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I. INTRODUCTION
- Thank you for the opportunity to present the U.S. Nuclear Regulatory Commission
(NRC) staff's views on the major issues involved in developing standards for
dispasal of high-level wastes (HLW). Under the provisions of the Nuciear Waste
Policy Act (as well as earlier legislation), the NRC 1is one of three Federal
agencies with a role to play in disposaf of HLW. The Department of Energy has
the responsibility for actual disposal of HLW -- developing a repository and
operating it. The U.S. Environmental Protection Agency (EPA) has been charged
with developing the environmental standards that will be used to evaluate the
safety of the repository developed by DOE. NRC {s the implementor -- the
requlatory agency that will determine whether DOE's proposal does, in fact,

comply with the requirements of EPA’s standards.

The NRC's requlatory role causes the HRC to have a strong interest in both the
form and the content of HLW standards. Of course, the NRC's first interest is
protection of public health and safety. We look to EPA’s standards to define an
adequate level of public health protection. When implementing EPA’s standards,
the NRC staff's major concern is with the clarity of the standards and the
practicality of evaluating compliance with them during 1icensing. However, the

NRC staff also recognizes a strong national {interest in proceeding with HLW
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disposal in a manner that 1s adequately safe. The NRC staff thefefore is
concernea that the standards should provide a level of safety that is sufficient
to adequately protect future generations, but s not so stringent that
demonstrating crmpliance with the standards becomes needlessly costly or time
consuming. With those basic concerns in mind, let me now turn to the basic
safety goal for HLW disposal, and then discuss the major issues the NRC staff

belteves will be important in formulating standards to achieve that basic goal.

II. THE BASIC SAFETY GOAL

More than a decade ¢go. the Nuclear Waste Polfcy Act set up a national program
for development of deep geclogic repositories for disposal of high-level
radioactive wastes (HLW). This decision was not reached 1ightly. A wide range
of alternative disposal technologies, ranging from subseabed disposal to disposal
in space, had earlier been evaluated by the U.S. Oepartment of Energy (DOE).
After selection of repository disposal as the preferred technology, the safety
of deep geologic disposal ot HLW was reviewed twice by the U.S. HNuclear
Regulatory Cormission (NRC). First, the Waste Confidence Decision of 1984 found
reasonable assurance that safe disposal of HLW in a repository is technically
feasible. Then, in 1990, the NRC reviewed and reaffirmed its earlier views on
the technical feasibility of safe repository disposal. And, the U.S. has not
been alone in its pursuit of repository disposal. Other nations with substantial

nuzlear power programs have also endorsed the concept of disposal of HLW in deep

geologic repositories.

une night recsonably ask the question "On what basis has this generation, today,

selected repository disposal and evaluated its safety?® The answer lies, I



thirk, tn what can be called the "Societal Fledge tu Future Generations."” The
Pledge ‘¢ o3Vlv vary simpie. First, i- assumes that future societies will be
Just as concerned as we are todiay about the potential health hazards of radiation
exposure. No more and no less. [he Pledge then promises to provide future
societies with the same protection from radiation we would expect for ourselves.
No more and no less. The Pledge further promises to provide that protection in
a way that does not impose burdens on future societies. In other words, futurg
socfetfes will not need to take special precautions to protect themselves from
the radioactive materials we generate today. Instead, we will do today whatever
fs necessary to ensure an adequate level of radiation protection. This Pledge
is, 1 believe, what decision-makers in -he U.S. and other nations had ia mind
when deep geologic disposal was selected as the preferred technology and was

declared to be safe.

Of course, the Pledge I just described is rather general and lacks many important
details. Development of t-ose details, in the form of recommendiations for
environmenta: standards, is the charter of this panel of the National Academy of
Sciences. Many difficult {issues must be addresses by the panel, including
several that 1 will discuss in a moment. [ think, however, that the difficulty
of some issues can be reduced by accepting the Societal Pledge I described. When
considering environmental standards, we should not try to forecast possible cures
for cancer, capabilities to detect and correct genetic abnormalities, long-term
changes in socfeta) Vifestyles and preferences, and so on. It will be difficult
enough to predict the geologic evolution of a repository site. Trying to also
predict human and societal evsiution over thousands of years, and to litigate

those predictions during licensing, seems to me to be both unproductive and



unnecessary. Instead, we should assume that human beings and their social
institutions will remain much as thev are today and, based on that assumption,
we should provide for the future the same protection from radiation we would
demand for ourseives. Trying to sneculate about the ways in which humans or
societies might change over thousards of years in the future, and to tailor
standards to those changes, seems a very difficult undertaking with little chance

of success.

[11. THE ISSUES

As | see it, there are at least sever major issues that need to be addressed by

this panel. Let me discuss each of these issues.

{1) Health-based versus technology-based standards. Any environmental standard
should have as its underlying basis a safety goal for the allowable health risk

to an individual or a population. Perﬁaps the most fundamental issue facing this
panel is the way in which the safety goal should be determined. When EPA-
developed its 1985 siandards, the underlving safety goal was largely based on
EPA's analyses of the waste isolation capabilities of several hypothetical HLM
repositor ies, EPA estimated the health effects that might be caused by those
repositories, compared that level of iealth effects to the estimated impacts of
unmincd uranium ore, natural background radfation and similar reference points.l
and then required that any real repository perform at least as well as E€PA's
hypothetical repositories. Thus, the safety goal underlying EPA’s 1985 standards
can be termed "technology-based® because it was derived from EPA’s analyses of

the waste isolation capabilities of repositories.




The advantage of a technology-based safety standard is that 1t largely eliminates
questions about whetner i.e projected impicts of a repository will be "as low as
- reasonably achievable® (ALARA). After all, the whole purpose of a technology-
based standard is to require the best level of performance that a particular
technology is thought to be able to provide. Thus, a technology-based standard
can largely eliminate any need for a time-consuming and cobtrover-ial ALARA
analysis during the 1icensing review for 2 spec!fic repesitory. The. ¢ antage
of a technology-based standard {s the potantial for such a standard to be overly
siringent if EPA misjudges the waste isolation capability of repositories or the
costs of achieving compliance. Failure to recognize the potential for gaseous
release of carbon-14 from an unsaturated zone repository illustrates the
vulnerability of technology-based standards when applied to a new or evolving
technology 1ike HLW disposal. There also is no guarantee that a purely

technology-based standard would be adequately protective.

In contrast to EPA’s technology-based safety goal, the International Commission
on Radiological Protection (1CRP) has recommended a "health-based*® safety goal.
The ICRP examined other risks accepted by society and, on that basis, developed
recommended dose and risk 1imits for individuals who might be exposed to reledses
from a repository in the future. The ICRP's recommendations can be charactericed
as "health-based® because they represent the judgment of the ICRP as to the
highest level of health risk that any person should ever be subjected to,

regardless of the costs or technical difficulties of achieving compliance.

The Energy Policy Act asks this panel to consider whether a "health-based

standard” would be reasonable. In my view, use of the term *health-based” refers



to the type of ty goal recommended by the I[CRP, fn contrast to the
technology-hased health goal previou 'y adopted by EPA. Ae 1 ctated ecarlier, one
of the most fundamental {ssues facing this panel §s whether a heaIth-baséd safety
goal, like tha* -acommended by the 'CRP, wnuld provide a reasonable basis for
EPA’s HLW standards and whether such a basis would be preferable to the

technology-based approach previously used by EPA,

In the NRC staff’s view, EPA should reduce the emphasis placed on technical
achjevability when deriving 1ts standards. The "carbon-14 issue” {1lustrates the
' vulnerability of technology-based standards to new information. For a new
undertaking, like a HLW repository. there is a reial potential for technology-
hased standards to be unreasonably stringent if all stgn.ficant releases cannot
be identified and included in the derivation of those standards. On the other
hand, there is no quarantee that technology-based standards will be adequately
protective. For these reasons, the NRC staff has recommended to EPA that much

more emphasis be placed on health-based reasoning when deriving EPA’s HLW

standards.

{2) Individual versys population protection. The second majer issue facing this

panel involves the type of radiation pratection to be emphasizea by EPA's
standards -- protection far individuals or protection for the population as a
whoie. EPA’s 1985 standards emphasized protection of populations by imposing
“containment requirements® that limited the cumulative amount of radioactive
material released over 10,000 years. In contrast, the Energy Policy Act now asks

whether a standard, "based upon doses to individual members of the public,” would

be reasonable.



EPA’s decision to base its 1985 standards on population fmpacts rather than on
protect'on or inuividuals was EPA's most significant departure from the
traditional concepts of radiation protection, from the recommendations of
advisory groups ..xe the ICRP, and from the practices of other nations. EPA's
- defense of its decision was two-fold -- oracticality and a desire to emphasize

waste containment rather than dilution.

EPA’s practicality concern deserves close attention Ly this panel. Ten years
ago, the Waste Isolation Systems Panel of the National Academy of Sciences warnéd
that large individual doses can occur if humans consume contaminated groundwater
in the vicinity of a HLW repository. ihe reason is simple -- groundwater flow
rates are too low to provide significant dilution of potentia) releases. When
trivial doses were estimated for a repository at Hanford, it was assumed that
releases would be diluted in the Columbia River. There is no Columbfa River near
Yucca Mounta - In fact, at Yucca Mountain, consumption of groundwater may be
the most 1lfkely pathway for repository releases to reach humans. Since
groundwater flow provides Vittle dilution of releases, unacceptably large doses
may be predicted to occur unless a Yucca Mountain repository performs much better

than would have been required by EPA's 1985 standards.

There are strong arguments in favor of an individual protection standard, either
as a supplement to EPA’s cumulative release 1inits, or as 2 replacement for those
release limits. One of the first principles of radiation protection has always
been to provide an adequate level of protection for each individual potentially
exposed to radiation. Questtonk have been raised about EPA’s 1965 standards

because those standards depart from that tradition. When this panel considers



whether to recommend adoption of an individual dose <tandard, the pane) wiil also
need to face the challenge of finding  aJractical way ta maks -~k s ~*3ndard
workable for a repository where no large river is available to dilute potential

releases, tut which has clear advan’ages for containment of wastes.

The NRC staff considers that radiation protection for individuals should be a
part of EPA's standards. However, ii:will be very important to ensure that an
individual protection standard is applied in a reasonablg manner. An individual
protection standard should not attempt to protect all individuals, under all
conceivable circumstances, at all times in the future. For example, tt does not
seem reasonable to try to protect a hypothetical farm family located at the
boundary of a Yucca Mountain repository, when it is unlikely that such a farm
family will ever exist. [Instead, a more realistic scenariz would invalve
exploitation of groundwater near Yucca Mountain as a supplement to the municipal
water supply for regional populations. Water consumers in the region would then
form the critical group whose doses would be Vimited by an individual prote-*ion

standard.

(3) Fundamental versus derived standard. Development of environmental standards

usually beyins with establishment of an underlying basic safety goal, expressed
in terms of an allowable dose or healin risk to an individual or a population.
However, it {s not necessary to express the standard directly in terms of that
fundamental goal. Instead, the standard can be expressed in terms of a derived
quantity, such as quantity or concentration of radicactive material released to
the environment. The advantage of a derived, release Vimit standard is

simplicity. Evalvations of compliance need not predict who will live where, or



how they will 1{ve, for thousands of years into the future. The disadvantage of
a derived standard is the »ossibility tha' conditions near a repository will be
different from those aésumed when deriving the standard from the ba. fc safety
goal. If so, the actual health risk caused by releases from a repository might

»

be significantly different from the basic safety goal.

As we all know, EPA’s 1985 standar&s were expressed in terms of release limits
derived from EPA's analyses of .he expected performance of hypothetical
repositories. Those release 1imits were controversial, at least in part, because
the release limits were derived using a “world-average® biosphere that bore
little resemblance to the bicsphere likely to exist near Yucca Mountain. Thus,
the actual number of health effects that might be caused by releases from Yucca
Mountain might also bear 1ittle resemblance to EPA’s health effects goa!. HNow,
the Energy Policy Act asks this panel to consider whether a standard “based upon
doses” to individual members of the public is reasonable. [ interpret the phrase
"based upon doses® to allow this panel'to consider derived standards, such as
limits on concentrations of radionuclides released to the environment, as well
as standards that dlreqtly 1imit doses. The issue before this panel is whether
the simplicity of derived standards, and the -elative ease of evaluating
compliance with them during licensing, outweighs the potential for derived

standards to depart from the underlying basic safety goal.

The NRC staff has supported a derived standard (e.g., a 1imit on radionuclide
releases) because such a standard would be easier to implement during licensing
thin a fundamental standard exprgssed in terms of doses or health risks. Of

course, if a derived standard is to be used, it would be necessary to avoid



unrealistic assumpticns in the deriviation of the standard. A fundamental (dose
or health risk) stardard would also be .cceptable, provided that such a standird
cou!, be implemented using some type of *"static® or "reference” biosphere. The
NRC staff would abject to anv fundamental standard that permitted unlimited

speculation about future human locations, lifestyles and societal condigions.

{3) Active institutionil control. EPA’s 1985 standards assumed that active

institutional controls (quarding »r monitoring a site and remedial activities)
will not be relied upon for more than 100 years after repository closure as the
means to achieve acceptable waste isolation. The Energy Policy Act now asks this
panel to advise EPA on the potential for post-closure oversight to prevent an
unreasonable risk of breaching the repository's barrﬂers or of causing

unacceptable radiation doses to the public.

The advantage of relying on active institutional controls is the potential to
reduce the near-term cost of achieviﬁg and demonstrating compliance with the
environmental standards for Yucca Hountain. Some probabilistic projectigns.
especially those involving human intrusion, will 1ikely be contentious‘during a

licensing review and substantial efforts may be needed to demonstrate acceptabdle

repository performance. Societal practices such as monitoring drinking water

quality could provide effective protection of populations near a repository, and

creuit for such practices could be beneficial 1n demonstrating repository safety.

The disadvantage of relfance on active controls is the history of Joss of such
controls shich raises questions about the wisdom of relying on fnstitutions to

ensure repository safety. Historical examples of durable institutions generally
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involve functions that societies find useful (e.g., maintaining records), and it
is difficuls to project the wrllingness of future societies to perpetually

monitor a repository site.

The NRC's requlations for geologic repositories have not assumed that active
institutional controls would be effective in preventing human intrusicn for more
than 100 years after facility closure. This assumption appeared to be prudent
for a HLW repository, since no practical method has ever been identified to
guarantee that such active institutional control: will persist or will continue
to be effective. "Passive® institutional controls, however, such as monuments,
markers and land-use records, are 1ikely to persist and be effective in deterring

future human intrusion into a repository.

{5) Probabilistic standards. The cumulative release limits of EPA’s 1985

standards applied to virtually all causes of releases, including human intrusion.
Concerns about the scientific predictability of intrusion is reflected in the
Energy Policy Act’s identification of post-closure oversight and human intrusion
as subjects for this pané\'s review. Predicting the probabilities of some rare
geologic events, such as volcanic activity at Yucca Mountain, could prove nearly
as troublesome as predictions of human intrusion. Therefore, I encourage this
panel to fnclude rare geologic events, along with human intrusion, when

considering whether 1t is possible to make scientifically supportable predictions
of potential repository disruptions.

In probabilistic risk assessments, the probability that an event will occur

cannot always be determined from the historical frequency of occurrence of



similar events. For rare events, the estimated probabilities are often vaiue-
that represent an individual's degree f belief (grounded on some theoreticil or
empirical foundation) that the events will occur. Although such probability
estimates might not be scientifica'ly verifiable in the most rigorous cense, they
have provided an adequate basis for oast regulatory decisions (e.g., regarding
seismic potential in the eastern United States). Thus, it is reasonable to
expect that a probabilistic standard will prove workable during licensing.
Nevertheless, some of the events of concern for predicting the performance of a
repository may be even more speculative than events dealt with in the past, and
could be difficult to evaluate during licensing. In the NRC staff’'s view,
implementing probabilistic standards during repository licensing will be
challenging, but should ultimately prove to be feasible.

(6) As low as reasonably achievable (ALARA). EPA's 1985 standards did not

contain a specific requirement that projected releases be ALARA. EPA's

containment requirements. which were derived from analyses of the waste isolation
rapabilities of hypothetical HLW repositories, were effectively "generic® ALARA
levels. In contrast, an explicit ALARA requirement {s a prominent feature of the

recomnendations of international advisory organizations.

The principa) advantage of an explicit ALARA requirement would be consistency
with other radiation protection standards. The disadvantage would be significant
difficulties in evaluating compliance with such a criterion. The large
uncertainties in projected repository performance would make any caﬁe-specific
ALARA analysis highly speculative, e;ngtally if the performance of real or

hypothetical alternative sites were to be considered.
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The NRC staff would object to any broad-based requirement that repository
releases be demonstrated to be ALAR', especially if suc © ' *ment were
applied to site selection. 1he NRC's regulations now contain a requirecment for
consideration of alternatives to the major design features of a repository. Any

more extensive ALARA analysis is likely to prove speculative and unworkable.

09- rn. The containment requirements of EPA's 1985
standards applied only for the first 10,00) years after repository closure. In
contrast, the recommendations of some internaticnal advisory groups and the
regulations of some other natfons are open-ended, restricting individual doses
and risks in perpetuity. While not specifically addressed by the Energy Policy

Act, questions have been raised about the time period for which environmental

standards should be applied at Yucca Mountain.

The advantage of a 10,000-year cut-off can be stated very simply -- practicality.
With a 10, 000-year cut-off, the licensing process does not need to consider ve.y
speculative long-term geologic and climatic changes that might disrupt repository
performance. On the other hand, some of the hazardous constituents of high-level
wa;te have half-1ives exceeding 10,000 years, and releases of those materials
could pose a significant human health hazard well beyond 10,000 years.
Previously, EPA reasoned that a repository that is zble to meet its standards for
the first 10,000 years after disposal would be 1ikely to perform well for longer
times, as well. [t should be ncted that, when EPA’s standards were challenged
in a Federal court, the court did find that EPA’s explanation of its 10,000-year

limit was adequate.
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Thy NRC starf prefers that any numerical HLW staadard be applied only for a
1imited *ima .fter disposal (e.g., 10,700 years). The ©--*“-- !-*9 the fu.ure
one tries to predict repository performance, the more uncertain these predictions
will be. [~ **e NRC staff's view, the very lirge uncertainties inherent in '
estimating releases over very long times makes 1t impractical to make a
scientifically rigorous demonstration of compliance with numerical regulatory
limits. Instead, potential releases that might occur after the regulatory period
should be estimated by DOE and disclosed in a suitable format, such as an

Environmental Impact Statement.
1V.  CONCLUDING REMARKS

In conclusion, let me return to my earlier remiarks about the basic Societal
Pledge we are making to future generations. WNe are pot promising to predict
every nuance of future soc{ety's attitudes toward, or concerns about,
radiological hazards. HNor ire we trying to forecast the full range of potential
changes in societal lifestyies and potential modes of exposure to releases from
a repository. We are simply promising to provide future humans with the same
type of radiclogical protection, and the same level of safety, that we would
demand for ourselves. If this panel can focus its deliberations on determining
the safety standards we would find acceptable today, I think reasonable and
workable recommendations for HLW disposal standards can be developed. [ wish you
great success in your deliberations, and I offer you any support from the staff

of the HRC that you might find helpful in your efforts.
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X . UNITED STATES ‘
NUCLEAR REGULATORY COMMISSION
[ ADVISORY COMMITTEE % NUCLEAR WASTE

:.-‘ NASMINGTON D C 20555

June 7, 1996

s

The Honorable Shirley Ann Jackson
Chairman

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Dear Chairman Jackson:

SUBJECT: TIME SPAN FOR COMPLIANCE OF THE PRO?OSED HIGH-LEVEL WASTE
KEPOSITORY AT YUCCA MOUNTAIN, NEVADA

The purpose of this letter is to communicate the Advisory Committee
on Nuclear Waste’s (ACNW) observations and suggestions on the
general principles for establishing the time span for compliance of
nuclear waste facilities and our recommendations for specifying the
requlatory time f:imc of compliance for the proposed geologic high-
level waste (HLW) repository site at Yucca Mountain, Nevada. This
letter follows up a letter from the ACNW dated February 9, 1996,
on *Issues and {U.S. Nuclear Regulatory Commission] NRC Activities
Associated with the National Research Council’s Report, Technical
Basas for Yucca Mountain Standards.®

The time period for compliance of geologic HLW repositories is
established at 10,000 years in the Environmental Protection Agency
(EPA) standar< 4¢ CFR Par* 19! and the NRC regulation 10 CFR Part
60. Elements of the HLW standards and regulations were scrutinized
by a National Research Council/National Academy of Sciences (NAS)
Committee, which was prescribed by the Enerqgy Policy Act of 1992.
The findings of the NAS Committee are published in the Technical
Bases for Yucca Mountain Standards (National Research Council,
1595). The NAS Committee conclu2d that there was no scientific
justification or basis for specifying a truncation of the analyses
at 10,000 years or at any other period of time. Instead, it
recommended that the compliance evaluation be cunducted to peak
risk within the linits of the basic geologic stability of the Yucca
Mountain region, which it suggested was on the order of a million
years. In contrast to this recommendation, the ACNW has supported
the 10,009-year time frame (e.g., letters to the Chairman of the
NRC of June 27, 1991, and February 9, 1996). Nonetheless, in our
mogt recent letter on this topic, %*he ACNW stated that further
deliberations on the subject were appropriate. This letter reports
on the results of our additiona. study. The ACNW will report to
you in the near future on our recommendations on the time span for

- coumpliance of low-level nuclear waste facilities, building upon the
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principles identitied and disciussed in this letter. In audaition,
the ACNW plans to review the reference biosphere and critical group
issues.

our recommer .tions are derived from a working group mesting on
‘Requlatory Time of Compliance for Radioactive Waste Disposal® held
during the 82nd meeting of the ACNW on March 27, 1996, and
subgsequent deliberations by the Committee. Three main topics were
digcussed at the workin~ group meeting: (1) backcround and
requlatory context for t.e existing HLW standard that specifies
10,000 years as a time frame for regulatory compliance, (2)
ins.ghts on time of compliance from performance assessments for
both high- and low=level nuclear wvaste, and (3)
scientific/technical issues and concerns. During the working group
meeting, n»resentations were made by personnel from the EPA; the
Division of wmaste Management, Office of Nuc.ear Materials Safety
and Safeqguards, NRC; the U.S. Department of Energy; the National
Research Council staff; the Llectric Power Research Institute; the
Oak Ridge National Laboratory; as well as by individuals frox
private industry and academia. The latter individuals provided
both national and international viewpoints on the problen of
compliance time in regulations.

Backaround of the Problenm

A necessary element of a standard or regulation that ensures the
health and safety of the public is the compliance period -- the
time that the risk of adverse consequences is below a specified
level. This compliance period requires the integrity of the
facility over the stipulated t.me interval. 1In the case of an HLW
repository, the assessment of risk involves evaluation of the
repository source term, including inventocy and waste form; the
performance of waste containers and engineered barriers; and the
geological, hydrological, and climatological attributes of the
site. If the risk of health effects is to be determined, this
assessment also involves the specification of th~ biosphere and the
critical population group in preximity to the repository.

In the existing generic standard for geologic HLW repositories, 40
CFR Part 191, EPA established a 1 ,000-y2ar time of coxmpliance at
a distance of no zore than S km from the boundary of the repository
-= a time value that also was used in the NRC regulation. This
time periocd has no scientific or technical justification but was
based on an arbitrary compromise between conflicting desirable
characteristics. Llong time periods have attendant large uncer-
tainties in the behavior of the geosphere and the bliosphere, while
ghort time periods have lower uncertainties but do not adequately
address the tinme spans of sonme of the critical processes that cause
release of radionuclides to the bicsphere. This compromise was
perhaps a justifiable approach for comparative evaluation of the




multiple sites being considered when 40 CFR Part 191 was pronulgat-
ed. Although not considered a compelling technical basis, this
time period was roughly consistent with the period of glacial
cycling and the potential profound impact of continental glaciation
upon the geosphere and the biosphere. 1In providing a rationale for
the 10,000-year time limit, the EPA stated, °This is not to say
that times beyond 10,000 years are not important, but the Agency

feels that a disposal system capable of meeting the proposed

Containaent Requirements for 17,000 years would continue t3 protect

people and the environment well beycnd 10,000 years.® Although the

standards of other nations u:ffer in detail, the international

comnunity largely accepts the 10,000-year time frame, but also

recognizes the need to evaluate site performance beyond the 10,000~

year period, which constitutes a two-part approach. '

In its appraisal of the technical bases for gite-specific Yucca
Mountain standards, the NAS Committee rejected the 10,000-year
compliance period although it accepted that o transition to a
glacial climate with its cooler, wetter seasons is probable during
the next 10,000 years. Rather, th. NAS Committee decided that
long=-lived radioisotopes derived from the repository might not
reach the bjiosphere for more than 10,000 years, and chus it 1is
important to evaluate the repository for a longer time interval.
The NHAS Committe¢ chose to set this period of time at the predicted
tize of peak risk to the population as a result of leakage from the -
repository. It viewed this decisjon as requiring a period of time
possibly extending into hundreds of thousands of years. In so
doing, it did not accept the view espoused in the EPA and NRC
standards and regqulations that the uncertainties in predicting the
repository performance at these periods are so large that the -
results are of guestionable utility. The basis of the arqument is
that the subsurface environzent at the repository horizon of Yucca
" untain i{s sufficiently stable that repository performance can be
assessed with an acceptable uncertainty over a period of roughly
one million years. The HAS Coxnittee believes that inherent
spatial vncertainties in interpolition of site characteristics,
wvhich are time independent. are a major contributor to assessment

uncertainty. :

The dilemsa faced in developing the tirme span of compliance is that
the pericd of time nust be sufficiently long to include the
evaluation of potential processcs leading to the loss of the
integrity of the repository and transport of radionuclides to the.
biosphere. Yet the time span should not be so long that the
uncertainties in the process and events, and in the biosphere and -
critical population group, lead to meaningless results. In the"
case of a specific site, sufficient information should be available
gso that reasonable assucptions can be made in order that a

defensible solution can be reached regarding the problem of a
regulatory period of compliance. 7This approach is based on general




o¥

principles and knowledge of tre engineering and scientific aspects
of the repository and its site.

congiderations in Defining a Time of Regulatory Compliance

After reviewing the basis for establishing a time of regulatory
compliance, the ACNW has concluded that a series of premises and
assumnptions are a necessary foundation for the decision making
process. These include general nolicy decisions that are generic
and a range of scientific and technical considerations that are
larqgely specific to the site and problem: )

The HLW repository system -~ waste, containers, engineered
barriers, and site geology -- must be capable of preventing
leakage of radionuclides to the biosphere for a minimum period
of time measured in several thousands of years.

Risk evaluation is based on characterizaci... of the repository
site and investigations of the waste and its container and
engineered barriers using perfcrmance assessment (PA).
However, in the development of the regulations, the marked
lipitations in using PA as a predictive tool needs to be
recognized. PA is primarily an investigative tool that can be
used to distinguish tetween positive and negative attributes
of the elements of the repository and, in the best of condi-
tions, the relative range of risk under various assunmed
scenarios.

The standard for a nuclear waste repository should be based on
limiting risk to a critical group without the constraint of a
prescribed time period of compliance. A time period should wve
defined in the regqulations that implement the standard and
should be prepared in concert with the characteristics of the
waste, engineered barriers, and the nature and vagaries of the
geosphere and the bjosphere cf a specific facility and site.

The reference biosphere and the critical group that are used
in assessing compliance should be defined in the regulations.
These definitions are necesszrily based on site characteris-
tics and on the impact of climate and predicted climate
nodifications. They are related to predictions of the nature
of society through time. Because of the great uncertainties
in the latter, the ACNW recommends that the current societal
state be used as the base 3cenario in predictions of the

fature states of society.

Uncertainties in assessing future risks associated with the
geologic/geographic setting and the repository design and
related engineered features will increase with time. Factors
that influence this increasing uncertainty include the
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following: geologic conditions and events that may disrupt the
repository; climatic changes that could drastically increase
the flux of water through the disposal system or change the
reqional @, Jdrologic flow regime; degradation of the waste
conta.iners or repcsitory mater.als; and syrergistic ¢ " .zccus of
changing site conditions on the degradation of repository
teatures. Design features can be implemented to preclude
extreme variations in releases (e.g., waste forms, containers,
and near-field barriers may .e engineered to minimize trans-
port out of the immediate repository facility and thus
minimize uncertainties in transport for several thousand

years) .
Regulatory Principles for Establishing the Time Span for Compliance
On the basis of the preceding considerations, the ACNW recommends
that a two-part approach to definition of the compliance period be

established for nuclear waste facilities., The first part involves
the following three elements:

(1) The time period for compliance should be based on the estimat-
ed time for release and transport of the radionuclide contami-
nants to reach the critical group. This time estimate should
be based on geologic, geochemical, and hydrologic character-
fzation of the site and its environs, as well as regional
study of geologic processes and their potential effects on the
site, and total syst-ms perforaance assessment. This estimate
must confirm the ability of the repository system to retain
radionuczlides for a mini~um of sever.. thousand years. The
selection of the time of compliance must be evrluated along
with the specification of the reference biosphere and critical

group.

(2) The reference biosphere and the lifestyles of the critical
group should be defined on the premise that no major changes
will occur in society that will significantly affect their
lifestyles as they relate to risk from the repository and that
the climate can be reasonabiy bounded. The minimum distance
froa the boundary of the repository to the critical group will
be a major decision.

(3) The compliance time should be sufficiently short such that
extrapolations of significant processes and their rates can be
made robustly with reasonably modest uncertainties. »

The second part of the compliance period requlations should L.
based on assessments extending from the specific compliance period
to the calculated time of the peak risk to the critical group.
There is no definitive measure ot compliance in the sense of a
numeric match between a standard and the calculated peak risk, and



this second part should not b. allowed to become a . facto
requlation. A comparison between the standard used in the first
part and the calculated peak risk should lead to identification of
important performance factors that define risk to the critical
group. Deper '.nq upon the extent to which the neak risk cxceeds
the standard, ameliorating actions to reduce this difference should
be {nitiated, such as increasing the 1integrity of the engineered
barriers, {improving site characterization to more closely bound
tacertajinties, or, in thc extremn, abandoning the candfdate site.

Scientific and Technical Insights Into the Time Span for campliance
of the Proposed Yucca Mountain Repository

Critical steps in the requlatory principles for establishing time
of compliance as specified above in element (1) are the
characterizat.on of the propused repository =.te and the relevant
processes acting upon it and assessing the total system. Although
site characterization is still in progress at Yucca Mountain,
extensive data have been acquired and information has been derived
from these data. The following scientific and technical insights
that have been gained at the site over the past decade bear upon
the definition of the compliance time in the forthcoming requla-
tions designed specifically for Yucca Mountain.

. The current climate in the Yucca Mountain reaion is arid, with
annual precipitation of roughly 15 cm. In the future, the
climate will change, depending upon the relative importance of
advancing cooler (glaciation) conditions and possible green-
house effects that may counteract the cooling effect.
Although the timing and precise amplitude of the climate
change cannot be predicted, the range of conditions can be
bounded in terms of timing a.d effect. Paleoclimatological
studies in the region of Yucca Mountain suggest that during
the last glacial period (14 to 20 thousand years ago) the
precipitation may have been four times the present and the
average annual temperature 10 °C cooler (Fevester and Smith,
1995). Climatic conditions are anticipated to change, but the
region is likely to be at least semiarid and will lie south of
the glaciated area. Thus, it is unlikely that climate change
will have a marked effect on the reference biosphere or the
lifestyle of the critical group. Infiltration is likely to
significantly increase as a4 result of the increased precipi-
tation and cooler termperatures, but the total flux through the
repository will still be limited. The maximum climatic change
ic not predictable with ovr present science, but all evidence
from extrapolations indicates that the principal effect will
occur prior to ca. 20,000 years.

° Results of recent site characterization activities at Yucca
Mountain indicate that matrix, fracture, and fault infiltra-



tion are present in the unsaturated 2one. Matrix flow results
in long travel times, but fracture and fault flow that may
lead to relatively rapid travel times also occurs. Ground
water travel times within the saturated zone between Yucca
Mountain and the location of ths critical group, which is
likely to reside in the Amargosa Valley several tens of
kilometers south of the proposed repository, are poorly
documented at this time. However, the low hydraulic gradient
indicates that travel tises are likely to be long. Further,
the sorptive capacities cf fcrmations throujh wvhich the water
w'll traverse are not presently known and the degree of
dilution of contaminants within the saturated zone has not
been ascertained. 1In view of the likely long travel time of
water in the saturated zone frca the proposed Yucca Mountain
repository to the critical group, the movement of contaminants
may well take in excesst of 10,000 years to reach the accessi-
ble environment, despite the potential for relatively short
travel time through the fractures ynd faults of the unsaturat-

ed zone,

° The relative uncertainties in predicting the time dependent
and spatial variations in the Yucca Mountain geosphere and
related geologic processes have come to the forefront as a
result of the NAS Committee’'s report and their statements on
the confidence that can be placed on performance assessment at
distant tfuture times. Tre NAS Committee concluded that
although “. . . the level of confidence for some predictions
might decrease with time . .. [m}any of the uncertainties
in parameters describing the geologic system are due not to
temporal extrapolation, but rather to difficulties in spatial
interpolation of site characteristics." The ACNW acknowledges
that the spatial variations in the Yucca Mountain geosphere
contribute to uncertainty. Nonetheless, we believe that with
the conpletion of an adequite characterization of the site and
with consideration of the inteqration over the heterogeneities
for the operational scale of the pertinent processes, the
time-dependent uncert .inties in events and processes, such as
climate change, will be more prominent than those derived from
spatial variations. Yucca Mountain lies within a region of
potentially high gradient tectonic and climatic processes. As
a result, the ACNW anticipates that uncertainties will
increase with time, although we agree with the National
Research Council/NAS report that it should be possible to
bound these uncertainties over a time span on the order of one

million years. _
Recommendations for a Yucca Mountain Repository Compliance Period
Oon the basis of the previous discussion of both generic brinciples
and Yucca Mountain specific insichts, the ACNW recommends the




following two-part approach to ¢stablishing une ... period for
compliance for the proposed HLW repository site at Yucca Mountain,
Nevada:

The tlrst part involves the tollowing:

(A) The time period of compliance should not be specified in the
risk-based standard for Yucca Mountain being prepared by the
EPA. Rather, it should be defined in the regulations being
developed by the NRC to imp.ement tha EPA standard =nd should
use existing knowledge of the engineering and scientific
aspects of this proposed repository and its environment.

(B) The time period should be defined in concert with specifying
the reference biosphere and the critical group. The defini-
tion of the blosphere and the critical group should take
advantage of known site characteristics and any other
long-term effects that can b2 technically supported.

(C) The time span for the compliance perioa s-culd be no shorter
than an estimate of the anticipated time it takes for poten-
tial radjonuclide contaminants to reach the nea.est critical
group and no longer than a time period over which scientific
extrapolations can be corvincingly made. Because of the need
to come to closure on this subject, the ACNW suggests that the
NMSS staff review the scientific and technical components
needed to make these decisions, identify critical missing
elements, and provide the, necessary information in a ti-ely
manner. On the basis of currently available information, the
ACNW anticipates that the appropriate compliance period will
be somewhat greater than the present standard of 10,000 year-.
The increased distance Irom the proposed site to the nearest
probable location of- the critical group, the nature of the
site and the likely characte:istics of the waste, the con-
tainers, the engineered barriers, and the design of the
repository, tngether with conside-ation of the stability of
the site, suggest a time frame on the order of a few tens of
thousands of years, but specifying » precise vaiue must await
nore comprehensive assessmants.,

The second part of the compliance regulation should require
assesspent extending from the specified compliance period to the
time of the calculated peak risk to the critical group. - The
requlation for compliance during this intervening period should be
significantly less stringent than is used in the previous period,
considering the increasing ccientific, technical, and critical
group uncertainties. Depending upon the extent to which the peak
risk exceeds the standard for the first part, steps should be
considered to ameliorate the potential risk. This second part of
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the compliance requlations should not be allowed to become the de
facto regulation.

sSupmary

The requlatory time period for compliance is an important element
in regulations for nuclear waste facilities and remains a problem
in developing site-specific requirements for protecting the health
and safety of the Nation, as we.. as its environment. The ACNW
suggests a solution to this prcblem from a generic standpoint,
which employs two parts. Using scientific and technical insights
into tha environment of the reposito-y proposed for Yucca Mountain,
we recommend an approach that establishes the time of compliance of
the facility at this site, which differs from the current regula-
tion and the proposal on this top.c made by the National Research
Council/NAS Committee in its report, Technical Bases for Yucca
Mountain Standards. We bel.eve thrat our recommendations will lead
to a simple, robust, and defensible regulation that can be readily

implemented.

Sincerely,

/ ~ A
"~ Paul W, Pomeﬂyy

Chairman

Beferences:

l. kReport dated February 9, 1996 from Paul W. Pomeroy, Chairman,
ACNW, to Shirley Ann Jackson, Chairman, NRC, Subject: Issues
and NRC Activities Associated with the Xational Research
Council’s Report, "Technical Bases for Yucca Mouutain Stan-

dards*

2. Report dated June 27, 1991, from Dade W. Moeller, Chaitﬁan,
ACNW, to Kenneth M. Carr, Chairman, NRC, Subject: ®*Response to
questions Accompanying Working Draft #3 of the EPA Standards®

R. K. Forester and A. J. Srith, "Late Glacial Climate ééti-
mates for Southern Nevada:- The Ostracode Fossil Record," in
High-Level Radioactive Weste Management, Vol. 4, pp. 25%°

2561, 1994
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HEMORANDUM TO: Paul W. Pomeroy, Chairman
Ad-isory Committee cn Nuclear Waste

FROM: James M. Taylor
Executive Director for Operations
SUBJECT: REDFUNSE 1V ALY ISORY LOM&ITTEE ON NUCLEAR WASTE LETTER DATED

JUNE 7, 1996, ON TIME SPAN FOR COMPLIANCE OF THE PROPOSED
HIGH-LEVEL WASTE REPOSiTORY AT YUCCA HOUNTAIN, NEVADA

1 am responding to the June 7, 1996, letter from the Advisory Committee on
Fuclear Waste (the vummittee) to the Cuafrman. In that ,.tter, the Committee
provided observatfons and suggestions on general principles for establishing
the time span for compliance of nuclear waste facilities. It also offered its
recommendations for specifying the regulatory time span of compliance for the
proposed geologic high-level waste (HLW) repository at Yucca Mountain, Nevada.

The Committee’s comments on the general principles for establishing the time
span for regulatory ~ompliance are timely because, as you are aware, the staff
is currently considering this topic in the areas of low-level waste (LLW) and
HLW. As noted, the Committee was briefed on the broad outlines of the staff’s
approaches to defining regulatory time frames for LLW and HLW during its Harch
working group on "Regulatory Time of Compliance for Radioactive Waste

Disposat."®

The Committee’s letter and the observations, sug?estions. and recommendations
in it are directed toward the HLW geologic repository program. ° -refore,

this response will discuss only those staff activities in the Hiw programmatic
area. In this regard, it is apparent, from a comparison of the staff’s
presentation to the Committee and other proposed staff positions, and the
Comittee's recommendations, that there is general agreement on the principles
and consider.tions fos setting a time frame of regulatory cc~pliance for a
geologic repository. The staff supports a tiered approach (e.g., compliance.
with the re?ulatory Timit up to 10,000 ycdrs and comparison with the
re?uiatory imit as a goal beyond 10,000 years) which recognizes the
difficulty in estlnatin? repository performance over long time periods, but
provides sufficient insight into long-term performance to asstst licensin
decisfons (staff presentation to ACNW warking group, March 27, 1996). This:
staff approach {s similar {n many ways to the Committee’s two-part approach to
definition of time frames for regulatory compliance {n the HLW area. Finally,
the staff also agrees that the exposure scenario (i.e., exposure pathway,
reference biosphere, and critical group(s)) should be defined, to the extent

possible, by rule.

As to the Committee's specific recommendations for defining a re%ulaiory time
frame for a HLW ceologic repositery, the staff will factor them into its
ongoing activities. These ongoing activities take two forms -- interactions

Contact: Veith I. McConnell, KMSS/DWM
415-7289 Enclosure 3
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P. Pomerny .
with the U.S. Environmental Protection Ayency (EPA) on EPA's site-specific
standard and activities related to development of implementing regulations
applicable to a repository at Yucca Mountain. The staff has previously -
informed the Committee of its continuin, reaular interactions with EPA on
EPA's silc .,.. ° HLW standard. It i ncw anticipated that EPA will issue
its proposed Yucca Mountain standard in August of this year. It is the
staff’s intention to provide comments to EPA when the standard is published

for public comment.

As noted in my response to the Committee's February 9, 1996, letter (J. Taylor
to P. Pomeroy. dated March 8, 1996), tae staff also is currently beginninc to
develop a sirategy for the U.S. Nuclear Regulatory Commission’s conforming
rulemaking to implement EPA's Yucca Mountain-specific HLW standard. As part
of that effort, the staff, in conjunctivn with the Center for Nuclear Waste
Regulatory Analyses, recently has completed its preliminary technical analyses
relevant to development of standirds and regulations applicable to Yucca
Mountain. These techniral analyses and other ongoing studies will
comprehensively address the Committee's sujgestion that the staff review the
scientific and technica) components needed to define time frames for HLW

di. josal. Presently, the staff is using the results of these analyses and its
existing knowledge of EPA's proposed standard to develop a strategy that will
incorporate defensible approaches to address fssues relating to time frame of
compliance, definition of the exposure scenarins includ.ng critical group(s).
reference biosphere, and the approach to incorporating the multiple
barrier/defense-in-depth philosophy. The staff, therefore, welcomes both the
Committee’s existing recommendations on time frame for compliance for a HLW
geologic repository and any future recommendations the Committee might draw
from its recent session (June 25, 1996) on "Specification of Cr.tical Group
and Reference Biosphere.” The staff expects to complete development of its
strategy for implementing EPA's Yucca Mountain Standard in Auyust 1996 and
will keep the Committee apprised of the results of this effort.

Oviglnal signad by

James M. Taylor james W.Teyior
Executive Director
for Operations

c¢c: Chairman Jackson
Commissioner Rogers
Commissioner Dicus
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