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postclosure performance is not to be
had in the ordinary sense of the word
because of the uncertainties inherent
in the understanding of the evolution
of the geologic setting, biosphere, and
engineered barrier system. For such
long-term performance, what is re-
quired is reasonable expectation, mak-
ing allowance for the time period, haz-
ards, and uncertainties involved, that
the outcome will conform with the ob-
jectives for postclosure performance
for the geologic repository. Dem-
onstrating compliance will involve the
use of complex predictive models that
are supported by limited data from
field and laboratory tests, site-specific
monitoring, and natural analog studies
that may be supplemented with preva-
lent expert judgment. Compliance dem-
onstrations should not exclude impor-
tant parameters from assessments and
analyses simply because they are dif-
ficult to precisely quantify to a high
degree of confidence. The performance
assessments and analyses should focus
upon the full range of defensible and
reasonable parameter distributions
rather than only upon extreme phys-
ical situations and parameter values.
Further, in reaching a determination
of reasonable expectation, the Commis-
sion may supplement numerical anal-
yses with qualitative judgments in-
cluding, for example, consideration of
the degree of diversity among the mul-
tiple barriers as a measure of the resil-
iency of the geologic repository.

(b) Subpart B lists findings that must
be made in support of an authorization
to construct a geologic repository oper-
ations area at the Yucca Mountain
site. Prior to closure, §63.31(a)(1) re-
quires a finding that there is reason-
able assurance that the types and
amounts of radioactive materials de-
scribed in the application can be re-
ceived, possessed, and stored in a geo-
logic repository operations area of the
design proposed without unreasonable
risk to the health and safety of the
public. After permanent closure,
§63.31(a)(2) requires the Commission to
consider whether there is a reasonable
expectation the site and design comply
with the postclosure performance ob-
jectives. Once again, although the cri-
teria may be written in unqualified
terms, the demonstration of compli-
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ance must take uncertainties and gaps
in knowledge into account so that the
Commission can make the specified
finding with respect to paragraph (a)(2)
of §63.31.

§63.102 Concepts.

This section provides a functional
overview of this Subpart E. In the
event of any inconsistency, the defini-
tions in §63.2 prevail.

(@) The HLW facility at the Yucca
Mountain site. NRC exercises licensing
and related regulatory authority over
those facilities described in section 202
(3) and (4) of the Energy Reorganiza-
tion Act of 1974, including the site at
Yucca Mountain, as designated by the
Energy Policy Act of 1992.

(b) The geologic repository operations
area. (1) These regulations deal with
the exercise of authority with respect
to a particular class of HLW facility—
namely, a geologic repository oper-
ations area at Yucca Mountain.

(2) A geologic repository operations area
consists of those surface and sub-
surface areas of the site that are part
of a geologic repository where radio-
active waste handling activities are
conducted. The underground structure,
backfill materials, if any, and openings
that penetrate the underground struc-
ture (e.g., ramps, shafts and boreholes,
including their seals), are designated
the underground facility.

(3) The exercise of Commission au-
thority requires that the geologic re-
pository operations area be used for
storage (which includes disposal) of
high-level radioactive wastes (HLW).

(4) HLW includes irradiated reactor
fuel as well as reprocessing wastes.
However, if DOE proposes to use the
geologic repository operations area for
storage of radioactive waste other than
HLW, the storage of this radioactive
waste is subject to the requirements of
this part.

(c) Stages in the licensing process.
There are several stages in the licens-
ing process. The site characterization
stage, when the performance confirma-
tion program is started, begins before
submission of a license application,
and may result in consequences requir-
ing evaluation in the license review.
The construction stage would follow
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after the issuance of a construction au-
thorization. A period of operations fol-
lows the Commission’s issuance of a li-
cense. The period of operations in-
cludes the time during which emplace-
ment of wastes occurs; any subsequent
period before permanent closure during
which the emplaced wastes are retriev-
able; and permanent closure, which in-
cludes sealing openings to the reposi-
tory. Permanent closure represents the
end of the performance confirmation
program; final backfilling of the under-
ground facility, if appropriate; and the
sealing of shafts, ramps, and boreholes.

(d) Areas related to isolation. Although
the activities subject to regulation
under this part are those to be carried
out at the geologic repository oper-
ations area, the licensing process also
considers characteristics of adjacent
areas that are defined in other ways.
There must be an area surrounding the
geologic repository operations area,
that could include either a portion or
all of the site, within which DOE shall
exercise specified controls to prevent
adverse human actions after perma-
nent closure. There is an area, des-
ignated the geologic setting, which in-
cludes the geologic, hydrologic, and
geochemical systems of the region in
which the site and geologic repository
operations area are located. The geo-
logic repository operations area, plus
the portion of the geologic setting that
provides isolation of the radioactive
waste, make up the geologic reposi-
tory.

(e) Performance objectives through per-
manent closure. Before permanent clo-
sure, the geologic repository oper-
ations area is required to limit radi-
ation levels and radiological exposures,
in both restricted and unrestricted
areas, and releases of radioactive mate-
rials to unrestricted areas, as specified
at §63.111(a).

(f) Preclosure safety analysis. Section
63.111 includes performance objectives
for the geologic repository operations
area for the period before permanent
closure and decontamination or perma-
nent closure, decontamination, and dis-
mantlement of surface facilities. The
preclosure safety analysis is a system-
atic examination of the site; the de-
sign; and the potential hazards, initi-
ating events and their resulting event
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sequences and potential radiological
exposures to workers and the public.
Initiating events are to be considered
for inclusion in the preclosure safety
analysis for determining event se-
quences only if they are reasonable
(i.e., based on the characteristics of the
geologic setting and the human envi-
ronment, and consistent with prece-
dents adopted for nuclear facilities
with comparable or higher risks to
workers and the public). The analysis
identifies structures, systems, and
components important to safety.

(g) Performance objectives after perma-
nent closure. After permanent closure,
the geologic repository is required to:

(1) Limit radiological exposures to
the reasonably maximally exposed in-
dividual, as specified at §63.113(b);

(2) Limit releases of radionuclides to
the accessible environment to protect
ground water, as specified at §63.113(c);
and

(3) Limit radiological exposures to
the reasonably maximally exposed in-
dividual in the event of human intru-
sion, as specified at §63.113(d).

(h) Multiple barriers. Section 63.113(a)
requires that the geologic repository
include multiple barriers, both natural
and engineered. Geologic disposal of
HLW is predicated on the expectation
that one or more aspects of the geo-
logic setting will be capable of contrib-
uting to the isolation of radioactive
waste and thus be a barrier important
to waste isolation. Although there is
an extensive geologic record ranging
from thousands to millions of years,
this record is subject to interpretation
and includes many uncertainties. In
addition, there are uncertainties in the
isolation capability and performance of
engineered barriers. Although the com-
position and configuration of engi-
neered structures (barriers) can be de-
fined with a degree of precision not
possible for natural barriers, it is rec-
ognized that except for a few
archaeologic and natural analogs,
there is a limited experience base for
the performance of complex, engi-
neered structures over periods longer
than a few hundred years, considering
the uncertainty in characterizing and
modeling individual barriers. These un-
certainties are addressed by requiring
the use of a multiple barrier approach;
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specifically, an engineered barrier sys-
tem is required in addition to the nat-
ural barriers provided by the geologic
setting. The performance assessment
provides an evaluation of the reposi-
tory performance based on credible
models and parameters including the
consideration of uncertainty in the be-
havior of the repository system. Thus
the performance assessment results re-
flect the capability of each of the bar-
riers to cope with a variety of chal-
lenges (e.g., combinations of param-
eters leading to less favorable perform-
ance for individual barriers and com-
binations of barriers). A description of
each barrier’s capability (e.g., retarda-
tion of radionuclides in the saturated
zone, waste package lifetime, matrix
diffusion in the unsaturated zone), as
reflected in the performance assess-
ment, provides an understanding of
how the natural barriers and the engi-
neered barrier system work in com-
bination to enhance the resiliency of
the geologic repository. The Commis-
sion believes that this understanding
can increase confidence that the
postclosure performance objectives
specified at §63.113(b) and (c) will be
achieved and that DOE’s design in-
cludes a system of multiple barriers.

(i) Reference biosphere and reasonably
maximally exposed individual. The per-
formance assessment will estimate the
amount of radioactive material re-
leased to water or air at various loca-
tions and times in the future. To esti-
mate the potential for future human
exposures resulting from release of ra-
dioactive material from a geologic re-
pository at Yucca Mountain, it is nec-
essary to make certain assumptions
about the location and characteristics
of the reasonably maximally exposed
individual. The environment inhabited
by the reasonably maximally exposed
individual, along with associated
human exposure pathways and param-
eters, make up the reference biosphere,
as described in §63.305. The reasonably
maximally exposed individual, as a hy-
pothetical person living in a commu-
nity with characteristics of the Town
of Amargosa Valley, is a representative
person using water with average con-
centrations of radionuclides as de-
scribed at §63.312. The reasonably
maximally exposed individual is se-
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lected to represent those persons in the
vicinity of Yucca Mountain who are
reasonably expected to receive the
greatest exposure to radioactive mate-
rial released from a geologic repository
at Yucca Mountain. Characteristics of
the reference biosphere and the reason-
ably maximally exposed individual are
to be based on current human behavior
and biospheric conditions in the region,
as described in §63.305 and §63.312.

(J) Performance assessment. Dem-
onstrating compliance with the
postclosure  performance  objective

specified at §63.113(b) requires a per-
formance assessment to quantitatively
estimate radiological exposures to the
reasonably maximally exposed indi-
vidual at any time during the compli-
ance period. The performance assess-
ment is a systematic analysis that
identifies the features, events, and
processes (i.e., specific conditions or at-
tributes of the geologic setting, deg-
radation, deterioration, or alteration
processes of engineered barriers, and
interactions between the natural and
engineered barriers) that might affect
performance of the geologic repository;
examines their effects on performance;
and estimates the radiological expo-
sures to the reasonably maximally ex-
posed individual. The features, events,
and processes considered in the per-
formance assessment should represent
a wide range of both beneficial and po-
tentially adverse effects on perform-
ance (e.g., beneficial effects of radio-
nuclide sorption; potentially adverse
effects of fracture flow or a criticality
event). Those features, events, and
processes expected to materially affect
compliance with §63.113(b) or be poten-
tially adverse to performance are in-
cluded, while events (event classes or
scenario classes) that are very unlikely
(less than one chance in 10,000 over
10,000 years) can be excluded from the
analysis. An event class consists of all
possible specific initiating events that
are caused by a common natural proc-
ess (e.g., the event class for seismicity
includes the range of credible earth-
quakes for the Yucca Mountain site).
Radiological exposures to the reason-
ably maximally exposed individual are
estimated using the selected features,
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events, and processes, and incor-
porating the probability that the esti-
mated exposures will occur. Addition-
ally, performance assessment methods
are appropriate for use in dem-
onstrating compliance  with the
postclosure performance objectives for
ground-water protection and human in-
trusion, and are subject to the require-
ments for performance assessments
specified at §63.114 and applicable cri-
teria in Subpart L (e.g., criteria for
evaluating compliance with ground-
water protection and individual protec-
tion standards).

(k) Institutional controls. Active and
passive institutional controls will be
maintained over the Yucca Mountain
site, and are expected to reduce signifi-
cantly, but not eliminate, the potential
for human activity that could inad-
vertently cause or accelerate the re-
lease of radioactive material. However,
because it is not possible to make sci-
entifically sound forecasts of the long-
term reliability of institutional con-
trols, it is not appropriate to include
consideration of human intrusion into
a fully risk-based performance assess-
ment for purposes of evaluating the
ability of the geologic repository to
achieve the performance objective at
§63.113(b). Hence, human intrusion is
addressed in a stylized manner as de-
scribed in paragraph (I) of this section.

() Human intrusion. In contrast to
events unrelated to human activity,
the probability and characteristics of
human intrusion occurring many hun-
dreds or thousands of years into the fu-
ture cannot be estimated by examining
either the historic or geologic record.
Rather than speculating on the nature
and probability of future intrusion, it
is more useful to assess how resilient
the geologic repository would be
against a human intrusion event. Al-
though the consequences of an assumed
intrusion event would be a separate
analysis, the analysis is similar to the
performance assessment required by
§63.113(b) but subject to specific re-
quirements for evaluation of human in-
trusion specified at §§63.321, 63.322 and
63.342 of subpart L of this part.

(m) Performance confirmation. A per-
formance confirmation program will be
conducted to evaluate the adequacy of
assumptions, data, and analyses that
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led to the findings that permitted con-
struction of the repository and subse-
quent emplacement of the wastes. Key
geotechnical and design parameters,
including any interactions between
natural and engineered systems and
components, will be monitored
throughout site characterization, con-
struction, emplacement, and operation
to identify any significant changes in
the conditions assumed in the license
application that may affect compliance
with the performance objectives speci-
fied at §63.113(b) and (c).

(n) Ground-Water Protection. Separate
ground-water protection standards are
designed to protect the ground water
resources in the vicinity of Yucca
Mountain. These standards, specified
at §63.331, require the estimation of
ground water concentrations in the
representative volume of water. De-
pending on the radionuclide, the esti-
mated concentrations must either be
below a specified concentration or re-
sult in an annual, drinking water dose
to the whole body or any organ of no
greater than 0.04 mSv (4 mrem). Al-
though the estimation of radionuclide
concentrations in the representative
volume would be a separate analysis,
the analysis is similar to the perform-
ance assessment required by §63.113(b)
but subject to specific requirements for
evaluation of ground-water protection
specified at §§63.331, 63.332 and 63.342 of
subpart L of this part.

PRECLOSURE PERFORMANCE OBJECTIVES

§63.111 Performance objectives for the
geologic repository operations area
through permanent closure.

(a) Protection against radiation expo-
sures and releases of radioactive material.
(1) The geologic repository operations
area must meet the requirements of
part 20 of this chapter.

(2) During normal operations, and for
Category 1 event sequences, the annual
TEDE (hereafter referred to as ‘‘dose’’)
to any real member of the public lo-
cated beyond the boundary of the site
may not exceed the preclosure stand-
ard specified at §63.204.

(b) Numerical guides for design objec-
tives. (1) The geologic repository oper-
ations area must be designed so that,
taking into consideration Category 1
event sequences and until permanent
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