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other parts of this chapter, additional 
space may be requested to accomodate 
additional full-time inspectors. The Of-
fice space that is provided shall be sub-
ject to the approval of the Director, Of-
fice of Nuclear Material Safety and 
Safeguards. All furniture, supplies and 
communication equipment will be fur-
nished by the Commission. 

(3) DOE shall afford any NRC resi-
dent inspector assigned to that loca-
tion, or other NRC inspectors identi-
fied by the Regional Administrator as 
likely to inspect the facility, imme-
diate unfettered access, equivalent to 
access provided regular employees, fol-
lowing proper identification and com-
pliance with applicable access control 
measures for security, radiological pro-
tection and personal safety. 

[48 FR 28222, June 21, 1983, as amended at 52 
FR 31612, Aug. 21, 1987] 

§ 60.78 Material control and account-
ing records and reports. 

DOE shall implement a program of 
material control and accounting (and 
accidental criticality reporting) that is 
the same as that specified in §§ 72.72, 
72.74, 72.76, and 72.78 of this chapter. 

[63 FR 26961, May 15, 1998] 

Subpart E—Technical Criteria 

SOURCE: 48 FR 28222, June 21, 1983, unless 
otherwise noted. 

§ 60.101 Purpose and nature of find-
ings. 

(a)(1) Subpart B of this part pre-
scribes the standards for issuance of a 
license to receive and possess source, 
special nuclear, or byproduct material 
at a geologic repository operations 
area. In particular, § 60.41(c) requires a 
finding that the issuance of a license 
will not constitute an unreasonable 
risk to the health and safety of the 
public. The purpose of this subpart is 
to set out performance objectives and 
site and design criteria which, if satis-
fied, will support such a finding of no 
unreasonable risk. 

(2) While these performance objec-
tives and criteria are generally stated 
in unqualified terms, it is not expected 
that complete assurance that they will 
be met can be presented. A reasonable 

assurance, on the basis of the record 
before the Commission, that the objec-
tives and criteria will be met is the 
general standard that is required. For 
§ 60.112, and other portions of this sub-
part that impose objectives and cri-
teria for repository performance over 
long times into the future, there will 
inevitably be greater uncertainties. 
Proof of the future performance of en-
gineered barrier systems and the geo-
logic setting over time periods of many 
hundreds or many thousands of years is 
not to be had in the ordinary sense of 
the word. For such long-term objec-
tives and criteria, what is required is 
reasonable assurance, making allow-
ance for the time period, hazards, and 
uncertainties involved, that the out-
come will be in conformance with 
those objectives and criteria. Dem-
onstration of compliance with such ob-
jectives and criteria will involve the 
use of data from accelerated tests and 
predictive models that are supported 
by such measures as field and labora-
tory tests, monitoring data and nat-
ural analog studies. 

(b) Subpart B of this part also lists 
findings that must be made in support 
of an authorization to construct a geo-
logic repository operations area. In 
particular, § 60.31(a) requires a finding 
that there is reasonable assurance that 
the types and amounts of radioactive 
materials described in the application 
can be received, possessed, and disposed 
of in a geologic repository operations 
area of the design proposed without un-
reasonable risk to the health and safe-
ty of the public. As stated in that para-
graph, in arriving at this determina-
tion, the Commission will consider 
whether the site and design comply 
with the criteria contained in this sub-
part. Once again, while the criteria 
may be written in unqualified terms, 
the demonstration of compliance may 
take uncertainties and gaps in knowl-
edge into account, provided that the 
Commission can make the specified 
finding of reasonable assurance as spec-
ified in paragraph (a) of this section. 

§ 60.102 Concepts. 

This section provides a functional 
overview of subpart E. In the event of 
any inconsistency with definitions 
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found in § 60.2, those definitions shall 
prevail. 

(a) The HLW facility. NRC exercises 
licensing and related regulatory au-
thority over those facilities described 
in section 202 (3) and (4) of the Energy 
Reorganization Act of 1974. Any of 
these facilities is designated a HLW fa-
cility. 

(b) The geologic repository operations 
area. (1) This part deals with the exer-
cise of authority with respect to a par-
ticular class of HLW facility—namely a 
geologic repository operations area. 

(2) A geologic repository operations area 
consists of those surface and sub-
surface areas that are part of a geo-
logic repository where radioactive 
waste handling activities are con-
ducted. The underground structure, in-
cluding openings and backfill mate-
rials, but excluding shafts, boreholes, 
and their seals, is designated the under-
ground 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) 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 is to be an area surrounding the 
underground facility referred to above, 
which is designated the postclosure con-
trolled area, within which DOE is to ex-
ercise specified controls to prevent ad-
verse human actions following perma-
nent closure. The location of the con-
trolled area is the site. The accessible 
environment is the atmosphere, land 
surface, surface water, oceans, and the 
portion of the lithosphere that is out-
side the controlled area. There is an 
area, designated the geologic setting, 
which includes the geologic, hydro-
logic, and geochemical systems of the 

region in which a geologic repository 
operations area is or may be located. 
The geologic repository operations 
area plus the portion of the geologic 
setting that provides isolation of the 
radioactive waste make up the geologic 
repository. 

(d) Stages in the licensing process. 
There are several stages in the licens-
ing process. The site characterization 
stage, though begun before submission 
of a license application, may result in 
consequences requiring evaluation in 
the license review. The construction 
stage would follow, after issuance of a 
construction authorization. A period of 
operations follows the issuance of a li-
cense by the Commission. The period of 
operations includes the time during 
which emplacement of wastes occurs; 
any subsequent period before perma-
nent closure during which the em-
placed wastes are retrievable; and per-
manent closure, which includes sealing 
of shafts. Permanent closure represents 
the end of active human intervention 
with respect to the engineered barrier 
system. 

(e) Isolation of waste. (1) During the 
first several hundred years following 
permanent closure of a geologic reposi-
tory, when radiation and thermal lev-
els are high and the uncertainties in 
assessing repository performance are 
large, special emphasis is placed upon 
the ability to contain the wastes by 
waste packages within an engineered 
barrier system. This is known as the con-
tainment period. The engineered barrier 
system includes the waste packages and 
the underground facility. A waste pack-
age is composed of the waste form and 
any containers, shielding, packing, and 
absorbent materials immediately sur-
rounding an individual waste con-
tainer. The underground facility means 
the underground structure, including 
openings and backfill materials, but 
excluding, shafts, boreholes, and their 
seals. 

(2) Following the containment period 
special emphasis is placed upon the 
ability to achieve isolation of the 
wastes by virtue of the characteristics 
of the geologic repository. The engi-
neered barrier system works to control 
the release of radioactive material to 
the geologic setting and the geologic 
setting works to control the release of 
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radioactive material to the accessible 
environment. Isolation means inhib-
iting the transport of radioactive ma-
terial so that amounts and concentra-
tions of the materials entering the ac-
cessible environment will be kept with-
in prescribed limits. 

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

PERFORMANCE OBJECTIVES 

§ 60.111 Performance of the geologic 
repository operations area through 
permanent closure. 

(a) Protection against radiation expo-
sures and releases of radioactive material. 
The geologic repository operations 
area shall be designed so that until per-
manent closure has been completed, ra-
diation exposures and radiation levels, 
and releases of radioactive materials to 
unrestricted areas, will be maintained 
within the limits specified in part 20 of 
this chapter and such generally appli-
cable environmental standards for ra-
dioactivity as may have been estab-
lished by the Environmental Protec-
tion Agency. 

(b) Retrievability of waste. (1) The geo-
logic repository operations area shall 
be designed to preserve the option of 
waste retrieval throughout the period 
during which wastes are being em-
placed and, thereafter, until the com-
pletion of a preformance confirmation 
program and Commission review of the 
information obtained from such a pro-
gram. To satisfy this objective, the 
geologic repository operations area 
shall be designed so that any or all of 
the emplaced waste could be retrieved 
on a reasonable schedule starting at 
any time up to 50 years after waste em-
placement operations are initiated, un-
less a different time period is approved 
or specified by the Commission. This 
different time period may be estab-
lished on a case-by-case basis con-
sistent with the emplacement schedule 
and the planned performance confirma-
tion program. 

(2) This requirement shall not pre-
clude decisions by the Commission to 
allow backfilling part or all of, or per-
manent closure of, the geologic reposi-
tory operations area prior to the end of 
the period of design for retrievability. 

(3) For purposes of this paragraph, a 
reasonable schedule for retrieval is one 
that would permit retrieval in about 
the same time as that devoted to con-
struction of the geologic repository op-
erations area and the emplacement of 
wastes. 

[48 FR 28222, June 21, 1983, as amended at 61 
FR 64268, Dec. 4, 1996; 62 FR 59276, Nov. 3, 
1997] 

§ 60.112 Overall system performance 
objective for the geologic repository 
after permanent closure. 

The geologic setting shall be selected 
and the engineered barrier system and 
the shafts, boreholes and their seals 
shall be designed to assure that re-
leases of radioactive materials to the 
accessible environment following per-
manent closure conform to such gen-
erally applicable environmental stand-
ards for radioactivity as may have been 
established by the Environmental Pro-
tection Agency with respect to both 
anticipated processes and events and 
unanticipated processes and events. 

§ 60.113 Performance of particular bar-
riers after permanent closure. 

(a) General provisions—(1) Engineered 
barrier system. (i) The engineered bar-
rier system shall be designed so that 
assuming anticipated processes and 
events: (A) Containment of HLW will 
be substantially complete during the 
period when radiation and thermal con-
ditions in the engineered barrier sys-
tem are dominated by fission product 
decay; and (B) any release of radio-
nuclides from the engineered barrier 
system shall be a gradual process 
which results in small fractional re-
leases to the geologic setting over long 
times. For disposal in the saturated 
zone, both the partial and complete 
filling with groundwater of available 
void spaces in the underground facility 
shall be appropriately considered and 
analysed among the anticipated proc-
esses and events in designing the engi-
neered barrier system. 

(ii) In satisfying the preceding re-
quirement, the engineered barrier sys-
tem shall be designed, assuming antici-
pated processes and events, so that: 

(A) Containment of HLW within the 
waste packages will be substantially 
complete for a period to be determined 
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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 

(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 

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; 

(ii) 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; 
(ii) 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. 

(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 in the 
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 

(ii) 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 
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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] 

§ 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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noncombustible and heat resistant ma-
terials. 

(3) The geologic repository oper-
ations area shall be designed to include 
explosion and fire detection alarm sys-
tems and appropriate suppression sys-
tems with sufficient capacity and capa-
bility to reduce the adverse effects of 
fires and explosions on structures, sys-
tems, and components important to 
safety. 

(4) The geologic repository oper-
ations area shall be designed to include 
means to protect systems, structures, 
and components important to safety 
against the adverse effects of either the 
operation or failure of the fire suppres-
sion systems. 

(e) Emergency capability. (1) The 
structures, systems, and components 
important to safety shall be designed 
to maintain control of radioactive 
waste and radioactive effluents, and 
permit prompt termination of oper-
ations and evacuation of personnel dur-
ing an emergency. 

(2) The geologic repository oper-
ations area shall be designed to include 
onsite facilities and services that en-
sure a safe and timely response to 
emergency conditions and that facili-
tate the use of available offsite serv-
ices (such as fire, police, medical, and 
ambulance service) that may aid in re-
covery from emergencies. 

(f) Utility services. (1) Each utility 
service system that is important to 
safety shall be designed so that essen-
tial safety functions can be performed, 
assuming occurrence of the design 
basis events. 

(2) The utility services important to 
safety shall include redundant systems 
to the extent necessary to maintain, 
with adequate capacity, the ability to 
perform their safety functions. 

(3) Provisions shall be made so that, 
if there is a loss of the primary electric 
power source or circuit, reliable and 
timely emergency power can be pro-
vided to instruments, utility service 
systems, and operating systems, in-
cluding alarm systems, important to 
safety. 

(g) Inspection, testing, and mainte-
nance. The structures, systems, and 
components important to safety shall 
be designed to permit periodic inspec-
tion, testing, and maintenance, as nec-

essary, to ensure their continued func-
tioning and readiness. 

(h) Criticality control. All systems for 
processing, transporting, handling, 
storage, retrieval, emplacement, and 
isolation of radioactive waste shall be 
designed to ensure that nuclear criti-
cality is not possible unless at least 
two unlikely, independent, and concur-
rent or sequential changes have oc-
curred in the conditions essential to 
nuclear criticality safety. Each system 
must be designed for criticality safety 
assuming occurrence of design basis 
events. The calculated effective mul-
tiplication factor (keff) must be suffi-
ciently below unity to show at least a 
5 percent margin, after allowance for 
the bias in the method of calculation 
and the uncertainty in the experiments 
used to validate the method of calcula-
tion. 

(i) Instrumentation and control systems. 
The design shall include provisions for 
instrumentation and control systems 
to monitor and control the behavior of 
systems important to safety, assuming 
occurrence of design basis events. 

(j) Compliance with mining regulations. 
To the extent that DOE is not subject 
to the Federal Mine Safety and Health 
Act of 1977, as to the construction and 
operation of the geologic repository op-
erations area, the design of the geo-
logic repository operations area shall 
nevertheless include provisions for 
worker protection necessary to provide 
reasonable assurance that all struc-
tures, systems, and components impor-
tant to safety can perform their in-
tended functions. Any deviation from 
relevant design requirements in 30 
CFR, chapter I, subchapters D, E, and 
N will give rise to a rebuttable pre-
sumption that this requirement has 
not been met. 

(k) Shaft conveyances used in radio-
active waste handling. (1) Hoists impor-
tant to safety shall be designed to pre-
clude cage free fall. 

(2) Hoists important to safety shall 
be designed with a reliable cage loca-
tion system. 

(3) Loading and unloading systems 
for hoists important to safety shall be 
designed with a reliable system of 
interlocks that will fail safely upon 
malfunction. 
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(4) Hoists important to safety shall 
be designed to include two independent 
indicators to indicate when waste 
packages are in place and ready for 
transfer. 

[48 FR 28222, June 21, 1983, as amended at 61 
FR 64269, Dec. 4, 1996] 

§ 60.132 Additional design criteria for 
surface facilities in the geologic re-
pository operations area. 

(a) Facilities for receipt and retrieval of 
waste. Surface facilities in the geologic 
repository operations area shall be de-
signed to allow safe handling and stor-
age of wastes at the geologic repository 
operations area, whether these wastes 
are on the surface before emplacement 
or as a result of retrieval from the un-
derground facility. 

(b) Surface facility ventilation. Surface 
facility ventilation systems supporting 
waste transfer, inspection, decon-
tamination, processing, or packaging 
shall be designed to provide protection 
against radiation exposures and offsite 
releases as provided in § 60.111(a). 

(c) Radiation control and monitoring— 
(1) Effluent control. The surface facili-
ties shall be designed to control the re-
lease of radioactive materials in 
effluents during Category 1 design 
basis events so as to meet the perform-
ance objectives of § 60.111(a). 

(2) Effluent monitoring. The effluent 
monitoring systems shall be designed 
to measure the amount and concentra-
tion of radionuclides in any effluent 
with sufficient precision to determine 
whether releases conform to the design 
requirement for effluent control. The 
monitoring systems shall be designed 
to include alarms that can be periodi-
cally tested. 

(d) Waste treatment. Radioactive 
waste treatment facilities shall be de-
signed to process any radioactive 
wastes generated at the geologic repos-
itory operations area into a form suit-
able to permit safe disposal at the geo-
logic repository operations area or to 
permit safe transportation and conver-
sion to a form suitable for disposal at 
an alternative site in accordance with 
any regulations that are applicable. 

(e) Consideration of decommissioning. 
The surface facility shall be designed 
to facilitate decontamination or dis-
mantlement to the same extent as 

would be required, under other parts of 
this chapter, with respect to equivalent 
activities licensed thereunder. 

[48 FR 28222, June 21, 1983, as amended at 61 
FR 64270, Dec. 4, 1996] 

§ 60.133 Additional design criteria for 
the underground facility. 

(a) General criteria for the underground 
facility. (1) The orientation, geometry, 
layout, and depth of the underground 
facility, and the design of any engi-
neered barriers that are part of the un-
derground facility shall contribute to 
the containment and isolation of radio-
nuclides. 

(2) The underground facility shall be 
designed so that the effects of credible 
disruptive events during the period of 
operations, such as flooding, fires and 
explosions, will not spread through the 
facility. 

(b) Flexibility of design. The under-
ground facility shall be designed with 
sufficient flexibility to allow adjust-
ments where necessary to accommo-
date specific site conditions identified 
through in situ monitoring, testing, or 
excavation. 

(c) Retrieval of waste. The under-
ground facility shall be designed to 
permit retrieval of waste in accordance 
with the performance objectives of 
§ 60.111. 

(d) Control of water and gas. The de-
sign of the underground facility shall 
provide for control of water or gas in-
trusion. 

(e) Underground openings. (1) Open-
ings in the underground facility shall 
be designed so that operations can be 
carried out safely and the 
retrievability option maintained. 

(2) Openings in the underground facil-
ity shall be designed to reduce the po-
tential for deleterious rock movement 
or fracturing of overlying or sur-
rounding rock. 

(f) Rock excavation. The design of the 
underground facility shall incorporate 
excavation methods that will limit the 
potential for creating a preferential 
pathway for groundwater to contact 
the waste packages or radionuclide mi-
gration to the accessible environment. 

(g) Underground facility ventilation. 
The ventilation system shall be de-
signed to: 
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(1) Control the transport of radio-
active particulates and gases within 
and releases from the underground fa-
cility in accordance with the perform-
ance objectives of § 60.111(a), 

(2) Assure the ability to perform es-
sential safety functions assuming oc-
currence of design basis events. 

(3) Separate the ventilation of exca-
vation and waste emplacement areas. 

(h) Engineered barriers. Engineered 
barriers shall be designed to assist the 
geologic setting in meeting the per-
formance objectives for the period fol-
lowing permanent closure. 

(i) Thermal loads. The underground fa-
cility shall be designed so that the per-
formance objectives will be met taking 
into account the predicted thermal and 
thermomechanical response of the host 
rock, and surrounding strata, ground-
water system. 

[48 FR 28222, June 21, 1983, as amended at 50 
FR 29648, July 22, 1985; 61 FR 64270, Dec. 4, 
1996] 

§ 60.134 Design of seals for shafts and 
boreholes. 

(a) General design criterion. Seals for 
shafts and boreholes shall be designed 
so that following permanent closure 
they do not become pathways that 
compromise the geologic repository’s 
ability to meet the performance objec-
tives or the period following permanent 
closure. 

(b) Selection of materials and placement 
methods. Materials and placement 
methods for seals shall be selected to 
reduce, to the extent practicable: 

(1) The potential for creating a pref-
erential pathway for groundwater to 
contact the waste packages or 

(2) For radionuclide migration 
through existing pathways. 

[48 FR 28222, June 21, 1983, as amended at 50 
FR 29648, July 22, 1985] 

DESIGN CRITERIA FOR THE WASTE 
PACKAGE 

§ 60.135 Criteria for the waste package 
and its components. 

(a) High-level-waste package design in 
general. (1) Packages for HLW shall be 
designed so that the in situ chemical, 
physical, and nuclear properties of the 
waste package and its interactions 
with the emplacement environment do 

not compromise the function of the 
waste packages or the performance of 
the underground facility or the geo-
logic setting. 

(2) The design shall include but not 
be limited to consideration of the fol-
lowing factors: solubility, oxidation/re-
duction reactions, corrosion, 
hydriding, gas generation, thermal ef-
fects, mechanical strength, mechanical 
stress, radiolysis, radiation damage, 
radionuclide retardation, leaching, fire 
and explosion hazards, thermal loads, 
and synergistic interactions. 

(b) Specific criteria for HLW package 
design—(1) Explosive, pyrophoric, and 
chemically reactive materials. The waste 
package shall not contain explosive or 
pyrophoric materials or chemically re-
active materials in an amount that 
could compromise the ability of the 
underground facility to contribute to 
waste isolation or the ability of the 
geologic repository to satisfy the per-
formance objectives. 

(2) Free liquids. The waste package 
shall not contain free liquids in an 
amount that could compromise the 
ability of the waste packages to 
achieve the performance objectives re-
lating to containment of HLW (because 
of chemical interactions or formation 
of pressurized vapor) or result in spill-
age and spread of contamination in the 
event of waste package perforation 
during the period through permanent 
closure. 

(3) Handling. Waste packages shall be 
designed to maintain waste contain-
ment during transportation, emplace-
ment, and retrieval. 

(4) Unique identification. A label or 
other means of identification shall be 
provided for each waste package. The 
identification shall not impair the in-
tegrity of the waste package and shall 
be applied in such a way that the infor-
mation shall be legible at least to the 
end of the period of retrievability. 
Each waste package identification 
shall be consistent with the waste 
package’s permanent written records. 

(c) Waste form criteria for HLW. 
High-level radioactive waste that is 
emplaced in the underground facility 
shall be designed to meet the following 
criteria: 
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(1) Solidification. All such radioactive 
wastes shall be in solid form and placed 
in sealed containers. 

(2) Consolidation. Particulate waste 
forms shall be consolidated (for exam-
ple, by incorporation into an encap-
sulating matrix) to limit the avail-
ability and generation of particulates. 

(3) Combustibles. All combustible ra-
dioactive wastes shall be reduced to a 
noncombustible form unless it can be 
demonstrated that a fire involving the 
waste packages containing combus-
tibles will not compromise the integ-
rity of other waste packages, adversely 
affect any structures, systems, or com-
ponents important to safety, or com-
promise the ability of the underground 
facility to contribute to waste isola-
tion. 

(d) Design criteria for other radioactive 
wastes. Design criteria for waste types 
other than HLW will be addressed on 
an individual basis if and when they 
are proposed for disposal in a geologic 
repository. 

PRECLOSURE CONTROLLED AREA 

§ 60.136 Preclosure controlled area. 

(a) A preclosure controlled area must 
be established for the geologic reposi-
tory operations area. 

(b) The geologic repository oper-
ations area shall be designed so that, 
for Category 2 design basis events, no 
individual located on or beyond any 
point on the boundary of the preclosure 
controlled area will receive the more 
limiting of a total effective dose equiv-
alent of 0.05 Sv (5 rem), or the sum of 
the deep-dose equivalent and the com-
mitted dose equivalent to any indi-
vidual organ or tissue (other than the 
lens of the eye) of 0.5 Sv (50 rem). The 
eye dose equivalent shall not exceed 
0.15 Sv (15 rem), and the shallow dose 
equivalent to skin shall not exceed 0.5 
Sv (50 rem). The minimum distance 
from the surface facilities in the geo-
logic repository operations area to the 
boundary of the preclosure controlled 
area must be at least 100 meters. 

(c) The preclosure controlled area 
may be traversed by a highway, rail-
road, or waterway, so long as appro-
priate and effective arrangements are 

made to control traffic and to protect 
public health and safety. 

[61 FR 64270, Dec. 4, 1996] 

PERFORMANCE CONFIRMATION 
REQUIREMENTS 

§ 60.137 General requirements for per-
formance confirmation. 

The geologic repository operations 
area shall be designed so as to permit 
implementation of a performance con-
firmation program that meets the re-
quirements of subpart F of this part. 

Subpart F—Performance 
Confirmation Program 

SOURCE: 48 FR 28228, June 21, 1983, unless 
otherwise noted. 

§ 60.140 General requirements. 

(a) The performance confirmation 
program shall provide data which indi-
cates, where practicable, whether: 

(1) Actual subsurface conditions en-
countered and changes in those condi-
tions during construction and waste 
emplacement operations are within the 
limits assumed in the licensing review; 
and 

(2) Natural and engineered systems 
and components required for repository 
operation, or which are designed or as-
sumed to operate as barriers after per-
manent closure, are functioning as in-
tended and anticipated. 

(b) The program shall have been 
started during site characterization 
and it will continue until permanent 
closure. 

(c) The program shall include in situ 
monitoring, laboratory and field test-
ing, and in situ experiments, as may be 
appropriate to accomplish the objec-
tive as stated above. 

(d) The program shall be imple-
mented so that: 

(1) It does not adversely affect the 
ability of the natural and engineered 
elements of the geologic repository to 
meet the performance objectives. 

(2) It provides baseline information 
and analysis of that information on 
those parameters and natural processes 
pertaining to the geologic setting that 
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