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by the Commission taking into account
the factors specified in §60.113(b) pro-
vided, that such period shall be not less
than 300 years nor more than 1,000
years after permanent closure of the
geologic repository; and

(B) The release rate of any radio-
nuclide from the engineered barrier
system following the containment pe-
riod shall not exceed one part in 100,000
per year of the inventory of that radio-
nuclide calculated to be present at 1,000
years following permanent closure, or
such other fraction of the inventory as
may be approved or specified by the
Commission; provided, that this re-
quirement does not apply to any radio-
nuclide which is released at a rate less
than 0.1% of the calculated total re-
lease rate limit. The calculated total
release rate limit shall be taken to be
one part in 100,000 per year of the in-
ventory of radioactive waste, origi-
nally emplaced in the underground fa-
cility, that remains after 1,000 years of
radioactive decay.

(2) Geologic setting. The geologic re-
pository shall be located so that pre-
waste-emplacement groundwater trav-
el time along the fastest path of likely
radionuclide travel from the disturbed
zone to the accessible environment
shall be at least 1,000 years or such
other travel time as may be approved
or specified by the Commission.

(b) On a case-by-case basis, the Com-
mission may approve or specify some
other radionuclide release rate, de-
signed containment period or pre-
waste-emplacement groundwater trav-
el time, provided that the overall sys-
tem performance objective, as it re-
lates to anticipated processes and
events, is satisfied. Among the factors
that the Commission may take into ac-
count are:

(1) Any generally applicable environ-
mental standard for radioactivity es-
tablished by the Environmental Pro-
tection Agency;

(2) The age and nature of the waste,
and the design of the underground fa-
cility, particularly as these factors
bear upon the time during which the
thermal pulse is dominated by the
decay heat from the fission products;

(3) The geochemical characteristics
of the host rock, surrounding strata
and groundwater; and
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(4) Particular sources of uncertainty
in predicting the performance of the
geologic repository.

(c) Additional requirements may be
found to be necessary to satisfy the
overall system performance objective
as it relates to unanticipated processes
and events.

LAND OWNERSHIP AND CONTROL

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

(a) Ownership of land. (1) Both the
geologic repository operations area and
the postclosure controlled area shall be
located in and on lands that are either
acquired lands under the jurisdiction
and control of DOE, or lands perma-
nently withdrawn and reserved for its
use.

(2) These lands shall be held free and
clear of all encumbrances, if signifi-
cant, such as: (i) Rights arising under
the general mining laws; (ii) easements
for right-of-way; and (iii) all other
rights arising under lease, rights of
entry, deed, patent, mortgage, appro-
priation, prescription, or otherwise.

(b) Additional controls. Appropriate
controls shall be established outside of
the postclosure controlled area. DOE
shall exercise any jurisdiction and con-
trol over surface and subsurface estates
necessary to prevent adverse human
actions that could significantly reduce
the geologic repository’s ability to
achieve isolation. The rights of DOE
may take the form of appropriate
possessory interests, servitudes, or
withdrawals from location or patent
under the general mining laws.

(c) Water rights. (1) DOE shall also
have obtained such water rights as
may be needed to accomplish the pur-
pose of the geologic repository oper-
ations area.

(2) Water rights are included in the
additional controls to be established
under paragraph (b) of this section.

[48 FR 28222, June 21, 1983, as amended at 61
FR 64268, Dec. 4, 1996]
SITING CRITERIA

§60.122 Siting criteria.

(a)(1) A geologic setting shall exhibit
an appropriate combination of the con-
ditions specified in paragraph (b) of
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this section so that, together with the
engineered barriers system, the favor-
able conditions present are sufficient
to provide reasonable assurance that
the performance objectives relating to
isolation of the waste will be met.

(2) If any of the potentially adverse
conditions specified in paragraph (c) of
this section is present, it may com-
promise the ability of the geologic re-
pository to meet the performance ob-
jectives relating to isolation of the
waste. In order to show that a poten-
tially adverse condition does not so
compromise the performance of the
geologic repository the following must
be demonstrated:

(i) The potentially adverse human ac-
tivity or natural condition has been
adequately investigated, including the
extent to which the condition may be
present and still be undetected taking
into account the degree of resolution
achieved by the investigations; and

(ii) The effect of the potentially ad-
verse human activity or natural condi-
tion on the site has been adequately
evaluated using analyses which are
sensitive to the potentially adverse
human activity or natural condition
and assumptions which are not likely
to underestimate its effect; and

(iii)(A) The potentially adverse
human activity or natural condition is
shown by analysis pursuant to para-
graph (a)(2)(ii) of this section not to af-
fect significantly the ability of the
geologic repository to meet the per-
formance objectives relating to isola-
tion of the waste, or

(B) The effect of the potentially ad-
verse human activity or natural condi-
tion is compensated by the presence of
a combination of the favorable charac-
teristics so that the performance objec-
tives relating to isolation of the waste
are met, or

(C) The potentially adverse human
activity or natural condition can be
remedied.

(b) Favorable conditions. (1) The na-
ture and rates of tectonic,
hydrogeologic, geochemical, and geo-
morphic processes (or any of such proc-
esses) operating within the geologic
setting during the Quaternary Period,
when projected, would not affect or
would favorably affect the ability of
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the geologic repository to isolate the
waste.

(2) For disposal in the saturated zone,
hydrogeologic conditions that provide:

(i) A host rock with low horizontal
and vertical permeability;

(iif) Downward or dominantly hori-
zontal hydraulic gradient in the host
rock and immediately surrounding
hydrogeologic units; and

(iii) Low vertical permeability and
low hydraulic gradient between the
host rock and the surrounding
hydrogeologic units.

(3) Geochemical conditions that:

(i) Promote precipitation or sorption
of radionuclides;

(i) Inhibit the formation of particu-
lates, colloids, and inorganic and or-
ganic complexes that increase the mo-
bility of radionuclides; or

(iii) Inhibit the transport of radio-
nuclides by particulates, colloids, and
complexes.

(4) Mineral assemblages that, when
subjected to anticipated thermal load-
ing, will remain unaltered or alter to
mineral assemblages having equal or
increased capacity to inhibit radio-
nuclide migration.

(5) Conditions that permit the em-
placement of waste at a minimum
depth of 300 meters from the ground
surface. (The ground surface shall be
deemed to be the elevation of the low-
est point on the surface above the dis-
turbed zone.)

(6) A low population density within
the geologic setting and a postclosure
controlled area that is remote from
population centers.

(7) Pre-waste-emplacement ground-
water travel time along the fastest
path of likely radionuclide travel from
the disturbed zone to the accessible en-
vironment that substantially exceeds
1,000 years.

(8) For disposal in the unsaturated
zone, hydrogeologic conditions that
provide—

(i) Low moisture flux in the host
rock and in the overlying and under-
lying hydrogeologic units;

(ii) A water table sufficiently below
the underground facility such that
fully saturated voids contiguous with
the water table do not encounter the
underground facility;
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(iii) A laterally extensive low-perme-
ability hydrogeologic unit above the
host rock that would inhibit the down-
ward movement of water or divert
downward moving water to a location
beyond the limits of the underground
facility;

(iv) A host rock that provides for free
drainage; or

(v) A climatic regime in which the
average annual historic precipitation is
a small percentage of the average an-
nual potential evapotranspiration.

(c) Potentially adverse conditions. The
following conditions are potentially
adverse conditions if they are char-
acteristic of the postclosure controlled
area or may affect isolation within the
controlled area.

(1) Potential for flooding of the un-
derground facility, whether resulting
from the occupancy and modification
of floodplains or from the failure of ex-
isting or planned man-made surface
water impoundments.

(2) Potential for foreseeable human
activity to adversely affect the ground-
water flow system, such as ground-
water withdrawal, extensive irrigation,
subsurface injection of fluids, under-
ground pumped storage, military activ-
ity or construction of large scale sur-
face water impoundments.

(3) Potential for natural phenomena
such as landslides, subsidence, or vol-
canic activity of such a magnitude that
large-scale surface water impound-
ments could be created that could
change the regional groundwater flow
system and thereby adversely affect
the performance of the geologic reposi-
tory.

(4) Structural deformation, such as
uplift, subsidence, folding, or faulting
that may adversely affect the regional
groundwater flow system.

(5) Potential for changes in hydro-
logic conditions that would affect the
migration of radionuclides to the ac-
cessible environment, such as changes
in hydraulic gradient, average intersti-
tial velocity, storage coefficient, hy-
draulic conductivity, natural recharge,
potentiometric levels, and discharge
points.

(6) Potential for changes in hydro-
logic conditions resulting from reason-
ably foreseeable climatic changes.
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(7) Groundwater conditions in the
host rock, including chemical composi-
tion, high ionic strength or ranges of
Eh-pH, that could increase the solu-
bility or chemical reactivity of the en-
gineered barrier system.

(8) Geochemical processes that would
reduce sorption of radionuclides, result
in degradation of the rock strength, or
adversely affect the performance of the
engineered barrier system.

(9) Groundwater conditions
host rock that are not reducing.

(10) Evidence of dissolutioning such
as breccia pipes, dissolution cavities,
or brine pockets.

(11) Structural deformation such as
uplift, subsidence, folding, and faulting
during the Quaternary Period.

(12) Earthquakes which have oc-
curred historically that if they were to
be repeated could affect the site sig-
nificantly.

(13) Indications, based on correla-
tions of earthquakes with tectonic
processes and features, that either the
frequency of occurrence or magnitude
of earthquakes may increase.

(14) More frequent occurrence of
earthquakes or earthquakes of higher
magnitude than is typical of the area
in which the geologic setting is lo-
cated.

(15) Evidence of igneous activity
since the start of the Quaternary Pe-
riod.

(16) Evidence of extreme erosion dur-
ing the Quaternary Period.

(17) The presence of naturally occur-
ring materials, whether identified or
undiscovered, within the site, in such
form that:

(i) Economic extraction is currently
feasible or potentially feasible during
the foreseeable future; or

(i) Such materials have greater gross
value or net value than the average for
other areas of similar size that are rep-
resentative of and located within the
geologic setting.

(18) Evidence of subsurface mining
for resources within the site.

(19) Evidence of drilling for any pur-
pose within the site.

(20) Rock or groundwater conditions
that would require complex engineer-
ing measures in the design and con-
struction of the underground facility

in the
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or in the sealing of boreholes and
shafts.

(21) Geomechanical properties that
do not permit design of underground
opening that will remain stable
through permanent closure.

(22) Potential for the water table to
rise sufficiently so as to cause satura-
tion of an underground facility located
in the unsaturated zone.

(23) Potential for existing or future
perched water bodies that may satu-
rate portions of the underground facil-
ity or provide a faster flow path from
an underground facility located in the
unsaturated zone to the accessible en-
vironment.

(24) Potential for the movement of
radionuclides in a gaseous state
through air-filled pore spaces of an un-
saturated geologic medium to the ac-
cessible environment.

[48 FR 28222, June 21, 1983, as amended at 50
FR 29647, July 22, 1985; 61 FR 64269, Dec. 4,
1996]

DESIGN CRITERIA FOR THE GEOLOGIC
REPOSITORY OPERATIONS AREA

§60.130 General considerations.

(a) Pursuant to the provisions of
§60.21(c)(2)(i), an application for con-
struction authorization for a high-level
radioactive waste repository at a geo-
logic repository operations area, and
an application for a license to receive,
possess, store, and dispose of high-level
radioactive waste in the geologic re-
pository operations area, must include
the principal design criteria for a pro-
posed facility. The principal design cri-
teria establish the necessary design,
fabrication, construction, testing,
maintenance, and performance require-
ments for structures, systems, and
components important to safety and/or
important to waste isolation. Sections
60.131 through 60.134 specify minimum
requirements for the principal design
criteria for the geologic repository op-
erations area.

(b) These design criteria are not in-
tended to be exhaustive. However,
omissions in §§60.131 through 60.134 do
not relieve DOE from any obligation to
provide such features in a specific fa-
cility needed to achieve the perform-
ance objectives.

[69 FR 2280, Jan. 14, 2004]
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§60.131 General design criteria for the
geologic repository operations area.

(a) Radiological protection. The geo-
logic repository operations area shall
be designed to maintain radiation
doses, levels, and concentrations of ra-
dioactive material in air in restricted
areas within the limits specified in
part 20 of this chapter. Design shall in-
clude:

(1) Means to limit concentrations of
radioactive material in air;

(2) Means to limit the time required
to perform work in the vicinity of ra-
dioactive materials, including, as ap-
propriate, designing equipment for ease
of repair and replacement and pro-
viding adequate space for ease of oper-
ation;

(3) Suitable shielding;

(4) Means to monitor and control the
dispersal of radioactive contamination;

(5) Means to control access to high
radiation areas or airborne radioac-
tivity areas; and

(6) A radiation alarm system to warn
of significant increases in radiation
levels, concentrations of radioactive
material in air, and of increased radio-
activity released in effluents. The
alarm system shall be designed with
provisions for calibration and for test-
ing its operability.

(b) Protection against design basis
events. The structures, systems, and
components important to safety shall
be designed so that they will perform
their necessary safety functions, as-
suming occurrence of design basis
events.

(c) Protection against dynamic effects
of equipment failure and similar events.
The structures, systems, and compo-
nents important to safety shall be de-
signed to withstand dynamic effects
such as missile impacts, that could re-
sult from equipment failure, and simi-
lar events and conditions that could
lead to loss of their safety functions.

(d) Protection against fires and explo-
sions. (1) The structures, systems, and
components important to safety shall
be designed to perform their safety
functions during and after credible
fires or explosions in the geologic re-
pository operations area.

(2) To the extent practicable, the geo-
logic repository operations area shall
be designed to incorporate the use of
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