise.

The Commission has also reviewed the waste package requirements, which as
originally 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 the Commissfon does not know what
other radiocactive wastes, if any, will &lso be emplaced, and what their
chemical, radiological, thermal, and other characteristics may be, it has =
decided to leave pertinent waste package requirements to be determined ona’
case-by-case basis as the need arises.’ '

3.3 Siting Criteria

Although provisions relating to site characteristics have been revised, the
Commissfon has retained the same two basic concepts. First, a site should
exhibit an eppropriate combination of favorable conditions, so as to encourage
the selection of a site that is among the best that reasonably can be found.
By referring to a “combination" of conditions, it implies that the analysis
must reflect the interactive nature of geologic systems. Second, any poten-
tially adverse conditions should be assessed in order to assure that they will
not compromise the ability of the geologic repository to meet the performance
objectives. It is important to recognize that a site is not disqualified as a
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result of the absence of a favorabie condition or the presence of a potentially
adverse condition. The Commission emphasizes this point here because several
commenters who characterized the siting criteria as unduly restrictive fajiled
to appreciate that thé presence of potentially adverse conditions would not
exclude a site from further consideration while others mistakenly assumed that
favorable conditions were requirements.

The changes do not reflect any departure from the Commission's original
philosophy, but they are designed to express its purpose more clearly. Thus,
its interest in specifying that the geologic setting shall have exhibited
"stability" since the start of the Quaternary Period was to assure only that
the processes be such as to enable the recent history to be interpreted and to
permit near-term geologic chahges to be projected over the relevant time period
with relatively high confidence. This concept fs bast applied by identifying,
as potentially adverse conditions, those factors which stand in the way of such
interpretation and projection; this is the approach the Commission has c¢hosen
to follaw.

One revison is the elimination of the classification of potentially adverse
conditions into one set pertaining to the "geologic setting" (corresponding to
“site" in the final rule).and one set pertaining to the "disturbed zone." The
Commission has determined that by defining these conditions as potentially
adverse only when they.occur in the site or disturbed zone, respectively, some
significant factors bearing upon waste isolation may not be assessed. The
Commission has changed the siting criteria, therefore, so that the presence of
any of the enumerated conditions is to be regarded as potentially adverse if it
applies to the controlled area and, in addition, such a condition outside the
controlled area is to be regarded as potentially adverse if it may affect
isolation within the controlled area.

Another change, discussed under Single vs. Multiple Performance Standards, may
have the effect of increasing the {mportance of the geological conditfons.
Under the final rule, the performance cbjectives for the engineered barrier
system (860.113(a)(1)) may be adjusted, on a case-by-case basis, i the overall
system performance objective, as it relates to anticipated processes and
events, is satisfiad. This feature of the final rule may provide the designer
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additional incentive to seiect the site so as to maximize its isolation
capabilities.

The Commission's reviéw of the siting criteria, as modified, has led it to
conclude that the isolation capabilities of the geologfic repository will be
given the emphasis that they merit. This review has included a consideration

" of suggestions that the rule require that the slate of sites be among the best

that can be found on the basis of geological factors alone and that the
geologic characteristics of the site provide the highest reasonably available
degree of the site's isolation capabi]ities These topics are discussed below,
under the heading Geoiogicai Conditions. ‘ S o

A detailed review of the siting criteria is contained in the Section-by-Section
Analysis.? o ' C

3.4 Conteinment

Severai commenters took exception to the performance objective caiiing for a
design of the waste packages to "contain all radionuclides" for a specified

‘period after ‘permanent closure. The objections were: first, that 100%

performance cannot be expected in view of the very large number of containers
that may be empiaced “second, that 100% performance cannot be justified as
being needed in order to meet any iikeiy EPA standard; and, third, that the
adequacy of design to contain "al1" radionuclides for Jong periods of time is
not demonstraoie. ‘The commenters failed, in part, tO'recognize'that under the
specified standard of'proof"(see Reasonable Assurance, below), the applicant

~ would not be forced to carry an impossible burden. Nevertheless, since the

Commission does not expect proof that iiteraily all radionuclides will be:
contafned, the performance objective now requires design so that containment

7Under Section 112(&) of the Nuciear Waste Policy Act of 1982, DOE is required
to develop guidelines for the recommendation of sites for repositories Among
other things, such guidelines are to."specify detailed geologic considerations

~ that shall be primary criteria for the selection of sites in various geologic

medfa.® Issuance of these guidelines is subject to the concurrence of the
Commission. . The Commission has made no determination whether such guidelines,
when {ssued, should in some manner be reflected in either the technical

criteria or 1icensing procedures portions of 10 CFR Part 60.
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of HLW within the high-level waste packages will be "substantially complete"
for the specified period.

4.0 Terminology

Several commenters criticized, as vague or confusing, the terms used by the
Commission to describe the various geographical locations that arae addressed by
the rule. There are many such locations--and there must be--because the
Commissfon must deal with different concerns during site characterization,
during operations, and after permanent closure. The Commission has neverthe-
less attempted to clarify the terms. 1In addition to the significant chonges
reviewed here, see also the discussion in the Section-by-Section Anafysis;

4.1 Accessible Environment/Controlled Area..

The isolation capa:ility of a geologic repository is evaluated at a boundary
which the Commission has 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 underground facility would be given appropriate weight in
1icensing reviéws.

The Commission agrees with the criticism and has revised.the dofinition in
saveral respects--most importantly by excluding from the accessible
environment that portion of the lithosphere that is inside what the Commission
is calling, in the final rule, a "controlled area.” This 1s an area marked
with monuments designed to caution future generations against subsurface
penetrations. The size and shapae of the controlled area will depénd upon the
characteristics of the particular geologic repository, but it must be small
encugh to justify confidence that the monuments will efféctively discourage
subsurface disturbances. The Commission has therefore limited the size of the
“controlled area so that it extends no more than 10 kilometars from the emplaced
waste. The term "accessible environment“ also appears in the proposed EPA
standard. The Commission-has osed the EPA language as a starting point - for
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example, in specifying the surface locations that ére-part of the accessible
environment. But there is an important difference between the two definitions,
in that EPA includes in the accessible environment only those parts of the
1ithosphere that are more than 10 kilometers from the emplaced waste, whereas
NRC may include parts of the 1ithosphere that are less than 10 kilometers from
- the emplaced waste, depending on the extent of the "controlled area" for a
geologic repository. In other words, the accessible environment may be larger
under 10 CFR Part 60 than might be the case under the proposed EPA standard.
The two definitions are nevertheless consistent in the sense that if the iso-’

- lation requirements are satisfied at the boundary of the accessible environment
. -specified by 10 CFR Part 60, they will necessarin be satisfied at the boundary
defined by EPA as we]l : =

Both technical,and legal considerations have influenced the Commission's:
decision not to adopt an unqualifed 10-kilometer standard. The technical
consideration is that,uncertainties'qbout activities that may be undertaken in
the area outside the controlled area are so great that the Commission would

not be warranted 1n'giving credit to the isolation capability of the
undisturbed 1ithosphere there. The legal consideration is that the standards
established by EPA are to apply outside the boundaries of locations controlled
by NRC licensees, and in the context of 10 CFR Part 60 this refers most

- appropriately to the "controlled area" as defined by the regulation. The
Commission believes that the final rule is fully responsive to the concerns of
the commenters while conforming as well to the policies underlying EPA's
proposed standard. - R o

4.2 Geologic Setting

The proposed rule limited this term to systems that provide-1§o1at{bn of the
waste. This is too restrictive a definition to cover the wider region of
interest which the Commission seeks 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 s or may be located.
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4.3 Site

"Site" had been defined in the proposed rule as being equivalent to "geologic
setting.” This was aﬁprépriate where geologic setting referred to an area
having fsolation capability. In the final rule, isolation is to be provided
within a controlled area rather than withip the geologic setting and
accordingly "site" now refers to the location of this controlled area.

4.4 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 tha proposed
rule expressed the opinion that including the requirement for dismantiement of
all surface facilities in the definition of the term "decommissioning" may be
unnecessary and overly raestrictive. Upon consideration of these comments the
Commission believes that where there is a need to refer to decontamination or
dismantlement of surface facilities, this can readily be done without referring
to "decommissioning.” ’

Accordingly, references to "decommissioning" with one exception (see §60.132(e)),
have been deleted from the rule, and the language now refers to "permanent
closure” or to. “decontamination or dismantlement of surface facilities,” as
appropriate. '

4.5 Important to Safety

In past NRC usage, the term "important to safety" has only been defined
qualitatively (e.g., 10 CFR Part 50, App. A). In response to public comments
on Part 60, the NRC staff has adopted a numerical criterion for determining
which structures, systéms and components are important to safaty. Structures,
systems, and components are important to safety if, in the event théy fail to
perform their intended function, an accident could result which causes a dose
commitment greater than 0.5 rem to the whole body or any organ of an individual
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in an unrestricted area. The value of 0.5 rem is equal to the annual dose to
the whole body of an individual in an unrestricted area.that would be permitted
under 10 CFR Part 20 for normal operations. The definition that has been
adopted defines as imﬁorﬁant to safety, therefore, any system, structure or
component whose failure to operate as intended could result in an annual dose
commitment to an individual in an unrestricted area in excess of what would be
permitted for normal operations of certain other activities licensed by NRC. |
Such systems, structures, and components would be subject to additional desfgn'-
requirements and to a quality assurance program to ensure that they performed
their intended functions. This conservative approach is possible because, as
noted by several commenters, the materials received and possessed at a HLW
facility will be in a form, and the operations that are carried out will be of
a nature, that little potentfal exists for large releases .of radioactive
materials to unrestricted areas. .The choice of . 0.5 rem in this instance

should not be construed as implying that it would be appropriate if applied to

any other types of activities .subject to regulation by the Commission.

The term "{important to safety" has traditionally been linked to structures,

‘systems, and components which must operate under accident conditions in a .
‘manner that will prevent serfous offsite consequences. The proposed rule

inappropriately referred to structures, éystems,cand:components which must

operate to meet the performance objectives--including those pertaining to

Tong-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 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 tradi-
tional sense.

"Important to safety" is also important in;defining the actions that are
necessary elements of & quality assurance program. For a geologic repository,

_however, quality assurance must be extended to structures, systems, and com-

ponents important to waste isclation. Sfince, for the reasons discussed above,

" these concerns are no .longer encompassed by the term “important to safety," the
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quality assurance provisions have been amended to apply to structures, systems,
and components "important to waste isolation" as well.

5.0 Other Principal Comments

These {ssues raised by commenters merit discussion here even thohgh-they have
resulted in no change to the rule.

5.1 Comparative Safety Analyses

Several commenters tcok exception to the proposed requirement that the safety
analysis report include a comparative e¢.z2luation of alternatives to the<major
design features that are important to radionuclide containment and isolation,
[(now termed "important to waste isolation™], on the ground that a safety ana1ysis
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, the Commission thinks it is well within its
discretion to seek the requested information. If the Commission finds, on the |
basis of its review, that the adoption of some alternative design feature would
significantly increase its confidence that the performance objectives would be
satisfied, and that the costs of such an approach are commensurate with the
benefits, it should not hesitate to insist that the alternative be so adopted.
This 1s consistent with the views expressed above in the discussion 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. ’

5.2 Unsaturated Zone

_The Commission had explained that the proposed criteria were developed for 4
disposal {in saturated media, and that additiopal or alternative criteria might
need to be developed for regulating disposal in the unsaturated zone. Accord-
ingly, the performance objective for the engineered barrier system (560.113(a)(1))
was written so as to require the assumption of fu11 or partial saturation of
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the underground facility and the favorable and potential]y adverse conditions
concerned only sit1ng 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 saturg;ion.»their’scope and applicability
should not be unduly restricted. The Commission has reviewed the criteria in
the light of the comments and find this criticism to be well-founded. Although
the criteria as written are:generally appropriate to disposal in both the satur-
ated zone and the unsaturated zone, some distinctions do need to be made. Rather
than promulgating the criteria which will apply to the unsaturated zone at this
time, the Commission will shortly issue such criteria in proposed form so as
' to afford a further opportunity for public comment. However, those criteria
that are uniquely applicable to the saturated zone are so indicated.

§.3 Geological Conditions - -

One commenter recommended that the rule should require that the slate of sites
characterized by DOE be among the best that can reasonably be found on the
basis of geological factors alone.: The Commission did indicate, when it adopted
- Yicensing procedures, that the site characterization requirements'wi11 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 standard proposed by the commenter
is quite different.  The Commission {ntended 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
éubject to unusually severe environmental and sociceconomic 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. The
- Commission considers the rule, as written, properly conveys its meaning on this
score. L S

The same commenter urged it to require & demonstration that the geologic
characteristics of the chosen site provide the highest reasonably achievable
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degree of enhancement of the waste isolation capabilities of the geologic
repository. Again, the Commission declines to accept the suggestion. "In the
first place, it anticipates that DOE would on its own initiative strive to
maximize {solation cabaﬁflities in order to demonstrate more conclusively the
facility's compliance with the performance objectives and other technical
criteria. Beyond this, however, the Commission believes the proposal could
have undesirable and unintended consequences. Maximizing isolation capabil-
ities could dictate development at one particular location instead of at .
another a few miles away; this could result in the same kind of adverse envi-
ronmental or other affects 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.

There were other related comments which argue that the Commission's approach
places too great an emphasis on engineered barriers and provides insufficient
incentive to select a site with optimal geologic and hydrologic characteristics.
The Commission considers both engineered and natural barriers to bes important,
and. it has structured the technical criteria in a manner that demands not only
the use of advanced engineering methods, but also selection of 'a site with
axcellent isoiation capabilities. As explained in the discussion of Reasonable
Assurance, below, uncertainties in the models used in the analysis of repository
performance must be considered in the Commission's dg]iberations on the issu-
ance of a construction authorization or license. Selection of a site with .
favorable geologic conditions will greatly enhance tha Commissfon's ability to
make the prescribed findings. Moreover, since the final ru1e'provides flex-
ibility for the Commission to approve or specify performance objectives for the
engineered barriers on a case-by-case basis, the applicant {s afforded still a
further incentive to pick a site in which the host rock has favorable geochem-
fcal characteristics or in which other particular sources of uncertainty about
hydrogeologic conditions are substantially reduced. But in any event, ths -
Commission anticipates that a high standard of engineering will be necessary--
not only to compensate for geologic uncertainties at even the best reasonably
available sites, but perhaps also to mitigate the consequences of unanticipated
processes and events (including potential intrusion) during the years when
fission product inventories remain high.
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Although the Commission agrees with the underlying appraisal of the commenters
that the isolation capabilities of the site play & key role in assuring that
the performance objectives will be met, it finds no reason to change the rule's
basfc approach. T

5.4 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 allowance -
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 "preasonable 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.

For the reasons set forth below, the Commission has not modified the language.

In the Commission's view, the "“reasonable assurance" standard neither implies

a2 lack of conservatism nor creates 2 standard which is {mpossible to meet. On
the contrary, it parallels language which the Commission has applied in other
contexts, such as the 1icensing of nuclear reactors, for many years. See 10 CFR
50 35(a) and 50. 40(a) The reasonable assurance standard is derived from the
finding the Commission s required to make under the Atomic Energy Act that the
Jicensed activity provide "adequate protection" to the health and safety of

the public; the standard has been approved by the Supremelccurt. Power Reactor
Development Co. v. Electrical Union, 367 U.S. 396, 407 (1961). This standard,

in addition to being commonly used.and accepted in the Commission's licensing
activities, a]lows the flexibility necessary for the Commission to make judgmental
distinctions with respect to quantitative data which may have large uncertainties
(in the mathenatical sense) associated with it.

The Commission has not'modified the language, but has explained elsewhere (see
Anticipated/Unanticipated Processes and Events, above) how the concept will be
applied. The Commission expects that the information considered in a licensing
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proceeding will include probability distribution functions for the consequences
from anticipated and unanticipated processes and events. Even if the calculated
probability of meeting the Commission's standards is very high that would not
be sufficient for the Commlssion to have "reasonable assurance"; the Commission
would still have to assess uncertainties associated with the models and data
that had been considered. This involves gualitative as well as quantitative
assessments. The Commission would not issue a 1icense unless it were to con-
clude, after such assessments, that there §s reasonable assurance that the
outcome will fn fact conform to the relevant standards and criteria.

It is important to keep in mind this distinction between, first, a standard of
performance and, second, the quality of the evidence that is available to
support a finding that the standard of performance has been met. In principle,
there is no reason why the first of these - the performance standard - cannot
be expressed in quantitative terms. The rule does this in several places -
notably, in including as performance objectives a designed containment period,
a radionuclide release rate, and a pre-waste-emplacement groundwatar travel
time. Similarly, EPA's standard will establish 1imits on concentrations or
quantities of radioactive material in the general environment.

Expressing a requisite level of confidence in quantitative terms is far more
problematical. To be sure, measurement uncertainties are amenable to
statistical analyses. Even though there may be practical limitations on the
accuracy and precision of measurements of relevant properties, it is possible
to make some quantitative statement as to how well these values are known. The -
Vicensing decisions which the Commission will be called upon to make involve
additional uncertainties - those pertaining to the correctness of the models
being used to describe the physical systems - which are not quantifiable by
statistical methods. Conclusions as to the performance of the geologic
repository and particular barriers over long perfods of time must largely be
based upon inference; there will be no opportunity to carry out test programs
that simulate the full range of relevant conditions over the periods for which
waste isolation must be maintained.

The validity of the necessary inferences cannot be reduced, by statistical
methods, to quantitative expressions of the level of confidence in predictions
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of long-term repository;performance. Similariy,,the-Commission will not be
able to rigorously determine the probability of .occurrence of an outcome that
fails to satisfy the performance standards. It must use some other language,
such as "reasonable assurance," to characterize the requ1red confidence that -
the performance objectives will be met. In practice, this means that modeling
uncertainties will be reduced by projecting behavior from well understood but
simpler systems which conservatively approximate the systems in question.
Available data must be evaluated in the light of accepted physical principles;
but, having done so, the Commission must make a judgment whether it -has reason-
able assurance that the actual performance will conform to the standards the
Commission has specified in this rule.:

. It should also be borne in mind that the factfinding process is an administrative
task for which the terminology of law, not science, is eppropriate. The degree
of certainty implied by statistical definition has never characterized the
administrative process. It is particularly inappropriate where evidence is

- "difficult to come by, uncertain or.conflicting because it is on the frontiers

of scientific knowledge." Ethyl Corp. v. EPA, 541 F.2d 1, 28 (D.C. Cir. 1976).

5.5 Populetion vs. Indijvidual Dose

Some commenters noted that the performanoe objectives are derived from an '
. assumed EPA standard that is based upon consideration of doses to populations

as a whole rather than to. the maximally exposed individual. Several other

- analyses of repository design have examined prospective requirements in terms

of keeping individual doses below specified values, and as a consequence have
led to different conclusions. The differences represent a source of potential
uncertainty regarding the overall goal for safety performance. However, the
resolution of this question is a matter within the province of EPA. The
Commission has assumed that the EPA approach will be based upon popu]ation ‘
dose, since that is the direction refieeted in its working documents and its
recently proposed standard. The Commission's rule, especially as modified to
- allow performance objectives for particular barriers to-be adapted in the
1ight of the EPA standard, can be applied whether the overall safety goal {is
expressed in terms of total releases to the environment or in terms of maximum
dose to an.individuai,or.maximum concentration at any place or time.
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If EPA were to establish a standard based upon individual doses, the Commission
would review the provisions dealing with the content of the license application
(§ 60.21) so as to develop requirements for any additional analyses that might
be needed to evaluate site-specific pathways for released radionuclides to
reach humans.

5.6 Long-Term Post-Closure Monitoring

Several of the commenters suggested that the performance confirmétion program
be required to be continued for as long as one thousand years after permanent
closure of the underground facility. The Commission considers such measures
unnecessary and un]ike1y to provide useful information on the performance of a
geologic reposftony.~ The multiple barrier approach the Commission has adopted
" will result in containment of substantially all of the radioactive materials
within the wéste packages for centuries after permanent closure, the feasi-
bility of obtaining reliable data on subsurface conditions over a period of
centuries is questionable, and the practicality of taking remedfal action after
sealing of the shafts is doubtful. Moreover, the emplacement of remote sub-
surface monitoring instruments and the provision of data transmission capabil-
ities, could provide additional pathways for release that would make it more
difficult to achieve isolation. Rather, the Commission has adopted an approach
where the retrievability option is maintained until a performance confirmation
program can be completed that will allow the Commission to decide, with reason-
able assurance, that permanent closure of the facility with no further active
human intervention with the emplaced wastes, will not cause an unreasonable risk
to public hedalth and safety. See also, Retrievability, above.

6.0 Section-by-Section Analysis

The final rule included numerous changes that reflect %he considerations discussed
above. Other changes, not involving significant policy issues, have also been
{ncorporated in the final rule. The following section-by-section analysis
identifTies tha changes from the proposed rule and includes an appropriate explana-
tion for the revisions not‘previously discussed. Principal references are to

" the text of the final rule. Where the counterpart provision of the proposed (or
procadural) rule appeared in a different place, that citation is given in brackets.
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§ 60.2 Definitions

"Accessible environment." See Accessible Environment/Controlled Area,
above. - N

_ _“Anticipated processes and events." See Anticipated/Unanticipated
‘Processes and Events, -above.

v“Qandidate_area.F This term is unchanged, but will be considered again
in connection with the Commission's review of the licensing procedures in the
Tight of the Nuclear Waste Policy Act. '

. "Controlled area." -New. See Accessible Environment/Controlled Area, above.

-"Decommissioning.” _De]etéd. See Decommissioning, above.

"Disposal."” The undefined term "biosphere" has been changed to "acces-
sible environment." As used in these rules, "isolation" refers specifical]yv
_to radioactive materials entering the accessible environment. The definition
“here is related to the concept of isoclation rather than to the concept of
emplacement, as in Section 2(9) of the Nuclear Waste Policy Act; the Commis-
sfon believes that in each instance the term is defined in a manner appro-
priate to its context, and that the differences in the definitions will not
" result in cenfusion or conflict. - B : -

"Disturbed zone." The term “disturbed zone" has been modified to relate
changes in the physical or chemical properties of the controlled area to the.
performance of the geologic repository. -

“Engineered barrier syStem.“’gFormerIy “engineered system.® This clarify-
ing change reflects the fact that shaft and borehole seals, though engineered,
are not part of the system that is being referred to. The Commission considers
this definition to be synonymous with the term "engineered barriers" which
appears at Section 2(11) of the Nuclear Waste Policy Act of 1982.
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"Far field." The term “far field" has been deleted from the rule.
Therafore, the definition is no longer necessary.

“"Floodplain." Dg]eéed. This definition was taken from Executive Order 11988,
which relates to environmental consequences of occupancy and modification of
" floodplains. Those effects need to be congidered as part of the Commission's
environmental review, but they do not implicate the radiological concerns that
are addressed in Part 60. The term "floodplain® stil) appears in §60.122(c)(1).
However, rather than establishing any particular frequency as the means for
defining its extent, the Commission will allow the factors specified in §60.122(a)(3)
to be used in assessing the significance of flooding, whenever it may occur.

"Geologic repository." Clarifying change,'to bring the terminology into
1ine with common usage. The new definition includes only that portion of the
geologic setting that provides isolation - not the entire geologic setting.
The term, as defined, is considered to be synonymous with “repository" as
defined at Section 2(18) of the Nuclear Waste Policy Act.

‘ ' | )

"Geologic setting." See Terminology, above. The phrase "spatially
distributed" was superfluous and has been deleted.-

"High-1evel radioactivg waste." The Nuclear Waste Policy Act distin-
guishes between “high-level radiocactive waste" and “spent nuclear fuel."
Thesa technical criteria are applicable equally to both categories. Accord-

ingly, no change in the definition of high-leve1 radioactive waste is required
at this time. '

"Important to safety." See "Important to Safety," above.

) "Medium" or "geologic medium.” Deleted. For the sake of clarity, the term
"medium” {is now replaced by "geologic medium"™ throughout the rule. Since the
term “geologic medium” should be sufficiently clear to the professional community,
it no longer appears necessary to define it.
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"Overpack." This‘term has been de]eted; Because'the overpack could be a
component of the waste package, it was included in the definition of the term
"waste package." However, this term is not used in the final rule.

“performance confirmation." The fina) rule's performance objective with
respect to retrievability of the waste refers to the completion of a performance
confirmation program ‘and Commission review of the information obtained from
such a program, The addition of this definition is intended to c1arify the
intended purpose of the performance confirmation program V

"Permanent closure." New. See_Decommissioning, above.

_"Restricted Area.". New.. See Important to Safety, above.

“Retrievai.F Newi See RetrievabiIity, above.
"Saturated zone."‘ New. Since the performance objectives in the final
rule specificaily refer to disposa] in the saturated zone, a definition derived

from Water Supply Paper 1988 (U S.G.S., 1972) has been included

"Site." See Terminoiogx, above.

BStability." Deleted. See Siting Criteria, above;f'Also, Section by
Section Analysis, §60.113, below.

, "Subsurface facility." Deleted. Both “subsurface faci]ity“ and "under-
ground facility" were defined in the proposed rule. The use of the two closeiy
similar terms resulted in some confusion. “Subsurface facility" has been deleted
and replaced (see definition of "Permanent closure") hy:ekpiicit reference to
shafts and boreholes, as well as the underground facility, where appropriate.

“Transuranic wastes." ,Deieted.’ See Transuranic Waste, above.

"Unanticipated processes andievents;?{yhew. See Human Intrusion, above.
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"Waste form," Clarifying change to bring terminology into Tine with

" common usage.

"Waste package."’ Revised. Commenters questioned the clarity of this
proposed definition and one commenter suggested an alternative definition. One
commenter misinterpreted the propdsed definition-to require that the outermost
component of the waste package be an airtight, watertight, sealed container.
The revised definition no 16ngér uses the terms "discrete backfill1" or “over-
pack," which were ambiguous. To the extent that absorbent materials or packing
are placed around a container to protect it from corrosion by gfoundwater; or
to retard the transport of radioactive material to the host rock, these materials
would be considered part of the waste package. However, while the final rule
no longer imposes a requirement'for an airtight, watertight, sealed container
as part of the waste package, the Commission believes it 11ke1y that DOE will
incorporate such a component into the design of the waste package in order to
meet the performance objectives for the engineered barrier system for the.
period following permanent closure. The related terms "disposal package" and
"package," as defined at Section 2(10) of the Nuclear Waste Policy Act,
include unspecified overpacks; for purposes of the Cohmissfon's rules, and
specifically in connection with the performance objective set out at Sec-
tion 60.113(a)(1)(ii)(A), a more precise definition is needed. The differ-

~ences in the definitions will not, in the judgment of the Commission, result

in confusion or conflict.

"Water table." New. Required because the term appears in the definition
of "saturated zone". The definition is derived from Water Supply Paper 1988

(U.S.G.S., 1972).

§ 60.10 Site characterization.

One amendment clarifies the point that investigations shall be conducted
in such a manner as to limit adverse effects; the original language could have
been construed to mean that the purpose of the investigations was to limi; such
effects. The provision calling, as a minimum, for the selection of borehole
locations to 1imit subsurface penetrations was said to be confusing; the
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- (3) For purpases of this aaraaraoh 2 reasanable schedule for

retrieval is one that would permit retrieva1 in about the same time as

that devoted to construction of the oeolooic reuositoty operations area

and the emplacement of wastes.
; . ———— -

[(hﬁ--?erforman:e-af'the-gee%qgi:-rgQéSitery-afterfpermanent-c*csure:

- . . . cas e e

(ii-evera§§-system-perfcfmance-]

- § 60.112 Overall system performance objectives for the geo1oaic reposifory -

VEe wm e . cmaT T cemi s ™ amse e - -

- ;ften_permanent closure. et ol

- L The geo1ogic Setting shall be selected and the engineered barrier.

sxs [s:bsnr‘ace-fac1§1ty] and the shafts, boreholes and their seals sha?l

be designed [so-22] to assure that [assum¢na-ant1:1aa ed-processes-and .-

,events;]_releases of radioactive materials [frca-the-geo%eg1c-repos1tcry]

[ - - - -

to the accessibIe environment~f011ow1ng permanent closure conform.to such. —

genera]ly app1ic=b1e environmenta1 standards for radioactivity as may-have

-

been estab1ished by the Environmental Protection Agency w1th resnect to

_both antictgatedxprocesses and events and unantic1ﬂated ‘processes and L
events. .. . . o | —

. [{2)-Performance-of-the-encineersd-system= e

- (%5--Ecnta¢nment-af-wastesr*--¥he-engéneered-systeneshaii-be

deségned-se-tbat-evén-if-fu%**er-partia%-sat-raticn4nf-the-endergrecnd e

e + = mmmem s rm e eme o a———

fa:1§ity-were-ta-e:e:r--and-a:sum1ng-ant1c~pated-proce:ses-ard-eveﬁts--*he““

— e | Anaate:packgges-wfi%-conta1nfa%%-raﬁfenuci1des-fcr-at-ieast-the-f1rst-izeee'“"
years-after-pernaneﬁt-eiesufe---¥his-é!qcirament-doeé-nct-app%y-tc-?ﬁs'
waste-cn&ess'?RB-wa:te-*:-emp*aced-cvcse°eﬂe=gh° c-HtH-that-the-TRB-re-

1e=se-rate-can-be-s1gn1f?:ant%y-affected-by-the-he-t-genereted-by-tbe-Htﬂ-]

” ﬁ('pe;;;d}x G
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£11)-Eontrot-of-raieases.

[{Ai--For-HtHf-thé-engineered-system-sha§§;be5désigned-sb-ihat,
after-the-fifst-i:Sae-jaars-foiiowﬁng-permaneni-c%osuref-thé-annnai
reiease-rﬁte-of-any-radionuciide-frcm-tﬁe-éﬁgiheared-system-inta-tha - -
geo%ogi:-setting:-assumi5g-angicipgted-prc=es:es?and-evgntsgifs-at-aast .
one-qart-in-ieezeee-cf-the-maximum-amaunt-cf-that-radidnueiiae-éa%cSL
%ated-ta-be-present-in-the°undergréund‘faci%ity-iassaming-po-re#ease

from-thefundergfnund-faciiitya-at-any-tima‘after~11BBB—years-foiiowﬁng

. permanent*:ipsurer--ihis-requirement-does-not-app%y-tu-fadisnuc*ides

whese-cantribatienfis-*ess-thin-ﬁ:i%-of-the-tata%-annua%-turie-reiease

- as=preseribed-by-this-paragraph.

éaaf-far-?ﬂe-waste:-the-enginee?ed-system-sha%i-be-desfgned-so4ihat
foi%cwing-;zrmanant-ciosnre-the-annua*-reéeﬁse-ratg?offanyiradiuhuciide |
frcm-the-undergreunﬂ-faci%ity*iﬁta-the-geo?ogic-setting--a:suming
ant1c1pated-prac-ssvs-and-events--1s at-mast-one'part-1n-ise-esa-cf-the
maximem-amount-caicatatad-4 o-be-present-m-t.‘xe-undergraund-facﬂﬂy
(assun1ng-nc~re‘ease-from-the-undergroand-fac7i1tyi-at-any-t1me
faiicwﬁng-permanent-c%osure:--?h1s-reqq1remgnﬁ'dues-aat-appiy'to
radianaciides-whasg-cantrébaticn-és-ies:-than-&:i%-of*thé-annuai

curie-reieasa-as-preseribed-by-this-paragraph.]

_:5 60.113 Performance of particular barriers aftar permanent closure.

(a) Ganeral provisions.

(1) Enginearad barrier svstem.

(1) The enginearasd barrier systam shall ba dasigned so that assum-

ing anticipated orocesses and svents (A) containment of HLW will be

substantially complate during the paried when radiation and thermal

conditfons jn tha engineered barrier system are dominated by fission

Af/ed&ll B
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_ tially comolete for a period to be determined by the Commission taking

_ such period sna11 be not 1ess than 300 years nor_more than 1,000 vears _

_ystem fol]owing the containment period shall not exceed one part in_

[7590-01] -

product decay: and (B) any release of'radionuc11des from the engineered

barrier svstenm sha]1 be & oradua1 process which results in small fractional

}re1eases to the geo\ooic settina over 1ong times For disposal in the

saturated zone, both the partiaI and complete filling with;groundwater

‘of avai?able void sgcces 1n the underground facility shall be aoprooriately

_ considered and anaizsed among the anticigated processes and events in

desianino the engineered barr1er system.*

B

_1i In satisf ino the recedino reouirement the enaineered barrier

system shall be designed, assuming anticipated processes and events. so
that: ‘ )

(A) -Contzinment of HLW within the waste packages will be substan-

_'jnto eccoont the factors specified in subsection 60.113(b) provided, that

after;permanent c1osure of the geologic reoository, gnd

LB) The release rate of any radionuclide from the engineered berrier

; fractfon of the 1nventory as may be anproved or soec1f1ed by the

. m——

130 000 per vear of the 1nventory -of that radionuclide ca?cuTated to be | _.

present at 1. 000 vears f011owing permanent closure, or such other

'Commission orovided ‘that this reouirement does not aoo]y to any radio-

'_nuc11de whfch is re1eased &t & rate less than O 1% of the ce1cu1ated

'” total re1ease rate 1imit. The calcu]ated total re1eese rate Tfnjt

shatT be tzken to be one;part'in 100, 000 per vear of the irventory of

radioective waste, orioina11v emolaced 1n the underoround facility, that

renains after 1 000 years of redioactive decgy.}

AfpendinB
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: [éaidoPerformanco-of;the-geo%ogic-setténgr

§4)--8sntainment-pariod-~-Buring- he-contoioment-perfoo--the-geoiogéc

sett1ng-sha§%-m1t1gate-the-1mpact3-of-pfenatare-fa1§or--of-the-eng1neered

v -

system---?he'abi4+ty-o‘-th--geo*og1c-:ott1ng- o-fsoiate-wastes°dor1rg-*he

-

'1so§atton-por1od--ia-accordance.w1th-paragraph-{b)€33(i1)-of-th1s-sect1on-

.o sha%%-be-deamed-to-sat1sfy-thfs-requ1rement-] ‘ . -i

(115-f-§soiatvon-per1od:--Fo?iowing-the-containmeni-poriod:-the-geo- )

_%ogic-sett%hg:-in-conjunttion-with-tﬁo-engiaeerad-system-aﬁ-%ong-as-that

2 3y$tem~is°expected-to-functiong-and-aione-therea?ter;-sha%%-be-capab%e-of

isoiating-radioactivé-wasée-so-that-transport-of-radionociédes-to-the

" aecessibie-envirenment-shati-be-in-znsunts-and-concantrations-that-con-

fofm-to-su=h4genera§%y-app*écabie-environmentai-otandards-asomay~have-
been-estobiished-hy-the-Environmentaﬂ-?rotaction-Ageoc?;;-For-the-purpose
-this-pqyagraph:-the-eva%uation-offthefiite-sha%%-be;basedfopon-the
ass:mption-that-those-processes-oparating-on-the-site-are;;hose-which
have-been?operating-on-ft—daréng-ihe-auqternary-?eriod{-i#th-pertorbations
:aosed-by-tﬁe‘presehco-of-emp%aced-radéoaotive-wastes-superipposed°thereonr-]
[368-i12-;Required-:h;racteristics-of-the-g-oioéie-settingr‘
fa)~°?h--geo%ogfc-sett1ng-sha%§ have-exh1h1ted-str-:tarai-and
tecton1c-stab1§1ty~s1nce-the-start-of-the-auaternary°Per1od
€b)-~?he-geoiog1c-settwng-sha%*-“ave--zhfbftad-Hy.rogeo§o§1c,

geochen1=ai--and-geomorpn1c-stab1§1ty-swnc=-the-sta- cf-the-auaternary

Peried.]

[6:3] (2) Geo!ooic satting. Thé geologic repository shall be _

located so that pre-waste-emplacement groundwater travel time(s-throagh

_ tﬁe-far-fee1o] alona the fastast path of likelv radionuclide travel from

~ tha disturbed zone to the accassible environment [arse] shal1 be at laast

Y ' /45'1&:aﬁlol\|t3
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1,000 years or such other travel time as mav be zporoved or specified by

the Commission.

_(b) On & case-by-case basis, the Commission may &pprove or soecify

. some other radionuclide release rate, designed containment oeriod or ... .

pre-waste-empiacement qroundwater travel time, Aprovided that the overall _ ..

_ystem_performance objective as it relates to anticigated processes- —

and events, is satisfied. Among the factors that the_Commission may

— ————

. A e e rm e e i —— ——— - -

 take into account are-- B : '.:,, . -

(1) Any ceneraily aooiicable environmenta1 standard for radioactivitv

established by the Env1ronmenta1 Protection;;gency, _

(2) The age and nature of the waste and the design of the under-._

<ground facility,;particuiariy as these factors bear upon.the time_durjng —

o which the thermal pulse is dominated by the decay heat from the fissfon ____
‘_ywmu; , . , N 4;,**,'

- {3) The#geochemicai characteristics of the host rock, surrounding__ _ _

_ - -strata and groundwater; and

. of the geoiooic repesftory. S e

(4) Particular sources of uncertainty in predicting the performance .

e ———— i a g e

(c) Additionai reouirements may be found to be necessary to_satisfy

‘-, the overaii system oerformance objective as it relates to unantic:nated_..__

— PPOCESSGS and events

LAN’D’ QWNERSHIP AND CONTROL [er-ras-esaeeem-.Repas{fakv-eéémsens-eﬁsa-J

-

ES——

§ 60 121 Requirements. for ownership and control of interests in iand
'[the-geoiog1c-re:osetory-cperationa-area~]

e e 8 - - #e Sevae ———— - —— ————

(a) anership of 1and [ He-geoiogic-repositcry-operation--ere--]

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

: area shall be iocated in and on lands that are either ac?uired lands undervl

peatsx

r——po . T T
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the jurisdiction and control of DOE, or lands permanently withdrawn and.
reserved for its use. .

g_z These lands 'shall be held free and clear of a11 ancumbrances,

it significant, such as: [€D) [613] rights arising under the genera] mining”

T laws; (11)(€23] easepepts for right-of-way; and (11)(€33] all other

rights arising under lease, rights of entry, deed, patent mortgage,
appropriation, prescription or otherwisa. -
(b) [Estabiishment-of] Additional controls. .
Appropriate controls shall be estainshed outside of the [geotogic
rcposttory°operat1on3] contro\]ed area. DOE shall exercise any jurisdic-

tion and control over surface and subsurface estates necessary ta pravent

- adversa human actions that could significant]y reduce the geolocic reposi-

tory's [stte-ar-engfneered-system‘s] abiTity to ach1eve isolaticn. The
rights of DOE may take the form of appropriate possessory interests,
sarvitudes, or withdrawals from location or patent under the gereral ain-
ing laws. .. T '

(¢) Water rights.

(1) DOE shall aiso have obtained such watar rights as may be neadad

to accomnlish the purpose of the geologic rapositorv operations area.

(2)- Water rights are included in the additional controls t3 be

astablishaed under paragraph (b) of this section.

{ABBETISNAL-REJYIREMENTS-FOR-THE-3ESLEEIE-SETTING]
SITING CRITERIA

§ 60.122 Siting critaria [Favorsbia-conditienss]
(a)(l) [Each-cf-thecfoiicwing-conditicns-may-cantribute-te-the

abi%ity-cf~ehe-gep%cgfc°setting-ta-meet-the-perfcrmance-ebjectives

Appeniiz 8

“ . wEnelosupet



[7590-01]

reiating-to-ssoiateon-of-the-waste-] [in-addstson-to-meeting-the
mandatory-requirements-of-§ Ge-i.i--a] A geologic setting shall exhibit

) lag-approgriate combination ofr[these]_thg‘conditions specified in 5, “ e
;garagraoh gb! so that, togetherivith the engineered barrier systenm, the

favorabie conditions nresent are sufficient to provide. reasonable : .-

.
...

i e e assurance that [such] the performance objectives re]atino_to-isoiation.-.-—-_

of the waste wiil be met..x

e T o St e W ——— ———
= v e o =

(2) If any of the;potentiaiiy adverse conditions soecified in .-

- o paraoraoh (c) of this section is oresent it may compromise the-ability

of the oeoiogic reoositorv to meet the performance cbjectives relating : -

R, 1 isoiation of the waste. In order to show that a gotentially-adverse- ——-

.—._ . ._ _condition does not so compromise thegperformance of the @eologic — . ——-

. f.' ' _Lpositorvj the foiiowino must be demonstrated- | ;,?;:,._&,»;Af _

[66-&24'-Assessment-of-potentiaiiy-adverse-conditaons-‘-
e *_in-order-to-show-thet-e-potentiaiiy-adverse-condittonfor-combsnatson_.—»

of-conditions-csted-in-s 68-&23-does-not-impair-s1gntﬁxcanti;;the-abs&scy--— :

ing-mest-be-demonstrated-] ¥ - | -;‘if. ,“ﬁ. e e

.“_»4_‘ [(ai]g_l The potentiai]y adverse human activity or natural-condi-.u:

e tign,has been adequateiy investigated [characterieedl,.including the-- ——-.
' extent to which the condition may be present and still_be.undetected~
) taking into account the degree of resolution achieved by the investiga-

e

, tions* and

LW

L(ayl(ii) The effect of the potentiaiiy adverse human activity

or'natural condition_on the site [geoiogic-set.ing] has been adequately

evaiuated using [censervative] anzlyses which are [end-asscnptions-°and

.he-evaication-osec-isj sensitive to the gotentiaiix adverse human

A-”wL xB
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activity or natural condition and asshmbtionerwhiEh ara not likaly to

underestimate its affect; and ,
[¢e3€33]1(11HA) The potentially adversa human activity or natural .

‘ condition is shown by analysis pursuant to [in] paragraph [b](Z)(ii) of 3

this section ot to aftect significant1y the ability of the geo1ogic

repository [sett 1ng-to-isa§at--waste-] to meet tha parformance objectives

relating to iselation of the waste, or

-———

[ée3623] g_l The effect of the potentially adverse human activ-
1ty or natural condition is compensated by the presence of a combinatfon

of the favorab1e charactaristics [cited-in-s-sa-izz-] so that the perform-

ance objectives relating to isolation of the wasta are met. or

6236331 (©) The potentially adverse human activity or natUraI

condition can be raemediad.

[Eeriizfai-¥¥ﬁe-nature-and-rates-of-teﬁtanieapracesaes-that-have
eeeurred-since- he-start-uf-the-&uatern-ry-Fer1cd~are-such-that--when
projecte --*hey-wee?d-net-affect-or-wouvd-favorab%y-affect-the-abi%tty
of-the-geeieg1c-repasftory- e-1soiete-the-waster'

) £b)--7h e-nature-and-rates-of-stractufa%-pfecesses-that-ﬁave-eceufred

aance-*he-s.art-af-the-aaaternary-Perted-are-snch-that--when-p-eaected-

- they-weuid-net-affect-er-wou§d-favorabiy-affe:t-the-ahr§1ty-ef-the-geo-

jogie-repository-to-tsotata-tha-wzster ST
{ci--?he-natare-aad-rates-of-h}dregeo%egicaia--ccesses*that-have

cccerfed-since-the-:tart-of-the-aeaternary-Pe*t*d-a-e-sech-tha ==when

projected;-they-wooid-not-affect-or-wountd-faverabiy-affect-the-adiiity

of-tha-gestsgic-rapository-ta~+sotate-the-wastes

‘/4%7fx;nﬁiwix Jf?
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{d)=~-The-nature-and-retes-of-geochemicai~processes-that-have-cccar-

red-since-the-start-ef-the-Qqaternary-Per%ed-aré;sﬁch-that;-when-pra-

5 -m;jected:-they-wccidfnet-affect-er4wou%d4f;varabiy°affect-the-ab%*ity-ef-

thg-geoiegic-repositery-te-isoiate-ihe-waste- |

{e)--7h e-natere-and-rates-ef-geemarph1c-preeesses-that-have-eecur-

__red-since-the-start-of-the-Guaternary-Period-are-such-thats-when-pre-  —

e ce—— o s+ i b

Jecteds-they-woutd-not-affect-cr-wonid-faverabiy-affect-the-ebitity-of

_" the-geotegic-repository-to-isoiste-the-waster = .. .o . . Lo

;;ﬂ€f3;'A°hcst‘rockfthal-prevides—the-fo*iewingfgroun&-water -

o ;haracterﬁstics--fij-icw-graundwater-content°-€£iiinhibiticn-ef-grennde -

water-carcuiat&en-1n-the—hos*-reck--{33-1nh1b1t1on-cf-greundwater-f%ew .........

hetween-hydrogeoiog7c-un1ts-er-a%ong-shafts--dr1ftz--and—boreho%es--and O

- host rock and in immediately surroundina hvdroloaeologic units: and

- 777 (1) The nature and rates ‘of tectonic, hydroae01oaict_geochem1ca1

- €43-groundwater-travei-timass-under-pre~waste- empi gcement-conditionss — -

: between-the-undergrqhnd-faci*ity-andfthé—actessibie-envirbﬁhéntithat' ’

sabstaﬁtiai%y-ex:etd-i;eseéyears,] S S s

- - m e e - e e - R

~--§g) Favorable conditions.

———a s - —-— e —a— -

- .

and_geomorphic processes (or any of such processes) operating within

" the geolagic setting during the Quaternary Period, when ntgjected would

‘not affect or would favorably affect the ability of the geologic @ = -

repository to fsolate the waste.

- (2) For disposal in the saturated zone, hydrogeoloaic conditions

tha__provide -

1) A host rock with Jow horizontal and vertical: nermeabiI{;yL

- {i1) Downward or dominantly horizontal hvdraulic gradient in the

- .- -

s - . - -

r——
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(jii) Low vertical permeabilitv and lew hydraulic potential batween

tha host rock and suriounding hydrogeologic units; or

_ (iv) Pre-waste emplacement grouﬁdwater travel time along the fastest

path of likely }adionuciide travel from the disturbed zeﬁe.te‘the accas-

sible environment that substantially exceeds 1,000 years.

g§2[587122f§3] Geochemical conditidns that--(i)(€33] Promote precipi-'.

tation or sorption of radionuclides; (i1)(€231 I Inhibit the formation of

particulates, colloids, and 1norganic and organic complexes that increase

the mobility of radionuclides; or [and] giii)[faal Inhibit the transport

of radionuclides by particulates, colloids, and complexes

(4) [68:222€h)] Mineral assemblages that, when subjected to antic1-

_pated thermal’ loading, will remain unaltered or alter to mineral assemblages.

having equal or 1ncreased capacity to inhibit radionuclide migration.
(€691 (5) [68:322¢4)] Conditions that permit the emplacement of
wasta at a minimum depth of 300 metars from the ground surfacea. (The
ground surface shall be deemed to be the elevation of the lowest point
on the surface above the disturbed zome.) = ° -
[68:122{jiAny-iecai-condition-of-the-disturbed-:one4§5;€:E§;¥}ibutes

‘to-isotarions]

(5) A Tow oooulatfon density within the gaologic satting and a

controlled area that is remote from population canters. -

[68=-223] (c) Potentially adverse conditions.

—-

The following conditiens are potential1y adverse conditions (The
prassace-af-any-sach-condttions-may-csapreatse-sita-saitabttity-snd-=i13

raquirs-serafui-snaiysis-and-such-messures-ss-are-necessary-ta-compen-

_’sageffersthem-adeeeateiy-pur:uant-tc-§-56?i24e]"if thay are charactaristic

of the contralled arsa or may affect isolation within the controlled area._ .

Appesdn B
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(oi-Adverse-conditions-in-the-geoiogic-se*ting-]

(1)[66-3£3¢a}€23] Potential for fiooding of the underground facil-

~ ity, whether resulting from the occupancy and modification of floodplains

1n-the-regicnai-groundwater-fiow-system-]

or from the failure of existing or pianned man-made surface water

impoundments. [that-cooid-cause-fioeding-of-the-geoiogic—repositery

operations-areo-]

- me

[€£§-Potentiai°-based-on-exfsting—geoiogic-and-hydroiogic-condt-

:'ttons-that-pianned-construct1on-of-iarge-scaie-sorface-water-impocnd-

ments-may-significantiy-affect-the-geoiogic-repository-throogh-changes
(2)[€33] Potential for foreseezble human activity to & dverseiz

affect [signnficantiy-the-geoiogic-repos1tory-throdghfchanges-in-the

.hhydrogeoiogy°4-?his-activityrincicdes--bot-is-not-iimitedrtorpianned]

- ?;the grgundwater flow_ system such as, groundwater withdrawai,-extensive-- —_

: irrigation. subsurface injection of fiuids underground pumped storage, N

. [faciiities--or--ondergroond] military activity or construction of laroe

— - - — -

scale surface water impoundments. B S e

- ———— —. ¢ ——— ————

" ropture-sorfecer]

[(53-A-faait—1n-the-geoiogvc-settirg-the‘-hasrbecn-active-since-the

—— ——— e ———— - e

) start-of-the-enaternary-Period-and-which-is-within-a-dis.arce-of-the

— e - — e -

T dfsters ed-zone-that-is-iess-thon-the-smaiiest-dimens1on-oi-the-feoit

e ——— - G ———cems = e

-[iﬁi--Potentiai-far-adrerse-imaac‘s-on-‘hergeoiogic-repository

et e g i S . 48

rcsoiting-from-the-occepancy-and-modification-of-fioodpiains-]

g_l[fvaj Potential for natural phenomena such as 1andsiides, sub-

———— . ti—— -~ ————— -

" sidence, or voicanic activity of such a magnitude ‘that 1arge-sca1e sur~

- ———— ——— ————— " R

face water impoundments couid be created that could [affect-the°perfsr-

. ——————e S —— 0 - i © S—— = 0
———-

mance-cf-4! e-geoiogic-r-pcsito-y-thrcogh-cherges~1n] change the regional

ﬁffedJ ix £

49
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groundwatar flow system and theraby adversely affaect the performance of

tha geoloaic reoositori.,

-

$_1[58~523€b)€83] Structural deformation, such as up]ift subsidence, '
folding, or faulting, [and-fractor1ng-during-the-Quatcrﬁary°Pe“Qod] that
may adversely affect the regional groundwater flow system. _ _

1_1[53-123(baf1231 Potentia1 for changes in nydrologic ccnditions
that would [sign1f1cantiy] affect the migration of radicnuclides to the

accessible environment, such as [1nc1od1ngfhut-not-%1m1ted-to] changes
“{n hydraulic gradient, average interstitial Velocity, storage coefficient,
nydraulic conductivity, natural recharge, potentiometric levels, and

discharge points. _ ,
(6)[68-323¢a){8)-Expectad-ciimatic-changes-that-wontd-have-an

e&verse-effect‘on-the-geoiogic;-geochemicai;-or-h}droiogic-character- :

$stics] Potential for changes in hydrologic conditions resuitinq from

reasonab1y foreseeab1e climatic changes.

O

g_)[sa-a.a(bafi451 Groundwatar conditions in the host rock, includ-
ing chemical composition, [bot-not-i1m1ted-to] high 1onicﬁstgergtn or

ranges of Eh-pH, that coqld [affect] increase the solubility or [and]
chemical reactivity of the engineered barrier system(s].
(68+323¢b)-~Advarsa-condi2ions=-in-the-distarbed-23ne _
~For-the-p:rposecof-determinéng-the-presencefof-the-foiiowi1g-condé-
téons-within-the-ﬁnvestigations-shcuid-extend*to-thesgreater-of-either
its-caicuiatcd-extent-or-a-horé:ontai- istance-of-2-ka-from-the-iimits
,of-tne-ondergroond-feci%ity:-and-from-the-surfacefto-a-deﬁth—pethways
for-rcdicnec%ide-ofrsée-meters-be*ow-the-iimit:-of-the-repository

excavatians]

. APPCJJI')’ B
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[68-i£3€b§€59--?he-exfstence-of-a-fauit-that-has been-acttve-dur1ng

the-“caterﬂary-Fer1cd-

€?3--Pctent1a?-far-creatfng-new-pathways«fer-rad1onaci?de-m1gratfon e
due-ta;presen:e-ef-a-faa%t-or-fractare-zone°1rrespectwve-ef-the-age-cf
%ast-novement-] ; 3 | ‘ .

[66-i£3(9i-ﬂare-frequent-occurrence-of-earthquakes°or-eartﬁqaakes-of
htgher-magn*tude-tﬂan-1s-typ1ca§-of-the- rea-tn-whi:h- efgepieg1c-:et-

', ting-is-iocated-] L e T
g_l[ﬁG-iii(bi(iSi] Geochemical [P gyocesses that would reduce sorp--

*—

tion of radionuclides, resu]t in degradation of the rock strength, or

adversely affect the performance of the engineered barrier system.

- (9)(66123¢b3€233] For disposa1 in the saturated zone, groundwaterA

......

5102[56-i£36b3€59] Evidence of dissoiutioning Eoiasoiubie-rozksr}-——-
. such as brecciz pipes, dissolution cavities, or brine pockets. - )

(11 2[68-i£3€b5€83] - Structural deformation such ‘&s uplift, sub= ' - T

V.Sfdences folding, and faulting [and-fractering] durtng—the—Quatepna R
VPeriod A o T e aeeie

(12 2[56-1£3€a3€43] Earthquakes which have occurred historically that =~

1f they were to be repeated could affect the [geciogic-repositery] site
significantly. | N S
g;§2[66-123€b361331 Indications based on correlations ‘of earthquakes
L with tectoni; processes and features, -that either the’ “frequency of occur= -
rence of magnitdde’of earthquakes may'inéreasgrq : —_ ‘
g}&l{ﬁ&:ﬁi&(bi(ii] More frequent occurrence of earthquakes or

. earthquakes of higher magnitude than is typical of the area in which

the gealogic setting is located. . - Afa dixB
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5152£Eari£5£b5€ii)3 Evidence of igneodéiactivity sinca the start of
the Quaternary Pericd.

(16)(59-323¢63€43] Evidence of extreme arosion during the Quatarnary
Period. = |

§17)[58=123€£3€39] [Resources-that-have-either] The présence of

naturally occurring materials, whether‘identified or undiscovered, within -

the site, in such form that:

{i) econonmic extraction'is currently feasible or poténtiai1y

" feasibla during the foreseeable futura: or

(i1) such materials have greater gross valus or net value[s-or

cammercia4-pateﬁtiai] than the average for other [reprssentative]
areas of similar siza that are representativerof and located
in the geologic setting.
(18)(69:223¢:3€3)] Evidence of subsurface mining for resources within
"7 the site. | .
g;gl[sariiafbafiil Evidence of drillfdg for any purpose within the

site. ) , —
ggglcsariza{bafisa] Rock or groundwater conditions thét would require
ngbpleingkgineering measuras in théﬂdeéigniﬁﬁd construction of the
'undergrbund facélity or in the sealing of baoreholes and shafts. ,
(21)[88-323£53€327)] Geomechanical proparties that do not permit
- design'bf [stabi2] underground openings [duréng-cbnstfa:tééng-waste

emptacements-or-retrievat-operationss] that will remain stable through

permanent closure. ' e

52 - 4q§p¥oaure7ﬁ'
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~ DESIGN [ANB-EGNSTRUETZ6N-REQUIREMENTS] CRITERIA FOR THE GEOLOGIC
REPOSITORY OPERATIONS AREAS

| '566.130.:Scoée'of‘[ﬁenerai] design criteria [reooirementsj }or the geo-

logic reposftory operations area. ,

[{ai] Sections [58-3391 0. 131 througn 60 134 specify minimum
[reqotrements] criteria for ‘the design of[--and-constrnction-spectftca-w.
tions-for-] the geoiogic repository operations area. '[Reqoirements-for
design-contained-in-§§68-131-throogh-Se-iaa-nos -be-considered-in-conjonc-
ticn-with-the-reqo rements-for-constroction-in-§66-&34---§ections-68-i36
throogh-éB-*S#-are-not-intended-to-contain-an-exhacstive-isst-of] These

o W

~—design tcnd-cons.rcction-reqoirements] criteria are not intended to be

| exhaOstive howeéer Omissions in §§ [se-aaa1 60 131 through 60.134 do

not re]ieve DOE from (prov1d1ng] AAy oblioation to provide such safety '

———— —

-~ features in a specific faciiity needed to achieve the performance'objec-

tives [contained-in-§§-66 iii-] Aii design [and-construction-cr1ter1a-1

bases must be consistent with the resuits of site characterization
activities.’ B \

[(bi Systems--stroctores--and-components of-the-geoiogic-repos1tory

operat*ons-crea-shaii-sat1sfy-the-foiiow1ng-]'

5460 131 General design criteria for the oeoiooic renository operations

area. , ' L e

g_l[ﬁe-zaefbifii] Radioiogicai orotection

| The oeoiogic resoository ooerations area [s rcctores--systems--and

—o——

ccnoonents~ioca.ed-w1th‘n-res.ricted-aress] shall be designed to maintain.

radiation doses, ieveis and concentrations of radicactive materizl in air

/4{’{’6""1 KB
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in (thpse] restricted areas within fhe;limits specified in Part 20 of
this chapter. [?hese-structurés:-systems:-and-ccmponents] Design shall
[be-destgned-2s] include--

(1)[€#3] Means to 1imit concentrations of radicactive material in
airy - e - R .

{2)(€i4)] Means to 1imit the tfme”fequired to perform. work in-the
vicinity'bf radiodctive materials, 1nc1uding; as'appropfiate, designing
equipment for ease of repair and rep1acement and providing adequata space
for ease of operation-

g_1[(¢111a] Suitable sh131ding,

g_l[€1v3] Means to monitor and control the dispersal of radioactive

“contamination;

{5)[€v3] Means to control access to high radiation areas or air-

“berne radioactivity areas; and

g§1[(i+a] A radia*ion alarm system to warn of significant increases
in radiation levels.‘concentrations of radioactive material in air, and
of increased fadioactivity released in effluents. The alarm system shall

be- designed with provfsions for calibration and for testing 1ts operability.

[redandancy-and-fn-s1tu-testfng-c'pab1§1.y-]

(b) Structures, systems, and components important to safaty.

g;;;sariae(beeza] Protaction adainst natural phenomena and snviron-

mental condftions.

[(4)-?he°struct=rasz-sy3tems:-and-c.mponents-1npor~ant-to-:afaty

shaii-be-designedith-be-campﬁtib%e-with-an.ic1pated~s1te-charac.erwstt.s

and-to-aceommodata-the-affacts-of-anvirsnmentai-conditionss-so-as-ts

preven*-intef‘erence**ith-ncrﬂa%- perat1on--ma7ntenanc--and- stfng .

daring- he--nttre-peffad- r'canstru:ttan-and-operateoﬂs-]

,4ﬁfnfa;a1cl::x B
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o . ' [7590-01]
[€443] The structures, systems, and comoonents fmportant to safety
shall be designéd“so that natural phenomena ‘and environmental conditions

anticipated &t the [site] geologic repository operations arez will not

- v [reso*t-in-eny-re%evant-time-peffod-fn-fai%ore-to-ach1eve-tbe-perform-

l ——

ance-objectives] jnterfere with necessary safety functions.
(2) [€33] Protection against dynamic effects of equipment failure

k - e s =L

o and similar events.

e - .

The structures, systems, end components important to safety shal] be

- - designed to Withstand.dynemic effects such as missile impacts that could

result from equipment failure[;-soch-zs-missite-impacts], and similar

events'and conditions that cou]dAleed to loss of theif safety functions.

(1) The structures, systems, and.componentssimportant to safety

—————— .~y . o ——— o ————

shall be designed to perform their safety functions during and after

- credible fires'or explosions in the geologic }epository operations area.

(ii) ‘To the extent practicable, the geologic repos1tory ‘operations. .

- area shall be designed to 1ncorporate ‘the use of noncombustible and heat

4

-resistant materials 4
- (111) The geologic repository operations area shall be ‘designed to
.1nc1ude explosion and fire detection alarm systems eod_appropr1ate sup=.

pression systems with sufficdent capacity and capab{lity to reduce the

o m—— - —

adverse—effects of fires and explosions on structures, systems and

——

components important to safety. - , N _
(iv) The geolegic repository operations'area shall be desioned to
include means to protect systems, structures, and compoheoos fﬁEEFEEHE‘f_

E :..::?.;to safety against the adverse effects of either the operation or fajlure

’ f’of the fire suppression systems. S AfMJ,x B
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(3)(€53] Emergency canabilitx
(i) The structures, systems, and components {mportant to safety

shall be designed to maintain control of radioactive wasta and radioac-

|
tive effluents, and permit prompt termination of operations and avacua-

tion of personnel during an emergency.

L

(ii) The geologic repos1tory oparations area shall be designed to
“include onsite facilities and sarvicas that ensure a safa and timely
response to eme}gency'condiyions and that facilitate the use of avail-
-able offsite services (such as fire, police, medical and ambulance
service) that may aid in recovery from emergancies. | -
(5)(€59] Utility services.

(%) Each utility service system that is important to safety shall

be designed so that essential safety functions can be performed under
both norma] and {emergency] accident conditions.. .

(ii) The utility sarvices important to safety‘sha][_include redundant
systems to the éxtent_necéssary to maintain, with adequata capacity, the
§b$1iiy Eo perform their safety functions. L

[(*643;?he-emergency-utiiity-services-shaii-ba-designed-ta-permit
testing-of-théir4functicnai-cpérabi*it&-and-:apacityr--?h%:-wi*%-intiude
the-fui*-cperatéona?-seqaence-of-each-§ystem-when-transferring-between
nermai-and-emergency-scpply-sourcass~as-weti-as~the-cperation-of
asscciated-safety-systamss]

(31i)[€4v}] Provisions shall be made so that, if there is a loss
of the primary electric power source or circuit, reliadble and timely
[continzed] emergancy power can be (is] provided to instruments, utility

sarvica sy#tams. and operating systems, including alarm systems. important

to safetx [?h1s-eaergency-pawer-shaii be-suffictent-ts-atiow-safe-condi-

Affedvl/ A B
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before emplacement or as & result of retrieVai from the underground
. facility. [?he-sorfoce-faciiities-shaii-be-designed-so-os-to-permit

-;inspection--repoir--end-decontamination-of-sochrnastes-and-their

T

. contannersr°f5orfaceéstoragc-capacity—is-notfreooiredéfor~aii-empioced -
wastes] . |

(b) 'Surface\iaci1ity'ventiiation; Surface faciiity'ventiiation

systems. supporting waste transfer, inspection, decontamination, pro=_ -
cessing, or packaging shaii be designed to provide protection against
"radiation exposures and offsite releases as provided in §60. 111&_2.

(c) Radiation contrel and monitoring.

(1) Effioent contrel. The surface‘faCilities shall be desfgned
* to control the release of radivactive materials in effiuents during

- normal [and-emergency] operations so 25 to meet the performance cbjectives

of § 60. 111(3)‘ [The-feeilities-sheil- be-designed-to~prov1de-protection

egainst-radietion-exposores-ond-offsite-reieoses-as-prov1ded-1n-§68-iz:-] '

~~(2) Effluent monitoriég. The effluent monitoring.systems shall be

"desipned to measure theiamount and concentration of radionuciides in gny-. -

.. o . thn ———
A e —— - -

:to the design requirement for effluent control The monitoring systems
shall be designed to include alarms that can be periodica]iy tested.
(d) Waste treatnent Radioactive waste treatment facilities

‘shall be designed to process any radioactive wastes generated at tne
- geologic repository operations area into a form suitabie to- permit safe -
disposai at the geologic repository operations area or to permit safe - _

transportation and conversion to & form suitabie for disposai at an -

alternative site in accordance with any reguiations that are appiicabie.

| A’/f’f(‘l ‘x 8

s . 88 : i B - -l v



~with respect to equivalent activities 1icensad thereunder. - :

" menitoring, tasting, or excavation.

[7590-01] -

(e) Consideration of decommissioning.' The surface facility shall be .

designed to facilitate [decemmissioning] gecontamination or dismantlement

to the same extant as would be required, under other parts:of this chanter,

.

§ 50.133 [r-68-332] Additional subsurfaca design [requirements] critaria -
for the underground facitity.

(a) Generai criteria for the underground facility. .

[(i)--?he-underground-fac1i1-y-sha%i be-designed-so-as-to-perform
its~safety-fdnct1ons-asscm1ng~1nteract1ons-emong-the-geoiog?c-settﬁng:
the-ondergroond-fe:741ty--and-the-waste-pa:kage-]

[(23--1he-onderground-iac1i1ty-shei? be-des1gned~to~prov1de~for
stroc.ora%-stabé%1ty:-:ontro%-of-groendwater~movement-and-controi-of
radionu:*éde-redeases:-as-necessary-to-;:nniy-with-tne-performance
objectives2f-3388riiz] | |

() [633] The orientat1on, geometry, leyout and depth of the
underground facility, and the dssign of any engineered barriers ‘that are
part of the underground facility shall contributa to the [enhance] con-

tainment and isolation of radionuclides [to-the-extent-practicabie-at

the-site]'

(2) [64}] The underground facility shall be designed so that tha

__effeots of credible disruptive events durina the oeriod of ovcerations,

""such as [introsiens-of-gas:-ar-waterzfor] flocding, fires, and explosions,

will not spread through the facility.
(b), Flexibility of desian. The underground facility shall be

desfgned with sufficient flexibility ts allow adjustments whare necass-
sary to accommedate specific site conditions {dentified through in situ

‘/?1qﬂe,mii:r B
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[G;ir-Separgtieh~of~excavatien-and-wasie-gmp§acement-(mcdsiar-c:nceptir
iffeun:urrent—excavation-gﬂd-emp%acement-of-wastes;are-p%anned:-then:

€33--The-design-shati-provide-for-such-separation-of-activities

_ inta-discrete-areas-fmcda%esi-as-may-be-necessary'te-assare-that

'exeavat*en-dces-nctrimpair-waste-empiacement-er-retr1evai-eperat1ans

. . {8)=~Each-module-shaii-be-designed- o-perm1t~1nsu§ation-fram-other

————— - e ee e a——

modn%es-xf-an-acc1dent-eccnrs ] e . T

() [(d)] [Besign-fer] Retrieval of waste. The underground facil-

1ty shall be designed to [(13P-] permit netrieva] of waste in accordance

with the performahce cbjectives of §60.111.

e . mem amaeme s e

[fié--Ensere-suff1c1en‘-structurai-stabti1ty-of-epen1ngs-and-centrc%

- — i s

gf-gronndwater-to-permwt-the-sare-cendu:t-of-wa;te-retrvevai-cperattans;

‘ for control of water or gas intrusion.

. ..[€8)--Atiow-removai-of-any-waste-packages-that-nay-be-dameged-or -

_requjre:ip:pe:tionfwighqut-camprcmising-thi-abi%it -cf-thaegea§egic'

repository-te-meet-the-performance-cbjectives-€§66:3333-]
(d) [66:332€g3] Control of water and gas. [f2)--Water-and-gas

- -

1cqntrei-systeés-sha%iibe-deségneg-te-be-cf-:uffi:éent*capabiiity-and

cepacity~te-reduce-the-potentiaiiy-adverse-effects-cf-grovndwater

- 4ntrusion;-service-water-intrusions-er-gas-infiow-into-the-under-

gre:ng-fa:é%itér] The desion of the underaround facility shall provide

,[(i)-water-and-gas-centra*-ﬁystemstshai%-be—designed-tc~c=ntr=i-the

.qnantityfcffwaterfnr-gas-f%ewing-into-er-frcm-the-undergr:und-faci%ity:

.neniter-the—ccmpesitien-of-ga;;s:-and-pirmit{saﬁpiing-cffiiquidsr

' §$)-fSystems-;ha*i-be-de;ignhd-ts-prcvide-ccntrei-af-water'and-gas

‘;45?f%5;(¢‘:¥.lé

in-beth-waste-ezpfazementrareasvand-excavgticn-zrea:.

R - . - - o es e e a—————— TR £ = b ——
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€43-5Hater-=antré§-systems-shai%ebé-designed-ta-inciude-stoéage
capabiiity-and-mcd:iar-%ajcuts-that-ensnra-that-unexpeéted-inr:sh-or.
f%cod1ng-can-be-cantrai4ed-and-contained ‘

(53--if-the-1nterse:tian-of-aqu1fers-or-water-bear1ng-geo%cg1c

siructares-1 s-anhcwpated-dunng-canstruchon--the-das*rgn*of-the-under-

. ground-fac*%tty-sha%%-inciade-pians-for-:utoff-or-contra%-of-watar-in

advance-of-the-excavaticn.

659--§f4§inings-dre-reguired:-ihe-caniact-between;the-iining-and

. the-rcck-surrounding-subsurface-excavatians-shai%-be-designed-so-as-to

avatd-the-creatton-of-eny-prefer-nt1ai-pathway-far-graandwater-or

radicnuc%1de-m1grat1on.]

(e) [Besign-sf-subsurface] Underground openings.

(1) [Sabsarface] Openings in the underground facility shall be

A designed so that operations can be carried out safely and tha retrievabil-

1ty ootion maintained.’ [to-ma1nta1n-3tab1%1ty-throughcnt-the-constracttcn '

and-aperition-periadsr--if-stra;t:rai-support-is-required-far-szabé%ity:
it-sh&*%-bé-designed-ta-be‘eompatib%e-with-iong-term-deformatien:'
hydrotogics-gaochemicats-and-thermemechanicai-charactaristics-of-the
rack-and-ta-aiicw-shbsehuéni-piacement-of-backfii¥r]
(29--5tructure§?required-for-temporary-suppcrt-af-zones-af;weak-ar
highty-fractared-rock-shati-be-designed-so-as-not~ts-impair-the-piacs-
nent-ef-permanent-strgctﬁres-cr-the-capabi*ity-ts-seaﬁ-excavated°areas
usad-for-the-containment-of-wastass .

(2)(€33] (Subsurface-o]gpehings in the undararound facilitv sha11‘

- be designed to reduce the potential for-'delsterious rock movement or

fracturing of ovarlying or surrounding rock. [sver-the-isng-tarms=Fhe
séze:?shape:-arientation:-and-spdcing-uf-openidgs-and-the-design-of
i AppendixB
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engiﬁeered-suppert-ﬁystems-sha?%-taka—tha-ic%%ewéﬂg-ccnditiens-into

considerations-- |
7-(i)--natara%-Etress-cenditien::
fiii--defermaticn-characteristics-af-the-hast-reek-cnder-ﬂermai

conditicns-and-thernai-oading; o

€it4)-~the-kinds-ef-weaknesses-or-structurai-discontinuiti es-found-2t

- varieus-iccaticne-in-the-geotogic-repository;

fivi--equipmgnt-requireménts:-and: ,
{vi--the-abiiity-ta-constrcct-the-undérground4faci*ity-as-designed

sc-that-stabiiity-of-the-rock-is-enhanced.

- {f) Rock excavation.: The design of the underground facility shall
fncorporate excavation methods that will limit the potential for creatigg

- & preferential pathway for aroundwater or'radioactive,waste'miaration'to

the zccessible environment. [damage-te-and-fracturing-of-recks]

(NOTE: The modified text for 60.132(9) Control of water and gas is now

' found &t § 60.133(d)).

~may-te-needed-to] .

‘;” (@) [sa;isthaj' [Subsurfece] Underground‘f;ci11ty-vent11ation.
" The ventilation systém-shalI be designed to—-‘ -Q'f .-

(1) Control the transport of radioaéifve.partiéu1ates &nd gases
within and releases-from the underaround [subsurface-] facility in accord-
ance with the performance objectives of [€]§60.111(2){31.

[€23-Permit-contincous-oceupancy-of-aii-excavated-areas~during
nermai-operaticns-thrccgh-the-time-cf-pefaaneht-c%ﬁsure:

¢33--Acceommodate-changes-in-cperating-conditicns-such-as-varfations
in-temperatsre-and-humidity-in-the-cndergraund-fati%ét .

f#i--in:*:de-redunéant-equipmeﬁt-and-fai%-safe-eantrsi-:ysteus-is

,ﬁf’bﬂequlfl .E?
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(2) ({al Assure continued function during [t=nder] normal operations

and under accident conditions; and

- (3)[€53] Separate the ventilation of excavation and waste emplace-

ment areas.

M) Engineered barriers. - L
Engjneered barriers shall be designed to assist the geologic setting -

1n meeting the performance ocbjectivas for the period. follcwingﬁoermanent

closura. : - ; JE—

[£33--Barriers-shati-be-iocatad-whara-shafts-contd-altew-accass-for
groundwatar-ta-enter-or-isave-the-underground-factiity.

,

€£9--Barriers-shai%-create-a-wastafpackage-envif?nment-which
favorabﬁy-cantro%s-chemicai-reactioﬁg-affecting-the-performance-of-the
waste-packager - T
(33-éBackfii%-p§acad-in-the-underground-?aciiity-sha}%-be-designed
as-a-barriers
€13--Backf1%§-pia:ed-1n-the-underground-fa:1%1ty-sha§%-perform-1ts
fun:*tans-assnmtng-ant1c7pated-changes-tn- the-gectogic-settings
-§443-Backfi{it-placed=in-the~undergroand-facttity-shati-sarve-the
foticwing-functionss A o
(Ai--it-sha#%-grevida-a-barrier-ta-gfaundwater-mavement-inte-and
from-tha~undargroand-factiitys
-§83--3t-shati-reducs-cresp-deforzation-of-Lhe-host-rock-that-may
adverse*y-affect-ggi-waste-package-pefformencs-or-ggirthe-iaca% .
hydrolsgicai-systenr '
{€3~=34-shali-reduce-snd-centrai-groondvatar-nsvement-within-Lthe

undergreend-facititys

| Ap{eg):ux (3
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. : €Bj--it-shaii-retard-redicnuciide-migraticns
»(iiii'-sackfii4-p%accd-in-the-cndergrccnd-faciiity-shai%-be-seiected
td-aiiow-for-adequate-piacenent-cnd-ccmpacticn-?n-undergrocnd-cpen1ncs-

(33--Haste-hendi1ng-and-ema§acement-

(iﬁ--?he-systems-csed-fer-handi1ng--trcnspcrttng--and-emp%acing

tc-protect-wcrkers-end-te-prevent-demage-to-waste-packages°
€£3~-¥he-hand§1ng-sy=tems-for-emp%acement-and-retr1eva*-cperetiens
- - : shai%-be-des1gned—ta-m1n1m1ze-the-pctent1ai fer-cperator-error-]'

¢ [Ge-iaifkij [Besian-for] Thermal loads. [€33] The underground
- facility shall be designed so that the performance object1ves wiII-be met- -

N o taking into account the predicted thermal and thermomechanica1 response of

I "; the host rock, surrounding strata and groundwater systemr-[wtii—ncz._.e____
| Come- degrade-s1gn1ftcant%y-the-perfermance-cf-the-repcs1ta;y-a==£heaab¢iixy___
cf-‘he-natcra%-cr-engtneered-harr1ers-tc-retcrd-rad1oncc§1de-m1grat1cn.
[(ii-?hc-des1gn—df-nastc-%cedtngfend-na;te-specjngs-shaii take-inte

ccnswderat1on--, - 2o 51, LT

-

{13--Effects-ef-the-desfgn-cf-the~undergrccnd-fac1%1ty- n-thc
therma%-and-therncnechanfcai-respcnse-cf-*he-host-rcck-end-the-grcand-
| water-systen- | y |
R ftii--Feetcres-cf-the-hcst-rcck-and-geo%cg1c-sett1ng-that-effect-the

--f-e'~'thermcmechanfcai-response-cf-the-cndergr‘dnd-factiétv-end-barr1ers,

R cf-thc-hcst-rcck:-the-pfesencc-cf-insc%a 1ng**ayers--eqcffers--fcd%ts,

cr1entation-cf-bedd1ng'pienes--and-the-presence~cf~d1sccnt1nu1t1es-tn

RS e , o — e

- . o e a e T Y o
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féiéi--?he-eztent-to-which-fractoréng-of;therhost°rock*és-%nf%uanced

_by-cycies-of-temperature-incraase~and-decreaser]
§ 60.134[€9:-233] Design of [ghafts-and] seals for shafts and boreholas.

(a) General design criterion. [Shaft-desegn] Seals for
{5] shafts and boreholes shall be designed so that they do not become

pathways that comoromise the geologic reoository s abiIity to meet

tha performance objectives for the period fo]Iowing,oermanent closura.

[as-not-to-creote-a-preferantfa*-pathway-for-mtgratfon-of-groondwater

and-so-as-rot-to-1ncrease-the-potent1a§ for-m1gratron-throogh-extsttrg

pathways:]

(b) Selection of materials and p]acement nethods Matarials and .

3 e leds iTe

glgcement methods for saals shall be salected to reduce, to the axtant

practicab]e. (1) the potential for creatinq a prafarential Dathway for

groundwater or (2) rad1oact1ve waste migration through existing pathways.
[aa-iaaﬁgi--Shaft-and-borehoie-seais-

Sh;ft-and-borehoie-sea*s-sna%*-be-des1gned-so-thogr |
€i3--5hafts-and-boreho4es-wi%%-be-sea§e‘-as-soon-as-possib%e-after
they-have-served-the1r-eperat1ona§-purpose-
fii--it-the-t1ma-of-permanent-c§osore-sea*ad-:hafts-and-borehoies
wﬁ%%-tnh1b1t-.ransport-of-radronuc%1des-ta-at-%aast-the-same-degree-as
- -Qthe-ondrstarbedronits-of-rock-through;whfch-the;sraf‘ ;~r-bor-hoias-pass-
| in-the-case-or-so%ubie-recks--the borehoie-and-shaft-seais-sha%%-a*so-be
de:1gned-tc-prevent-groundwater-c1r:a*at~on~tha*-weoid- so%t-1n
‘dissotutions |
»(éir-Eoneact-oetween-shait-and-borehaie-sea§o-ano-the-adjacant-rock

dees-not-become-a-preferentiat-pathway-for-watar,
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€4ir-5haftfand-bergho§e-sezis~:an-a==eﬁmodate-potentia*-variatiens

ef-stress:-temperatare:-ané-mcéstarer'

‘(Si--?he-materiaiséuged-te-construct:the-seais-afe-apprcpriate-én

view-ef-the‘geochegistﬁy-of-the-rock-anﬁ-greundwater-systemg-anticipated.

- deformations-of-the-rock;-and-other-in-situ-conditionss -

i [§66-i34--€onstruction-specificatiens-fer-snréﬁce-a&d;sﬁbsuf%aée-facii{tééﬁ;:

fa)--senerai-r;eu1rament---5pec1ficat1ons-for-censtructicn-sha%i

ccnferm- o-the-abject7ves-and-technfgai-requ1rementa-cf-gsGe-iia-threugh ‘
se-ias- | o ) | . . ) ’ . - . . - | - -
(59--Eens£raztian-manademéﬂt-Efegramé--#he-constructien-spécifica- —

nu*i__-_iicaSSshaii-faci%itate-ihg-ccnduct-of-a-censtructien-maﬁﬁgement-pregrém

] thét-ﬁi?*‘ensﬂre-that5Cénstr§=tien4activitfe:*dc-ﬁei;adversé%y-affect“'“;-

the-sn1tab1i1ty-ef-the-s1te-te-1sc%ate-the-waste-of-jeopardize-the-isu%a~‘-‘“

..... e mm ot e .=

;tian-capab1%1tfes-ef-the-undergreund-facf%vty--borehoies--shaft--and

"7¥"sea?s--and-that-the-nndergrcund-fa:i§1t;-1s-ccnstructed-as-des1gned- o

"nents-fcr-sterage:-:se-and-.ranspcrt-a.-the-gea%ogfc-reposttcry-qpera-'.-

..--oé-

“(NOTE: 'What was 60: 134(c) 1is now found in modified form at § 60.72. )

- = .

€d§-°£66~354€d5i--Rcckfexcavat1en---?he-methods-used;fer-excavat1en -

' shaﬁ-be-se%ected-ta-redcce-to-the-extent-praet‘:cab*e-the-ﬁcieﬁha’:'to

cfeate-a-prtferent1a%-pa*hway-‘er-groundwater-er-r'd1oactéve-waste-m¢gra~

' tion-nr-fncrense-mtgratten-threugh-existing-pathways-.

‘(ei--eentroi-ef-exa‘esives---‘f-expiﬂsives-are-:se&;;iﬁé;é;eiéﬁiéns-— N

c msm—.

"ef-ie-EFR-S?-G-fExp%asevesi-issued-hy-tha-H1ne-Safety-and-Heaith-ﬂ&mté- N

IR -%strai*en--&e:artmant-of-taber--sha*i-be-met--as-m7n1mam-safety-requ*re-

“técns-arees

-----

ff%--hater-cc-trc*---The-censtr:c ian-spec1f1cations-sha*%°prev?de

. that-water-encaantered-‘n-excavatians-sha14 be-remaved- e-the-sur‘a:e

I4%ﬂﬂenhif\L ‘3
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and-:antro*%ed-in-ac:ordance-wéth-dasign-éequirémenti-fcr-radiatian-con-
trot-and-menttoring-£§68:333€ed)s

695--Haste-hand?ing-dnd-enn%acament--°?he-canstract4on-specifications

shaii-provtde-for-damonstratwon-of-the-effecttveness-of-handi7ng-equ1pmant -

and-systems-for—emp%acement°and-retrievai-operat1ons--under-operating

eonditionss] ' ' . .

-

DESIGN CRITERIA FOR THE WASTE PACKAGE [RERUEIREMENTS] __

§ 80.135 [Requi%ements] Criteria for the waste packaga and fts components.

(a) [SengraQ-reauirements-of-desigg]' High-level-waste package design
E?he-des{gn-nffthe-waste-package-shai%-fnciude-the-fai%aw%ng

etementss

(1) (Effect-of-the-site-cn-the-waste-packagar--Fhe-waste] [p] Pack~
ages for HLW shalI be designed so that the in situ chemical, physical,
and nuclear properties of the wasta package and its interactions with the.
emplacement environment do not cumpromise the fumction of the wasta
packages or_the performance of the underground faciIityﬁor the geologic
Sgl The degigq shall include but not ba limited to_consideration

of the following factors: solubility, oxidation/reduction reactions,
cbrrosion, hydriding, gas generation, tharmal effeéts,-mechanicaI
stréngth; mechanical strass, radiolysi;, radiation damaga, ﬁédionuc?ide
tetardation, Ieaching. fire and explosion hazards, thermal loads, and

synargistic intaractions.

[(23-- e:*-of-the-waste-aack-ae-cn-the-undera‘onnd-‘ae°§1tv-and

the-naturai-barriars-gf-the-geciogic-settingr-~The-waste-package-shaii-be

Apfeddis 8
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designcd-so-that-the-in-sito-chemica%%-phy:ﬁca%7°and-noc¥ear-properties

'of-the-wastcfpackage-and-ita:intcract%ons*with*the-enp%acamcnt-enoiron-

o ncnt-do-not-compronise-the-performance-of°thc-ondefgroond-faci%ity-of—the

gco%ogtc-setting-°-¥he-dcs1gn-sha%*-*nc%odc-bot-not-be-iinwted-to-con'
aideration-of-the-foiiow1ng-factors---so%obi%ity--oxidationfredcct*on '

. raact{ons--corrosaon--hydriding--gas-generat*on--therma%-effects--machan-

_ 1cai-strength--mechan1ca%-stress--radvoiya1s--rad1at%on—damage--radiono-- -

— —— ————
-

ciide-retardation--ieach1ng--fire-and-expios1on-hazards~-thcrna%-%oads-

and~synergistic-interactﬁons-] ’

g__ [€e3] Specific criteria for Hngpackage desian.

_[?he-ﬂgg-waste-packagc-dcsign-sha%%-neet-the-fo%%ownng-requiremcntsé]
(1) Explosive, pyrophoric, and chenica11y‘peactive mateniala. The

waste package shall not contain explosive or pyrophoric materia]s QP -

chemicaliy reactive mater1a1s in an amount that could [interfere-wwth

operattons-én] conoromisa ‘the ab111ty of the underground fac11ity [er - -

comprontse] to contribute to wdste fsolation or the abi1ity of the

et e e e

geo1ogic reposftory’ to satisfy the performance objectives. . ;__;__.;..-
(2) Free 1iqu1ds The waste package shall not contain free quuids

in an amount that could comoromise the abi1ity [1mpair-the-stroctorai

fntcgr1ty] of tgg waste packagag [cemponents] to achieve the;performance

objectivea‘re1atino»to containment of HLW'(because'of,chenical 1ntegj~

_.actions or formation of pressurized vapor)~of raso1t-in‘spi11age and- -. -
. .spread of contamination in the event of waste package perforation

during the oer1od through’ oermanent c1osure.

: (3) and11ng. Waste packages shall be designed to maintain waste

containment during transportation, emplacement; and retrieval -
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-(4) Unique identification. A label or other means of identifica-

-tion shall be provided for each waste packaga. The identification

shall not fmpair the integrity of the waate package and shall be appijed
in such a way that the information shall be legible at least to the end
of the [retrievabie~stsrage] period of retriavability. Each wasta

package idenﬁificatidn shall be consistent with the waéta package's -

permanent written records.
(c)[68:335¢b)] Waste form [raguirements] criterfa for HLW.

High—Teve [R]gadioactive waste that js emplaced in the undarground
facility shall be designed to meet the fol]owing'[requirements] criteria:

(1) Sotidification. A1l such radicactive wastes shall be in solid

.form and placed in sealed containers.

(2) Cdﬁso11datian;' Particulate wasta forms shall be (have-been]

_consolidated (}or examp]e, by incorporation into an encapsulating

matrix) to I1mit the availabi?ity and generation of particulates.
*A(S) Combustibles. All combustib1e radioactive wastes shall be

[mastrhave-baen]”reauced to a noncombus;ible form unless it can be demon-

_strated that a fire involving [a~singte] the waste packages containing

| underground facility to contribute to wasta isolation.._

combua?jbIes will gggvtneither] compromise the {ntegrity. of other waste
packages, [nor] adversaly affect any [safaty?reiated]_stru;tures, systems,

or components imoortant to safety, or compromise the ability of tha

(d) Desion criteria for other radioactive wastes. __ .

Design criteria for waste types othar than HLW will be addressad

on an 1nd1v1dua1 basis if and whan they ares brouosed for disuosa1 1n a

geo1ogic ranository

oot n e e -
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. the requirements of Subpart F of this part. -
. f"  SuBPART F - FERFQRMANCE CONFIRMATIQN-EROGRAM

| § 60.140 General requirements.

indicates where practicable (ascertain] whether--

- [7580-01]

PERFORMANCE CONFIRMATION REQUIREMENTS '

§ 60.137 General ‘requirements for performance confirmation. ,
 The geologic repository operations area sha11 be designed so as to

permit implementation of a performance confirmation program ‘that meets

(a) _The‘performance confirmation program shall provide data which

- .- At - i

[eD Actua1 subsurface conditions encountered and- changes in those

S —— — g ————— .+ co————

- within the limits assumed in the ]icensing review; and

1zation and it will continue until permanent closure.

‘conditions during construction and waste emp!acement operations are

(2) Natural and engineered systems and components requ1red for

' repository operation, or which are designed or assumed to operate as__

barriers after permanent closure, are functioning as intended and

anticipated. .

(b) ‘The program shall have been started during site character-

e e e -t e ke 4

'Ntory and field testing, and 1n situ experiments, -as_may be appropriate

(cy The program [wi3i] sha]? include in situ monitoring, labora- o

' to accomplish the objective as stated above.

(d), The [ccnftrmatson] progrem,shall_be implemented so that:

- (1) It does not adversely affect the ability of the natural and

,,engineered elements of the geologic repositery to meet the performance o

ojective . - Aff edd X 3

o STt
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(2) It'proVides baseline information and analysis of that informa-
tion on thosa parameters and natural processes pertaining to the geologic
satting that may be changed by site characterization, construction, and

operational activities. .

(3) 1t monitors and analyzes changes from the baseline condition
.of parameters that could affect the performance of a»geoiogic repository.
(4) It provides an established plan for feedback and analysis of

data, and implementation of appropriate action,

§ 60.141 Confirmation of geotechnical and design'parameters.

(a) During repository construction and operation, a continuing
program of surveillance, measurement, testing, and geologic mapping
shall be conducted to ensure that geotechnicai and design parameters are
confirmed and to ensure that appropriate action 1s taken to inform the
Coemmission of changes needed in dasign to accommodate actual fieid

conditions encountered.

_ (b) Subsurface conditions shall be monitorsd and evaluated against

" desfgn assumptions.

(c) As a minimum, measurements shall .be made of rock deformations
and displacement changes in rock stress and strain, rate and locatien
of watar inflow into subsurface areas, changes in groondmater conditions;'
rock pore water pressures including these along fractures and joints,
and the thermal and thermemechanical response'of the rock mass as a
. rasult of development and oparations oi the geologic repository.
(d) These measurements and observations shall be compared witn the

original design basas and assumptions. If significant differencas exist

- Baetwaen the measurements and observations and tha original- -design basas

,4%7ﬁfkudhll3( ‘il
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and assumptions, the need for modifications to'the design or in con-
struction netnods'sha11,be_determined and these differences and the
recommended,changes’reperted to the Commission. |
o (e) In situ mqni;oring_qf-the thermomechanical.requnse of the
4 underground:facility shal1'he 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 stéges of constrnctnon,

i s & = o it . et

program for in situ testing of such features as borehole and shaft sea1s,

backfill, and the thermal 1nteraction effects of the waste packages,
:backfiII rock, and groundwater sha11 be conducted. _
| (b) The testing shall be 1n1t1ated as early &s 1s practicable
- (e) A backfil ‘test section shall be constructed to test the
' :effectiveness of backfill placement and compaction procedures egainst
.;;'design requirements before permanent backfill p1acement is. begun _
| (d) Test sections ‘shall be esteb1ished to test the effectiveness
of borehole &nd shaft seaIs before fu11-scale operation proceeds to seal

Jio

boreholes and shafts.

§ 60. 143 Monftoring and testing waste packages. - _

(a) A program shall be established at.the geologic repository opera=
tions area for monitoring the conditfon of the waste packeges Waste (P}
packages chosen for the program shall be representative of those to be .

emp1eced in the [reposttory pi underuround feci1ity..

e T (b) Consistent with safe eperaticn [of] at the geoloaic repository

operations area, the environment of the waste packages-se1ected for the

R
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waste package monitoring program shall ba reprasentative of the [s;niaced] '

anvironment in which the wastes are to be emplacead.

(¢) The wasta package monitoring program shall include laboratory
expariments which focus on the faternal condition of the wasta packages. -

To the extent practicaI the environment axperfenced by the emplaced
wasta packages within the [repesitery] underground fac111ty 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 nermanent closura.

SUBPART G - QUALITY ASSURANCE

§ 60.150 Scope.

[€23] As used in this part, "quality assurance" comprises all those
planned and systematic actions necessary to provide adequate confidence
that the geologic repository and its subsystems or comnonents will perform

_satisfactorily in sarvica. [b] Quality-assuranca includes quality control,

which comorisas those quality assurance actioas re1ated to the ohysical N

_prcvide a means to contro1 the quality of tha matarial, structure,

characteristics of a material, structure, comnonent or system which

- comoonent, or system to pradetermined requirements. [#s-a-muiti-

..dés:ip%inary-system-ef-nanagenent-cdntfa?s-which-address-safety:

. s - S ¢ P om—

¢ o —— o e tt—r.

retisbititys-maintainabititys-perfornances-and-othar-tachnica}
dtseipiiness] | '
§ 60.151 Applicability.

The quality assurance program app]ies to 311 systems, structures and

components important to safaty, to desian and characterization of barriars

important to wasta {sélation, and to activities related thersto. [which

‘Appedix B
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woo%d-prevent-or-mit%gote-event;-that;cooid-ca::e-on-ondoe-résk-go-the
heo%th-and-sofeti-of-the-pobiic-] These. activities include: site
. characterizatfon, facility and equipment construction, facility operation,

 [expierings -se*ectang--dessgn1ng--fabr1eat1ng--poreha:ing -handiwng-
- stor1ng--c§eon1ng-~erecting--tnstaiiing--emp%actng -inspeeting--tosting
eperatings;-maintainings -monitoring--repoir1ng--modifying--and

o _'de:ommtssion1ng] gerformance confirmation, permanent closure, and decon-
tamination and dismantling’ of surface facilities.

§ 60.152 Implementation. |

- DOE shall fmplement a quality assurance program based on the criteria
of Appendix B of 10 CFR Part 50 as applicab]e, and appropriate]y
supplemented by additiona1 criteria as required by § 60. 151.

T '[5-68-153--Qea§§ty-assoronce-for-performonoe-confirmat7on-- -

- - - ove o

?he-qooi1ty-as;oran:e-progrom-shoii-1n:%ode-thefprogrem-of-tests:
-ekperiments-and-ann%yses4e:sentioi-to-echiéiing-ageqoatefoonfiideneev
f.' that-the*emp%aced-wastes-wi1§-remein-isoiated-from-the-accessib%e

TS _— s A
environments] - ,

SUBPART H - TRAINING AND CERTIFICATION OF PERSONNEL '
§ 60.160 General requirements. ;
_____c.tei . Operations of systems and components that have been identified as
Tt .;.' | fmportant 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 superv1sion of an individual with training and
-certification in such operation. Supervisory personnel who direct
“Apretin ¥

< %
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operations that ars important to safety aust also be cartified in such

oparations.

§ 60.161 Tréining'and certification progfam _
[?he] DOE shall estab]ish a program for trafning, proficiency
testing, certification and requalification of operating and supervisory

personnel. \

§ 60.162 Physical requirements. .

The physical cohdftion and the general health of personnel certified
for operﬁtiops that are important to safety shall not be such as might
causa oﬁérationaI arrors that could endanger thé public health and safety.
Any conditfon which might cause impaired judgment or motor coerdination
must be considered in the salection of personne1 for activities that are

" {mportant to safety. Thesa conditions need not'cateQnric&l]y‘disqua1ify'a

person, so long as appropriate provisions ara made to accommodata such

[defaet] conditions. ‘ . -

-— e m—n L

"SUBPART I - EMERGENCY PLANNING CRITERIA
[RESERVED]

_ -Dated at Washington, 0.C. this ____ day of ____, 1983.
For the U.S. Nuclear Regulatory Commission.

m e e e Samuel J. Chilk
: - Secretary of the Commission
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I. INTRODUCTION

On July 8, 1981, the Nuclear Regulatory Commissicn (NRC) proposed
technical critaria (456 FR 35280) which wculd ba used in the evaluation °
of license applications undar procedural rules established by the .
Commission for licensing of geological disposal by the U.S. Department

of Enargy (DOE) of high-level radioactive wasta (HLW), 456 FR 13971. NRC
recaived 85 comment lettars on thesa proposed technical critarfa. Many °
commantars focused thair commentary on the proposad numerical '
parformance objectives, among other things, and identified the fssues
ralatad to them that ara the subject of this ratfonale. In particular,
the rationale shows how the numerical performance cbjectives for
individual sub-systems of tha geologic repository, as revised in
considaration of the public cocmment recaived, contributa to meeting tha
overall system performance objective, which is whataver genaerally
applicable envircnmental standard as may have been established by the
Environmental Protaction Agency (EPA), and which for purposas of this
analysis is assumed ts be the working draft of the EPA standard found in
Appendix C of NUREG-0808, of which this rationale is a part.

This chaptar briefly delineatas the authority of the thraa federal
agencies mentioned above as involved in disposal of high-lavel .
radicactive wastes == NRC, DOE, and EPA. Chaptar IT dascribes the natura
of thae high-leval wasta problem, including the inventories, hazards, and
heat genaration rates associatad with various types of HLW, and how they
change with time. Chapter III briefly discussas the functions which a
repository must parform to protect public health and safety in 1{ight of
thae hazards discussad in Chaptar II, and Chapter IV describes both the
engineered and geologic featuras of a repository which must be considered
in aevaluating thosa functions. Chaptar V contains a discussfon of tha
uncartainties assccifated with assessing the performance of tha faatures
of a repository described in Chaptar IV. Chaptar VI discusses how the
uncartainties discussad in Chaptar V affect the alternatives considered
in salecting a regulatory approach and the raticnale for the approach
salectad. Chaptar YII dascribes an assumed environmental standard for
tha allowabla raleases.from a HLW repository and a modal which both relatas
this standard to the numerical criteria for the performanca cbjectives

in the rule and reflects the uncartaintfes mentioned in Chapter V. Chaptar
VII also discusses tha results of this modal for the routine long tarm
performance of the repository. Chapter VIII applias the modal to two
faflure scenarios for long tarm repository performancs, and dascribas tha
{mpact of the numerical critaria on whather tha assumed environmental
standard is mat. Chaptar IX dascribas the raticnale for requiring the
repository to be dasigned so that the option to retriave tha wastas is
presarved. Chaptar IX also contains the basis for tha numarical value
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seiected for the design period during which the retrievai option is to be
preserved.

Three Federal agencies have major roles in the national program for :
disposal of high-level radicactive wastes. The EPA is responsible for .
developing a generally applicable envircnmental standard which will serve

as the overall performance cbjective for releases from high-level waste
disposal. The NRC will develop and {ssue regulatfons which cover al1 = -
aspects of high-level waste disposal, and which will implement the EPA
standard. The NRC will then consider 1icense epplications for HLW disposal

to determine whether the proposa] will conform to the regulation. The DOE

has lead responsibility for formulating national policy for disposal of HLW,

~and has determined that naticnal 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. ,

Disposai of high-1eve1 radioactive waste in 2 manner that will assure saféty
for many thousands of years represents & unique problem not previously dezlt
with in other NRC or EPA standards. Throughout the rulemaking process

for the technical criteria, the NRC staff has considered several °

approaches that might be applied to this uvnusual regulatory probiem. . The
remainder of this report provides the bases for the &pproach selected for .
siting and design of the repository to assure effective long-ternm,

isolation of the. wastes. ‘

. "‘.'.

II. NATURE OF’THE"HIGH-LEVEL wASTElPRQSLEM'k

In this chapter we describe the types and quantities of high-ievei
wastes, and their properties 'such as radioactivity and heat generation
rates, that could effect the design and performance of a HLW faciiity
For perspective, we compare the hazard of the HLw ‘as a function of time,
with the hazard of the natura1 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 infarencas about'the ralevant tima periods for isolation of
HLW. o

- L

Tyoas and OQuantitias of Wastas

HLW may be disposed of in two basic forms: épent fuel discharged from
nuclear power plants (if 1t {s disposed of as a wasta), and the residua

resulting from reprocessing spent fuel for racovery of uranfum and/or
plutenium.

Substantial quantities of HLW currently exist in the United Statas as a

“rasult of both U.S. dafense programs and comnercial nuclear power

operations, and additional quantities of wastes are projected to be
generatad in the future by both programs. The amount of radioactivity in
dafense wastas is less than 10X of that in the commercial wastes which
:ra axpected %o be generated by the time a repository s constructed and
in operation; the following discussion is therafora limited to commarcial

-wasta inventories, It should be recognized that dafense wastes will add

a small but significant fncrement to the total HLW inventory. and that
commercial wastas represent an upper bound with respect to heat

. genaration rates and concantrations of radfoactivity.

Commercial 1{ght-water reactors of the type currently in use in tne u.s.
genarata spent fuel at a rata of about 35 metric tons of heavy matal
(MTHM) per GWe-yr* of alectrical energy production.‘ Currently, operating

—— L e e

* GWa-yr means the amount of electrical energy, in billifons of watts,
produced in a year of continuous oparation.
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nuclear power plants have a generating capacity of about 55 GWe, and
additicnal plants which are planned or under censtruction could {ncrease
the total.generating capacity to about 130-150 GWe.

Depending on the rate at whicn new p1ants are placed in service, the.
cumulative year 2000 inventory of spent fuel is likely to 1ie in the f
range from about 45,000 te 72,000 MTHM* (Ref. 2-1), or ‘about the capacity
of a single,repository’(Ref{;z-Z). By the year 2040, 1 to 3 additfonal
repositories would be required depending on the growth rate of nuclear’
power generation, whether or not the waste {s reprocessed, and the
geologic media selected for disposal. | B

Wasie‘Characterfstfcs

As nuclear fuel is frradiated in a nuclear reactor, thrée types of
radioactive products-are formed. . Fisgion products. are generated by

“ffssioning uranium and plutonium {sotopes and, with a few exceptions, are

characterized by relatively short haif-lives and low radiotoxicity.

Actinides are radicnuclides 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 radfonuclides, called .

activatinn products, are produced by neutren absorption in the structural
materials which support and contain the fuel in a reactor. The
activation products make only a minor contributfdn te the overall
radfotoxicity of HLW, and will nct'be discqssed further.

5

*x The small current 1nventor1es of commerciaTJy generated reprocessing

wastes are insignificant.
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e e PRS0 o e RIS

-t

e cmams b e et ¢ ceamiemin vt mie



10CFRS0 Rationale - 8/30/82

Figura 1 prasents the radicactivity of pressurized water rgactor (Pwﬁ)'

spent fual as a function of time after removal from a reactor, while

Figures 2 and 3 present the same informaticn for the wastas which would )
result frem reprocessing ;h§ spent fuel from the uranium recycle and ' )
nixed oxida fual cycles, respectivaly.* (Figuras 1-3 as wall as g . - =
subsequent figures and tables in this chaptar are all normalized on the

basis of one metric tonne of heavy maetal (MTHM) initfally charged to a
reactor.) ' : '

In all three fuel cycles, th= fission product radtoactivity decreases by 5
ordars of magnitude during the first thousand yeafs and then stays
ralatively constant until about 100,000 years after disposal. Much of
this changa (about 99.9 % or more) occurs.within the first few hundred
years, primarily bacausa of decay of Sr-30, Cs-137 and othar short-lived
fission products. Some of the shorter~-1ived actinides such as Pu~-238 also
decay significantly during the first few hundred years. a '

Figures 4, 5 and 5 display the decay heat generation for spent fuel and
reprocassing wastes from thase same fuel cycles. In all thres fuel cycles,
the fisston product decay heat generation rate decreas;s by”aTmost 6 ardars
of magnitude during the first 1000 years and stays relatively constant

for tha next 100,000 years. The rata at which total heat 1s‘geherated'by
the wasta decreases less rapidly than the total radiocactivity, but at least

- et s i 2 T UL e

=xIn the uranium recycle fual cycle, it has been assumed that 99.5% of
the plutonium in spent fual {s recovered and placed in storaga, whilae
tha recovered uranium is returned to the fuel cycle. In the mixad oxida
fuel cycla, both plutonium and uranium ara raturned to the fual cyecle.
Refaranca 2-3 discussas additional assumptions.
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a 9% reduction in heat generation rate is achieved within the first few
hundred years for ea'h of the waste types. '

The preceding discussion does not address the differing radiotcxicities
of the nuclides present in Htw A rough estimate of the fntrinsic hazard
of & radioactive waste material can be cbtafned by calculating -the
“hazard index" or. "untreated dflution fndex® (UDI) defined by:

.

‘wI=% of
Rl m{c;”
where Qi {s the activity of nuclide 1 in the waste and MPC is the
concentration iimit for the nuclide in effiuents as presented fn 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 effiuent concentratien 1imits of Part 20. Figures 7, 8 and 9

present this . index as & function of time for spent eri and reprocessing

. wastes. Thése figures sisd_inciude. for perspective, the "untreated

dilution index“ for an equivalent amount of unmined uranium ore.

Recent revisions in thefICRPis recemmendationsyfor dosimetry calculations

~ (Ref. 2-4) would cause some significant changes in this measurement of the
_relative hazard of HUW as a function of time. This effect has been noted

recently in the'scienéific 1iterature by a number of euthors (Ref. 2-5,
2-6 and 2-7) Revised curves based on the more recent ICRP
recemmendaticns (ICRP-SO), are displayed in Figures 10, 11 and 12 for

spent fuel and reprecessing wastes. -The most significant results of the
ICRP revisions are:

1) the haiard’nf'seme of tne_fission;predudts (primariiy Sreéo) is
~ reauced, B
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2) the hazard of several of the long-lived actinidas is {ncreased
- (especially Am-241, Am-243 and Np=-237), and

3)  the hazard of Ra-226 s reduced and, as a result, the hazard of the
original uranium ora is reduced. - - .

The UDI curves of Figures 7-12 indicata that the toxicity dacraases
substantially (S0% - 93.9%) durtng the first 1000 years for all three
wasta typas and for both dosimetry approaches considared. The toxicity of
tha rission products deéreéses by more than five ordars of magnitude during
the first 1,000 years and then remains essentially constant for the naxt
230,000 years. Tabla 1 1ists tha nuclides and thair inventories which
‘ominata the UDI curves using the ravised ICRP-30 calculational

procedura. (The NRC has not formally adopted ICRP-30, but the preceduras
described in §t have been used hare becausa it {s the most current ICRP
publication on fnternal dosimetry avai]abIe )

The “untfeated'di1qtion index" can providas some perépect1ve regarding the

intrinsic toxicity of a radioactive matarial, but is subject to the
_ following 1imitations: o -

e Tha UDI daes not consider the physical or chemical form of the
radfoactive matarial. Properties such as solubility or

leachability may significantly affaect thae true hazard to human

Q The lccation of tha matarial and the pathwéys throuén which it
could reach humans ares not considarad. .

.} Thera fs considarable uncartainty inherent in the dosimetry

parametars upon which ths UDI is basea, leading to corsidaranla
_uncartainty in the index itsalf.

Daspita thasa limitations, the UDI and tha comparison with uranium ore
are usaful in uncarstanding the magnitude of the hazard associatad with
HLY and how this hazard changes with time. In order to gain furthar
0008.0.0
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TABLE 1 - Dominant Nuclides* in Spent Fuel

) 3 - Percent
Nucldde | ,Cﬁ;&;s/_n o ’Uﬂ%u§? / N ?fgng?]
= — 20D —3
me28l . L7Es . 1aEe 28,
¢s-137  8.684 - 7.269 16
Pu-261 8.064 2,768 6
Pu-238 2.263 2588 S
Cn-244 1,463 . s 1
- 1000 Years
R 73 S W1 75—
Pu-260 - 442 7,588 1
P23 322 S4B .7
Np-237 1.060 1.8 © 1
Am-243 1.681 ERT: I
o1 ssE2 6.484 .
Te-89 1.4 4.7E4 -
T e -
Pu-228 2,081 U -1 A
Ra-226  e.EEl  eEs . 3
1128 3.86-2 . 6.4g8 -
| Te-s9 | 1.0€1 33

TYEo3v Ena [-129 ere included beczuse of their mobility in gechydrologic
systems. PR ‘ B L
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understanding of tha potential impacts of disposal of high lavel wastas,
it 1s necassary to consider tha rata of raleasas of the radicactiva |
matarials from the location whera the wastas are emplaced and the

_ physical and chemical processes that transport the radicactivity back to.

parts of tha environment whera it can be contacted by humans. Thesa rates.
and procassas ara addressad in datail in the following chaptars.

"TIT FUNCTION OF A GEOLOGIC REPOSITORY

*+ present, national policy is focusing on disposal of HLW in mined
qeologic repositories (Ref. 3-1). The primary function of a mined
geologic repository is to fsolata the wasta so that only small quantities
of the wastas would-return to the environment over such long timas that
disposal Qould not constituta an unreasonable risk to public health and
safaty. Thae principal mechanism by which radioactiva matarial is

anticipated to ba releasad to the environmant from a geslegic repository

is by contaminaiion of groundwatar (Ref. 3-2) that contacts the emplacad
wasta and transports the radicactive matarials Trom the repository to

- Tocations in tha environment whara they can be ingestad or contacted by

humans. Thus, the assassment of how well a repository performs its
isolation function involves consideratiocn of the time when groundwater
initially contacts the wasta, tha -ratas at which groundwater can contact
tha wasta, tha quantities and concentrations of radicactive matarfals
which may ba transperted away from the disposal facility, and the raté;
of transport of the radionuclides through the gaolegic, hydrologic and
geochemical systams to the accassible environment.

In ordar to emplaca the wastes, the repository must be cpen for a pericd
of yaars during which wastes would be received and handled in surface -
facilities, trénkported to tha uhderground facility ana placad in
disposal locations. Aftar this period of oparation, tha repasitory would

0099.0.0
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be sezled and permanently clesed. Untii'the time of permanent closure,
handling of the radicactive materials wouid be carried out so that the
pubiic and workers would be protected from excessive exposure to
radfation. The mezsures taken to protect the public &nd workers during
the pre-closure perfod would be simiiar to those taken for radiation .
protection at other nucieer faciiities and are not discussed further.

In light of the hazards of the radioactive materieis 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 eof the
waste material itself, and these uncertainties are compoundedfby -
uncertainties in such factors as the release rate of wastes from a
repository and the pethways by which the westes might reach the ‘
envirenment. These uncertainties will be discussed in more detail in the
foiiowing chepters. . )

IV DESCRIPTION OF A GEOLOGIC R‘EP‘O‘SI'TDRY

. A-mined geoiogic repository is a feciiity which echieves isoiation
.(1imiting the rate of waste reiease to the eccessibie environment to

acceptable ieveis) by means of tuo major subsystems. These are the .
geologic setting itself which is seiected for geoiogic, hydrologic and
geochemical attributes which can contribute to isoletion° and the

engineered system consisting principeliy of waste peckeges and materiais

used to backfi1l and seal the underground feciiity, borehoies and shafts.
The geologic setting and the engineered system differ both in their
contributions to isolation and {n the degree of confidence which can be :
piaced en predictions of their iong-term performance.. Any mined geoiogic
repocsitory will contain some comoination of these engineered ana natural
barriers whicn together must provioe isolation This‘is commonly called

0010.0.0
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tha multiple-barrier or tha dafense-in-depth approach. A major issue the -
Commission has had to deal with {n prcmulgat?ng technical critaria for
geologic disposal of HLH is "how do the cocmponents of thesa two

“subsystems contributa to fsolation and what confidence can ba placed od

ENGINEERED BARRIER SYSTEM

thair ralative contributions to overall system performance?™ To answer .,
this quastion, the staff considerad what the raspective contributiens of
the geologic se::=ing and tha engineered system to overall paerformanca
should be so that tha Commission-can determina that thare is reasonable
assurance that a particular repository can isolate wastes.

As currently enVieiohed'by DOE in its GEIS on Commercial Wasta Management
(Raf. 4-1), wastas plzcad in a geologic repasitory will be in solid fcrﬁ
and will ba in a container or canister which, as a @inimum, is needed to
facflitate shi; ~“ng and handling. Packages can be made ot long-lived
corrosion rasistant matarials, and special low permeability and eesorbent
materials can be placed around the canistars and in the underground
facility to contributa to isolation. In fact DCE, in its GEIS, states
that ona of the functicns of the wasta package is to contain the waste
for pariods sufficient to allow most of tha fission products to dacay to

. vary low levels. This action protacts the wasta frcm'groundwater contact

untfl tha temperature and radiation levels have decreased to the point
whara tachnically supportab1e pradictions of radionuclide release rates
to tha host rock can be mada. It is axpected that, at tha and of
repository dacommissioning, tha undarground facility will have been
backfilled and the 6ereholes and shafts which connect the undarground
facility with the ground surface will have been sealed with low |
permeebi1ity matarials. The'coﬁbination of waste packages and the
underground facility we have calied the engineered barrier system. The
engineered barrier system can contr1bute to isolation first by

0011.0.0
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controlling the release rate of radicactive materials to the geologic
setting, theredby reducing the contribution which the geo1ogic setting
must-make, and second, by providing a source of 1so1ation which_ is
relatively independent of the geologic setting and which can therefore
mitigate the consequences of unforeseen fai]hre of that settfng. ... -
This centrol of the seurce tern can be achieved 1n several ways. First,
the engineered barrier system can be designed of materiels that Iimft the
rate at which groundwater can contact the wastes. Second the waste form
ftself can be cemprised 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 furthér control release of radiozctive materials to the
geologic’setting. . S ’

One means by which weste-groundwater cnntect can be 11mited 1is by
containment. In this context, containment means confining the wastes
within a sezled boundary, such & a metal or ceramic container or
canister, to protect the waste form from grcundwater and to delay the
.onset of Ieacning ‘and migration until the containment bcundary'is '
breached. Such a container can protec‘ the waste form from water during
“the pericd when radiation and temperatures are high-and release rate ,
'predictions are difficult. Even after an initial breach of a canister,
“which may only be 2 small pinnole or crack the weste package may
continue to ccntribute substantia1ly to cnntro1 of re1ease for decades or
centuries by Iimiting the amount of water which may - contact the waste
form. o

Use of & long Tived package to achieve containment 1s a means, therefore,
to cempensate for, and to an extent avoid, uncertainties in the
predic tion of rates of release and migration of the individual
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radionuclidas, particularly during the critical paricd when the hazard of
tha wastas is greatest and the heat generation ratas arae the highast.
This is important, becauss, as explained in Chapter V, temperaturs i3 one -
of the principal factors in calculating what tha sourca tarm to the "
geologic satting is. Ouring this eritical ﬁericd tha uncartainties.in
‘predicting raleasa rates are very graat. Even if we did understand the
mechanisms completa1y, the data scatter increases with temperaturs so that
tast programs to gathar tha data to narrow the uncartaintias to reascnabla
bounds are very cumbersome (Ref. 4-2).

THE GEZOLOGIC SETTING

Following ralease of the radicactive matarials from the angineared
barrier system, the geologic setting alone must provide whataver
additional isolation is needed to keep radfoactivs matarfals entering the
accassible environment to accaptable levals. Tha geologic setting can
provide tha naeded isolation by two principal means. First, the geoclegic
setting can exhibit hydrdlogic conditions which result in low groundwatef
valocities and long groundwatar travel times to tha accassible
environment. Sacond, the geoiogic setting can be comprised of materials
that chemically inhibit transport of radionuclides by groundwatar by, for
exampla, fon-excharge or pre;ipitation reactions. The objective is for the
geologic satting, through long groundwater traval times and geochemical
retardation, to dalay the arrival time of radionuclides at tha accassible
environment for many thousands of years. ODuring this time additional
radfoactive decay will taka placa, so that only a small fraction of the
matarial released from the engineerad barrier systam will antar tha
accassible environment, and then only very far in the futura.
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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 geo1ogic ,

disposal of HLW (Chapter III) and gave a brief description of current .

concepts for & geclegic repository (Chapter IV). Assessments of the
long-term performance of such a HLW repository requiré 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 assoéiated with

long-term performance assessments, the effects of those uncertainties on

the confidence that can be pIaced in such assessments, 2nd the peans by
which these uncertainties mey be redgced or compensated for.

. In Section 1 of this chapter,'we'begin by reviewing the'funé;ions cf

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 avaflable to measure
those properties, 3) ways to determine whether the function is achieved,
and 4) the uncertainties associated with those determinatidns. In °

Section 2, we treazt the key elements of the"éed!ogic seétihgkih a similar

manner. Finally, we discuss the implications of the’ﬁhcertainties with
respect to confidence that the wastes wi11 continue to remain 1soleted
long ints the future. A : o

S

The specific processes diseussed'are chosen to fe11¢w'current:cencepts of

"a geologic repository. A canister centaining a leach-resistant waste

form §s emplaced within & backfilled underground fecility Hence in
Section 1 we discuss the engineering by focusing upen the contajnment

,preperties of & canister, leach propercies of waste forms, and

sorpzien/chemical/mecnenicel properties of backfill. The processes
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discussed (corrosion,'leacning, atc.) would be ralavant to any
enginearing schama which might be proposad to control raleasas of
radionuclidas to the geologic satting. Similarly, groundwater flow,
geochemical ratardation, and the general suitability- of a location to
host a geologic repository ara discussed in Section 2.

1. Uncert"‘nties in tha cantrol of radfonucl:da releasa to tha geolngic
satting through engineering.

If an engineered'barriar}system is usad to control the raleasa of
radionuclides to the geologic setting by mathods such as containing the
wastas for some period or controlling the rata at which the nuclides are
raleased, then thara must be soma lavel of confidenca that the materials
will parform as planned. This saction discussas thosa processas which
detarmina how engineered matarials will behave and affact containment or
ralease of radisnuclidas, methads for datarmining and projecting the

parformanca of engineered matarials and the uncartaintias asscciated with
projecting barrier perfarmance. '

To assess tha pefformanca‘of barrief matarials {t i{s nacassary to

. understand the environment which théy experiences, as altared by tha
affects of these materia]s_hn that anvironment. The central feature of’
thec environmant will be groundwatar, whosa naturally occurring proparties
such as cﬁemistry and tempaeraturs will be altared by tharmal and
radfation affects of the wasta, as wall as by chemical {ntaractions with
the barrier matarials. The complexity of thasa intaractions will result
in an uncartainty in the undarstanding of the environment experienced by
the barriar matarials which will contributa to the uncartaintias in the-
pradiction of their partformanca.
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a8) Leach-resistant waste forms

(i) Properties

Leech-resistant waste forms can controtl releases of - radionuclides to the’
geologic setting in two ways. ‘First, the rate at whicn nuclides are
released can be reduced, reducing nuclide concentrations fn groundwater.
.Second, retenticn of radionuclides in the waste form allows time for
deczy, reducing the total quantity of radioactivity ultimately released
to the geologic setting. ' A o

Leaching will depend on parameters associated with the ground (or

repository) water contacting the waste form, stch as composition. pH and
Eh; parameters: pertinent to the waste form itself, such as surface ares
and structure; and parimeters which affect properties’of:both the water
and the waste form, such as temperature and radiation. (Ref; €-1, 5-2 and’
5-3). ‘

(11) Oetermination of leach rate

Leaching of a waste form by groundwater fs a very comp?ex process. There "~
{s 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 avaflable indicate & ccmplex {nterplay 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 Tete of Teaching generally
reflect empirical correlations rather than thecretical erinciples.

Experimental measurements can be conducted under conditions intended to
represent the expected leacning environment (Ref. S-4 and §-5).
© 0016.0.0 o -
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Controiled parturbations of leach rata experiments may lead to a broadar
understanding of fundamental leach ratae phencmena (e.g., the influence of

temperature and pH on leaching) and, in principle, can aid in the .
davelopment of and improve the validity of the modals. Howaver, in all’
casas, predictions of long term performance will be based on the results .

of tasts'and analyses of thosa rasults. From such analyses, it is known,
that cartain paramaters such as temperaturs and radiation alter the
measured leach ratas significantly (Ref. 5-5 and.5-7). As the temperature
increases the mechanism of leaching may change, the naturs of the
leaching medium may changa, and the ability to precisely and reproducibly
datarmina the leach rate may be hampered. Radiation will altar
characteristics of the leaching medium, such as, {ts pH (Ref. 5-3), and
thus will altar measursd leach rates. The combined effects . of {ncreased
temperatura and radiation can potentia11y increase the uncertaintias in

the leach pcrformanca of the waste form to a point whara they may not
easfly be quantifiabla.

Furthar, thare will always remain the question as to whather the

conditions by which leach rataes ars datermined in the laboratary ara tha
same as thaosa which will be ancountered by the wasta form in the
repository. Uncartaintias in measu}ements of current hydralogic
characteristics ( a. 9., flow ratas) and, particularly, in predictions of -
future hydrologic ccnditions (Raf. .5-3), placa 1inits on the reifability of
leng=-tarm leaching axtrapolations.

(i41) Implications

Savaral conditions must ba met if a leach resistant wasta form is to
sarva as a major barrier to wasta raleasa:

-
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1) The influence of significant parameters (e.g., temperature,.
groundwater chemistry) must be thorougnly 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 fnto the future must
be hounded, including changes in the environment -between closure and

- resaturation of the underground faci!ity.,§uch predict{ons.neégindt
be precise, but the bounds must 1ie within the range of conditicns
for which the waste form has been experimentally tested.

. 3)_' Manufacturing quality control must be adequatE,to‘assure that the

properties of “nroduction l1ine" waste forms do not déviate

significantly‘?rom the properties of the waste forms eévaluated in
the laboratory. '

If -these conditions are met, leach nates may be—extrapd]ated with less

uncertainty. Furthermore, long-term leach rates can'probably be ~ '

predicted with more confidence than can near-term Téach rates because of
the elevated temperature conditions shortly after waste emplacement. A
Tow leach rate waste form can therefore serve as & high performance
engineered barrier over the long-term after thermal &nd radfation effects
have decreased. The level .of confidence would probably be loewer {n the .
short-term (hundreds of years) when elevated temperatures and radiation
may cause extreme repository conditions. R =e-

The waste form testing, groundwater measurement and manufacturing quality
control conditions discussed above seem reasonable in 1ight of the degree
of confidence which could be placed on & low-leach rate waste form as an
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engineared barrier. A numerical limit for tha leach rate to be achieved
by such a wasta form will ba discussed in a later chaptar. V

- {bB) Canistar

(1) Propertias

T3 usa of a canistar to contain “the wastas can overcome some of tha
<ifficulties with predicting leach rata and radicnuclide sorptiocn (to ba
discussad in section (c)) at the alevatad temperatures and radiation
Javaels 1ikely to be prasant during the first few centurfes following
closure, CQntain&ent‘dan dalay the onsat of the leaching procass until
temperatures have fallen to a level where the leach rate is predictahle
with a highar degree of confidence.
The mechanism of containment functions not so much to keep wastes within
a specified volume (e.g., the canistar), but to keep the groundwatar frocm
contacting the wasta=form until temperature and radfation levels are
within the ranga where laboratory data can be ralied on to predict.1oﬁg
tarm paerformancs with reasonable assurance. Hence, the‘process.of
. concarn i3 datarioration of the canister. Some of the physical and
chemical parametars which detarmine corrosion rates are the same as thasa.
which detarmine laach rates. Principal among thesa are groundwatar

chemistry (Eh, pH and chemical composition), temperatures and radiation
(Raf. 5-10). '

(11) Datarmination of expectad containment time

Actual csntainment time can not ba cbserved directly because of tha long
paricds involved. Rathar, the expectad containment time must ba infarred
from extrapolation of expariments, noting both tha modas 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 radiatfon environment expected to be
present.

(111) Implications .

The prinéipal_aﬁvantage of containment s that it permits the system to
be simpliffed by separating the waste from the groundwater untfl such
time as temperature and radiatien effecﬁsvdecreasa to where laboratory
tests can better simulate repository conditiens.

Coniainer degtad;t%on or failure can be experimentally measured over a
wide range of anticipated repository conditions (e.g., typfcal

" repository water chemistries, temperatures and radiation fields). As
..with Teaching from g'waste,form, corrcsion of a metallic barrier is a.

complex kinetic process which may be difficult to predict. At higher
temperatures, new mechanisms may arise and the uncertainties in the data
may increase. However, failure rates for some proceisgs,'of4the-.
conditions under which a specific process. can cause ‘fatlure, may be
investigated. Faflure rates under the range of conditions expected in
the repository 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
(pre&i;tian‘of groundwater conditions, testing that bounds these
coenditions, and manufacturiné quality control) alsc apply t¢ containment
time precdictions. If these conditicns are met, containment times may be
extrapolated with confidence. A numerical limit for the containment time
to be achfeved,wiIl be discussed in a later chapter..
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(e) Backfilil
(i) Propartias

Back?i11 matarfals can sarve a number of ﬁurposas. They can retard .
migration from the underground facility of radicnuclides leached from the
wastes form, can condition grounawatar within tha underground faﬁility
both ta slow corrosion of canisters and to lower leach rates, and can
physically 1imit the rata of groundwater contact with a canister or wasta
form (Raf. 5-11). The chemical, thermal, and mechanfcal (physical)
propertias of the backfill and its intaraction with the groundwater
datarmine its parformanca. When groundwater 1n£eracts with a canister or
a wasta form, the chemical composition of the resultant solutions must be
considerad 1f backfill is used to retard radionuclide migration, limit
leach rates or reduce solubilfty Timits. Further, for backfi1l to ba a
usaful agent for conditioning groundwatar or retarding radionuclida
movemant it must contact thg:groundwater effective1y. That {s, the »
backfill must be emplaced in such a way that thgre'are no extensive voids
or channals that would permit tha groundwataer to bypass tha bdackfill
matarfals. In addition, the backfill must be able to‘perform 1t§_

function in tha changing thermal, chemical, and radiation environment of
the repository. '

(i1) Dataermination of backfill parformance

Standard enginaaring tasts for compaction, parmeability, homogensity, and
gradaticn can be parformed on backfill emplaced within an underground
facility to assurs the propar mechanical pgoperties for its {ntanded
function. Groundwater conditioning and radicnuclide retardation
propertiei can be datarmined by laboratcry tasts which focus on the
chemical properties of the backfil1l. B3ackfi11l matarials can ba tested in
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the laboratory .and 1n-situ to determine their behavior in the repository
environment (Ref. 5-11 and 5-12).

($11)  Implications -
The functicns of a backf{1l material can be considered to be of two basic
types: o - B ' |
(1) An adjunct to other barriers. A backfill can condition groundwater
to increase containment times and reduce leach rates, and can ,
1imit 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 emp]acement. '

The uncertainty in the performance of & backfill material -probably cannot '
be,quantified very precisely. Rather, the backfilI serves largely to
reduce the uncertainty in the performance of the other barriers. (For
example, by controlling the pH of the groundwater, uncertainty fn the
corresion rate of a canister may be reduced.) ' The Backfill can, -

nevertheless, serve an imptrtant function in overali‘répoS1tory e T

performance, and czn be. fnstrumenta1 in predicting the performance of thej
other engineered barriers. : '

2. Uncertainties with respect to transport of radionuc]ides through the
geolegic setting o

;Regaroless of the extent to which engineering'it usédito'contain wastes

or control the release of radionuclides, the geclogic setting determines

the environment in which the engineering must perform its intended

function. Hence, the geologic setting must be characterized
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and understood at leaft_with respect to the casign paramaters of the
engineering. Moresover, to the extent that tha geologic satting is used
to isolate the wastas from tha accassible environment, of that it s
relied upon ta mitigate the consequencas of prematura or unanticipated
failure of the engineering, it must be characterfzed and understcod with
respect to its ability te control the movement of radiocnuclides to.the
ac-assible environment. In this section we discuss tha paramatars which

dascribe the procassas and charactaristics of the geologic satting relevant
to the functions described above.

(a) Groundwatar Hydrology

(i) Properties

The groundwater is the 1ikaly mear: by which radicnuclides would be
transportad from a gaologic repository to tha accassible environment.

Hence a long greundwatar flow time batween the undergfound facility and

the accassible environment is a highly faverable condition for wasta
1solation. Further, our confidenca in the abiliiy of a geologic ‘
repository to isolata wastes is dirgﬁtly debendent upon an understanding

. of the groundwatar flow batween the repository and tha accassible .
environment.> Tha éharacta#istics by which we describa the groundwatar

flow through porous media typically are those by which any fluid system

is dascribed: hydraulic gradient, porosity, permeability, temperaturas,
density, viscosity, and the geomatry of thea system. For flow in fractured
media, an affactive porosity and an effectiva permeabflity can ba daveloped
based on'average fracture siza and length and the porosity and permeability
of the unfractured rock. (The chemical properties of the groundwatar also
are important to tha des?gn of the enginsering used to contridbuta to the
fsotation of thé wastas. The measuremants of tha chemical proparties

0023.0.0




10CFRS0 Rationale = 8/30/82 A I 37

retevant to engineering, and their assoctated uncertainties were
discussed in tne previous section )

(11) Determinatien of groundwater flow
The hydraulic properties of the groundwater system particularly important
_ to isolation of radicactive 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 aquifers with rapid groundwater flow. However, the underground
facility is likely to be constructed in an aquitard or aquiclude, nearby
groundwaters are likely to be very slow flowing, and flow paths 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.’ Mereover
fracture-flow will likely be of importance in many host ‘recks, 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.
§-13 through 5-16). | | S

Grouncwater dating is an alternative to direct measurement for estimating
groundwater flow, and does not require measurement of all the properties
whicn determine groundwater flow. Hence, groundwater dating can provide
a semi-independent check on groundwater flow estimates (Ref. S-17).
Groundwater dating involves uncertainties which are potentially
important, however. Among these are uncertainties in inftial isotope
ratios, cnemical er pnysicai processes which could alter isctope ratios

8024.0.0

. BRI My T S M St AL TIALAT S0, =



10CFR50 Rationale - 8/30/82 _ 33

ar concantrations along the fiow-path, and mixing with groundwatars from
othar sources batween measurement locations. At pfesent, groundwatar
dating taechniquas applicable to waste repositoriaes ara mostly in the
early stages of davelopmant, axcapt for metnods using C-14 (Ref. 5-18). "

(1i1) Implications )

Soma of the uncartainties asscciatad with estimatas of groundﬁatér flow
for repository. performanca can ba assassed quantitativaly by means of
paramatar sensftivity analyses and statistical sampling techniques (Raf.
', 5-13, 5-20 and 5-21). However, the utility of uncertainties estimated in
this way is limitad with regard to actual flow at»a repository site fot'
saveral reasons. Validation {s lacking for flow estimatas under |
slow-flow and fracture-flow conditions. Also, the models used to make
the estimatas may not properiy account for (1) the diversa and
hetarogeneous geologic environments which are likely to be encountarad
over the distanca of groundwatar travel from the uﬁderground facility to
the accassibla environment, and (2) the effectsiof natural geolegic
procassas, as wall as the thermdmechanical pertu;bations‘caused by the
wastas themsalves, which may significantly alter groundwater flow patterns
ovar tha time period required for wasta isslatfon. N

(b) Geochemistry
(1) Properties

Favorable geochemistry would tand to retard the movement of radionuclides
with the groundwatar. The movement of radionuclidas typically is
dascribed by tha groundwatar flow rate and the empirical retardation
factsr. The lattar is a shorthand for the cdmplex.ggocnemical procasses
which affact radionuc!ide transport in groundwater. The retardation
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factor is described i{n terms of characteristics of the geologic medium
(e.g., bulk density and porosity for porous-medium flow) and the
radicnuciide distribution coefficient, Kd, which accounts for the
chemical interactions among a radicnuclide, the constituents of the
groundwater, and the host rock/aquifer of concern. .' ' ' LT

SQIubility 1imits may also be important,-particulariy'fdr-the aétinide‘
elements. If the rate of groundwater contact with a waste form is‘very
low (e.g., because of favorable backfi1l material properties), or if the
solubility 1imit ‘of an element is very low, the apparent "leach rate” of
a waste form will be reduced fndependent of the inherent leaching - '
characteristics of that material. Sélubility limits &re dependent
primarily on the groundwater chemistry (for & given €lement). Thus, a
. combination of a favorable groundwater chemistry and a low rate of
groundwater contact with a waste form (e.q., goda‘baékfiil properties)
could substzntially reduce nuclide dissolution rates from a waste form.
(i11) OQOetermination of geochemistry conditions -
The relevant processes which mﬁ:t be mezsured or inférred to predict
‘geochemical retardation of radicnuclides inc1ude. among others,
precipitation/dissclution (contrelled by solubility), the chemical forms’
of nuclides in solution, sorption/desorption interactions, and colleid
transport and ultrafiltration. Generally, the 1imiting 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 solubilitfes, and ffeld
measurements can be made to verify laboratory measurements. Similarly,

+ 0026.0.0




10CFRE0 Rationale - 8/30/82 . 40

Iabofatory measurements can be-used to deternine sorption/dasorption

propertias. Howaver, the ralevanca of laboratory measurements to actual

fiald conditions is only beginning to be investigatad.

- Theoretical gaschemical modals have.fécently been daveloped to
investigate element speciation in realistic geochemical environments.
(Ref. 5-22 and 5-23). : Howaver, the requisita field data and
thermodynamic data, particularly for transuranic elements, are difficult
to obtain. Most of tha availabla thermodynamic data are at a temperature
of 25°C énd standard atmosbheric prassure (Raf. 5-24) and need to be
adjusted to expectad repository conditions. Expe}iments at alevated
temperaturas are being conzucted (Ref. 5-25). In addition, the modals
involva important assumptions, such as that of chemical equilibrium,
which may be unrealistic if the spatial variation in geochemical
propertias of the geolagic setting is severe. "Finally, theoratical -
modals do not yet incoporata kinetic affects in the predictions of -
galement spaciation, nor do they relata speciation to predictions of
ratardation in groundwatar transport. Theoretiqal geochemical models
alone cannot provide an adequata substituta for empirical data from
experiments approxiﬁating anticipated repositary condftions, especiaﬁ]y
for alements such as Pu, Np, U, and Tc, whosa mobility charactaristics
depend strongly on geochemistry (Ref. 5-26). All three approaches:
axparimental soluhiTity and sorption measurements, field migration
studies, and,t.‘aecrati.cal calculations are necassary to provida and
undarstanding of radionuclide migration.

(ii1) Implications

A larga body of exparimental data on solubilities and Kd's has baen
cbtained for many of tha impartant radionuclidas in HLW (Ref. 5-27 and
3-28). Howaver, sarious questions have been raised abcut the relavancs
of Kd's to obsarved ratardation effacts, and about the ability to measure
and to praaict the in situ conditions which must be known to reducs tha
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uncertainties associated with both solubilitfes and Kd's to tracteble

levels (Ref. §-22). Nonetheless, estimatesiof-so1ubi11t1es and Kd's and the
uncertainties gssocigtéd’wfth.them Bave been made for the geclogic media
of interest to the naticnal program (Ref. §-30) and are used fn the
calculations appearing in Chapters VII and VIII of this document. '

(c) Geologic Envircnment
(1) Properties

The characteristics customarily used to describe the geologic environment
relate to {ts mechanical and thermal properties, its mfneralpgy.'ahd its’
geologic structure. The processes which affe:t'theSe'charécteristics
include climatic changes,. surface erosion/debositfoﬁ;'diagenesis, and
tectonic processes such as uplift, subsidence, folding, and faulting.

(i1) Characterization of the geologic envirenment

- . -Geologic characteristics, i.e., both the present thermal;~me€hanical,

-_.ﬂ-;cbemigal.;etc.. properties of a given locatfon and thec geologic processes
. anticipated to be operating there now and in the future, &ré essential =~

not only for understanding factor;,rélevant‘to tranSpoftfof wastes by

groundwater, but alscufqr confidence in the performance of any '

engineering over the long term. .Not only must conditions in the present

be favorable for waste isolation, but also there must be some assurance

that the processes expected fn the future at the location will have no

significant adverse effect. That {s, the processes and events which

.oceur at this 1ocatioq.e1ther 1) leave the relevant characteristics

.unchanged, or 2) change them {n a way that allows confident predictions

_of no-adverse ccnsequence to the isolation of the wastes.” Measurements

can be made of the mechanical and thermal properties, mineralogy, and
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structurs of a particylar location, although complaxity of a location and
spatial inhomogensity add to the difficulty of intarpreting the rasults

of such measurements. Inferences are mada from. tha geologic record

"as to the 1ikalihood of continued or renewed actiyipy of geologic procassas.

(§11) Implications

Uncertainties in our understanding of the prasent state of a geologic
environment result from the potantially complex spatial variations in
pressura, structurs, and mineralogy. In order to reduc2 uncartainties,
{iald measurements should employ sample sizas and spacings of

sampling locationd which match the scale of important inhomogeneities at
the location. Soma uncartainties are quantifiabla, s.g., those
associated with the extrapolations and intarpolations basad on Tield data
which are numerical and, thus, ara subject ts statistical analysas (Ref.

5-31). The magnituda and significance of thesa uncertaintias ara sita
“specific. -

The pradictions as to which geologic processas ars likely to bes active-
into tha future and which avents are likely to.occur ara based primarily
" on intarpretations and temporal extrapolations of the geologic record.
Stgnificant uncaertainties may result from the incomplatanass or possible
misintarpretation of the geolagic record. Predictions based on the
geologic record ara inherently judgmental, particularly for discrete
avents at specific locatfons. Nonetheless, the geologic record can'ba.
used to astimata bounds for the futurs effects of anticipated geslegic -
srocassaes and events. At locations which have exhibited 1ittla changa
since the beginning of thae Quatarnary, the uncartaintias in predicting.
tha affact of geologic procasses on repository parformance are likely to
ke unimportant for time pariods of about 104 years or lass, but may
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become significant for ]onger times (Ref. 5-32). However, there is‘
always & residual uncertainty as to whether a process or event might
cccuf4whichyis not expec;ed'ar considered 1ikely on the basis of the
geologic record ahd}whicn will cause the engineering to fafl.

Thermal and mecﬁgnical pgrturﬁations of the naturalfgediogié«enéironment
caused by dévglopment énd operation of a repository -and emplacement of
wastes ;lsb’néed to be taken into account in determining the suitability
of a location for waste disposal (Ref. §-33). For about the first 103
years, when the decay.heat generated in the waste {s most important (see -
Fig. 4-6), it is 1ikely that the thermal perturbations will have important
effects in;the,rock in close proximity to the underground facility. In -
principle, uncertzinties associated with.predicting the pest-closure
effects of thérmai and mechanical perturbations (e.g., fn salt) are
quantifizble on the basis of field tests. Testing fs difficult, however,
both because of the long time pericd over which the decay heat fis
sign{ficant and because the physiéél size and layout of a test facility
should simulate expected repository conditions.

> - - - I Y - -

3. Aé#gssmen; of performance over long periods of tfme'—f-i-

In the prev1ous $ec;1qns:we discussed the properties by which engineered
and geolqﬁi; systems could contribute to isolation of radicactive wastes.
We alsa discussed the kinds of measurefients and experiments needed to
conclude tﬁatnthcée systems would perform the various functions that
might be attributed to them. Finally, we discussed ‘the uncertainties

- assocfated with those measurements and experiments and touched upon the

-{mplications of those qdcertaintiesAwith,respect to confidence in the
{sclation of high-level radicactive wastes. '
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From the preceding discussions of this chaptar it is saen that, of tha
uncartaintias which affect confidance in geologic dispesal of HLW, the
most easily accommadatad is measurement uncartainty. Thera are.>of
coursa, practical limitations to the accuracy and precision of
measurements of the ralevant propertiass, especially fiald measurements
of the gealogic satting in which a rapositary might be located. Yat,
measurement uncartainty is quantifiable and amenable to statistical
znalysas. Not only tha valuas of propertias deemed relevant can be

known, but also scme quahtitative statament can ba mada as ta how well
those values are known.

Mathematical models must figura prominantly in any assassment of
long-tarm parformance of a HLW repository sinca there will be no
opportunity to obsarve actua) repository ﬁerformance’prior to liceansing.
The raliability of tha predictions of thesa modals {s limitad by the

_ reliability of the input data to these models and by the relfanility of
the models themsalves. ’The geologic sciencas are far from baing
precisaly predictive and, as a rasult, the modals and mast of the
geological data upon which they rely are subject to sfzeable
uncartainties. Thasa uncertainties could make repositary licensing
problematical for the Commission unlass adequate compensating measures
are employed.  Engineared barriers can, as the preceaedfing paragraphs
indicate, substantially reduceAand compansata for these uncartainties.
Soma engineared barriaers, a.g., wasta forms, can reduce uncartaintiass by
reducing tha sourca tarm which tha geologic environment must control.
Othar angineared barriars, such as canistars, can reduca uncartainties by
preventing contact batween the wastz form and the groundwatar until the
temperaturs and radiation levels are low enough that the mechanisms
controlling radionuclide raleasas to the ge&logic satting are undarstocd
and the data scatter in measuring and predicting thase rasleasas is
reducad to tractabla lavels. Additional angineered barriars, such as
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backfi11 materials, can compensate for uncertainties in uays which may be
largely qualitative, but which will nevertheless lend confidence to a
decision on overe11 repository performance..,_ s
In & complementary manner, the geologic setting will compensate for. . °
uncertainties in the performance of the engineered barrier system. A
ninimum groundwater trave] time can provide quantifiabie compensation for
and underground faciiity. Siting criteria addressing resources can

reduce the 1iklihood of inadvertant intrusion into the engineered

barriers system. 0Overall, this element of redundancy of barriers is
expected to play 2 significant role in any. Commission decision to license
& HLW repository

The specific contributions which individual barriers can make to overall’

repository performance and to reductions in uncertainty. are discussed. in
more detail in subsequent chapters.

VI. IMPACT OF UNCERTAINTIES ON REGULATIONS FOR GEOLOGIC DISPOSAL OF HLW -
1. Reguiatory policy R g

If we examine the imp]ications of uncertainties (discussed in v
Chapter V) associated with determining whether the engineered and natural -
barrier systems will function &s desired &s components of a geolegic
repository, we see that none is free from the uncertainties discussed .

.above. Further. no natter how good the design or how excellent the. site. T
.and no matter how precise and accurate the measurements and observations -
.of the components of tne repository, the best that can be. known is the
state of the repositery at the time the Commission must decide whether to
allow c]osure. The state of the repository beyond that decision point {s
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an infarenca. Whila it is concaivabla that tha O0OE could davalop a
design that does not requira'aﬁything of the geolegy othar than to
provide a location, or could choosea a sita so good that no engineared
barriars would be needed, thara will be no opportunity‘to sea the
enginearing or the sita work undar all the anticipated conditions. or to
obsarve whethar the actual conditions are thasa for which the engineering
is designed or the sita salected. Furthar, thare is always the
uncartainty as to whether procasses and events not anticipated in the
dasign or not axpectad ta occur at tha sita will indeed occur, and fafl

the repository.

Faced with this sdme type'of uncertainty for other licensing dacisions in
the past, although not to the same degrea, the Commission has applied a
policy of multiple protective systems. This is commonly known as tha
defensa-in-depth approach. In the casa of geoloegic disposal of HLY, this

‘policy would be realized as a requirement that the site and the

enginearing shara in the task of isoiating the wastas. Moreover, no one
who Nas been involved in the formulation of national policy for the
disposal of HLW, including the DOE, the USGS, the EPA, and the
Intaragency Review Group on the management of radioactive wastas has

' suggestad exciusive reliance on aithar geology or eng{heering for

{solatfon of HWW. The reasoning behind the implementation of the

Commission's policy and fts advantages for licansing geologic dispasal of
HLW are discussad below.

First, requiring both 2nginaering and geology to contributa to isolation
can ba usad to limit the consaquancas of an unantiéipiiéd pfocess or
avant, which could causa failura of one barriar to proparly parform {ts
isolation function. Sinca tha Commission will need t3 maka a Judgement
as to whather it has reasonabla assuranca that the public health and h
safaty suffars no unreasocnabdle risk from permitting disposal of HLW
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within a repository fn the absence of any experience and proof-testing, '
the knowledge that mechanfsms are in plaCe'which 1imit the consequences
of partizl failure will add to confidence in that judgement, despite the
knowledge that unanticipated processes and events could cccur. Further,
since some of the functions of the engineering and the site operate. by -
different mechanisms (e.g., groundwater flow and canister corrosion), i i
requiring DOE to use both {n & repository provides: multiplicity in the
methods by which safety is provided. Although one cau—never be sure thet
all eventualities have been addressed viewing possible faflure
modes/mechanisms from more than one perspective adds confidence that
nothing major has been ovelooked.

Finally, elthough isoletion of wastes through engineering”or geology
involVes'nany‘of the same properties, end'indeed in some instances

invelves similar processes (e g., both containment of wastes by a weste o
package &nd retardetion of. radionucliides by the geochemistry of the -

geclogic 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 =~ - T
laboratory and field measurements has resulted in considérable L TEEnn
uncertainty associated with retardation factors for the geclegic setting.
In the case of material incorporated in the waste peckage to retard
-radionuclides, however, retardation factors can be measured with relatively
Tittle uncertainty Hence, to the extent, end over the times. that we

can rely on waste packages to’ contain radionuclides. the uncertainties
assocfated 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. . The long history of geologic LT
conditiens provided by the geologic record permits more confident
evaluatién of the anility of the location to maintain scme level of
retardaticn of radionucliides into the future. Hence confidence in the
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geologic record compensate;_for the uncertainty in the survivability
of enginéering, while ;onfidence in containment for an initial period
compensates for uncertainty in geochemical ratardation. : T

2.. Numerical requirements

Numerical specification of tha contribution to isalation to be made by
the site and by the engineering should ba consistent with both the
standard to be met (the generally applicable standard .for radfation 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 =xpectation of what an HLW standard might be. Saveral
comments on the proposed rule referred to Draft 13 of the EPA standarg,
which has been under development for some time. We havae tharaforas chosen
this draft as the basis for an assumed standard*, and in Chapter VII we -
consider numerical requirements for containment, controllad release, and
groundwater flow time which, if met, will contributa to meeting it.

3. Additional considarations

Usa of an assumed HLW standard provides a basis for specifying
numerically, at this time, performance of individual birriers.(e.g..
containment) undér‘anticipated procasses and events. : However, when a HLW
standard is promulgated, the Commission should have thae discretion to
review and change as needed the numerical values specified for these
barriars in Iight of that standard. Among the factors the Commission
might taks into account in exercising this dis;retion are the age and -

—— L 4 ——

* On Dacember 29, 1982 the EPA published a ProposedVHLw Standard which
is somewhat diffarent from Draft 13. An analysis of the impact of the

diffaerences batween the two versions appears in_Appendix A to this
Rationale.
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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'fcreciosed
the possibility that considerations related to unanticipated processes
and events could form a basis for changing the specification, for
requiring additionaiAspecifications, or both. . )

VII IMPACT OF NUMERICAL REQUIREMENTS ON ROUTINE RELEASES

As stated in Chapter VI, Oraft 1S 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 geclegic setting.
We-expect EPA to publish soon & proposed standard for public comment
stmilar to this draft. This chapter contains an assessment of the -
contributions tc overall performance under anticipated processes‘énd

. -events. An assessment of the mitigation of unanticipated processes and
_.events appears in Chapter VIII. The working draft of the assumed

standard fixes & number of parameters &gainst which the overall

| -performance of airepository will be evaluated, including a location at

which performance is to be measured (the boundary of the accessible
environment), & measure of performance (cumulative releases of specific
radionuclides measured in curies), and an interval during which
_performance i{s to be measured (10,000 yezrs). In the draft_Supplementary
Information acccmﬁanying the warking draft, the EPA aTso“ncies {ts
judgment that regulation of releases for & 10,000 year friterval will
-protect publtc health and safety. beycnd 10,000 years. Specific iimits :

. for reieases for reasonably foreseeable (anticipated) prccecses’and

events appear in Table 2, and were applied here in accordance with the
footnote to that table. : .
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Tabla 2 ) S
Limits of Cumulat1vé Raleases to the Accassible

Environmant for 10,000 Yeaars Aftar Disposal
According to the Assumed Standard

' Réleasa Limit'

Radionueclide . : Curiags Per 1000 MT
Americium=241 .' | o 10
Americium-243 o . 4 |
Carbon-14 ' 200 .
Cesium-135 2000
Casfum=137 . 500
Neptunfum=237 20
Plutonium=-238 " | | 400
Plutonium=239 | | 100
Plutonium=240 , 100
Plutonium=242 ' ) 100
Radfum~-226 .3
~ Strontium~-30 ‘ 80
Technatium=39 . | - 2000
Tin-126 _ . ' -

Any other alphi-emitting a : -
radionuclida . _ 10

Any other radfonuclide
which does not emit _
alpha particlas 500

NOTE: In casas whera a mixtura of radionuclides is projectad to bae
raleased, tha limiting valuas shall be detarmined as follows: For sach
radionuclide in the mixture, detarmine the ratio batwaen tha cumulative
ralease quantity projectad over 10,000 years and the 1imit for that
radionuclida as aetarmined from Table 2. Tha sum of such ratios.for all
the radionuclidas in the mixture may not excaed ona.

Ffor axamplae, 1f radionuclidas A, B, and C are projectad to be ra!eased

in amounts Q_, ana Q_, and if the applicaole Releasa Limits are RL_,
R RL_, thgn tBe cumulStive raleasas over 10,000 years shall ba a’
1131ted®so that the follawing relationship exists:
Q Q
Q % L

RL RL, AL

R
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For purposes of our assessment, consistent with the assumed standard, tne
accessible envircnment is assumed to be all areas on the Iand surface
regardless of distance from the repository and to include 211 subsurface
locations beyond & vertical surface cne mile away from the location of
the emplaced wastes. These boundaries appear in ngore 13. (A more recent

' workiog draft of the standard allows a distance of ﬁpito‘io km rather

than 1 mile. This change does not significantly affect the results of the
present study, however, since only the grouodwater tréve} time explicitly
appears). For an actua) repository the distance from the wastes to the
vertical boundary of the &ccessible envircnment {is expected to be site
specific but not to exceed 10 km.

Routine Release ECEnario: The Undisturbed Repository

~ The NRC staff identified & scenario for the purpose-of showing the effect
.of numericzl requirements for the engineered barrier system and the

geo1ogic setting on the performance of a geolagic repository which is
cperating normally. A diagram of this scenaric appears in’ Figure_13

It. is. anticipated that if. radionuc]ides are releesed from an undisturbed

- repesitory to the accessible environment, this reledse will take place by

failure of the container surrounding the wastes, dissolotion of the =
wastes by groundwater, and migration of the radiocactive maoerial
dissclved from the wastes with the groundwater to the accessible
environment. For this reeson’ locatien of the underground facility in the
saturated zene is considered a realistic bounding case for rcutine
release. In this scenarie, groundweter is presumed to resaturate the

_repositery within a few centuries after closure &nd 'to initiate "‘

detericration of the waste packaoes, causing eventual breaching of the
waste packages and start of radionuclide release to ;he_underground
facility. In time, the radionuciides are released to the geologic
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setting. The assumption of prompt resaturatien {s conservative but
reascnable because veid spaces in . the backfilled . repository will result
in a nydraulic gradient that will tend to promote flow {nward, and
because some natural 1eakage is anticipated. An upward hydraulic
gradient in the geoiogic setting {s assumed, causing groundwater carrying
the radionuclides to move vertically through the hast rock from the
repository to an ocverlying aquifer. The radionuclides thea follow the
groundwater flowpath horizontaliy along the aquifer away from the
repository and eventuaiiy reach the accessible: environment.~Transport of
some radfonuclides tnrough both the host rock and the aquifer f{s assumed
to be {mpeded by chemical retardation and by limitations on radionuciide
salubility. Aiternative release paths mignt be selected, such as a
downward gradient which could move radicnuclides to an underiying
aquifer. However, thermal effects will tend to enhance transpert to an

_averlying aquifer, so this upward case is considered realistic. This

scenaria wi11 be considered for the three medtia currently of greatest ,'
{nterest for HLW disposai. basalt, tuff, and salt. Evaluation of this
scenario involves prediction of the behavior of an undisturbed repository
taking fnto 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 & 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. geoiogic'
repository. The model selected for describing this scenario is.a’
quasi-two dimensional model in which the radicnuclides travel vertically
uoward, botn tnrougn the repository and from it to the aguifer, after
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which they traval horizentally along the aquifer. This moda] approximatas
the groundwater flow shown in Figure 13 by a saries of legs, shown in
Figure 14. Legs A and B corraspond to the upper aquifer, leg €
corrasponds to flow through the underground faci]ity itsalf and leg O

corresponds ta flow from the underground facility through the host rock
to the uppar aguifar.

A numbar of éimplitying assumptions have been mada in ordér to implement
this model.. These assumptions.are consistant with genarally accepted
practica in transport medaeling and are not {ntended to 1ntruducg eithar
consarvatism or non-consarvatism into the analysis. First, oné-
dimensional Darcy flow is assumed, implying low Reynolds number flow in
porous media, and implying that all significant flow is unidirectional.
Low Reynolds number f'low is reasonable in view of the small conductivities
and hydraulic gradients involved in geolegic disposalvsystems. Porous
flow {s reasonable for sandstone aquifars assumed éb_dvarlie'hedded salt,
but for basalt and tuff flow through fractures_is 1ikely. Tharafora, the
hydraulic conductivity has been adjustad for basalt and tuff to roughly.
approximata fracture flow. Presumption of unidirectional flow in the
lags has been shown to Tead to good agreement with ccmplex multi-

dimensional modals such as SWIFT (Ref. 7-1) far applications similar to
this one (Raf. 7-2 and 7‘3) -

The modal also prasumes that rock propertias ara ‘invariant for the length
of an individual leg, so that proparties such as parmeability and ‘
chemical ratardation are constants. A radioﬁuclidehpassing through an
actual unit is likely to encounter a spatially varying envircnment that
may affect 1ts valocity. The constant propertias of the leg spacified in
tha modal therefors ara spatfal averages of estimates of tha aquifer
properties, so that a radionuclida is modaled to traverse tha leg in tne
same length of time it would taka to traversa tha aquifar unit the lag
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reprasants. Furthar, the rangas of the proparties considared below aras
considered to ancompass the changaes in thesa properties that ars
anticipatad to occur along actual aquifar units.

Anothar simplification made by this modal is that it doas not account For
all of tha affects of the heat releasad by the wasta. The modal deces
account for tharmal buoyancy affects on Tlow in leg D, by adjusting the
prassurs at point 2, the point where. flow entars the undarground

facility. The modal doas not account, howaver, for possible permeability
changas ia tha overlying host rock which might rasult from thermomechanical
affects. Finally, as applfed here, the model does not deal with tha specific
procassas which causa canistar failure or which affect radisnuclide

releasa rates from the engineared barrier system.- It tharefore does not

deal with the uncertainties associatad with ‘early failure of containment

-

" such as hydrothermal dissolution of waste forms or failure of the

backfi{11 to ratard radionuclides dues to elevated temperatures or
radfation fluxes. '

Ciaarly, tha modal described above is highly idealfized, and the behavior
and models of an actual sita will prozably bes much mora complex. Howaver,
it is tha staff's view that the model is more than sufficient to
accomplish its purposa in this document. That is, the mecdal providas
significant, realistic insight into the reiationship between numerical
critaria and repository performanca.

To implement this modal, the NWFT/DVM coda Qas usad (Raf. 7-4 and 7-3),
which requires an extansive sat of parameteés as input data. Thase
paramatars, whosa salection reflects the assumptions mentioned above,
have baen dividad into two groups; the first {s subject to ralatively
11ttle uncartainty, the sacond reflects many of the sourcas of
uncartainty discussed in Chaptar V. The first, to be called fixad
paramatars, ara those quantitias which dafina the system and which are
spacifiad as point values. In an actual casa thesa paramatars would de
fixed by the gaomatry of the site ang tha propartias of the fluid and
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waste which are relativer‘we11 known. These include the distances along
the legs shown in Figure 14, the cross-sectional area of the legs, fluid
properties such &8s density and viscosity, and waste properties such as
fnitial 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 by distributions. .These variables include so!ubility and

. retardation factors for {ndividual radionuclides, and ‘factors affecting
groundwater travel time, such as permeability and hydraulic gradients. In
addition, this group includes parameters for which numerical criteria
were established in the Proposed Technfcal Rule, such as conta{nment time
by the waste packages and radiocnuclide release rates from the underground
facility, so that repository performance can be assessed &s these
parameters vary over the given ranges.

Table 3 jdentifies the fixed parameters useé by the.model and the_values
used in the analyses. Table 4 identifies the variables whose values are

approximated by distributions in the calculations, and gives the ranges

of those values used in these analyses.

Input Data for Routfne Release Scenario o ——— e

The point values for the fixed parameters shown in Table 3 reflect the
media and underground facility designs currently being given the most
emphasis by O0E. The dimensions of the underground facility which lead
to the areas of leg C and D and the length of teg C are taken from EPA's
granite reference repository (Ref. 7-€). The areas of legs A and 8 s
‘are consistent with overlying aquifers for repositories located in basalt,
tuff, and salt (Ref. 7-7) and the length of leg 8 corresponds to the cne
mile distance to the accessible
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TABLE 3. FIXED PARAMETERS FOR ROUTINE RELEASES IN
BASALT, TUFF, AND SALT

Bescriotion

Area of Teg A

a n » B

n n | c

) 0 n 0

Length of leg A

n L] L B

n ] ] c

: * ™ D (Basalt)
" oL {Tuff)
LJ L ] L sa‘ t) l

Conductivity of leg C

Porasity of leg C

Pressure at point 1

Initial radionuclide inventory
Radionuclida half lives ‘
Water Density ‘

Watar Yiscosity

*From Ref. 7-7.

Value

infinite
got needed

*
*

62.3
1.02

T e —wesm v e

Units
12
t°

3'53'8.’*

psi

Curies

years
3P

Centipoisa

oy T ————— —— ot
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TASLE 4. Variables ane their ranges. (For nawmal dnd lognormal N
. ¢istributions, ranges are for 001 and .999 quantiles.)

‘

fange in

(1.ce2, 3.228)

Rangs in welgea tuff Range in
Variasle Sistritution Basalt non~zeclitizad Secarae s3lt unies
X3 for As ’ : - : o
ia n:s: reex tegnarmail T (2861, 2.0E8) (l\.SE%. g.m) {S.CELl. 1.CE4) al/g
for » ‘ o '
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environment. The iniﬁial radionuclide inventory is taken from 00E's
orojections far spent fual (Ref. 7-8).

The variablas which appear in Table 4 reflect many of the uncertainties
discus;ed at length in Chaptar V. Uncertaintias in geohydrology include
predictions of conductivities, porosities, hydraulic gradients and

dispersivitias. Thesa sources of uncartainty are accountad for in tha

modal by expressing thesa variables as distributions of valuas which span
the range of availablas data. Similarly, distributions of solubilitias
and distribution coafficients (Kd's) are usad in recognition of the
uncartainties invo1ve& in predicting thesé proparties. Three
radionuclides, 1291, 146. and ngc, do not appear to be ratarded
chemically, and ara therefore prasumed to move at the same spead as the
groundwatar. This information was developed by Sandia National Laboratory

undar contract to NRC through a review of the available data for

‘partinant sitas and rock farmations (Raf. 7-7). These data ars consistent

with conditions to be found in the madia being invastigatad by DOE and
are considared appropriata for this modeliling exercise. Howaver, it is
recognized that a thorough analysis of a spacific sita might well make
usa of additional or different data which would be more pertinent to ihat

partfcu!hr site. The ranges and distributions for wasta package l1{fa and -

radionuclide releasa rata wara salactad to uniformly bound the numerical
valuas in the proposad rula.

Output From Routina Ralaase Scanario

The affacts of the variables whose uncertainties are modaled by the
distributions in Table 4 on repository parformanca werae investigated by
repeatadly running NWFT/OVM using a standard statistical sampling
technique-(Ref. 7-9, 7-10). In this statistical tachnique, 2 “casa"
ccmposad of 25 valuas, one for each of tha variables in Table 4, was

0042.0.0
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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 nadionﬁclide release rate from the underground facility 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 horizental axis and ground-
water travel times are varied along the vertical axis. It should be noted
that the release gates7shown are limits which apply to all radionuclides for
a particuior case;,if‘thefso1ub113ty for a particular nuclide for that case
was sufficiently Yow, that radionuclide might be relezsed more slowly

. than the release 1imit associated with that case. The lines plotted on

. the figure are for constant fractions of cases tested which fa11 t0 meet

“the assumed standard.,For example, for a groundwater travel time of 1000
years_and & release rete from the underground faciIity of about 1 part in
40,000 per year, the fraction of cases failing to meet the assumed standard
1s 0.10 or 10%. Similarly, at.a groundwater tfave! time of 100 years, the

© . release rete from the?underground facility at which the’ fraction of cases = °
failing to meet the standard is 0.10 is about 1 part in 300,000 per year. -

Enagineered Earrier Svstem Release Rate Reauirement — e commmce — ooo-
Impact of Release Rate on berformance

Figures 16 and 17 are‘likeijgu}e 15, but for bedded salt and non-
zeolitized tuff, rather than basalt. In interpreting all three figures it

{s. very important to note that the range of groundwater travel times in each
figure has been selected to fllustrate the impact of the numerical value

0043.0.0
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Hedium is bedded salt.
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of 1,000 years propesed in 10 CFR 60. The staff dces not fntend to {mply
. that this range {s necessarily likely for an actual site. In particular,
the staff recognizes that the generally low permeability of salt may
result in longer groundwater travel times. . Nevertheless, a routine

release scenaric in salt is considered because of the uncertainties
discussed previcus]y. N o~

In Figures 15 and 16, it is seen that as the- release rate from the repos-
{tory decreases, the probability of failing to meet the assumed standard
decreases significantly for both basalt 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 frem the undergroynd
‘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 assumed standard. Outside these regions, changes in release rate ‘from
the underground facility and in the groundwater travel time have less
impact, since they do not cause the 1ines of censtant fafilure rate to be
crossed. (Although no fractions less than 0.10 are shown in the figure,
it {s apparent that the largest gradients are near the lines shown.)

For basalt (Figure 15), decreasing release rates from ;he underground -
facility from about 1 part in 5,000 per yeaf‘to about 1 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 releese rates freoa the underground facility ta ebout 1 part im-

100,000 per year fis needed to achieve a fraction of fei]ures belew 0. 10

For these media, it is therefore quite advantageous tn heve a release

rate frem the undergreund facility as 1cw &s about 1 part in 100,000 per o
year, but there {s Iittle further improvement to be gained frcm &

substantially slower re1ease rate, since this re1eese rate results in
ccmpIiance with the assumed standard for most travel tfmes.-

.0n the otﬁer'hahd. 1hspectioﬁ'ef Figure 17 reveels that fof'e repokitorj
-in the saturated zone "in non-zeolftized tuff the greatest imprcvement 15
gained by having releases less than about 1 part in 1,000,000 per year.
This result is due te inferior geochemical retardation of uranium in non-

zeolitized tuff compared to basale or bedded salt, consistent with the

+ 0044.0.0
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relativaly lower range of Kd's for uranium in-non-z20litizad tuff which
appears in Tabla 4. Howavaer, it is recognizad that many tuffs ares
~zeolitized, with gacchemical retardation propertias substantially battar
than non=zeol{tized tuffs. Table 4-A consists of a comparison of the
ratardation proparties of zeolitized and non-2eolitized tuff aquifars
(Ref. 7-7). Figura 18 resuits from an analysis identical to that of

Tabla 4-A. Kd Ranges in Zeolitizad and Non=Zeolitized Tuff Aquifars
- (A1l distributions are lognormal)

Variable . . PR Range - Range ,
Zeolitized Tuff . Non=Zeolitizad Tuff

Kd for Am (6.0E2, 9.5E3) (8.581, 3.8E2)

Kd for Pu (2.582, 2.0E3) - (7.081, 4.5E2)

Kd for U . (5.0E0, 1.5€1) (1.08-2, 1.1E1)

Kd for Np (4.3E0, 3.1E1) ¢(5.0E0, 7.0EQ)

Kd for fission oo . )

products . (2.9E2, 2.2E5) {(1.282, 38.6E3)

Figure 17, except that the aquifer is presumed to be zeolitized, and for
that casa, the behavior of a tuff repository is very much 1ika. thosa in
basalt and bedded salt. In Figures 17, reducing releass rates from the
undarground facility to about 1 part fa 100,000 per year will achiave a
fraction of failures below 0.10. Figure 17 also demonstratas that the
impact of the rata of releasa of radionuclidas from the engineerad barrier
system is media specific. Tha staff dces not fatend to imply that at an
actual tuff site radicnuclide transport must ba through aithaer zeolitized

- or non-zeolitized tuff, but recognizas that both types of tuff are
- 1ikaly to be traversed.

Altarnatively, the influence ‘of the engineered barrfer re?ease rata can
ba avaluated by directly comparing raleasas from tha engineerad barriers
with the releasa limits of Tabla 2. Tabla 3 prasents such a comparison
for a ralaase rata of 10 ° par year follewing an inftial 1000 year
containment pariod. Tha quantities raleasad do not greatly exczed tha
limits for any of the nuclides aexcept Am and Pu. This tabla demonstratas
that a low raleasa rata from the enginesered barriers {s able to
contribute substantially to overall reoository performance, and mAY 3q
provida 3 very dasirable degres of radundancy for nuclides such as ““T¢
which are unlikaly ta be contrelled very effactively by the geologic
barriers.

0045.0.0
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. Table 5. Effectiveness of 10> per year release | ,
rate in complying with the EPA standard.

RELEASE TOTAL |
RATE IF RELEASES RATIO OF
REPOSITORY £QUAL TO (YEARS TOTAL .~
INVENTORY  INVENTORY, 1000 to - EPA RELEASE TO
NUCLIDE @ 1000 vr TIMES 10 °*  10.000) LIMIT EPA LIMIT_
. €1/100,000 (ci/yr)  ~(ci) (ci7100,000 .. .
MTHM) . m) - )
Am-241 9.24€7 9.2£2 3.085 -~ ~1000 . 3,000
Am=243 , 1.57E6 1.561 1.465 400 350
c-14 1.3583 - 1.4E-2 1.2€2 - 20,000 0.00t
Cs-135 2.2384 2.28-1 2.0E3 : 200,000 ~0.01
Cs-137 1.00 1.0E-5 3.4E-3 50,000 0
Np-237 1.085 1.0E0 9.0E3- 2,000 4.5
Pu-238 9.884 - 9.86-1 . - 8,2E2 - 40,000 - 0.02
Pu-239 3. 267 3.282 2.966 10,000 , 290
Pu=240 4.4€E7 4,482 4,086 .~ 10,000 400
Pu-242 1.7€5 1.7E0 1.584 10,060 : 1.5
Ra-225 2.84E2** 2.84E-3 2.681 300 0.09
Sr-90 1.58-1 1.5E-6 4.8E-4 _ 8,000 0
Te-99 1.4E6 1.481 . 1.365 200,000%** . 0.85
Sn-126 . 5.684 . 5.6E-1 5.0E3 < 8,000 ' 0.62
Total 1.7x10%8 1783

*Equal to 1!‘.)'5 x values in columm 1. Note that raleasa ratas at or below 1.7 Ci/yr (0.1%
of total rata) meet the rule. _ :

**Raleasa calculations based on inventory at 1000 years. In the absance of leaching, the
quantity of Ra-226 would increase to 1.22E4 Ci per 100,000 MTHM at 10,000 years.

.*xxTha proposed EPA standard published in the Federal Register revised the Tc-99 release
limit to 1,000,000 Ci/100,000 MTHM. The corresponding ratio of total release to the

EPA 1imit would be 0.13. _Ihis change has no impact on the overall conclusions regarding
the effectiveness of a 10 ~ per year release rate in complying with the EPA standarg. See
Appendix A for further discussion. :

e
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_ Achievability

As stated in the proposed ru1e, “"Proof of the future performance of .
engineered systems and geologic media over time periods of a thousand or.
many thousands of years {s not to be had in the ordinary sense of the -
word." Demonstration of complifance with any of the performance .- .
cbjectives will be accomplished through extrapolations and data using -
physical models based on accelerated tests and natural analogs which are
subject to uncertainties. These uncertainties can only be expressed as a °
statement of relfability or probability that the ériterion will be
achieved. To require absolute assurance of exact numerical compliance is

‘nefther reasonable nor intended. Rather the quantity and quality of the
-data and the methods will be carefully reviewed as part of the lfcensing

process.

While DOE has not proposed Y particular design toc control releases from
the engineered barrier system, considerable research and development has
been devoted to the subject. The KRC 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 Laborafﬁ?& (Ref. 7-11) has conc]u&ea that the
criterion is readfly achfevable, and in some cases exceeded, using
borosilicate glass encased in non-radiocactive glass. -

Savannah River Laboratories consider that this requirement can be met by
either of their waste forms currently receiving most attention, boro-
si11cate glass or SYNROC (Ref. 7-12). The Department-:of the Interior in

criterion by means of a succession of barriers at Tow temperature : _ R

“conditions (Ref. 7-13).

Nowak considers that a oné-foot-thick backfill barrfgr around the waste
can delay breakthrough of most fission products for 1000 tc 10,000 years,
and the breakthrough of transuranics for substantially lenger (Ref.

7-14). Smith, Salter and-Jacebs suggest that, for the case of Hanford
basalts, low sclubility alone may-1imit releases from the underground
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 frem the engineered system to 1 part in 100,000 per year

at 1000 years §s reasonably achievable, particu]arly'in view of the
Commission's statement that sbsolute proof aof compIiance is nct required.

0046.0.0
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The staff also notes that i{n procaeding from the propased rule to the final
rule the performance objectives have been statad with significantly mora
flexibi1ity. Tha staff recognizes that a limit on the rata at which
wastas can ba released will depend on such factors as the naturs of the
wasta, the proparties of tha geologic satting, and the uncartainties ..
associated with all aspects of geolegic disposal. Proper considaration

of such factors must be a part of any requirement on re]ease rates from
tha enginearad barrier system. . ’

Geologic Setting Groundwater Travel Time Reauirement;ﬁl.;'hnh

Impact of Traval Time Requirement on Parformance

Figuras 15 and 16 also show the effect of groundwater travel time oh the
fraction of casas whosa results fail to comp!y with the assumed
standard for basalt and bedded salt. In each figure, groundwatar traval
timas of saveral hundred years are required to raduce the fraction of
casas which fail to 0.10 or less, without simultaneously requiring
excassively low ralease ratas from the underground faci]ity. It is also
sean that groundwatar travel timas approaching"10,000_yearsrare naeded to
reach the region wheras rapid release ratas froh_the engineered barrier
 system such as 1 part in 5,000 per year and faster can be toleratad.
(This is intuitively reasonabla since the mcdel assassas repesitory
performance over a 10,000 year intarval and a 10,000 yeér groundwater

travael time would prevent radicnuclides from reaching tha accassidbla
environment during that time.)

It has alrsady been demonstrated that a releasa rate from the underground
facility of 1 part in 100,000 par year is appropriata, and a neminal
groundwatar traval tima requirement should ba consistant with {t. Such a
value could 1ia batwean savaral hundred and saveral thousand years for
basalt and badded salt, and a value of 1, 0090 years, fn'conjunction with

reasonably achiavable 1each rates, can significantily 1ncreasa confidenca
that the assumed EPA standard will bas met.

0047.0.0
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Figure 17 shows that a groundwater travel time of more than 6,000 years
is needed to achieve reasonably low repository faflure rates in tuff if the
release rate from the underground facility is 1 part in 100,000 per year
and 1f the aquifer is non-zeolftized. As shown {n Figure 18 and as noted
in the discussion of the release rate criterion, this result is improved
if the aquifer is assumed to be Zeolitized, in: which case a groundwater
travel time of 1,000 years -can significantly increese confidence that ‘
the assumed EPA standard will be met.

Achievahility-

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 0.67 for basalt, 0.93 for bedded salt, and

0.28 for welded tuff. While the permeability and hydraulic gredient data.

(from Table 4) uséd in these analysés 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 Hanferd site, and reports (Ref 7-16) N
that the averzge distance which groundwater travels from the underground .
facility in 10,000 years §s 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, zfter
800, 000 years, the groundwater has moved less than s kilometers (abouc 3
miles) from the underground fecility : ,

The. staff considers thet 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 eccessible environment
which {s located up to 10 kilcmeters 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 relfance on the ability of the underground
facility to minimize releese rates, and is readily achievable.

Further, the 1000 year groundwacer trevel time requirement is an -

essential component of the defense-fn-depth concept as applied to waste ‘
disposal. This requirement constitutes & quantifiable criterion for the -
geslogic setting to meet, in contrast to the remainder of the siting
eriteriz for which compliance will be determined by expert judgement. -

The 1000 year groundwater travel time requirement thus constitutes an
invaluable measure of the ouality of the geslegic setting. )

0048.0.0
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The staff again notas that performance objactives hava baen statad with

significantly more flexibility in thae final rule than in the proposed

rula. The staff recognizas that a minimal groundwatar travel time will

. depend on such factors as the age and naturs of the wasta, the dasign of
the enginesred system, the proparties of ths geolegic setting, and tha -

uncaertainties associatad with all aspects of geologic disposal. Proper

consideration of such factors must be a part of any minimal groundwatar .

traval time requirement.

Engineered Barriar Svstem Containment Time Reauirémentv

Impact of Containment Tims on Performance

Tha impact of a containment fnterval on repository parformance fs
discussed from a different perspective than criteria on release ratas
from tha engineerad barriar system or groundwatar travel time. Use of a
long lived packagas to achieve containment {s a means to compensata for,
and to an extent avoid, uncertainties in the prediction of ratas of
ral2asa and migration of the individual radionuclides, particularly
during the critical pariod when the hazard of tha wastas {s greatast and
the heat gensration rates arae the highest. These uncartainties have been

discussed in Chaptar V, but for convenienca, they are briefly rev1ewed
balow.

Temperature is one of the principa1 factors 1n caIcu1at1nq what the
sourca tarm to the geelogic setting is. Ouring the initial pericd the
uncartainties in predicting release ratas for long times are vary great.
Even if wa did undarstand tha mechanisms completaly, the data scatter
increasas with temparaturs so that tast- programs to gather the data to

narrow the uncartaintias to reasonable bounds are very cumbarsoma’
(Ref.7-18).

Additional uncertainties due to thermal effects influence raéionuc]ide
transport following rélease. Thermally induced convection near the
undarground facility may occur and may transport radionuclides in
unanticipated ways. Tharmemechanical affects may creata pathways for
groundwatar to traval through the host rock in the disturbed zone. 8y
containing the wastas until the repository temparatures have peaked and -
are spatially relatively uniform, much of the uncertainty.associated with
thasa effects can ba 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 ana retardation factors. The latter uncertainties recall .
Chapter II and the Untreated Dilution Indices appearing in Figures 10,
11, and 12. 8y 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 1s 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 thé same general
characteristic in each figure. It is seen in Figures 4, 5, and 6, that
the rate at which total heat is generated by the waste decreases so that
at least a 99% reduction in heat generation rate dccurs within the first
few hunared years for each of the waste types.. Repository temperatures
may have peaked and become spatially relatively uniform by this time, or
may require-additional time, depending on parameters such as the thermal

- properties of the host rock and the design of the engineered barrier ‘
system. 'As seen in Figures 7 through 12, the toxicity of the fission
_products decreases by more than five orders of magnitude during the first
1,000 years and then remains essentially constant for the next 100,000
years. Thus, to & large extent, the uncertainties introduced by the heat
generation rate and the fission preduct contributions to hazard can be
compensated for by containment times in the range of several hundred to
1,000 years. However, the staff recognizes that the interval during .
which wastes should be contained will depend on such factors as the age
and nature of the waste, the design of the engineered system, the
properties of the geologic setting, and the uncertainties associated with
all. aspécts of geclogic disposal. Proper consideration for such factors -
must be & part of any containment requirement. .Therefore, by compensating
for several of the principal sources of uncertzinty in assessing ’
repository performance, a containment time of several hundred to 1,000
years is appropriate to contribute to reasonable assurance that the EPA’
standard, as it pertains to anticipated processes and events, can be
satisfied. o T S :

Achievability of Cohtaiﬂmeht'ReQuiféméht

As expressed more generally in the discussion of the achievability .of
release rates, the staff does not intena that the containment time
requirement be achieved absolutely for all of the waste (i.e., absolute
procf of zero release for 1000 years is not requirea). It is expected
that containment of the waste will be substantially complete, with
reieases during tne containment time limited to a small fraction of the
inventory present. What is intended is that the waste package design

0050.0.0
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have a high relifability, taking intc account anticipated procassas and

avents that could affect package performanca. It is realized that a

small fraction of tha approximataly 100,000 packagas will be breached

bafore 1000 years dua to variations in materfals, manufacturing

procasses, etec. that can only be estimated using statistical proceduras.
Similarly, a significant fraction of the packages may remain fatact for .

much longer than 1000 years. Tt

B T

There has been'considerable empéasis in the DOE program over tha last
- sevaral years on the resaarch and development neaded to dasign allong .
' lived waste package. NRC has, in its own program, been reviewing 00E's

RAD and has besn gerfers g asgessments of tha uncertainties involved in

desjgning'a wasta packaga that could reasan;b]y be axpected to cnntain
wasta for 1000 years.

8reckhaven Natidnal Laboratory (Ref. 7-11) statas that a multilayarad
* matal -contafner-can provide cantainment for 1,000 years, as can carbon
coated particles and high silica glass coated waste forms. Westinghouse
has daveloped for OQE conceptual designs for titanium clad and
-self-shialded cist steal and cast fron containers which they consider
* will contain wastes for 1,000 years in basalt (Ref. 7-13). A report
for tha Electric Power Rasaarch Instituta describas a container\capab1e{
" of retaining its integrity for 13,000 years (Ref. 7-20). While DOE has -
not yet proposed a wasta package design, the NRC staff considers that
tha ccncepts baing considered have promisa and that a design objective
for containment by the waste package of 1000 years is reasonadla.
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Combined Performance Objectives For The Routiee Release Scenéario

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 1S. Like

Figures'1§ through 18, Figure 19 results from repeatedly running NHFT/DVH

‘using a standard statistical sampling technique (Ref. 7-10). However, in

the analyses leading to Figure 19, gfounﬁwatet travel times were not

1imited to those shown iﬁ theapfeceeding figuées but teok the values

natura11y resu]ting from the distributions of gradients and permeabilities

- sppearing in Table 4. In this figure, the -herizontal axis dispIays ratios
of releases of radionuc1ides determined by NWFT/DVM to the releases
 permitted by the assumed EPA standard for routine releases described on

page 49 and Table 2. The vertical axis disp1ays the fraction of cases in
the sample which exceed the value appearing on the horizontal exis.  The
figure displays results for the. unrestricted cases. whose variab]es span
the entire data ranges in Table 4 regardless of whether or not they

i satisfy the 10 CFR 60 criteria. and the results for &llicases which are
. in compliance with 10 CFR 60. It may be seen that far @ glven frequency -

of releases, the cohsequences associated with that frequency decrease by ----- -
two to three orders of magniiude. For example,:jnfthe-uﬁrestricted case )
there is about g O‘OS or 5% probability of exceeding the assumed standard

by a factor of 10. However, for the case of & repository which complies

with 10 CFR 60, the prcpab{11ty of about 0.0S or 5% is associated with

releases of about 1/30 of the essumed standard, an improvement by a facter

of 300. Likewise, about the worst ln or 2% of the unrestricted cases result
~ in releases exceeding the assumed standard by & factar of about 200, but

the worst 1% or 2% of the restricted cases result in releases of about 15%
of the assumed standard, an improvement by a. factor of more than 1,000.

Figures 20 and 21 contain similar resulﬁs for bedded salt and non-zeolitized

_tuff, respectively. In each case, the releases resulting from about the worst

0052.0.0
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1% or ZI of the cases tested are reduced by about a factor of 50 and are
brcqght_within the release limits permitted.by the assumed standard.

A ccmparison cf Figures 17 and 21, - for non-zeolitized tuff, ‘raises the point
that in Figure 17, compliance with the release rate and groundwater. travel
time values sti1l permits about a 0% probability of repositcry failure to
meet the assumed standard, but Figure 21 indicatés that. similar compliance

will result in a near-zerc probability of faflure. These figures are

consistent, because the permeabiifty and hydraulic gradient data for tuff
which appear in Tab1e 4 generally result in long groundwater travel times,
and the entire range of these data was used to arrive at Figure 21. Thus.

for non-zeo1itized tuff, . the relatively low geochemical retardation of

uranium compared to other media, which was discussed in connection with '
Figure 17, 1s compensated for by relatively 10ng groundwater travel times.

Therefore, 1n Figure 21, both the unrestricted case and the case in

compliance with 10 CFR €0 have samplie points with grcundwater travel

‘times which generally exceed thousands of years, and therefore result in

releases to the accessib]e environment belcw the assumed standard,

In summary. for & routine re1ease scenario in basalt, bedded salt, and non-
zeclitized tuff for the variable ranges tested, the consequences’ associated
with varicus proebabilities of releases are reduced by between & factor

of S0 and & factor of 1,000 by complying with the performance cbjectives

in 10 CFR €0. The staff considers that these {mprovements demonstrate

that compliance ‘with 10 CFR 60 can substantially increase confidence

that the assumed EPA standard will be met.

VIIIVIHPACT qs NUMERICAL asquxnsmsnrs,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 .
0053.0.0 ' '
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HLW standard. We also discussad how requiring containment of the wastes

within tha wasta packags substantially contributed to cnnfiqenca that the

assumed standard would ba met. In this chapter wa show how the numerical N
requirements, {f met, would limit the consequencaes of a failura of a h

portion of tha repository system (the natural barriers). Wea présent~this_ .
chapter by way of {1lustration only. We have made-no astimate of -the - - ...
“prebability of such avents actually occurihg.' Estimates of the - -

" 1ikalihood of 3 lcw probability geologic avent that could disrupt the

repository can only be made on the basis of tha geologic record for a
particular sita, and sven then will involve considarable uncertainty.
Howaver, we f11ustrata how the numerical requirements for the individual
barriars mitigata the consequances of failura of tha natural barriers
with respect to the assumed EPA standard as it app11§s to unanticipatad
processas and avents.

1.  FAULTING SCENARIO

There are_plausibie scanarios in which the geologic barrier is breached.
One such scenario assumes a fault through the underground facility,
extanding through an overlying aquifer. We assume that tha fault offars

" no hydrologic resistanca to_vartical flow to the overlying aquifer, which

carries the contaminant to the accessible environment. However, we
assuma that the fault does not breach any waste packagg; and does not
influenca the ralease rata from the anginesred barriar system.

Tha code used t3 avaluata this scanario {s tha same NWFT/DVM caode that
was used in the routine releasa scenarie. 1In this case leg D has been
modified to simulate tha result of the fault described abaove by assuming
fnfinita parmeability and a zero ratardation facter. The variable rangas
for the fluid parameters are those for basalt shown {n Tabla 4 of Chapter

0054.0.0
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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 . . . .

Figuré 23 shqws the fraction of ocutcomes of the.faulting scenarfo
exceedingivaricus multiples of the essumed EPA standard. Results are
displayed both for‘répositories‘which meet the numerical criteria
associated with the engineered barrier system and ‘for repositeries whose
contzinment interval and release rates span the ranges for these ,
variables shown in Table 4. The staff has not attempted tc estzblish a
standard for releases for this scenario. However, for comparison
purposes, it may be seen that for an unrestricted'rebdsitory, the 20 per
cent of the cases whose releases areﬁhighestureSUIt in releases from about
1,000 to 15,000 times those permitted by the assumed standard. For a
repositeory which ccmp1{es with 10 CFR €0, the 20 per cent of the cases
whose releases are'highest'result in releases from about 30 to 450 times
. those permitted by the assumed standard. C1ear1§, fdﬁ'this scenario,
. contrelling the rate of release of radionuclides to the geolcgic setting
does have the effect of 11miting 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 ro assumption with

respect to the question of whether small-scile unintenticnal intrusion
may waréant examination at thé time of licensing, and, therefore, may be

. appropriate for inclusfon fn the safety analysis report.to be prepared by

0OE as part of & license application. Nevertheless, in this section we

. 0085.0.0
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examine the consequancas of a small scale intrusion scenario which
_assumes a borechole penetraticn into the undarground facility as an
éxample of such small-scala fntrusion, and examine the consequencas. The
medal for this scanario appears in Figure 24. As in the preceading

- scenarios, groundwatar is presumed to resaturate the repository shortly
aftar closurs and ta initiata datarioration of the wasta packagas. The

aventual brea;n of the packagas raleases radicnuclides to the underground

~faeility, and in time, to tha geologic setting. The time when the
dorahole 1s drilled is distribuied unfformly batween 100 ‘and 10,000 yesars
aftar repository ciésqre. Raleasa occurs by the bulk removal of
contaminated watar during tha drilling precass. A volume of 200 m3 (7058
ft%) of watar 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 groundwataer in the reapasitory
datarmina tha quantity of each nuclide brought to the surface (the
‘accassible environment). If a largar quantity of contaminatad watar were
brought to the surface, or if more frequent small-scale intrusions wers
considared credible, the consequencas would be‘dropoftionateiy graatar,

Figurs 25 11lustratas the effect this small-scale intrusion in terms of
consaquencs re1at1ve.to.thg assumed standard of Chaptar VII. We nota
that undar the assumptions of this scenaric, small-scale intrusion of
this type is mitigatad by the engineered barriers already required to
meat tha assumed SPA standard as it applies to routine raleasas.

IX RETRIEVABILITY

In its licansing procedurss for disposal of high-lavel radiocactive wasta
in gaologic rapositarias, tha NRC has adoptad a step-by-stap approach
that consists of four principal stages:

0056.0.0
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(1) ,Sjte chareEterization, during which detailed studies of alternative .

candidate sites are conducted before selection of one of the sites
for development as a repository.

(2) Construction authorizaticn, during which NRC reviews a license ° .-

_eppIication that contains & detafled. design and an analysis of the

' performance of the repository based on the site specific information '

~ * ebtained during a site characterization.

' (3) License to receive wastes when the epp1icetﬁon is reviewed again

prier to operation._ At this time. the repository design &nd
performance assessment are updated in Ifght of new information
obtained ebout the site during constguct1on of the repository. .

4) Permanent closure, at which time an app]icetion to terminate
operaticns and seal the repository is submitted." The applicatien
will again contain updated znalyses of the performance of the
repository in 1ight of: (1) information obtained about the site
during the operztion ‘of the repository, and (2) data collected about
‘the performance of the ‘engineered barrier system “to verify thet
performance can be expected to be within design limits.

At the permanent closure stage, the.tcmmission‘w111‘determine whether the

O0E's performance confirmation program demonstrates that tnelrepositoryv

can be expected %o work as planned. Here performance eonfirmatfon means

the program of tests, experiments, and analyses which is conducted to

evaluate the accuracy and adequacy. e¢f the {nformation used'to determine

kreasonabie assurance that the performance chjectives for the period after

- _permanent closure can be met. Commission's intent in separating the

iy w————— s

license application and permanent closure cecisfons was to be able,
following emplacement of the waste, to cbtain further information

4087.0.0
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concerning the workabiiity of the repository and to use this faformation
in making its final decision on the accaptability of permanant closura.

The retriavability option provides the capability to implement this
regulatory approach. '

s

Tha NRC staff therefore considars that tha option to retrieve the wastes '
must ba presarﬁed long enough to complate a progfam of monitoring and
varification of repository performance. The désign must also ensurs that
the option is prasarved long enéugh'to permit a decision to péfmanently
closa the repository or take any corrective actions shown to be necessary
by the varification and monitbring program. Sinca some of the
assumptions and issuaes that will need to be varified and‘rasolyéd by the
monitoring prograﬁ may not be identified until the underground'fac111ty
{s excavataed, it {s hot.possible to specifyiprior to construction the
complete content of the verification program or how_long it will take.

We expact tha verification program to avolve throughout the cperating
1ifetime of the repository.

-

On the other hand, important dasign decisions will need to be mada before
submitting an application. Soma of thesa design dacisions will affact

- the length of tima availabla to take corrective action or conduct

ratriaval, if foundvto be 6écessary. For example, the thaermal loading of
the wasta in the emplacement arsas will affact the temparatura of the
host rock and tha stability of the underground structurs. Thesa factors
will have 2 larga effact on the ability to ratrieve the wastas, sinca the
structurs could baccme tes unstabla or thas rocks toe hot to safaly
racovar the wastas. Therafores thae staff concluded that a retrievabifity
pariocd must be chosan early in the design process t0 parmit the design to
go forward, and a retrievability requirement was includad in the proposad
technical critaria. :

0058.0.9
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For the .licensing procedures to be workable, the staff considers that the
option tc retrieve should be preserved for the time necessary to emplace
a1l of the wastes, complete a performance confirmation program, arrive at
a decision as to whether retrfeval must be undertaken, end execute
-retrieval, If found to be necessary. The design for retrievabiiity .
should encompass ali of these considerations. <~

Present estimates of the time to be devaoted 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 perieds to.
complete. For exampie, some propased hydro-thermomechanicai studies (Ref.
9-3) wiii reguire 8 years to complete. Aiternativeiy, performance
confirmation may require approaching maximum temperatures fn the host

rock near tne waste package. Reaching these temperatures Will require up -

.. ts8.10 years for reprocessed high 1eve1 waste and 20 to. 25 years for spent

fuel depending on the geoiogic nedium, according to the DOE Final GEIS
(Ref. §-4). For some media and conceptua1 repository designs more than

. 2% years may be required according to TM-36 (Ref. 2-5). while the _
_;appropriate iength of such a program will be site and design specific, ‘
_ the above estimates suggest that & program extending tnrough the periodv T
' waste is heing emplaced is not unreasonabie.'ft S o
Clearily, such & program should be “initiated as early in the operationai
phase as practicable, beth to provide guidance during operations and to'
ensure that completion of the ‘program does not deiay closure. However.‘
common sense dictates that the option to modify or to friftiate a new '
phase of a performance confirmation program tate in the operationai phase
'_.shouid-be maintained.ts be zble to respond to'variabiTity in the host

- reck or to- technolegical developments which lead to engineering cnanges.
The capacity to keep the repository open for 10 to 15 years after the °
Aoperationai phase {f needed is therefore advisable. ' '

00s55.0.0
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Adding the time naeeded for tha operational phasa to the time needed to

provida the options discussed above results in a total intarval of around’

35 to 45 yaears.

Therefore, wa have concluded that the repository should be designed so
that the wasta could be ratrieved on a reasonable schedule starting at
any time up to 50 years after wasta emplacement is init{ated. We
considar a reasonable schedula to be one in which the waste could be
retrieved fn tha sama overall time that the repesitory was constructed
and wastas ware emplaced. We do not intand to preclude a dacisfon to

" permanently closa the repository before 50 years has elapsed, if
sufficient data are available to support an earlier decision, and i{f the
people charged with the decision to seal the repository are satisfied.
Howaever, wa de not want the underﬁround facility design to be such that
retriaval would ba so expensive or difficult or antail such high
occupational exposuras that the option is foreclase& and naeded
correctiva actions could not be taken. | - '

As discussad earlier.'the staff recognizas that site and dasign specific
factors will strongly influenca selection of tha dasign for
retriévasflity. The'performaﬁca objective has therefore been expressed to
parmit flexibility to taka these factors into account during licansing.

Maintaining the cption to ratriave the wastas doas not antail kaeping tha
mined areas open,‘a1though DOE may choosa tec do so in some geologic
medfa. A dasign in which the emplacament rooms are backfilled and
sealad, but corridors and sharts are kapt cpen and surface handling
faci?ities are mafntainad could be accaptablae, provided that tha rooms
could be remined and the wastes removed, i necassary. Remining of the
Back?{i1l should not bé precluded becausa of high temperatures or bacausa
it was needed for structural stability. Trade-offs baetwaen kaeping rooms

€060.0.9
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open and ventilated, backfilling, and areal heat densities are design
cptions that DOE must oonsider'in meeting this requirement. Both the
proposed and final rules dc not require that retrieval be essentially the
reverse of emp1eeement. We can foresee no situation where protecticn of

“the public health and safety would require the waste to be removed very °

rapidly.

Rather, we envision that if as the result of yeers of data collection
and analysis, a decision {s-made that the site or design 1s rot adequate
to isolate the wastes for the long term, corrective actions could be
taken. These actions could be performed cver 2 periocd of years or decades
without an 1mm1nent health’ and safety hazard. Therefore. the final rule
requires that {if a decision to retrieve is made, the design should be
such that the fnventory of wastes could be removed {n about the same
number of years in which it was emplaced. We intend for DOE to have
considerable f1ex1b111ty in the design of the repository in meeting these
requirements. ' :

A repository designed to permit retrieval of the waste heo.edvehtages in
addition to the 1imiting case of preserving a Commission opticn 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 o more effective backfill, or perhaps installatien of
additional berriers in the exits.. Desfgn ef the repository for
retrievabilfty of the waste assures that it will remain praetical te take
corrective actions should they beccme-necessary. STt o

. 0061.0.0
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'RATIONALE FOR THE PERFORMANCE OBJECTIVES IN 10 CFR PART 60

APPENDIX A - IMPACT OF PROPOSED EPA STANDARD (40 CFR PART 191)

On December.zs,'lsaz. the Environmentai Protection Agency published its
proposed Environmental Standards-for the Manacement and Disposal of __

. —

. Spent Nuclear Fuel., High-Level and Transuranic Radioactive Wastes {Ref._ _ _ _ o

A-1).. The proposed standards contain environmental standards for
management and storage (Subpart A) and environmental standards for
disposal (Subpart B), which are further partitioned fnto containment,
assurance, and procedural requirements. ‘The containment requirements,
along with related definitions are comparable to Draft No 19 of the
Standard, and are the subject ‘of this appendix.

The containment requirements (§191.13) and definitions (5191.12) of the
proposed standards differ from Draft No. 19 as follows.

1) The definition of 'Underground Sources of Drinking Water' has
been deleted. : o

2) Defintions of 'Groundwater', 'Lithosphere', 'Active

Institutional Controls' and 'Passive Institutional Controls’
have been added. R

3) In the definition of 'Performance Assessment' the foiiowing
sentences have been deleted.

“"The [Performance Assessment] analysis should-address the

uncertainties in the estimates. To provide reasonable .
confidence in the results, the analysis shall be subjected to

. , i Enclosure G
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L4

peer review by technically competent individuals independent of
the organization preparing the assessment."

4) The first paragraph of §191.13 has,béen deletad. This paragraph.
read: .

"(a) Disposal systems shall be designed to comply with the
projectéd performance requirements of this section [191.13].
These requirements are upper limits. Id'accordqnce with
Apﬂendik A [Table 2 of the proposed varsion], the implementing
.agency ;hou1d astablish design objéctives which will reduce
releases as far below these limits as feasonably achievable.”

5) In the second paragraph in §191.13, réproduced below, the
1ined-out phrase has been deleted.

“(b) Disposal systems for high-lavel or transuranic wastes
shall be designed to provide a reasonable expectation, based
upon-quantitative-perfermance-assessaents, that for 10,000
years after disposal:” '

8) The definition of accessible environment has been changed so
that the distance from the original location of the radioactive
wastas to the accessible environment, which was 1 mile in Draft
No. 19, is 10 kilometers in the proposed standard.

7) The release limit for tachnetium=99 whiﬁh‘appears in Table A of
Oraft 19 was increased from 2,000 to 10,000 curies in the
' corresponding table (Table 2) of the proposed version of tha
standara. .
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Only the latter two of the above changes, Items € and 7, could have any
effect upon the calculations and, hence, the conclusions of the analysis
upon which the Rationale document is based. In particular, potentially
affected calculations (and conclusions) involve Figures 15-21, 23, and 25
end Table 5 in Chapters VII and VIII. Therefore. these calculations.were-
redone, reflecting these two differences and results compared with the
earlier calculations -as discussed below For ease in comparison, Figures
: 15A-21A 23A, and 25A based on- the proposed standard -are presented
side-by-side with the corresponding figures based on Draft No. 19. ”

Figures 15 and IS-A contrast the results assuming anticupated processes
and events, for a geologic repository in basalt, using Draft No. 19 and-
the proposed standard as tne performance measure, respectively.
Comparison of the two figures leads to the conclusion that the .
differences between the results of Draft No. 19 and proposed standard
calculations are negligible and do not change the validity of the
conclusion based on the Draft No. 19 calculations. The same result and
conclusion obtain for the geologic repository in non-zeolitized tuff,
Figures 17 and 17f‘ : '

Figures 16 and 16-A contrast the results, assuming anticipated processes
and events, for a bedded salt repository, while Figures 18 and 18-A treat
a geologic repository in zeolitized tuff. A change in the repository
system is found as a result of the changes in the EPA standard. For .
example, in .both media,‘for a groundwater travel time of 1,000 years, to
achieve a fraction of failures below O. 10, it is necessary to reduce
release rates from the underground facility to about 1 part in 100 000

. per year if Draft No. 19 1s assumed to be the standard, while the same
fraction of failures can be achieved with a release rate from the .
underground facility as high as aoout 1'part in 40,000 if the propesed
version of the standard is assumed -a difference of about 2 = 2% or less.

Enclosure.G
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Given the two to four order of magnitude range of the variables and
results, the staff does not ‘consider that a factor of 2 - 2 difference

constitutes a basis for altering the conclusions in the rationale
document.

Figures 19 and 13-A contrast the results;zassuming‘anticipate& processas

and events, of the ralationship batween raleases and the probability of
those raleases for a geologic repository in basalt, using Draft No. 19

and proposad standard assumptions, respectivaly. Comparison of the two
ffgures leads to a conclusion that the differences between Draft No. 19
and proposed standard calculations are negligible for the raﬁgé of

conditions considered in this case and do not change the validity of the

conclusion based on the Draft No. 19 caicpiations.: Similar results and

conclusions obtain for a geologic repository in bedded salt, Figures 20
and 20-A. ) '

. a—— . o e

Comparison of the raspactive figures for nonfzeolitized tuft, Figures 21 |

and 21-A, however, shows a significant difference in performance with
respect to the two standards being considered. Thesa diffarences arise
out of the diffarent distances to the accessible environment which are

. reflected in different lengths of the horizontal leg in the model. In

the tuff model, the horizontal leg makes a major contribution to
isolation; by increagfng its length, the perforﬁante of the repository
can be significantly improved. The proposed standard establishes a
distance to the accassible énvironment of 10 kilomaetars, whereas Draft

No. 19 sat a distance of 1 mila, a difference of about a factor of 6. It

is important to note, however, that in bath figures, compliance with 10

CFR Part 60 reduces the releases resulting from about the worst 1% or &

of the casas by a factor of about 50 to 100. Thus the results for
non-zeolitized tuff for both Oraft No. 19 and the proposed standard

demonstrata the contribution of the multi-barrier approacn of 10 CFR Part

) Enclosure G
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60 to confidence in meeting an EPA standard.

: However, if this kind of result were to occur at a real site, it could
support 2 decision to take advantage of the flexibility provisions in the
performance objectives. Since the proposed final -version of 10 CFR Part
60 allows DOE to consider ' up to 10 ki1ometers to be within the
controlled area, the Commission could use such a result as part of a

-basis for approving some other performance requirements for particular
barriers.

Figures 23 and 23-A contrast the results for the fault scenario in basalt
for the Draft 19 and proposed versions of the standard. For both the
unrestricted case and for & repository in compliance with 10 CFR Part 60,
the differences between Draft No. 19 and the proposed standard cause the
releases &ssociated with a particular probabil{ty of those releases to be
-reduced by about 10% to 20 %. The relative impact of 10 CFR Part €0 on
limiting the consequences of this scenario is not sigh{ficantly affected.

Figures 25 and 25-A display the consequences of the borehole scenario..

- Comparison of the two figures again leads to the conclusion that the .
differences in performance, based on the ranges of parameters considered ~ -
by the staff, between Draft No. 19 and proposed standard calculations are
negligible and do not change the validity of the conclusion based on the

. Draft No. 19 calculations.

The change to Table 5. is minor and fs discussed in a footnote to that
table where it appears in the Rationale. .

- In summary, the staff concludes that the differences which result from
the changes to the EPA Stanaard do not form & basis for altering the
conclusions in the Rationale.

" gnclosure G

......




10CFRS0 Rationale, Appendix A - 2/1/83 6

REFERENCES

A1 U. S. Environmental Protaction Agency. "Environmental Standards
for the Management and Disposal of Spent Nuclear Fuel,
High-Lavel and Transuranic Radioactive Wastas,* Federa]

_ Registar 47, 58196, December 29, 1982.

-———— e - o

Enciosure G




e mtmtE ahemnas = v

P

Groundwater Travel Time {yr)

10

10°

ROUTINE RELEASE

stangard ; Figure 15A assumes the proposed version.

-

er— -

UASALY
o
-t -
. 1
5 .
g .
. -
172 T .
= 3 e
J| £
% ]
8 S .
d 3 ]
c X A
: »
£
<o
| » |
L2 A A4 4l L R 2 2l) . : %.i‘ ¥ 3 ¢ 11" v
-7 -6 5. o e
0 s - 10’ e wd et we?
Release Rate from ‘
Underground Facility (1/yr) - Release Rate from
it oL Undergrouad FaciVity (1/yr)
15, Braft 19 Assused 154, Proposed Version Assused
|- Figures 15 and 15A. Conlpurs of constant fraction of cases failing to
; couply with the assuwed standard, as a function of ;
| t Vimi)fug release rate and trave) ;time. Medium 1s
Pl basajt. Figure 15 assuues Draft 19 of the EPA

RN SN S —



——- s e rbam

Pl

——— o

Groungwater Traval Time (yr)

ROUTINE RELEASE

BEDDED SALT
‘u .O
= Lo I
i ]
O
1 .
N B 4
k
) : o,
2 E 9‘_
] 5 ]
4 g
g ]
3
g 1
[C]
hs?. —rTTTTThY rKﬂjﬂlll/Il L aatil T vy . “éq LR R AL
! . 1076 10°8 10" 10°3 10°? 10°6 - 10%8 107! 107
Release Rate from
Underground Facility (1/yr) . Underg:m%::::i:mlhﬂ |
16. Draft 19 Assumed . . 16A. Proposed Version Assmed

ﬂgures 16 and )6A,
] 't ;
T

. bedded salt, Floure 16 assimes Draft 19 of the -

Contours of constant (raction of cases fafling, to ._
comply with the assumed standard, as a function of
Vimittin release rate and travel time, Hediom {s '

EPA slandard; Flgure 16A assumes Lhe proposcd
versfon, :




Groundwater “Travel Time (yr)

prypiaint e Fuirots ueagnagt g i

.. ROUTIME RELEASE
D HOR-2E0LATIZED VUFF -

1t

10’

. '8“
]
5
-
]
>
£
|
3
-
z
i
-3
£
(C}
7 M . & ~ e rml—v—vrem " "
10 10° 107 10! 10°3 w0l a0t S L gt
Helease Uate from ' ' - ' g Release Rate from |
Underground Factlity (1/yr) ‘ ‘ ; weigmmefaclfity (1yr)

.

17A. Proposed Versioa Assumed

?

17. Oraft 19 Assumed

! Figures 17 and 17A. Coatburs of constant fraction of cas’ré falttng ¢

| Sy cm? y with the-assused standard, as!a function!

i R ‘of V{witing release rate and travel time, Hodiyw

} PR B Is ngu-zeolitized tuff, Figure 17 assumes Oraft 19 ;

‘ l o . of the EPA stamlard; Figure 17A assumes the proposed !

| 3 ~ L3, version. oy

‘. o : ) . " ‘ : i

; | BRI I | . |

\ - t Lo .

; Lo | z L.

! | : ' |

! i ~
i ] : H ‘ i
t ; . ' . !
f 1. ' :
| i ] o ‘




Groungwater Travel Time (}r)

ROUTINE RELEASE "

10!

T S |

10°

b

=7

10

.
LR AA L

10°6

" Release Rate from
Underground Facility (1/yr)

Drgft 19 Assumed

flgrnres 18 and 10A,
! 1]

i

ZEOLATVIZED TuFf ¢« a . - * !
i
-
a9
l.
]

L a— J i
g S
™ . ’
= .

-
T
2 b
- = ;
[N 4 :
8 - ?
- o
3
g .
[ ] .
(C]

"1

":'—r-rnm 1 lv-{u’rvtmﬂl"—“"'ﬂ“‘“

w!  wf S 10" 107!
_Release Mate from '
Underground Factlity (1/yr)

10A, Prbposed Version Assumed

Contours of constant fraction of cases falling to

comply with the assumed standurd, as a function of )
Vimiling release rate and travel time.' Medium is5 T
zeol{tized tuff. Flgure 10 assumes Draft 19 of the ' i
EPA Standard; Flgure 10A assumes the proposed versfon, b .

L]
—



respiense ¢ 0l releases cuual W or
L eavealing baridanid) exiy values,

1.2
L.t

8 Uareftricted fase o Uareltricted fase

- 'll- 3
d — o9 - 3 e -
o Hepofiitary ta]cosp)fanle gs 9 o Repopitory fajcompliane
wit] 10 cFR 6] et ' with] 10 cFR 6}
.. R B ‘ |
x od 3
35 .
.‘.’ - . . r :" .
o o&
. v ‘ o \
1 . ¥ gz 1. -
‘&3 ‘;; ' . . t a 3 - v 4"”-
~ ' . ; : ‘ . R 3 N
@ - f—rrvitn; d. .
-3 . TR T
10 o e e | w et oo e
Ritio of Heleasas to Those Permiziad ' - ' i : » : i '
by ‘the Assuaeq tPA Standira v o S Ratio of Releases to Those Permitted | -
- o T - - ‘ by the Assuacd EPA Standard
19. Draft 19 Assumed . . . .19, Progosed Versloa Assuacd
Flgures: 19 and 19A. Relaticaship between releases from a geologic reposttory .
N awd fhe probubility of those relcases for the routine ‘ g I
: t o o scengrio for Lasalt. Flgure 191assuaes Beaft 19 of the ’ |
S U EPA $tandard; Flgure J9A assumed the proposed veriton. ; ;
: AN . (N A T ?
i i . ! ' i
. | -
: + t . f ! .
| N I '
l N l . ' ' ) i o ;
| | | | i . . | :

[



8.3

2.8

ase

exce2ding norizentd) axis vaiues.

Freouency of relzases eousl to or
- 00 {| o2

0 Unjustricted Case ' 54 - n Unjestricted Case
i d T s Ttory | comprTa
o Relository ih compliajc 82 0 e AL
wifr 1o e fio T . =% wilh 10 CFR }i0
3N
] -
g - d
g
-
w8 4
>
&5
3o ~
sy 4
“w o
w —
—— T — N Dot
|~ — ol |~
" . ————— d .| | ) -)-
-;r-n'm- T!’Im Sy m _i—mf TYTevn} v 1 Y 2 ” > L '_—.T'l'fﬂ'm
n i o 0 w1 i w0 1 1o 10 1o )
' Ratio of Releases to Thase Permitted ,
by the Assumed EPA Standard - patio of Releases to Thase Permitted
: by the Assumed EPA Standard
20. Draft 19 Assumed | o 201, Proposed Versfon Assumed

L}

Flgures 20 and 20A. Relationship between releases from a geologic
, : repository snd the probability of thuse releases
: ' ! | i for the routine release scemari for bedded salt. t Ty
' : | ! Floure: 20 assimes Draft 19 of the EPA standord;
f , © Flgute 20A assimos the proposed 'verslon.

oo = : .
i ‘ : i ! !
' | f




S P U D S S S,

frecuency of releases ecusl to or
excesaIng rorizontal ax1s vaiues.

[ .

. 7
' ] [}
: 3
- Q Umpstrictoirase ' L - _ 0 Unrejtricted dase
d o Wz pisitory ) compllagce o o8 ¢ i .
_ , pofitory fujcowpl fande
with locfr fo - » f-;.; with{10 CFR 6
T
- -,
] o s
F
cf:
- » 0-..“-
a E"; ;
oc M
> O
ue .
[T
4 : 38 4
[ V)
\‘ .“_\ ,. . ) ‘ .l‘: z v 1 . .
o wow\w%r\mm T (IS | Bl : "
0 } g ) A " - . ST TV T VTR T VY T T T T Tl T v i
wh et ety e | w' - w ot ot e T
_ Ratio of Releases to Those Pemaitted - I - | _Ratle of Relesses to Those Rermitted

by the Assumad EPA Standard | . ‘ o " by the Assumed EPA Standard

.
-

21A. Proposed Verslon Assumed

21, Draft 19 Assumed . .

Figures 21 and 2JA,  Relationship belween releases from a geologic
: repogitory and the probability of those veleases | - '
© for ihe voutine relcase scemarioifor won-’' o]
2col ftized tuff. Figura 21 asswaes Draft 19 of
the EPA standard; Figure 21A assumes the proposed |
. versjon. ' : o

-g——_,

: - ! . :

o | o :
IR | | o '
| ‘ i | | i ,

' ' | ! | | ! |




e s e o e g

3.0

o8

0.5

0.3

excessing norizontsl axis vaiues
0.2

frecuency of rpieases eoual to or

o'o

o
o Unrhitricted fase a
\’\ an:m ;:g,r frd compliang.e o 0 Unrejtricted djise
. wit) CFR (b . .
2 itory~inr FrompHane}
: 5y with|10 CFR 6!
az2 ‘
iy 3% =)
i 2. o &Y
LR
- -
. 4= l
¢ 32 A [
| S— *8 o
58 CY
£2 o %'
(V]
i
@ rrrTem —mﬂm*ﬁwwvlbfmm% ”‘T'TT"“JI
T rrymi—Trrem t—rrronorvrwmd ° 4 1 2 3 4 5
w! ¥ w o w? we wet ged 10 ! 1o o1 e
: : ' . Ratio of releases to those permitted
Ratio of relcases to. those pernitted : umed
by the assumed standard by ghe ass standard
23. Draft 19 Assumed 2IA. Proposed Version Assumed

| Figures 23 and 23A. Reht’lunsh!g between releases In the fault scemarto ;
¢ and prohability of those releases. Figure 23 assumes

I Oraft 19 of the EPA standard; Filgure 23A assumes the

i proposed versfon. “

. m———

» [




ases eoual to or
exzeesing norizonts) axis values

Frecuency of rele

1.0

0.2

0.6

D.A:

<
y -
9 Uarfstricted fase
o Repfiltory 4 complianfe Unrilitricted {ase
witi] 10 CFR ¢h © ¢
* o o Repifibtory njcomplianie
. =
ar 9
L\\ 32 2t L\\
o
‘—u\-\ “ < * \
&y
'\\ | . | 23 | E
5‘_ — _‘_‘ g < !
. . E"S [~ |
\\‘\ o2 : )
f: Q.g ~..
$9 © .
“w o .
ol=—v—vvw el e R T o Q TTTTIRTTTTE T T TR T el
w0t . w? w? et 10! 2 o EEET TS b
. . w . 10 10 10 10 1 10 10
fatio of releases to those permitted ‘ Ratfo of releases to those / ‘
, permitted
by the asswaed standard ) ) by the assused standard:
25. Oralt 19 Assumed 25A. Propased Versfon Assumed

) Figures 25 and 25A. Relatiouship betueen releases {n the borelole scenario
; : and pfolalolllty of those releages. Figire 25 assluwes T _
! Draft] 19 of the EPA standard; figure 25A assuues the : i
i N | proposed version. ; ! ! ‘ _ ,
; R . ! . . i ' !
+

|

' ]
* v

wie

—— . e —— i ————— — ——— —— ———
.
i
*




PO

El

*

. mmm .FQR“ EPA OR INTERAGENCY REVIENJON[T

?:T_~dl WORKING DRAFT NQ. 19 - FEDERAL REGISTER NOTICE - 3/19/81 = PAGE 1 w»wwx

 ENVIRONMENTAL PROTECTION AGENCY
_.>40;CFRﬁ191

 EVIRONMENTAL STANDARDS AND
FEDERAL RADIATION PROTECTION GUIDANCE FOR
 MANAGEMENT AND DISPOSAL OF. | T
SPENT NUCLEAR FUEL, HIGH-LEVEL AND TRANSURANIC RADIOACTIVE WASTES

AGENCY: U.S. Environmental Protection Agency
ACTION: Proposed Rule ; _
SUMMARY : The Environmental Protection Agency requests comments on

proposed radiat1on protection standards and Federa] rad1ation protection

. guidance for the management and disposal of spent nuclear reactor fuel and

high—level and transuranic wastes. The proposed guides would wustablish
seven general criteria to be followed when these_wastes'are disposed of.

They address problems 1nherent”1n the design and,construction of systems’

that must 1solate hazardous materials for very long perieds of tima. - - "---- 7

. without human 1ntervention. The proposed’ standards would 1imit the amount

of radioactivity that may enter the biosphere. The standards require 2
reasonable expectation that these 1imits will be satisfied for ten
thousand years after disposal. These requirements would.apply to disposal
by any oethod, except disposal d1rect1y,1ato the oceans.or ocean sediments.
The proposed standards-also would 1imit the radiation exposure of members

of the public from management of,spent'foel and of:waste prior to disposal.

ppesdin e
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After we consider the comments recaived on this proposal, we will
develop final versions of the standards and guides. we‘will then recommeﬁd
that the President approve the guides as Fedéral Radiation Protection

. Guidance for all agencies. The final standards will ba promulgated as a
new P;rt 191 to Title 40 of the Code of Federal Ragulations (40 CFR 191).
The standards and gu1qes y111 be implemented by the Nuclaar Regulatory

Commission and the Department of Energy under theii'respéctive statutory
rasponsibilities. |

-

DATE: Comments.Shquld be recaived on or befors (180 days after
publication).

Public hearings to receaive comments cn the proposed standards and -
guides will be held in several cities.

ADDRESS: Commants should be sent to the Directdr, C}iteria and
Standards Division (ANR-460), Office of Ridiation Programs, U.S.
Environmantal Protection Agency, ﬂashington, D.C. 204580. Copies of all .
documents will be avajlable in Docket No. _-- -  , which is locatad in the f

- West Tower Lobby, Gallery 1, Central Dockat Saction, -Environmental-

Protaction Agency, 401 M‘Street, S.W., Washington, D;C;{=Single-¢op1es of
the Draft Environmental Impa;t Statement for this action maf ba obtained
by wriﬁing to the Dfrector.

Tioc - POR FURTHER INFORMATION CONTACT: Daniel Egan, talephone number

(703):557-8610, or Or. Abraham Goldin, talephone aumbér. (703)-557-7380.
SUPPLEMENTARY INFORMATION: Proper management and dispoesal of‘tﬁe )
‘wastas ‘produced by the {rradiatfon of fuel elements in nuclaar reactors -

- are 1mportaht‘because of the inherent hazards of the. large-amounts.of .

- wwmEEE et FOR EPA OR INTERAGENCY REVIEW ONLY-
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. radicactivity they contain. Large quantities of these wastes already

exist and more are being produced in national .defense programs, commercial

nuclear power plants, and research reactors. They are being held in

storage facilities until‘djsposal methods are developed.”
fﬁese.uastes'contafn many ‘different radionuciides. Some of these

nuclides emit alpha particles; others emit beta particles. -Some radio-

. nuclides emit gamma rays in addition to alpha or beta paﬁticles. The

radionuclides decay with half-lives ranging from less than one year to
millions of years. We have concentrated our attention on radfonuclides - -
with na]f-livés greaier than go years because they must be isclated from
peoplé for very lohg times.” Thus, we exclude radionuclides such as
tritium, krypton-85, and plutonium-241, which are present in large
quantities in freshly discharged fuel, but they decay so rapidly that they

do not require 1ong-term‘i§olation. Radidnuclides with half-lives of 20 .

‘years or less will decay to less than 0.1X of their original activity in

200 years,

Reprocessing reactor fuel used for -national defense activities has .. -

produced about 500 millfon curies of radionuclides with:half-lives greater -

. than 20 years. Most of .the activity is due to strontium-90 and cesium-137.

These wastes are stored in various liquid and solid forms on thres Federzl

reservations in Idanho, Washington, and South Carolina.::Relatively small
additions are being made'ffcm engoing defense programs.

Spent fuel from commercia1'nuclear»péwer reactors contains 2bout
800 millien curies of radionuclides with half-1ives greater. than 20 years.
About 10 million curies of this radioactivity are due to radionuclides,

-Afpwl:xc.."
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. such as plutonium, which emii alpha particles. Most of this spent ?peI is
stored at reactor sitas. Qver tha next few years, this {nventory is
expected to grow at a rate of about 200 m11110n curias per year from
reactors currently licensed to operata. At soma reactor sitas, spent fuel
storaée capacity is almost used up. Plans to store additional spent fuel
at locations away from reactor sitas are under consideration by the Federal
Government. .

-Nuclear reactors usae some isotopes of uranium, plutonium, or thorium
to produce enerqgy from nuclear fission. Thase alements are commonly
referred to as "heavy metals.” The amount of wastas produced is roughly

. propor;iona] to the amount o% thgse,elements placed into a resactor. We
use the unit “wastas generated per metric ton of heavy metal (MTHM)* to
‘measura the amount of wasta placad in dispasal systems.. The amount of cra

;- -- needed to pfoduce cne MTHM dapands on the reactor type,. degres of reproces-'.

. sing, and quality of ora. For the light water resactcrs currently used in
the Unitad Stataes, about 6,000 matric tons of uranium ore are usad to

- produca one MTHM of reactor fual. We have used this relationship to ;- -:z.:::- -

. associate amounts of wasta from reactor fuel with uranium cre. ~ . .. W T

The Agency’s purposa in proposing these standards.and guides is simply
to protect the public health and the environment from the hazards these
wastas present. We neither faveor nor oppose nuclaar power.  Similarly, we

- -+ do not advocatz any particular methcd for disposing of these materials.
-2 We:do require that any disposal method offer at-least as much. prutection

" -as tha one we have assessad as part of the basis for-tnese standards and

guides.
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’

DESCRIFTION oF THE PROPOSED ACTION
Under autnorities established by the Atomic Energy Act and

: Reorganization Plan No. 3 of l970, we are proposing generally applicable .

environmental standards and Federal radiation protection. guides for
disposing of these wastes. The Draft Environmental Impact Statement (E1S)

published witn this proposal includes detailed discussions of the reasons

for our selections of proposed standards and guides, and ‘provides extensive °

summar{es of the technical analyses used. This preamble describes the pro-

The proposed standards and guides apply to spent reactor fuel highly
radioac ive wastes derived from reprocessing spent fuel ('high-level
wastes" ), and to certain wastes containing long-lived radionuclides of
elements heavier tnan uranfum ("transuranic wastes”). Transuranic wastes
&re covered it tney contain 100 nanocuries or gore ofialpha-emit*ing
transuranic isotopes, witn half—lives greater than one’ year, per gram of
waste. People could receive, under some possible (but not. likely) circum-
stances, more than 500 millirems per year from wastes containing more than

100 nanocuries of transuranic elements per gram if these wastes were not’

. well isolated. 500 millirems per year is the Federal Timit for individuals

in the general population.A Because these circumstances could last for

very long times. we are proposing the same controls for these wastes as

required for hion-level uastes. Prctection requirements for transuranic

- wastes containing less than lOO nanocuries per gram will be- considered in

future standards.

...... -ﬁm*mm FQR EFA, QR INTERAGENCY REV!E” QNLT‘fmm-;Z
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In developing the proposed standards, we EStiﬁated ihe risks from
dispasal systems that uses methods of controlling releases whfch'eifher are
availaﬁlé ncw or aras 1ikely to be available in the near future. ﬁe also'
estimated the doses to 1ndividuals and populations from waste management.
From these evaluations, we conclude that:
1. Any harm to people, including futurs generations, from the S -
management and disposal ‘of spent fuel, high-level, and transuranic wastés'
can be kept very small. The assessments whith suppert this conclusicn are
autlined below and are discussed extensively in tne-ﬂraft EIS;
2. Thesa standards and guides adequataly protact the.public from
harm. Under them, thé risks in future generﬁtions from the wéstes will be
no greater than the risks from equivalent amounts of unmined uranium ore. _
Thesa risks will also be less than the other fisks currently associatad T
with generating electricity from nuclear energy, and they will ba very
much less than the risks from natural background rédiation.
In determining the release limits given in the standards, we had to
- project the performance of disposal systems which have not yat béeﬁ' )
demonstratad. There are significant uncertainties iﬁﬁéredt in such’ - T
__projections. To aveid underestimating the risks associated with such
systems, we assumed levels of performance that we are confident will be
mat by well—designed‘systems. Qur estimatas are, therefare, upper'béunds‘ .
of- the risks. When actual control metnods are salectad and demonstrated
. at specific sites, estimated releases are likely to be well below the IR EE

amounts allowed by the proposed standards. Accordingly, the propesed

. o | . Aﬂoeﬂix'c/
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. guides instruct the 1mplement1ng;egenc1es to reduce releases below énese
upper bounds to the eitent reasonably achievable, taking’into account
tecnnical social, ‘and economic considerations. o i N

The standards apply to both management and disposa1. Subpant A

gppl1es to management and {ncludes ;torage. preparation of thelw55fes for

. disposal, &nd placing them in a disposal site. Off-site transportatien is
not covered. 'Subpart. B applies to releases after the wastes are 1spleted
enough so that it would be much harder tq‘get them out of the disposal’
system than it was to'putlﬁhem in. With a geologie reposifory,'fn;
examele, Subpart B would take effect when the mine was backfilled and
sezled. The proposed Federal quides,’ 1ncluded as Appendix A to the
standards, apply only to disnosa].

- . DECISION NOT TO PUBLISH GENERAL'WASTE DISPOSAL QRITERIA = R
On November 15, 1878, we proposed general Federal Radiation Protection
Guidance for the disposal. of all types of radioactive wastes (43 FR 53262)1
. After further thought, we believe that the characteristics of different = =
.- kinds of radioactive'wastes‘are;tno dissimilar for general criteria to be e
: appropriate. 'Therefore, we do not plan to issue them. We believe the
best course iS to write a series of standards and guides for disposing of
-specific types of radioactive waste. ‘The insights we gained from working
on the general criteria have been useful 1n developing these standards and

guides. ii"" et B
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. REGULATORY ANALYSIS
-Exécutive Order 12044; "Improving Government Regulations,” requires
ngeral-agencies to prépare a regulatory analysis for significant regu-‘
lations. This analysis should contain: (1) a succinct statement of the ‘
problém, (2) a description of the major altarnative ways of dealing with
the problem, (3) an analysis of the economic consequences of each of thesa

alternatives, and (4) a detailed explanation of the reasons for choosing

'oqe alternative over the others. EPA's plan (40 FR 30988) to implement

Executive Order 12044 contains more detailed guidelines for the economic

portions of a requlatory analysis.

Most of the topics required for a regulatory analysis are considared

in this Federal Register notice and in the Draft EIS supporting this
action. Both documents discuss the problems associated with thesa wastas
and 1qd1cate why we are devaloping environmental standards and radiation
protaction gquidanca. " The Draft EIS describes the possible altarnative

ragulatory approaches that we considered, and it also explains why we

chose this proposed action. Wae did not have sufficient information to

-determine the econcmic impacts of choosing ai ther a more rastrictive or a2

less rastrictive numerical standard, becausa the data required to maka

such evaluations are not available now and may not be available for a long

--ttma. OQur analysas ara based only on information about the costs and

affectivenass for a model of a mined deap geologic disposal repository.

- Both the cost and effectivéness of geologic disposal-depend on- the charace.

—-teristics of the particular sita. Information on cost and effectivenass

for other methods is even more uncertain than for the mined gealogic

Appedine
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~ repository. As a result of these limitations, we have not been able to
estimate the costs of .different levels of protection. Therefore, econcmic
considerations have played a very minor role in our Cbﬁparisoﬁ of
aiterdatives.- R | .
We believe our proposed standards and guides provide adequate
. protection of public health and the environment. We think that they can
' be met by careful use of existing technologies, and would not cause
‘ uqreascnable econamic consequences. : ,
Most of tpe {nformation required for a regulatory‘aﬁalysis is also
required for an environmental impact stztement. Therefore, because of the
lack of the required 1nforma£ien described above, we did not prepare a
separate regulatory analysis document. . '
The remainder of this- notice describes our proposed action in more
detail, summarizes its potentfal health and economic effects, - and

discusses the implementation of these reguirements.. In severz] places, we -

identify topics on which we would especially like comments.

(40 CFR 191 Subpart A)..
WASTE MANAGEMENT
Certain operations required before disposing ofsh%ghAIeVel‘or

transuranic radicactive wastes are not regulated»undér'curfUrahiumFFue1

Cycle Standardé (40 CFR 180). These operatidns:princ1p31]y<1nvolve storage
_of the materials, solidification or other preparation for disposal, and
. placing the wastes‘1n'nisposal\sftes. - Subpart A applies to spent fuel

management, regardless of whether the fuel is considered to be waste,

except for management already regulated by 40 CFR 190.

-
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We estimated the largest expectad radiation exposures to members of
the public from wasta management and storage cperations associatad with
gealagic dispasal and found thém to be somewhat smai!er than the require- '
yents sat in 40 CFR 190. We pr;pose to extend the limitations contained
in Part 190 to the aperations addressed by this new Part 191 for two
reasons: S , - : -

. I.. Other stratagies for disposal could {involve cperations, such as
chemical separation of transuranic elements, which are similar to those of
spent fuel reprocassing. Reprocessing operatiuns wefe 3 significant
consideration in'seléct1ng the limits of 40 CFR 190. Setting the standards
in Part 191 at tha levels indicatad by assessments based only on geologic
disposal activities could preclude other disposal stratagies which might
be better.

2. Soma of the operations addressed by Part 191 may take place near
operations ragulatad by Part 190, Establishing different limitations for
different operations at the same sita would create difficult implemen-
tation problems with littla, if any, additicnal public health protection.

"The provisfons of Part 191 require the combined 1mpicis from multiple
operations to meat a single sat of dose limitations which will be the same
in both Parts 180 and 1391.

Section 191.03 therefore requires that the combined annual dose

equivalent to any member of the public due to operations covered by
. Pagt-lso, and to direct radiation and plaﬁaed discharges of radfoactive -:° ":- -~
- materials coversd by this Subpart, shall not excead 25 millirems to- the

whole bedy, 75 millirems to the thyroid, and 25 millirems to any other

S - Appendix &
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organ. It also requires tnat waste management operations be conducted <
as to reduce exposures for members of the public beiow this level to the

extent reasonably acnievable. teking into account technice1 social

economic considerations.

(40 CFR 191 Subpart B)
 DISPOSAL | |

Standards and guides for the disposal'ot nign¥1e9el and trensuranic‘
radicactive wastes require far different considerations than those for
management. These include. ' , ‘

1. The fntent of disposal is to isolate the wastes from the
environment for a longer time than that over which dctive institutional
controls, such as mnitoring the disposal site to detect releises of
redioactivity, can be relied upon for protection.

2. Disposal systems must be designed so that very little radioac-
tivity will return to the environment if the system performs 2s intended.
Thus, _ tne principal concern is the possibi1ity of unintentiona1 releases,
either due to unintended events or inadequacies in the disposal system.

These considerations have several ramifications'for'stendards'deveiop-
ment.. First, the standards can only be implemented in the'designvphase--by"
setting design principles or hy‘analyticaliy projectingfaisposai system
performence. The more familiar concepts of implementation involving
monitoring of emissions or ambient levels of pollutants are not app]icabie.

Second, the standards must address unintentional releases such as
those resulting frem human intrusien or geclogic faulting.. Their provi-

sions must be applicable to a variety of disoosai strategies because the
: : Appendix &
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Agency does not have the autherity to specify details of dispesal mathed
designs. Regulatiors to be develohed by the Nuclear Regulasery Comission
(NRC) or DOE, as appropriate, will control specific designs.

. Third, the stahdards must allow for unusually large uncertainties.
These include both uncertainties in our current knowledge about disposal
tachniques and {inherent uncertaintses about the distant future.

We addressed these issues by developing both general critaria and
proaected performance requirements for disposal systems The general
 eriteria will be Federal guides and the projected performance requirements
'.uill be generally applicable environmental standards. These two parts of
our propesed ection_are.compfementary: the general criteria‘provide
qualitative requirements to reduca the chance of future environmental

damage; the projectad performance requirements set numerical limits on.

potential raleases. -

y | ~ (APPENDIX A)
GENERAL RITERIA |

. The proeosed rad1ation'protect;on guides given in Appendix: A to the
proposed 40 CFR 191 include these criteria:A

1. The wastas should be disposad of promptly once adequate-ﬁethods

are available in order to reduca the chance of accidents dur:ing long=-term
starage. He have not astablished a time limit for this disposal, because -
the eppropriate length of storage may depend on datails onm tha disposal
system design. For example, it may be desirable to store high-laevel - .
-~ wastas for ten years or more to allow for decay of most of the short-lived
- radionuclides. The primary intant of this criterion is to prevent wastas :.

from being stored indefinitaly in aorder to avoid ultimate disposal.

. _. .' | A—ffedii)\ C
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2. Because they must.be effective for so Iong, disposal systems
should offer 2s much protection as 1s'reasbnab1y ;chiev#ble.' ‘

3. Disposal systems should reduce the consequences of possible
mistakes in seléctioh, gesign, or construction by using several different
types'of barriers, both enginesred and natural, and by taking full

- advantage of the protection each has to offer. With this rédundancy, the
unexpected failure of one or more barriers will be compensated for by
‘other barriers. We could &lso have required that disposal systems meet
the numerical’performance requirements even if some of their barriers
fail. ‘Althouch additional protection would be provided by such a
requirement, we do not—beliévé that this is the best way to increzse
protection of the public. _it-would create difficult implementation
problems, such as defining “barrier," and it could result in large
additional costs and long delays. We believe that mak ing the overal]
cisposal system meet numerical performance requirements:by taking: - -
advantage of substantial protection from each of its components will

1. provide adequate proteéfidn most economically. However; we particularly "-{

seek comment on this issue. : ’ - SpEe LZmeTE o

4., Protection from:the-waStes should not depend on the zhility of -
people to control them for more than 100 years after disposal, although
measures which require human attention are useful supplements to passive
controls.. | -

- &. The dangers and'lccat1oﬁs of ‘disposal systems should be recorded

in the most permanent ways practicable in order to reduce the chances of

unintended disruption of disposal systems by future generations.
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6. Disposal systams should not be .locatad where there has bean

. mining for resources, or whera there is a reascnabla potential for futurs
exploration for scarce or easily accessible resourcas. Furthermore,
disposal systems should not be located where there is a significant
cnnceﬁtration of any material which is not widely available from other
sourcas. This céjterion would discourage.the usa of geologic formations .
which are often associatad ﬁ{th rasources. For eiample..the ffequent
mining of salt domes either for their relatively pure salt or for use as
storage caverns would argue against locating a repository in this type of
structure. However, this same concern would generally not-apply to beddad
salt deposits because they are much mors common. " Wa particularly saek
commant on this critarion because it could rule out sites which might
otherwisa ba advantagecus in meeting all of our other:requirements.

7. Racovery of mdst of the wastas should be possible long. after
disposal if unforasaean events requira this in the future, unlass the wastas
are removed from the Earth; The various isolation requirements of theﬁe

"-standards would maka re;avery‘after disposal very»difficulg and expensive -
"+ - and probably dangerous. Nevertheless, becausa some of-our.scfentific
understanding may prove to be wrohg in a w#y that would produca much

greatar risks than we expact, future generations must be abla to rascover

the wastas if thay deem it essential. An important implicatien of this
requiremant is that the physical location of the bulk: of the wastas must

be :reasonably predictable after disposal.. Current plans:for mined:-geologic
dtsposal would meat this requirement. However, soma possible disposal R
mathods, such as desp well injection of liquid wastes: or rock melting

concapts, may not. Since this requiriment could eliminata soms otherwisa
4
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feasible and perhaps advantageous disposal methads,;we particularly seek
public;cnmmeﬁt dbout it. - ; - 4

‘ Executive Order 12088 makes the head of each Executive agency respon-
sible for cumpliance with these guides, once the President has approved
them as Federal Radiation Guidance. In addition, the Order directs the
Administrator of the Environmental Protection Agenéy'to monitor compliance
by Executive agencies and to review and approve required compliance .
.plans. Conflicts on 1mp1ementation may be resalved by the Oirector of the
Office of Management and Budget. Exemptions may be granted by the

President.

(SECTION 191.13)
PROJECTED PERFORMANCE REQUIREMENTS
, Thg projectgd_performance_requireménts.assume:that:we-can predict
some aspects of the future well eﬁ;ugh to use.the”prediétions for selecting
and 1mplgmenting disposal methods. Assessment of any disposal plan will
. require the combination of assumptions about the future with engineering .
| and design information about the dispdﬁa],method and geologic data for the '
; site. Such assessments can be used to decide whether 2 particu]afrdisposaI

method provides adequate pratection and to compare various methods to

determine the degres of protection;thﬁt is reasonably.achieQable.

To develoé these standards, we assessed the environmental impacts of
high-level waste disposal in mined’ geologic repositories. Geolagic
repositories were chosen because much more information is available on

this method than on others. The projected performance requirements,

FAppessin &
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. however, are meant to apply to any method of disposal excapt disposal
directly into the gcazns or ocean sediments. Thﬁs, any other dispesal
mgtnod would have to provide at least as much protection as that projectad
for geologic disposal.

. fhe standards do not apply to disposal in oceaﬁs or ccaan sediments
becausefsuch disposal of high-level wasta 'is now prohibitad by the Marine

Protaction, Research, and Sanctuaries Act of 1972 and the London Dumping

el ot s i+

-

Convention of 1972. However, disposal in deep ocean sediments is currently

- baing studied and may prove to be a technically feasible option. Thus, we
specifically request public comment on extending these standards to
include possible ocean disposal methods so that, if the law and traaty
werea changed, these standards cou]d apply to disposal of high-level wasta
in the ocaans or ocesan sed'lmént;s.

In our assessments of geologic disposal, we 1dentif1ed expactad and
accidental raleases of radiocactivity from a generic modal of a repesitory.
The mogel repository contains 100,000 metric tons of heavy metal (MTHM) as

spent reactor fuel, about as much as would be generatad during the aoper-

ating lifetimes of 100 reactors of current design. The initial amounts of

_ -some of the principal radicnuclides in this modal repository would be:

aight billion curies of cesium=137; six billion curies of strontium-50;
200 millien curies of americium-241; 30 million curies of plutonium-239;

and one million curies of technetium=53.
. We examined the capabilities of wasta canistefs, wasta chemical forms,
repository dasign, and geologic media to prevent or delay the rslease of

radicnuclides. We selectad reasonably achievable characteristics for each

{
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_ portion of the disposal system. For accidental releases, we estimated the
probabilities of events leading to releases. Intentional disruption of the_
disposal system was not considered. ‘ .

-Radionuclides were considered to be re1easéd from the disposal'systeﬁ ‘
1if théy*reach the “accessible environment.',which'includes:‘-surface '

_ ' waters, land surfaces, the atmosphefe, and underground formations which

- might provide ground water. for humanfconﬁumption6 Intiuding these forma-

~tions in the definition of “accessible environment" protects aquifers which'.
might become significant sdurces of water in the future, regardless of
whether they are now being used as water supplies.

We propose to use the deéignations_to be.esiablished under Agency

regulations for undergrpund‘injection control (UIC) programs (40 CFR 146)
to identify ground water supplies which should be part of the “accessible
-environment.® Under these rules, most geolagic formatﬁonstwbich‘tan
provide use2ble quantities of water with a total_ﬁissolved solids (TDS)
content less than 10 grams per liter -are protected. Specific exceptions

. can be made for formations which are-iﬁpractical sources of water, for . :
example, because of depth or low productivity. . Lol il

- We plan to make one exception to the UIC procedure. The -proposed :

. disposa1,stand§rds do: not 1jmit releases to geolegic formations which are

. within one mile of a disposal System.‘hecause the formation 1tsé1f can be
an important b;rr1er in a disposal system. A one-mile distance is long
enough to allow significant reieﬁtion of radionuclides by geologic
barriers, but short enough so that only a very small part of available

ground water could be significantly cnnfaminated.‘

Appeddin & |

rwrmrrrsrceresser FOR EPA OR INTERAGENCY REVIEW ONLY *




e e e dt— et A ——— o

. “}f?* WORKING DRAFT NO. 19 - FEDERAL REGISTRR ﬁOTICE = 3/19/81 = PAGE 18 »rw* - )
. Our regqulations and tha assessments on w;ich we base them cover
releasaes of radicnuclides to the accessiblé environment for a period of
10,000 years after disposal. We believe that a disposal system capable of -
meating these requirements for 10,000 years-w111 continua to protect peopfe |
and the envircnment beyend 10,050 years. We selected 10,000 years as the
assassment period for three reascns: .

1. It is long encugh for releases through groundwatar to reach the
aq:eésible environment. If we had selected a shorter time, such as 1,000
years, our estimates of radionuclides reaching the accassible environment
would be decaptively low, becausa groundwater could take 1,000 yaars to
travel a mile at a wéll-seleéfed sita, and most radidnuclides would take
much longer. Choosing 10,000 years for assassment encourages selection of
sitas whers the gaochemical properties of the rock formations can signifi-
cantly raduca releases of radicactivity through groundwater.

| 2. Major geologic changes, such as davelopment of a faulting systam
or a volcanic region, take much longer than 10,000 years. -Thus the like=
‘1ihood and characteristics of geologic avents which might disrupt the ©: - - -
disposal system are reasonably predictable over this period. B
3. Radicactive dacay will reduce the radionuclide 1nventaty of the

wastes to about 0.1% of its criginal valug in 10,000 years. Any hazards
from the radicactivity in the wastas will have decreased to about thosa

from the equivalent amount of unmined cres.
We estimated the amounts of radioactivity that might reach the T
-accassible environment over this time period under various circumstances. -

Then, the premature deaths from cancer caused by thesa releases were

. . Afﬂcdlik C
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. estimated using very general models of environmental transport and a.

linear, nonthreshold dose-effect relatianship between exposure and cancers
caused. This relationship assumes that the number of premature cancer
deaths 1nduced in.a populat1on is proportional to the total dose received
by the population, even at very low individual doses, &nd does not erend -
cn ne population size. ,

_Releases from geologic repositories fall into three general cate-
écries, ;Relativgly small releases would be causegAby-expected processes
ariz by fairly 1ikg1y'but unintended events, such as human intrusioens.
These processes and events lead to what we call "reasonably foreseeable*
releases. Moderate releases Qould result from much less 11ke1y events,
such as fault movements or other disruptive geologic events and these we
call "very unlikely releasg;."_Very large releases would result only from

- the intrusion of volcanos .or 1m§acts by'huge meteorites. If sites are
. selected away. from regions of volcanic activity, these 1arge relezses will
be extremely unlike]y.', -

We used our estimates of releises and'their;likelihoad to select
limits on total releases of radicactivity over 10,000 years. Limits were-
set for two categor*es,pf releases in terms of their probabiiities:
“reasonably foreseeable,® and “very uniikely." Rezsonably foreseezble
releases are tﬁosg which have more than one chance in 100 of occurring
within 10,000 years. Very unlikely releases are those whose chance of
occurring within 10,000 years is less tnan one in 100 and more .than one 1n
10,000. No limits were set: for releases which have less than one chance

in 10,000 of occurring within 10,000 years.

. ‘?, o 'A' | | | /g?vp’o¢uu.l;)k C
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Our assassments of rapository performané.e gave estimatas of the
possibie premature cancer' deaths expactad from releases after disﬁosaf.
These estimatas can vary considerably depending upon the assumptions- used
and the geolagic media considared. For well-designed 100,000 MTHA modal
repos:ltories in salt and granitas, we estimate several hundred p:;émature
deaths over 10,000 years. Bscausa our analyses are too ‘uncertain to
datermine reliably more than the order of magnitude of the risks, we
adjustad our estimatas to 1,000 premature deaths over 10,000 years for a-
100,000 MTHM repdsitory,.‘ Wa then usad these adjusted estimates as the
basis for calculating the release limits specified in Appendix' B8 o? the
standards. -

According to our model, m'orer of the projectad harm from releasas
results from possible human instrusions than from geologic processes.
However, predicting human actions is much more uncertai_n than predicting . -
natural events. In particular, we could only guess at the frsquency at
which some actions (such as drilling for resources) would be taken. We
considered satting saparats performance requirements. that would limit the
radioactivity that could be released by any one likely human intrusicn, in
order to avoid having to estimata such frequencies. However, we did not

do this becausae: (1) satting saeparats requirements for natural and human

events would not placa an upper limit on Hsk; and (2) setting separatas

requirements for individual intrusions in addition to the total combined
- requirements would not apprec?aﬁly incre#se confidence: that the overail
. 1imits would be met unless we made the individual limits unreascnably.

low. We spacifically request comments on this issue.
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The release limits are given in Table 1 4n terms of curfes per 1,000
MTHM. The release limit for each radionuclide is the number of curies of
" that radiooucl1de that we estimate could cause 1,000 premature dezths over
10,000 years if it were the only radicnuclide released from a 100,000 MTHM
reposioory. For releases involving mare than one radionuclide, the
allowed release for each radionuclide is reduced to the fraction of its
- limit that insures that the overall l1imit on harm is not excesded. For -
‘transuranic wastes, the release 1imits are in units of an amount of wastes
containing three million curies of alphe-emitting transuranic |
radicnuciides. These units were chosen so that the standards would
require alpha-emitting radioactivity from either high-level or transuranic
wastes to be isolated with sbout the same degree of effectiveness. This
procedure for using the release 1imits is described in Appendix B8 to the
proposed standards. 'Complianoe wiih thesé”oerformance requirements=w1]1“
be achieved if the projected releases from a dispaosal system do not exceed

these release limizs.

. * EFFECTS ON HEALTH |
A disposal system that could hold wastes from 100,000 MTHM could
contain all existing wastes and the future wastes from a1l currently
ooeratiné reactors.‘“ﬂe estimaiefthat'this'qoantity of wastes. when d
disposed of in accordance with the proposed standards, 'would cause no more
than 1,000 premiture deaths from'cancer 1n the: first 10,000 years after

disposal: an average of one every 10 years.

L S
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Our sstimata of 1,000 deaths over 10,000 years 1s not intandad to be

a precise projection of the actual risk from waste dispesal. Food chains,
ways-of lifas, and the s}zé and geographical distributions of populaticns

: will undoubtedly change over any 10,000 year periocd. Unlika geological
processas, factors such as thesa cannot be a;curately predictad over long.
pericds of time. Thus, iﬁ making our health effects projections we found
it nacessary to depend upen the use of very general models of )
envircnmental pathways, and to assuma current'population disfributions,and
déath rates. As a consequenca, these projections are intended to be used
primarily as a tool for comparing the performance of one wastas disposal
system to another and for cqﬁparison of the risks of waste disposal with
those of undisturbed ore bodies. The results of our analysis should nat
be considerad a reliable projection of the "real® or absolutes number of
health effects resulting from compliance with our standards.

Most of the excess cancer dsaths causad by -the waste would occur more

than 1,000 years aftar disposal. This discontinuity between when tha |

' wastas are generated and when thg projectad healt!'l affects manifest .
themselves has resulted in a particularly difficult problem in datarmining |
what level of residual risk should be reasonably perm{tted by thesa
standards. Tha difficulty arises from the fact that most of. the henefits

derived in the process of wasta production fall upon the current _
generation whila most of the risks fall upon future generations. Thus, a -

probtem of intergenerational equity with respect to the. distribution of

" risks and benefits becomes apparent. This groblem is sometimes referred.

Appeati &
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to as the fntergeneratioﬁal;risk fssue, and it is nbt unique to the.
disposal of high-level radicactive wastes.: If we were tn insure that our
s;andards fully satisfy a criterion of 1ﬁtergenerational equity with
respect to the distribution-of risks and benefits, it appears we should
requi}e.that no risk be passed on to future generations. This is a
Acondition_wh1ch we conclude cannot be met by disposal technologies
foreseeable within this.century. - . S

' In the face of this dilemma, we are left with two major options:
(1) delay setting standards in the hope that future technoclogies would
provide better control, or (2) proceed to ‘set standards on the basis of

the best.technology that can reasonably be achieved given current

scientific, technical, and fiscal capabilities. We have chosen the latter

Zpproach. In so doing we have made the judgment that.current knowledge is
sufficient to allow for the development of repo;itories which will reduce
- risks to a reasonable level.  We believe these risks\afe reasonahlé
because they are very smal) and the only alternative available is to delay
d1spos§1 to some indefinite time in the future. Lo L LT -

- - There is one additional factor which has contributed to-our decision
. .on the rezsonzbleness of the risks permitted under our m"opoSed ©

standards. This is an analysis we'have hrepared of the risks associated

with undisturbed uranium cre bodies.

Uranium @re:  Most uranium ore in the United States occurs in

permeable gealogicAstrata'cantaihing f1owing ground water.. Radionuclides

in the ore, particularly uranium and radium, continucusly enter this

K 3
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. ground water. We estimatad the harm from these u&disturbed ore bodies
using tha same environmental models that we used for releases from the
wasta repository. The effacts associatad with the amount of ors needed'to
produce the high-level wastas that would fi11 the model geologic
rapository can vary considerably. Part of this varifation corrasponds to
actual qifferences'frcm‘one-ore body to another; part can be attribhted to -
uncertainties in the assassment. The sstimatas ranged ffom‘300 to
1,000,000 excess cancer deaths over 10,000 years. Thus, leaving the ore

‘unmined presents at least as great a risk to future generat1on§ as |
disposal of the wastas covereq by thess standards.

It remains unclear to us whather this analysis provides an adequate
means of resolving the question of intargenerationatl risk.- It has,
however, helped to influenca our decision of what is an accaptable level
of residual risk given our current scientific, technological, and fiscal
capabilities. We particuiarly invita comment upon the gquestions of
intargenerational risk and the'acceptab111t§ of risk. . Additionally, for
purposas of comparisons of risks permittad under the standards to
radiation risks we are currently axposed .to, we have included a brief -
discﬁssion of thelrisks from natural background and frem the uranium fuel
cycle.

Variations in-Naturai-Background: Radicnuclides occur naturally in

the earth in very-lgrge amounts, and are producad in the atmosphera by
cosmic radfation. Everyona 1s exposed to natural background radiation .

from these natural radionuclides and from dirsct expasurs to cosmic

Appestiv &
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_radiation. These natural background radiation levels have remained
relitively constant for a very long time. According to Fhe same linear,
nonthreshold dose effect relatfonship used in the other analyses, an
increase of one millirem per year (about one percent) in natural background
in ‘the United States would result in about 40 additional deaths per year,

. .~ or 400,000 over -z 10,000 year period.  Natural background rates vary within

-the United States by tens of millirems per year, and future generations

w111 experience this same variation.

Nuclear-Power-Generation:  The model geologic repository considered

in develdping these standards contains the wastes produced in generating

about 3,000 gigawatt-years of'efeéfricity;»3Thisfis the output of about

100 large nuclear power plants operating for 40 years each. We estimate

that the normal operations of these reactors and their supporting

facilities, such as uranfum mills and fuel fabrication plants. (but

excludfng uranium mines),'will cause about 3,000 extess;deaths in the -
first 100 years after the power is produced. (These estimates do not

include deaths from any accidental radioactive releases at these. '

facilities.) The;efore; risks to future generations from disbosal of

high-level wastes are significantly less than the risks to the generations

receiving the immediate benefits from the electric power generated.
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ECONOMIC ANALYSIS

The proposed standards for disposal of high-leval f&dioactive wastes
will be applieQ,to a daveloping technology, where the available information
base ?s still incomplate. Therefora, it is difficult to datsrmine the
added costs of complianca with the standards. Instsad, we have dasignatad
a referenca program, which is basgd on disposal cpﬁt estimatas previously
published by DOE. We then increased thess DOE estimates to allow for
additional expendituras which might be neaded to implement a highelevel
wasta disposal program in full compliance with our proposed standards and
guides. The differenca batween the cost of the reference program and the
cost of a program in compliance with thesa proposed standards does not
necassarily repraesent the cost of implementing these standards. In fact,
it seems.like]y that grudant considerations and current public opinion will
Eequire that any waste disposal mathod will cost mora than the earlier DQE
estimatas. Tt'ws, the incremental diffarence represents our estimata of
;he max imum thential economic impact of the proposad standards.

Commercial and military high-level wastas aras considaréd separataly in -this
saection. '

Commercial Wasta e

We assumed a raference wasta management and dispasal program basad
upon studies performad by DOE to support the President's spent fuel policy.

This referenca program invelves the geologic disposal of spent fial in salt
- formations using carbon stzel canisters. We based our estimatas of the -

econcmic impacts of this refarence program on potantial charges to

Artesin
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utilities for waste management services to be provided by the Government. ’
From the DOE analyses, we estimate that the cost to utilities in 1860 |
would range from 0.6 to 1. 4 (l978) mills per kwh The total annual cost
for 1990 would be 500 million to 1.2 billion (1978) dollars. This charge
covers all waste management costs, except for reactor site storage of spent
_ fuel. The year 1980 was selected because the UOE estimates vere based on
the waste management program being established by then. , _

We. assessed the costs, above those for the reference program, that
might be caused by our proposal. First, we estimated the cost for each
component involved in the management and disposal of spent fuel. The costs
of the management and disposal of spent fuel include. storage of spent
fuel for ten years after discharge from the reactor, which covers hoth
reactor-site and away-from-reactor storage; transportation of the spent
fuel from the storage site to a facility designed for encapsulation of the
~waste; the encapsulation of the waste, which includes the necessary
hanoling and processing before disposal disposal in a geologic repository, -

Government research and development, Government overhead, and decomnis-

.:‘sioning of waste management facilities and post-operational activities. .

Three of these components may be affected by this action. Encapsu-
lation costs may be larger if compliance requires more durable canisters‘
(€eGes stainless ‘steel or titanium canisters) Disposal costs, which
incluoe constructing, operating, and backfilling a oeologic repository,
will be affected if compliance requires the use of geologic media which .
are more expensive to mine than salt formations (e.g., granite) Research

and development costs may incresse because of aoditional site evaluation *

e : Appestin
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and additional research for impraved control tachnalogies (e.g., more

stable waste forms). B8asad on these thres possible effecfs. we e;timate

" that the propased acticn could result in commercial wasta menagement costs

ue to 50 percent larger than thesa for the raferenca program. The total
wasta ‘management costs would {ncrease the cost of nuclear generation of

electricity by about 10 percent. We est1mate the tatal annual cos of the

wasta management program in complfiance with the standards in 1990 as no )
more than 1.8 billion (1978) dollars. These wasta management and disposal

costs would be less than 3 parcent of total electric utility revenues in

1979, and shou‘ld be 3 smaller portion of futuras revenues. Thus, they

should causa no more then a3 percent average increase in future

alectricity rates.

Military Waste

———— e s — g

We considered a 0OE reference program based on dispesaliin on-sita
geologic repositories.  We estimatad that the total cost of this rafarence
program would be 2bout 3.7 billion (1978)-dollars to dispose of all

existing military wastas and additional miIitary wastes‘generated through

1960. The present value of this’ reference _program cost, at a discaunt rata

. - werwerrerarroooere FOR EPA OR INTERAGENCY REVIEW ONLY-

of 10 percent, is | 3 Billion (1978) dollars.

Our proposad requirements could increase this cost in five aresas:

wasta processiﬁg, encapsulation, transportation, disposal, and rasaarch

~-and development. In the raferenca program, Iong-1ived tachnetium-99 would

be left in processed salt cake and stored in existing on-site tanks.. Under

our standards, additional processing would be required to separate

. . '_ | | /]-,‘opeul;xc/
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. technetium-99 for disposal.’ Ehc;psulition costs would be increased if a
canister providing greater protection is needed. Transportation would cost
much more if .the high-level wastes must be disposed of off-site. If the
selected off-site geglogic media are more di¥f1cu1t to mine than the
on-site media, dispesal costs may be increased. Research and devélopment
costs would be increased. because more -extensive site evaluation and -

yresearch on better control technologies may be needed.

Ne calculated the extra costs for each of these areas, considering
both projected costs and potential delays. We estimated that the extra
costs could be as large as 1.7 billion (1978) .dollars, for a total deféhsé
waétevprqgramwcostrof-5.4 biliion (1678) dollars. This would be an
increase of almost 50 pefcent over the cost of the‘reference'prdgram._ Our
estimate of the present value of the additional cost is 320 million (1978)
dollars, for a total discounted cost for the defense waste program of -
2.1 billfon (1878) dollars. This would be an increase of less then BT

20 percent over the discounted cost of the reference program.

IMPLEMENTATION
| Standards for:operations (Subpart A) will be implemented by ihe NRC
for commercial nuclear power activities and by the DOE for national defense’
facilities. IQpIementation procedures for Subpart A will be very similar
to those for the Uranium Fuel Cycle Standards (40 CFR 190).
00E will select, desien, an& ccnstruét all disposal facilities fof'
high-level and transuranic wastes. Our requirements for disposal

(Subpart B and Appendix A) will be implemented by NRC for all high-level

i
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wastas, whether the wastes coma from commercial or military activities.
© MRC will do this by developing the necessary regqulations (primarily
10 CFR 60) and by issuing appropriata licenses to 00E. Under current law,f_ ,
disposal of transuranic wastas from military activities is not regulated f
by NR&; therefeore, DOE will apply our requirements to the disposal of
thesa transuranic wastas. , |

The standards for disposal mst be 1mp1eﬁénted,throbgh design
specifications. The implementing agency will have to evaluate longetesrm
performance projactions of tha designed systam. As a result, a vital bart'
of implementation will be the use of a@equate models, including the proba-
bilities of unplanned events; to relata appropriate sitza and engineering
data to projectsd performanca.

The NRC has made substantial progress in developing such analytical
models to predict long-term performanca of actual geologic repositories.
Thesa modals include estimatas of the effects of uncertainties in the
data. Thus, thay give informaticn about neads for obtaining better data
taldetermine if repositories meat the projected performanca éequirements
of these standards, T

At our réquest, the National Acacemy of,Séiences (NAS) studiad the

difficylties in verifying compiiance with the long-term environmental
proteciion requirements for geoclogic disposalt They have davelopad an

. approach that specifies the types of information neaded. and outlines

appropriata methads for cbtaining this data at prospective sites. . -

s
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Based on tke NAS study, NRC's models, and our own. analytical efforts, - -
we have concluded that these disposal standards can be 1mplemented.. We
believe that it woﬁldrbe bes;;1f implementing agencies use generic rule-
making proceedings. Such proceedings would consider comprehénsjve risk
assessments which calculate potential reléasesvof radionuclides from
various events or processes.. The assessments would identify the important
engineering design and site selection parameters and‘WOUid indicate how
potential releases depend on these parameters. The ‘generic proceedings
would then be able to establish 1imits for the important design and site
parameters which, if met, woqld provide a reasonable expectation of '
compliance with these standards. Only these limits would nesd to be
satisfied in subsequent licensing actions. We believe generic proceedings -
are the best way to prodéed because the methods needed to address: |

uncertainties gould be developed more eisﬁly through generic rulemaking

than in specific licensing actions.

DATED: | : 3 T

Administrator

‘_ A’/of&"“"“c’
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A new Part 191 is proposaed to be added to Title 40, Cade of Federal

Ragylations, as follows:

SUBCHAPTER - F -« -RABIATION -PRGTECTION - PROGRAMS

PART 191 - ENVIRONMENTAL RADIATION PROTECTION STANDARDS FOR

MANAGEMENT AND DISPOSAL OF SPENT NUCLEAR FUEL, HIGH-LEVEL AND ’

TRANSURANIC RADICACTIVE WASTES

Subpart A - Environmental Standards for Management and Starage

191.01 Applicability

191.02 Definitions

191.03  Standards for Normal Operations
}91.04. Variancas for Unusual Operations
191.08 Effactive Date

Suboart-8 - Environmental Standards for Disposal

191.11  Applicability
191.12 Dafinitions

191.13 Projected Performance Requirements
191.14 Effective Data

srererrrrrerrrrere FOR EPA OR INTERAGENCY REVIEW ONLY
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Appendices
Appendix A General Criteria for- Disposal of High-Leve\ and Transuran1c

Radioactive Wastes

-

[P

Appendix B Release Limits for Projected Performance Requirements

AUTHORITY: The Atamic Energy Act of 1954, as amended; Reorganization Flan o
No. 3 of 1970. : L S

SUBPART A - ENVIRONMENTAL STANDARDS FOR MANAGEMENT AND STORAGE

191.01 Applicability =

. ——— .

Thjs’Subpart applies to radiation doses received by members of the
public as a result of the management (except for transportation) and
storage of spent nuclear fuel, high-level, or transurznic radicactive

wastes, to the extent that these dperdtions'aré not subject tc the

© provisions of Part 190 -of Title 40, . R "fft

L e e aE R

191.02 Definitions -~ -
‘Unless otherwise-indicated in this Subpart, all ‘terms shall have the
smemmmgr‘nwuutAﬁPutwﬁ EER L '
(2) *“Spent nuclear fuel® means any nuclear fuel removed from a
nuclear reactor after it has been irradiated.
(b) “High-level radioactive wastes® means: (1) wastes resulting

from the operation of the first cycle solvent extraction system, or

/4 /)pe,.)i <
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. equivalent, in a facility for reprocessing spent'nuclear fuels; (11) the
| concentratad wastes from subseqﬁent extraction cycles, or squivalent;
(iii) solids darived from such wastas; or (iv) spent nuclear fuel if
disposed of without reprocessing. .

ic) *Transuranic wastas,® as used in this Part, means wastas
containing more than 100 nanocuries of alpha emitting transuranic
isotopes, with half-lives greater than one year, per gram of wasta.

(d) “Storaga® means placement-of radioactive wastas with planned
capability to readily ratrieve such matarials.

(e) “Map;gement and storage” means any gctivity, operation, or
procass, excapt for transportation, conductsd to prepare spent nuclear
fuel, high-level or transuranic radioactive wastes for storage or

. disposal, the storage of any of these materials, or activities associated
wiih the dispaosal of thesa matesrials. . | ,

(f) “General envircnment® means the total terrastial, étmnspheric,
and 2aquatic environments cutside sitas within which any operation
associatad with the management and storage of spent nuclear fual,

high-level or transuranic radicactive wastas fs conductad.

(3) “"Member of the public® means any individual who is not engaged

in operations involving the management, stcrage, and disposal of materials -

covered by thesa standards and guidas. A worker so engagad is a member of

the public axcapt when on duty at a sita.

Affcdlix <
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- 191.03 Standards-for-Normal-Operations

Operations covered by this Subpart should be conducted sc 2s to
reducefexposureS'tq members of the public to the éxtent_reasonabfy
achievable, taking into account technical, social, and economic .

considerations. As an upper limit, except for variances in accordance

with 191.04, these operations shall be conducted in such a manner as to

provide reasonable assurance that the combined annual ‘dose equivalent to

any member of the public due to: (1) operations covered by Part 190

(4%) planned discharges ‘of radicactive materia] to the general environment
from operations covered by this Subpart, and (111) direct radiation from
these operations; shall not exceed 25 millirems to the whole body, A .

75 millirems to the thyreid, or 25 millirems to any other drgan.

‘191.04_ Variances- for-Unusoal-Operations °

The standards specified in 191.03 may be exceeded 1f'

(a) The regulatnry agency has granted 2 variance based upon its
determination that & temporary and unusual operating condition exists and |
continued operation is in the public 1nterest. and ”31""-*“’ T B

(b) Information is prcmptly made & matter of pub11c record”

" delineating the nature of the unusual dperating conditions, the degree to

which this operat1on is expected to result in leveIs 1n excess of the
standards, the basis of the var*ance, and the schedu1e—fdr achieving

conformance with the standards.

badedebodeiododuiobototdedeiobindobaldl 20 EPA )] INTERAG.NCY REVIEW ONLY *
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- 191.05 Effectiva-Data

The standards in this Subpart shall be affactive 12 months from the
promulgation data of this rule.

SUBPART 8 - ENVIROMMENTAL STANDARDS FOR DISPOSAL

191.11 Applicadbility

— e

This Subpart applies to radiocactive matarials released into the
accessible envircnment as a rasuylt of the disposal of high-level or
transpranip radiocactive wastes, including the disposal of spent nuclear

fuel. This Subpart does not apply to disposal directly into the ocaans or

ocsan sediments.

191.12 Definitions , e e
Unless dtnerwise ihaicated in this Subpart, all terms shall have the
same meaning as in Subpart A of this Part. | .
(a) *“Disposal® means isolation of radioaétive wastes with no intant
to racover them. -
(b) “Underéround sourcas of drinking water* means aquifers which
" have been designatad as such.under Part 146 of Title 40.
(¢) ™Accassibla envircnment® means-the'sartn's atmnspheré, land
Surfac;-., surfaca waters, and those underground sourcas of drinking water
that are more than one mile in any d1rect§dn from the original location-of i

‘the radicactive wastes in 3 disposal system.

1 FOR EPA OR INTERACENCY REVIEW ONLY wesfwrsns
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(d) "Barriers" means any materials or structures that prevent or
substantially delay movement of the radioactive wastes toward the

accessible environment.

(e) ‘"Disposal system* means any combination of engineered'and

| natural barriers that contains radioactive wastes after disposal.

(f) “Reasonably foreseeable releases” means reieases of radioactive
‘wastes to the accessible environment that are estimated-to have more than
one chance in 100 of occurring within 10,000 years. | |

(g) 'Very unlikely releases® means releases of radicactive wastes to
the accessible environment that are estimated to have between one chance |
in 100 and one chance in 10, 000 of occurring within 10 000 years.

(h) *“Performance assessment” means an analysis which identifies
those events and processes which might affect the'disposal‘systen,
'examines their effects upon fts barriers, and estimatEs'the'probabiiities
and consequences of the events. The analysis need'not‘ ‘eval'uate risks from
311 identified events. However, it should provide a reasonable

expectation that the risks from events not evaluated are cmall in-

- comparison to the risks which are estimated in the analysis.. The analysis

should address the uncertainties in the estimates. To orouide reasonable i
confidence in its results, the analysis shall be subjected to peer review
by tecnnically comoetent individuals independent of the organization -
preparing the assessment.

(1) “Heavy metal® means all uranium, plutonium, or thorium piaced

into a nuclear reactor.

Appestin &
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191.13 Projectad Performanca Requirements } 4

(a) Disposal systems shall be designed to comply with the prdjected
pgrformance requirenents of this section. Thesa requirements are upper
limits. In accordanca with Appendix A, the implementing agency should
estab%ish design cbjectives which wjll reduce releases-as far below thesa
iimits 2s reascnably achievable.

(b) Disposal systems for Bigh-level or tran:uranid wastas shall be
designed to provide a rsascnable expectation, basea,upon quantitative
performance assessments, that for 10,000 years aftar disposal:

(1) Reasonably foreseeable raleases of wasta to the accassible
anvironment are projected to be less than tﬁe quantities calculatad
according to Appendix 8.

,(2) véry unlikely raleasas of waste to the accassible

envirqnment are projected to be less than ten times the quantities

calcylatad according to Appendix 8.

191.14 Effactiva-Date

————r ¢+t ame e

The standards in this Subpart shall be effactive immediately upon

promulgation of this rula.

- -  Appeiine
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_ APPENDIX A = GENERAL EUIDANCE FOR
.OISPQSAL OF HIGH-LEVEL AND ‘RANSURANIC RADIOACTIVE WASTES

The gener:] guidance recommended in this appendix, when 2approved by
the President, would provide radfaticn protection guidance ta all Federal
agencies in accordance with Executive Order 10831 and 42 UQS.C{ Zd21(h).

..Disposal systems for high-level or transuranic wastes’ should cnmply with

each of the follawinc re:annmndatjans. ' B

. Recommendation 1: Wastes should be disposed of yromptly once’

disposal systems which comply with these stangards are developed. '

Recommendation 2: Oisposal. systems should be desicned to kesn

'releases tn the aecessible environment as- smaTl &s reasonably achievable,

" taking into account tecnnical social, and eccnemic consideratians.

__ Reccmmendation-3: Ofsposal systems should use several—different

_ types of barriers to {sclate the wastes from ‘the accessible’ envirenment.’
ioth enginesred and natural barriers should be included., Each suer
barrier shﬁuldﬁseparatély be designed to pravide'substantiai tsolatien,
regardless of now well the other barriers perform.

e

Recommendation 4: Active institutionz]l contrsls should not be relied

. upaﬁ to isolate the wastes for more than 100 years after disposal.
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Recammendation 5:  Disposal systams should ba identifiad by the most

permanent markers and reccrds practicable to indicata the dangers of the

wastas -and their location.

éecomendation-ﬁ: Dispasal systems should not be locatad where thera

has besn mining for resources ar where there is a reasonable expeciation
- of exploration for scarca or éasﬂy accessible resourcas in the futura.
qutnemc;-e, dispasal systems should not be locatad whers tﬁere. is a
significant concantration of any material which is not widaly available

from other sourcas.

Recsmmendation-7: 0D1spasal systams should be designed so that most
of the wastes may_ be racoverad if this is found nacassary in the futura,

unnlass the wastes-ars removed from the £arth.

DEF INITIONS: |

(1) *Active instituticnal controls® means maintaining an
1nst1tut1pna.l ‘capability to: (1) restrict or deny accass, (1) moniter,
tarminata, or clean up releases ta the accessihle eavircament, or | -

(Hj).preserve knowledge about the locaticn, design, or iaventory of i
disposal sita.

(2) A1l other terms shall have tha same meaning as in 40 CFR 191,

Arfedcb'x [
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APPENDIX B - RELEASE LIMITS FOR
PROJECTED PERFORMANCE REQUIREMENTS

NOTE 1: The Re]ease Limits 1n Table 1 apply either to the amount of
_ high-leve! wastes generated from 1,000 metric tons of heavy metal (MTHM),
';Lo. or to an amount of transuranic (TRU) wastes containing three million
| curies of alpha—emitting transuranic radionuclides. To develop Re1ease |
Limits for a particular disposal system, the quantities in Table 1 sha]]
be adjusted for the amount of wastes included jn the disposal system.

For example:

(a) 1If a particular disposal system contained the high-level wastes _
- from 50,000 MTHM, the Release Limits for that system would be the -
quant1;1es in Table 1 multiplied by 50 (50,000 MTHM divided by 1,000~MTHM).'
" .. (b) If a particuler disposal system contained 15 million curies of -
transuranic wastes, the Release Limits for that system would be the
'quantities in Table 1 multiplied by five (15 million curies divided by
three million cur1és).
(¢) If a particular disposal system contained both the high-level” -- =~ "~ °7°
wastes from 50,000 MTHM and 1S million curies of trdnsuranic.wastes, the —

. Release Limits for that system would be the quantities in Table 1 . -
amultiplied by 55: .

' 50,000 MTHM 15,000,000 curies TRU
. . + s 8§ . . e o -

1,000 MTEM 3,000,000 curies TRU

Apfcd#k c,
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' NOTE 2: In casas where.a mixture of radiunué]idgs is projectad to be
raleased, the limiting values shall;be detéfmined as follows: For eéch
radionuclide in the'mixiure, detarmine the ratio‘betﬁeen the cuuulative
releasa quantity proaected over 10,000 years and the limit for that
radionuclide as detarmined from Table 1 and Note 1. The sum of such

ratios for all the radionuclides in the mixturs may not excead one,

_ For example, if radionuclides A, 3, and C are projected to be
raleased in amounts Q, Qy, and Q¢, and if the applicable Release
Limits are RL3» RLp, 2nd RLC, then the cumulative releases over
10,000 years shall be limited so that the following relationship exists:

Qa. QO Q¢ -

+ + £ 1 _ -
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April 11, 1983 T SECY-83~59B
RULEMAKING ISSUE
(Affirmation)
fgr: L The Commissioners
From: William J. Dircks

Executive Director for 0perat1ons

Subject: 10 CFR PART 60--DISPOSAL OF HIGH-LEVEL RADIOACTIVE WASTES
IN GEOLOGIC REPOSITORIES: TECHNICAL CRITERIA AND CONFORMING
AMENDMENTS (SECY-83-59) - :

“Purpose: : To provide the staff's proposed responses to the comments of
Commissioners Gilinsky and Ahearne on SECY-83-59.

Discussion: On February 9, 1983, final 10 CFR Part 60 technical criteria
and conforming amendments were forwarded to the Commissioners
‘as SECY-83-59. Comments on SECY-83-59 were received from
Commissioners Gilinsky and Ahearne on March 16, 1983, and
March 9, 1983, respectively (Enclosures B and C). This paper
forwards the staff's proposed responses to the comments of
Commissioners Gilinsky and Ahearne in the form of
appropriate changes, shown in comparative text, to
Enclosures A and G of SECY-83-59.

Commissioner Gilinsky's comment concerned the definition
of "geologic repository," Enclosure A, pages 36 and 86.
Commissioner Ahearne's comments were seven in number,
identified below by enclosure, section heading and page
number(s):

Contacts:

P. A. Comella (427-4616)
M. J. Bell (427-4612)

J. R. Wolf (492-8694)

Y SRR




The Commissioners 2
. .

Comment No. 1 Encl. A, ALARA, pp. 14-15
Comment No. 2 Encl. A, Single vs. Multiple Performance
Standards, p. 8
Comment No. 3 Encl. A, Important to Safety, p. 27
Comment No. 4 Encl. A, Important to Safety, p. 27
Comment No. 5 Encl. A, § 60.2, "Definitions," p. 85
6

Comment No. Encl. A, Section-by-Section Analysis,
pp. 42-43, and § 60.21, "Content of
Application," p. 97

Comment No. 7 Encl. G, Engineered Barrier System

Containment Time Requirement, pp. 73-74

A revised p 119 of Enclosure A corrects a spelling error.

It should also be noted that minor stylistic and format
changes will be made to the final rule ‘contained in
SECY-83-59 to conform to Federal Register requirements.

wmii J:. Dircks

Executive Director for Operations

Enclosures:

A - Changes to Enclosures A and G
of SECY 83-59 (in comparative text)

B - Commissioner Gilinsky's comments on
SECY 83-59

C - Commissioner Ahearne's comments on
SECY 83-59

Commissioners' comments should be provided directly to the
Office of the Secretary, ASAP, or along with your vote on
SECY-83-59, if you have not yet acted on it.

DISTRIBUTION:
Commissioners
0GC

OPE

oca

o1IA

OPA

REGIONAL OFFICES
EDO

ELD

ACRS

ASLBP

ASLAP
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of repository performance. For cases analyzed by the Commission on the
basis of specified assumptions, a range of 300 years te 1,000 years would
be appropriate. (These values appear in § 60.113(a)(i1)(A)). Yet even
& shorter designed containment period might be specified, pursuant ‘to
§ 60.113(b), in the 1ight of conditfons that are materially different
from those that had been assumed. For example, {f the wastes had been
processed to remove the principal hEat-generatihg radionucliides (cesium-
137 and strontium-90), the 300-years provision would not be controlling.
Similarly, the Commission may approve or specify a wadionuclide release
rate or & pre-waste-emplacement groundwater travel time that differs from
~ the normal values, provided that the EPA standard, as it relates to anti-
cipated processes and events, is satisfied. Appropriate values will be
determined in the course of the licensing process, $n a manner sensitive
to the particular case, using the principles set out in the performance
objectives, without having to have recourse to the exemption provisions of.
the regulations. )

The numerical criteria for the individuaI barriers included in the
rule are appropriate, insofar as anticipated processes and events are -
concerned, in assisting the Commission to determine with reasonable
assurance that the proposed EPA standard has been satisfied. It should
be noted, however, that in order to meet the EPA standard as it applies
to unanticipated processes and events, higher levels of jndividual barrier
performance may be required. DOE would need to provide in its design for
such performance as may be necessaty to meet the EPA standard with respect
to such unanticipated processes and events even though in all other respects
the values specified by § 60. 113(a) and § 60.113(b) would be sufficient.

Retrievability

The purpose of this requirement was to implement in a practical
manner the 1fcensing procedures which provided for temporal separation of
the emplacement decision from. the permanent closure decision. Since the
period of emplacement would be lengthy and since the knowledge of expected
reposftory 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 geologic 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
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ALARA

The notice of proposed rulemzking 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 believed 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.

Based in part upon the standard recently proposed by EPA, the
Commission considers it reasonable to anticipate that the permissible
‘amounts of radioactivity in the general environment will be established
at [soch] a very low level. [that-efforts-to-reduce-reieases-further-woutd
have-{ittie;-if-any;-demonstrabie-vaive-commensurate-with-their-costss
Accordingty;s-the-abiiity-of-a-geciogic-repository-to-perform-at-ieveis
superior-to-the-EPA-standard—sﬁouid-not-be-the-issue-in-iicensing-proceed
ings---The-centrai-issue-with-respect-to-the-EPA-standard-is-whether |
BBE*s-proposdi:-and-the-data-presented-in-its-support;-wﬁ%%-enab%e-the
Eommission-to-determine-with-reasonab%e-assurancé-thqt-the-estabiished
EPA-standard-wiii-be-met--~Fhe~-Commission-may-insist-upon-the-adoption-of
a-variety-of-design-features;-tests;-or-other-measures-in-order-te-be
abie-to-conciude-with-confidence-that-the-EPA-standard-is-metc--The-resuit
‘may-be-the-same-as-if-the-Commission-were-to-impose-simiiar-requirements
in-the-name-of-keeping-reieases-as-low-as-reasonabiy-achievebier--But
when-the-Commission-finds-that-certain-measures-are-needed-to-impreve
confidence-in-dealing-with-uncertainties;-it-is-making-a-substantie}
safety-judgments |

The-same-kinds-of-baiancing-that-are-undertaken-in-AtARA-determina-.
tions-may-be-appropriate---That-{s;-if-confidence-in-the-performance-of
the-gea%ogic-repository-is-sens%tive-to-a-particu*ar-source-of-uncér-
tainty;-it-witi-be-{n-order-for-the-Eommission-to-take-i{nto-account-both
the-significance-of-the-facto}-ihvaived-and—the-costs-of-reducing-er
eiiminating-its] In fact, the statement of considerations accompanying
EPA's proposed rule explains that the releases from a mined geologic
repository, if kept within the numerical “containment regquirements,"
would result in "low levels of exposures” and that the health effects

14 ' Enclosure A.
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"certainly would not be distinguishable from natural occurrences of
cancer." EPA's stateﬁent;goes on to indicate that appropriate measures
must be taken, in Jight of the uncertainties involved in predicting
repository performance, to assure that the "containment requirements"

will be met. One of the measures identified by EPA would be the selec-
tion and design of disposal systems to keep releases to the accessible
environment as small as reasonably achievable, taking into account tech-
nical, social, and economic considerations. The Commission is concerned
about this "ALARA" aspect of the proposed EPA standard for three reasons.
First, it introduces a significant ambiguity into the standard of perform-
ance. Under the proposed standard, not only would a license application
have to be reviewed to determine whether releases would meet the numerical
standard of the containment requirements, there would also have to be a
demonstration that the releases would meet an unspecified ALARA standard.

Second, given the uncertainties that will need to be considered with respect o

to any proposed repository, a requirement to evaluate performance, in
formal adjudicatory proceedings, under an ALARA standard could well prove
to be administrative]y unmanageable. Third, the means to be applied to
assure confidence in meeting prescribed 1imits on quantities of radio-
active material in the general environment is a matter of implementation
strategy to be determined by the Commission (and, in fact, the formulation
of appropriate means to assure such confidence has been the principal
concern of the Commission in preparing both its licensing procedures and
its technical criteria).S

In the Commission's view, 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. The Commission may insist upon

5The Commission is recommending to EPA that proposed §191.14(b) be omitted
from the final rule. If it is retained, however, the Commission intends
to consider once again whether or not, and how, such provision should be
reflected in 10 CFR Part 60. The Commission emphasizes that its rules
accommodate the underlying concerns of EPA, as articulated in its state-
ment of considerations, that measures must be taken to assure confidence
that the numerical release limits will be met.
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the adoption of a variety of de51gn features, tests, or other measures
in order to be able to arrive at this conclusion. If confidence in the
performance of the geologic repository is sensitive to a particular source
of uncertainty, it will be in order for the Commission to take into
account both the significance of the factor involved and the costs of
reducing or eliminating it. While this would involve the same kinds of
balancing that EPA indicates would bé desirab1e; it should clearly be
understood that the ultimate standard of performance is that which EPA
has defined numerically.

In short, the Commission has concluded that the long-term perform-
ance requirements should not be tied to an ALARA principle, and the rule
remains as it was when proposed. The Commission believes the concerns

16 Enclosure A
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of the commenters in support of the ALARA approach will be largely accom-
modated in connection with its treatment of uncertainties in the course
of the licensing process.[5] '

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 geologic repository. Those measures which it believed
to be reasonable included directing site selection toward sites having
little resource value and marking and documentation of the site. Beyond
~ that, the Commission 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.® The Commission
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 assess the situation and miti-
gate consequences. The Commission recognized that deliberate intrusion
to recover the resource potential of the wastes could result in elevated
releases of radioactivity, but concluded that the accepiability of such
releases was properly left to those making the decision to undertake
resource recovery operations. It noted that comment on its proposal and
alternative approaches would be welcome.

[SThe-proposed-EPA-standard-calis-for-dispesai-systems-to-be-seiected-and
designed-to-keep-reieases-to-the-accessibie-environment-as-smati-as-rea-
sonabiy~-achievabie;-taking-into-account-technicais;-social;-and-economic
considerationss--Proposed-40-EFR-§-191-34¢b3:--Fhe-Eommissionis-rutes
wili-accommodate-the-underiying-concerns-of-EPAs-as-they-are-articutated
in-the-preambie-to-the-Agency*s-proposed-standardss--There-EPA-expiains
that-it-is-concerneds-as-is-the-Commissions-with-assuring-confidence-in

- compiying-with-the-numericai-reiease-3imitss--The-Commission-aise-notes
that-the-definition-of-Ygeneraiiy-appiicabie-environmentai-standardsi-in
Reorganization-Pian-No--3-0f-1976-refers-to-3imits-such-as-those-contained
in-proposed-§-1931-33-and-related-definitions---Accordingiy;-the-Commission
wouid-not-contempiate-making-any-revision-to-its-ruie-even-if-EPA-were
to-adopt-a-provision-such-as-proposed-§-191:-14(bj---Because-of-the-meas-
tres-that-wiii-be-required-to-address-the-uncertainties;-the-Eommission
fuily-expects-that-actuai-releases-are-iikeiy-to-be-weii-betow-the-upper
bounds-expressed-in-the-EPA-standard:]
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commenters, the materials received and possessed at a HLW facility will
be in a form, and the operations that are carried out will be of a
nature, that little potential exists for large releases of radioactive
materials to unrestricted areas. The choice of 0.5 rem in this instance
should not be construed as implying that it would be appropriate if
applied to any other types of activities subject to regulation by the
Commission. (The permissible annual’dose in unrestricted areas--now

0.5 rem--is currently under review. The Commission contemplates that

if this dose limit were to be revised, a corresponding change would be
considered here.)

/ [The-term-Uimportant-to-safety’-has-traditionaliy-been-iinked-to
structures;-systems;-and-components-which-must-operate-under-accident
conditions-in-a-manner-that-wiii-prevent-seriocus-cffsite-consequencess
?he-proposed-rc?e-inapprepriateiy-referred-to-structures:-systems:-and
compenents-which-must-operate-to-meet-the-performance-ocbjectives--including
those-pertaining-to-iong-term-is04ation-under-anticipatedfconditions--as
being-Uimportant-to-safety-i--The-effect-of-this-was-to-extend-sccident-
retated-design-criteria-to-eiements-not-subject-to-reievant-kinds-of-aces-
dentss 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-traditionai-senser]

"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 impbrtant to waste isolation. Since, [for-the
reasons~discusséd-aboves;] these concerns [are] would no longer gg
encompassed by the term "important to safety," the quality assurance
provisions have been amended to apply to structures, systems, and
components "important to waste fsolation" as well.

Also, 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--as being
"important to safety." The effect of this was to extend accident-related
design criteria to elements not subject to relevant kinds of accidents.
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Commission considers this definition to be synonymous with the term
Yengineered barriers”" which appears at Section 2(11) of the Nuclear Waste -
Policy Act of 1982.

"Far field." The term “far field" has been deleted from the rule.
Therefore, the definition is no longer necessary.

"Floodplain.” Deleted. This definition was taken from Executive
Order 11988, which relates to environmentaj consequences of occupancy and
modification of floodplains. Those effects need to be considered as part
of the Commission's environmental review, but they do not implicate the |
radiological concerns that are addressed in Part 60. The term “flood-
plain" still appears in §60.122(c)(1). However, rather than establishing
any particular frequency as the means for defining its extent, the Commis-
sion will allow the factors specified in §60.122(a)(3) to be used in
assessing the significance of flooding, whenever it may oceur.

“Geologic repository." (larifying change, to bring the terminology
into line with common usage. The new definition includes only that
portion of the geo)ogic.setting that provides isolation - not the entire
geologic setting. The ternm, as defined, is considered to be synonymous
with "repository" as defined at Section 2(18) of the Nuclear Waste
Policy Act. (The added clause "or may be used for" conforms to the
statutory definition as well as the definitfon in existing Part 60).

"Geologic setting." See Terminology, above. The phrase "spatially
distributed" was superfluous and has been deleted.

"High-level radioactive waste." The Nuclear Waste Policy Act dis-
tinguishes between "high-level radioactive waste" and “spent nuclear fuel."
These technical criteria are applicable equally to both categories.
Accordingly, no change in the definition of high-level radioactive waste
is requifed at this time. )

A

“important\to safety." See "Important to Safety," above.
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§ 60.21(c)(8)

Section 60.21(c)(B) required a description of controls to restrict
access. After permanent closure, monuments will be an fmportant conifo].
The paragraph has been amended to require that a conceptual design of
such monuments be provided.

§ 60.21(c)(S) and § 60.21(:)(]1)

Conforming changes required by elimination of the term
"decommissioning."

§ 60.21(c)(13)

The changes in this paragraph reflect the revised definitions of
"oeologic setting," “site," "geologic repository," and “disturbed zone.™
No substantive change is intended.

§ 60.21(c)(14)

-~

Conforming change reflecting ]imitétion of “important to safety" to |
concerns related to the period of operations. ‘

§ 60.21¢c)(15)(%)

Editbria] change 1imiting information on DOE organfzational
structure to that which pertains to construction and operation of the
geologic repository operations area.

§ 60.21(c)(15)(11) , ,
[Eenforming-change-fro@-quaiity-assurance-“program"-to4"erganizatien“:

end-consistent-with-changes-to-868:23€c)€43s] Deleted. This provision was

redundant with § 60.21(c)4. (Subsequent paragraphs have been renumbered.)
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§ 60.21(c)(15)[€vi43] (vi)[§ 60.21(c)(15)(vii)].

Conforming change required by elimination of the term "decommissioning."

§ 60.21(c)(15)[€vis43] (vii)[§ 60.21(c)(15)(viii)].
Conforming change reflecting limitation of "important to safety” to
concerns related to the period of operatipns.

§ 60.22 Filing and distribution of application.

‘Section 60.22(2) has been revised to conform to § 60.3(a). In both
places, the rule now refers to receipt and possession of source, specisal
nuclear, and byproduct material "at a geologic repository operations
area."

The reference in § 60.22(d) to "geologic repository "has also been
changed to "geologic repository operations area", as the latter term is a
more precise designation of the HLW facility that is the subject of the
proposed licensing action.

§ 60.31 Construction authorization.

The overall safety finding is related to the “geologic repositery
operations area" because that term refers to the HLW facility subject to
NRC 11censing authority. [This is also the reason for the change in
§ 60.31(a)(1)(11).] 1In order to assure that the relevant features o¢f the
controlled area are considered in arriving at this finding, § 60.31(a)(2)
now specifically refers to consideration of the "geologic repository.”
Because siting and design criteria are supplemental to performance
objectives in Subpart E, § §D.31(a)(2) has been amended to provide for
evaluation of the geologic repository's compliance with the performance
objectives as well. ' The reference to Subpart F has been deleted; that
subpart, which pertains to DOE's performance confirmation program, is now
referenced in § 60.74.
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or procurement or manufacture of components of the geologic repository

operations area.

"Commissfon" 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 direc-
tion from the outer boundary of the underground facility, and the underlying
iubsurface. which area has been committed to use as a geologic repository
and from which incompatible activities would be restricted fo11owing‘
permanent closure. _

closure. .

“"Director” means the Director of theVNuclear Regulatory Coméission's
Office of Nuclear Material Safety and Safeguards.

“Disposal" means the isolation of radioactive wastes from the
accessible environment.

"Disturbed zone" means that portion of the controlled area the
physical or chemical properties of which|have chaﬁged as & result of
underground facility construction or as a result of heat generated by
the emplaced radioactive wastes such that the resultant change of
properties may have 2 significant effect on the performance of the
geologic repository.

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

“Engineered barrier system" means the waste packages and the under-

ground facility.
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—

"Geologic repository" means a system which is intended to be used
for{ or may be used 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 operatfons area" means & high-level radioactive
waste facility that is part of a géblogic repository, fncluding both
surface and subsurface areas, where waste handling activities are
conducted. |

“Geolpgic setting" means the geologic, hydrologic, and geochemical
systems of the region in which a geologic repository operations area is
or may be located. '

"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 equivaient, in a2 facility for
reprocessing {rradiated reactor fuel, and (3) solids into which such
1iquid ‘'wastes have been converted.

YHLW 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 1284).1

TThese 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
Factlities and other facilities authorized for the express purpose of
subsequent long-term storage of high-level radiocactive wastes generated
by [DOE], which are not used for, or are part of, research and development
activities." ) '
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structures, systems, and components important to safety and for the
engineered and natural barriers fmportant to waste fsolation, DOE shall
provide a detailed description of the programs designed to resolve.saféty
questions, including a schedule indicating when these questions would be
resolved. |

(15) The fol1bwing information coﬁcerning activities at the geologic
repository operations area: |

(i) The organfzational structure of DOE as it pertains to construc-
tion and operation of the geologic reposiioty operations area 1nc1uding '
a description of any delegations of autgority and assignments of respon-
sibilities, whether in the form of regﬁlations, adm%nistrative directivés.
contract provisions, or otherwise. .

[€44)--The-quality-assurance-crganization-to-be-used-to-ensure-safety:]

[€4443](11) *x |

. [€vii3]({vi) Plans for permanent closure and plans for the decontamina-
tion or dismantiement of surface facilities.

[€vii43](vii) 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
structures, systems, and components important to safety and the engineered
. and natural barriers important tc waste isolation. f

7. Section 60.22 is amended ﬁy revising paragraphs {(a) and (d) to
read as follows: '
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(c) Potentially adverse conditions.

The following conditions are potentially adverse conditions if they
are characteristic of the controlled area or may [e]affect isolation within»
the controlled area. |

(1) Potential for flooding of the underground facility, whether
resulting from the occupancy and modification of floodplains or from
the failure of existing or planned man-made surface water impoundments.

(2). Potential for foreseeable human activity to adversely affect the
groundwater flow system, such as groundwater withdrawal, extensive irriga-
tion, subsurface injection of fluids, underground pumﬁed storage, military
activity or construction of large écale surface water impoundments.

(3) 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. |

(4) Structural deformation, such as uplift, subsiden;e, folding, or
faulting that may adversely affect the regional groundwater flow system.

(5) Potential for changes in hydroiogicvconditibns that would
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.

(6) Potential for chang;s in hydrologic conditions resulting

from reasonably foreseeable climatic changes.
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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 -
solubjlities 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 [nominailcontainment time requirement which can
be expected to reduce these ‘sources of uncertainty, it is necessary to
consider how fission product fnventories and heat generation rates, 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. Figures 1 through 3
show that the fission products no longer dominate the radioactivity of
the high-level wastes after approximately 250 to 350 years, depending
on the fuel cycle. It is seen in Figures 4, 5, and 6, that the rate

at which total heat is generated by the waste decreases so that at
least a 99% reduction in heat generation rate occurs within the first
few hundred years for each of the waste types. At approximately 250
years, the fission products no longer dominate the heat generation rates
for any of the fuel cycles considered. Repository temperatures may
have peaked and become spatially relatively uniform by this time, or
may require additional time, depending on parameters such as the thermal
properties of the host rock and the design of the engineered barrier
system. As seen in Figures 7 through 12, the toxicity of the fission
products decreases by more than five orders of magnitude during the first
1,000 years and then remains essentially constant for the next 100,000
years. Thus, to a large extent, the uncertainties introduced by the heat
generation rate and the fission product contributions to hazard can be
compensated for by containment times in the range of [severai-hundred]
approximately 300 to 1,000 years. [However;-the-staff-recegnizes-that]
The interval [during] for which wastes should be contained will depend
on such factors as the age and nature of the waste, the design of the
engineered system, the properties of the geologic setting, and the
uncertainties associated with all aspects of geologic disposal. Proper
consideration for such factors must be a part of any containment
requirement. Therefore, by compensating for several of the principal
sources of uncertainty in assessing repository performance, a
containment time of [severai-hundred] 300 to 1,000 years is
[eppropriate] ordinarily sufficient to contribute to reasonable
assurance that the EPA standard, as it pertains to anticipated
processes and events, can be satisfied.
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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 nmot required). It is expected
that containment of the waste will be substantially complete, with
releases during the containment time limited to a small fracticn of the
inventory present. What is intended is that the waste package design
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 significant 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. 7-11) 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 fron containers which they consider
will contain wastes for 1,000 years in basalt (Ref. 7-19). A report
for the Electric Power Research Institute 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 containment by the waste package of 1000 years is reasonable.
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COMMISSIONER AHEARNE'S COMMENTS Ot SECY-83-59

The staff states that the long-tern performance requirements should
not be tied to an ALARA principle, and the rule remains as it was
when proposed. (Enclosure A, pages 14 & 15) HoWever, the staff

21so states that "the proposed EPA standard calls for ¢isposal

‘systems to be selected and designed to keep releases to the acces-

sible environment es small as reasonably achievable, taking into
account technical, social, and economic tbnsidefations.” The staff
ceﬁc1udes that "the Commission's rules Q111 acccrmodate the under-
lying concerns of EPA, as they are ertiéﬁ]ated 1h the preamble to
the Agency's hfopbsed standards.® (Footnote 5, Enclosure A, page
15.) Notwithstanding the remainder of Footnote 5, there appears’to
be & significant difference between EPA and the NRC with respect to
ALARA, {.e., there is a considerable difference between the state-
ment of Footnote 5 that "because of the measures that will be
required to address the uncertzinties, the Commissicn fully expects
that actual releases are likely to be well below the upper bounds
expressed in the EPA standard“ and 2 statement that releases are
ALARA. The "Supplementary Information” section of the proposed
final rule should be revised to fully explain the differences

between the EPA and HRC or the Staff should get agreement from EPA

_that there are no differences. It also might be useful fcr GGC or

OELD to explain the legal ramifications of this apparent ALARA

disagreement in & separate paper to the Commission. -



3.

The staff states that "the numerical criteriz for the individual
barriers included in the rule are appropriate, insofar as antic-
ipated processes and events are concerned....” The staff further
states that "in order to meet the EPA standard as it applies to
ungnticipated processes.and'events. higher 1e§e1s of individual
barrier performance may be required." (Enclosure A, page 8.) It
is not clear what the "criteria for higher levels of individual
barrier performance” will be. It dces appear that the EPA standard
is controlling for unanticipated processes and events. Therefore
it would be appropriate to exb]icitTy state thaﬁ with réspect to
unanticipated events the EPA standard is controlling rather than

individual barrier performance objectives.

It is stated that the term “"important to safety" haS traditionally
been Jinked to structures, systems, and components which must
operate under 2ccident corcitions in a manner thét will prevent
serious offsite ccnsequences. (Enclosure A, page 27.) In a
November 20, 1981 mémo, Harcld Denton provided standard definitions
for commonly-useé safety classification terms. The definition of
“important to safety" as provided by Denton is not consistent with
the characterization provided 1n_SECY-83-59. Denton indicates
"important to ékfety" encompasses the broad class of plant features
that contribute 1n_1mpcrtant ways to safe operation and protection
of the public in 211 phases and aspects of facility operation
{i.e., normal operation and t}ansient control 2s well as accident

mitigation).” NRR (and the NRC) hes had a very difficult time in



trying to establish consistency in application of standard defini-
tions for commonly-used safety-classification terms. The final
rule should not counteract Denton's efforts. The definition used
in the rule should be reviewed in 1ight of the November 20, 1981

Denton memo. Any differences should be explained.

The proposed final rule states that structures, systems, and
compoﬁentﬁ.are important to safety if, 1ﬁ the event they fail te
perform their intended function, 2n accident could result which
causes a dose commitment greater than 0.5 rem to the whole body of
zny organ of &n individual in an unrestricied area. (§60.2 -
Enclosure A, page 87) The staff indicates that the value of 0.5 rem
is equal to the annual dose fb the vhole bbdy of an individuzl in .
an unrestricted area that would be permitted under 10 CFR Part 20
for normal operations. The Supplementary Information section of
the final rule package should mgntion that NRC revisions to Part 20
and EPA Clean Air Act standards may be significantly lower than 500
mr [Note that the drafts zre].

Change definition of “Controlled Area" (§60.2 - Enclosure A, page
85) to read:
"Controlled Area" means a surface location, to be marked by

suitable monuments, extending horizontally no more than 10

kilometers in any direction from the outer beundary of the

under ground facility, ....
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Delete §60.21{c)(15)(11) on page 97 of Enclosure A. This {informa-
tion should be included with the description of the quality assur-
ance program required by (§60.21(c)(4), (Page 96 of Enclosure A).
Enclosure € is {ntended to provide rationale for performance
objective; in 10'CFR Part 60. - However, the ratfonale for selecting
the 300 year performance objective for the waste package *
(§60.113(é)(1)(11)(A) is not covered in Enclosure G. The closest
description 1s-on page 73 of Enclosure G which mentions times in
the range of "several hundred to 1,000 years". We should

explicitly state why the 300 year figure was chosen.
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COMMISSTONER AHEARNE'S COMMENTS ON SECY-83-59B

1. The staff proposed changes to the explanation of the term "important to
- safety" do not highlight the fact that the term is used differently in Parts
50 and 60. I would prefer to use a different term such as "important to safe
repository operations,”" in place of the term "important to safety." ' If the
majority of the Commission disagrees, then I propose the following rewrite
for th§ explanation of the term "important to safety" (Enclosure A, pages 26
and 27).

Important to Safety. In response to public comments on Part 60,
the NRC staff has adopted a numerical criterion for determining which
structures, systems and components are important to safety. Structures,
systems, and components are important to safety if, in the event they
fail to perform their intended function, an accident could result which -
causes a dose commitment greater than 0.5 rem tg the whole body or any
organ of an individual in an unrestricted area’” The value of 0.5 rem
is equal to the annual dose to the whole body of an individual in an
unrestricted area that would be permitted under 10 CFR Part 20 for
normal operations, The definition that has been adopted defines as
important to safety, any system, structure or component whose failure to
operate as intended could result in an annual dose commitment to an
individual in an unrestricted area in excess of what would be permitted
for normal operations of certain other activities licensed by NRC. Such
systems, structures, and components would be subject to additional
design requirements and to a quality assurance program to ensure that
they performed their intended functions. The choice of 0.5 rem in this
instance should not be construed as implying that it would be appropri-
ate if applied to any other types of activities subject to regulation by
the Commission. (The permissible annual dose in unrestricted areas--now
0.5 rem--is currently under review. The Commission contemplates that if
this dose limit were to be revised, a corresponding change would be
considered here.)

The term "important to safety" applies solely to the functioning of
structures, systems, and components during the period of repository
operations. The proposed rule also applied the term to structures,
systems, and components which must function in a particular way in order
to meet the long-term isolation objective. The final rule includes
design criteria that address long-term performance, but these are
related to contributions to waste isolation instead of being tied to
structures, systems, and components "important to safety." Similarly,
the quality assurance requirements expressly apply to structures,
systems, and components "important to waste isolation" as well as to
those that are "“important to safety" during operations.

1

10 CFR Part 50, Appendix A uses the term “important to safety” in a

different context for nuclear power plants. The 10 CFR Part 60 definition
does not supersede the 10 CFR Part 50 definition in nuclear power
application. '



2. It is presently stated in the Section by Section Analysis of Part 60
(Enclosure A to SECY-83-59) that the definition of "engineered barrier
system" in Part 60 is synonymous with the term "engineered barriers" in the
Waste Policy Act. Further discussion with the staff indicates this may not
be the case. Therefore, replace Section by Section Analysis for "Engineered
Barrier System" with the following (page 35 and 36 of Enclosure A):

"Engineered barrier systems." This term refers to the system for
which containment and release rate requirements are specified. It does
not include the shafts and boreholes, and their seals. The proposed
rule referred instead to "engineered systems," a term that was mislead-
ing because it could be understood to include shaft and borehole seals.
However, the Commission recognizes that as used in the Nuclear Waste
Policy Act of 1982, the related term “engineered barriers" might be
construed to include shaft and borehole seals. The NRC will review
whether the definition requ1res change in light of the Nuclear Waste
Policy Act. Preliminary review does not indicate a need for change in

this definition.

3. I have reviewed the staff's response (SECY-83-59B) to my previous
comments on ALARA, I am in agreement with the staff's approach to consid-.
eration of ALARA. However, since we are commenting separately to EPA on its
approach to ALARA, I would just mention this fact in Part 60, not give the
details of our comments to EPA. 1 believe the staff's writeup on ALARA can

~ be improved. Attached is a proposed replacement section on ALARA. (Replace-
ment pages for pages 14, 14a, and 15 to SECY-83-59B)

ALARA

The notice of proposed rulemaking requested comment on “whether an
ALARA principle should be applied to the performance requirements
dealing with containment and control of releases." Some commenters
believed that ALARA (as low as reasonably achievable) should be applied
to all -l1icensed activities, and that no exception should be made for
geologica1 repositories. Other commenters argued against incorporating
ALARA, since the allowable releases under the EPA standard would already
be so Tow as to eliminate any significant risk to public health and
‘safety. .

Based in part upon the standard recently proposed by EPA, the
Commission considers it reasonable to anticipate that the permissible
amounts of radioactivity in the general environment will be established
at a ver low level. In fact, the statement of considerations accompa-
nying 's proposed rule explains that EPA has chosen to propose
d1sposal standards that 1imit the risks to future generations to a level
no greater than the risks which those generations would be exposed to
from equivalent amounts of unmined uranium ore and thus, any risks to
future generations from disposal of high-level wastes would be no
greater than, and probably much less than, risks which those generations
would face if the wastes had not been created in the first place.

Efforts to reduce releases further would have little, if any, demon-
strable value commensurate with their costs.



The EPA 1imits require the performance of geologic repositories to
be effective over a long period of time. There will always be substan-
tial uncertainties ir predicting the long-term performance of geologic
repositories. The Commission will insist upon the adoption of a variety
of design features, tests, or other measures in order to be able to
conclude with confidence that the EPA standard is met. The result may
be the same as if the Commission were to impose similar requirements in
the name of keeping releases as low as reasonably achievable. Given the
substantial uncertainties involved with predicting long term perfor-

mance, the already low EPA limits and the already stringent geologic
performance requirements, it is doubtful that the ALARA concept could be
applied in a meaningful way.

When the Commission finds that certain measures are needed to

- improve confidence in dealing with uncertainties, it is making a sub-
stantial safety ‘judgment. The same kinds of balancing that are under-
taken in ALARA determinations may be appropriate. That is, if confi-
dence in the performance of the geologic repository is sensitive to a
particular source of uncertainty, it will be in order for the Commission
to take into account both the significance of the factor involved and
the costs of reducing or eliminating it.

In short, the Commission has concluded that the long-term perfor-
mance requirements should not explicitly be tied to an ALARA principle,
and the rule remains as it was when proposed. The Commission believes
the concerns of the commenters in support of the ALARA approach will be
largely accommodated in connection with its treatment of uncertainties
in the course of the licensing process.

EPA's proposed rule (Part 191) indicates that appropriate measures
must be taken, in light of the uncertainties involved in predicting
repository performance, to assure that the "containment requirements"
will be met. One of the measures identified by EPA would be the se-
lection and design of disposal systems to keep releases to the accessi-
ble environment as small as reasonably achievable, taking into account
technical, social, and economic considerations. The Commission is
recommending to EPA that the assurance requirements, including the ALARA
provision, be omitted from the final rule. The Commission emphasizes
that its rules accommodate the underlying concerns of EPA, as
articulated in its statement of considerations, that measures must be
taken to assure conf1dence that the numerical re]ease 1imits will be
met.
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COMMISSIONER AHEARNE'S COMMENTS ON SECY-83-59B

1. The staff proposed changes to the explanation of the term “important to
safety" do not highlight the fact that the term is used differently in Parts
50 and 60. I would prefer to use a different term such as "“important to safe
repository operations,” in place of the term “important to safety.” If the
majority of the Commission disagrees, then I propose the following rewrite
fo; §9§ explanation of the term "important to safety” (Enclosure A, pages 26
an .

Important to Safety. In response to public comments on Part 60,
the NRC sta#4# has adopted a numerical criterion for determining which
structures, systems and components are important to safety. Structures,
systems, and components are important to safety if, in the event they
fail to perform their intended function, an accident could result which
causes & dose commitment greater than 0.5 rem to the whole body or any
organ of an individual in an unrestricted area®” The value of 0.5 rem
is equal to the annual dose to the whole body of an individual in an
unrestricted area that would be permitted under 10 CFR Part 20 for
normal operationsxg Fhe~definition—thet—hes—deen—eadepted-defines—as
important—to-sefety;—enysystem—structure—sr-comporent-whose-failure~-to

- eperate—es—intended—couid-—resuit-in-en<annualdese—comnitment-So-an
‘ individual-—3n -an- unrestricted-area—ir<excess—ef-what-would-be-permitted
444‘4au€*%:§.//]for normal operations of certain other activities licensed by NRC. Such
pML? systems, structures, and components would be subject to additional
" design requirements and to a quality assurance program to ensure that
they performed their intended functions. The choice of 0.5 rem in this
instance should not be construed as implying that it would be appropri-
ate if applied to any other types of activities subject to regulation by
the Commission. (The permissible annual dose in unrestricted areas--now
0.5 rem--is currently under review. The Commission contemplates that if
this dose 1imit were to be revised, & corresponding change would be
considered here.) :

The term “important to safety" applies solely to the functi

s ures, systems, and components during the period of ository

./Lpf£Lu¢£ operationss e proposed rule also applied the te 0 structures,
\1q systems, and comp which must function particular way in order

Mo to meet the long-term isola " The final rule includes

Ju$%¢4411? design criteria that address 10 performance, but these are
- | related to contributions instead of being tied to
. structures, syste and c?mponents “impor%an : afety.” Similarly,
the qualit rance requirements expressly apply to structures
syste s:’i%?aiomponents “important to waste 1sogation" as QETT*ai_xg
\ e that are "important to safety" during operations.

110 CFR Part 50, Appendix A uses the term “important to safety" in &
different context for nuclear power plants. The 10 CFR Part 60 definition
does not supersede the 10 CFR Part 50 definition in nuclear power
application.



In the final rule, the term "important tc cafety" applies
solely to the functioning of structures, systems, and
ccmponents during the period of operations prior to
repository closure. The proposed rule had also applied
this term to structures, systems, and components which must
function in 2 particular way in order to meet the long-term
isolation objective after repository closure. In the finel
~rule, this latter group, which is intended to meet the
design criterie that address long-term performance, is
characterized as "important to waste isolation." Quality
assurance requirements appliy to structures, systems, and
components equally whether they be "important to safety" or
“important to waste isolation.”



TO:  SaMmueL J. CHILK, SECRETARY OF THE COMMISSION

FROM: COMMISSIONER ASSELSTINE

SUBJECT: SECY~83-59B -~ 10 CFR PART 60 -~ DISPOSAL OF HIGH~LEVEL
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CRITERIA AND CONFORMING AMENDMENTS (SECY-83-59)
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I agree with Commissioner Ahearne's proposed’changes'as modified
by Chairman Palladino. , .

I would also revise the definition of high-level radioactive waste
in Part 60 to conform to the definition of high-level_;éste in

the Nuclear Waste Policy Act of 1982. This is consistent with
the Commission's comments to EPA on their proposed high-level
waste standards.
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