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Facts and Issues of Direct Disposal of Spent Fuel

Introduction

This report reviews those facts and issoes that affect the
direct disposal of spent reactor fuels. It is intended as a
resource document for those impacted by the current
Department of Energy (DOE) guidance that calls for the
cessation of fuel reprocessing. Itisnotintended asa study of
the specific impacts (schedules and costs) to the Savannah
River Site (SRS) alone. Commercial fuels, other low
erriched fuels, highly enriched defense-production,
research, and naval reactor fuels are included in this survey,
except as prevented by rules on classification.

In the past, all of the DOE-owned spent fuels were to be
reprocessed to separate the uranium and plutonium isotopes
from the fission products. However, all but two of the DOE
reprocessing facilities have been shut down. Further reproc-
essing of spent fuel can be performed only in the SRS F- and
H-Canyon facilities, but, according to the present guidance
from DOE, these facilities are scheduled to be shut down in
the 1994-1997 time frame, These actions will leave a large
legacy of spent fuels for which direct disposition in a
geologic repository will be the only means of disposal.

The Discussion of this report begins with a short review of
the policy decisions (Section 1) that have been made in the
past regarding the disposition of reactor fuels and wastes.
This discussion leads directly into a review of the Yucca
Mountain program for construction of the nation’s first
geologic waste repository (Section 2). Recent international
nuclear disarmament treaties have called into question
many policies concerning nuclear weapons production. In
particular, reprocessing of irradiated eariched fuels has
been halted, leaving direct disposal as the only remaining
option for spent fuel disposal (Section 3). Section 4
highlights the many, often conflicting, views concerning the
suitability of geologic repositories for direct disposal of
enriched fuels and the potentially volatile nature of this
continuing debate.

Section 5 reviews the regulations and orders that have been
issued by EPA, NRC, and DOE for geologic repositories.
Section 6 presents a summary of the known commercial and
DOE-owned stocks of unclassified irradiated fuel. Section 7
presents a review of criticality, the principal unresolved
issue facing direct disposition of imradiated fuel in a geologic
repository. Other unresolved issues, Safeguards and Classi-

fication, are discussed in Sections 8 and 9, respectively. An
Appendix includes several reference documents to make
this exposition as self-contained a resource document as

possible,

Summary

The existing inventories of spent reactor fuel already owned
and stored by the Department of Energy are extensive. Until
recently, it was assumed that all or most of the DOE fuels
would be processed to recover the fissionable uranium
and/or plutonium, and the remaining high-level waste
would be vitrified for burial in-a geologic repository. The
first high-level waste repository, planned for Yucca Moun-
tain in Nevada, would hold canned commercial spent fuel
and canisters of vitrified defense high-level waste. In 1998,
the Depariment of Energy is’ supposed to take legal title 1o
the commercial nuclear fuel that is currently stored in spent
fuel pools at the nuclear utility sites around the nation. The
totals of all the DOE-owned spent fuel and the soon-to-be-
owned commercial spent fuel are listed in Table S.1
{excluding naval fuel),

Receatly, DOE policy was changed to cease reprocessing of
defense and research fuels. Reprocessing facilities at
Hanford and Idaho have already been shut down The
remaining F- and H-Canyon facilities at SRS are scheduled
for shutdown in the 1994-1997 time frame, and only some of
the fuels currently stored at SRS are likely 1o be processed.
‘Thus, most of the non-commercial fucls listed on Table S.1
will have to be prepared for direct disposition in a geologic
repository.

A large fraction of the research and defense-related spent
fuels were fabricated from highly enriched uranium (HEU),
and are very unlikely to be entombed in the Yucca Mountain
repository. These HEU fuels, as well as a significant
fraction of the commercial fuels, will have to be stored until
completion of a second geologic repository because:

e HEU spent fuel is not specifically covered by the Nuclear
Waste Policy Act of 1982 or its 1987 revision. An
amendment by Congress would probably be necessary
for HEU spent fuels to be placed in the first geologic
repository (Yucca Mountain).

MOIXOOI S MBF
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Table §-1
United States Spent Fuel Inventories
Type of Spent Fuel Total Heavy Metal
(U+Pu+Th)
Metric Tons
Hanford

N-Reactor LEU 2054

Miscellaneous <6
Idaho (excluding Naval Fuels) -

Special Fuels 83

Three Mile Island (LEU) 82
SRS (excluding production fuels)*

RBOF (HEU + LEU) 19
Other DOE Sites <2
Commercial (LEU) 19,000 in 1989

“no new orders™ 77.000 by 2020

“25% of total US™ 97,000 by 2020
* The production fuels at SRS have been excluded

because they are scheduled for reprocessing.

e Allspaceat Yucca Mountain is already rescrved forcom-
mercial spent fuel and high-level waste.

o Repository space for HEUJ spent fuels would be in a sec-
ond repository, which, by law, cannot be requested until
~2007-2010, and could not accept spent fuel until
~ 2030-2040.

Qualification of commercial spent fuels for direct disposal
is already known 1o be a difficult task: the qualification of
the HEU spent fuels will be even more difficult. All of these
fueis will present criticality problems at the repository.
Criticality is not the only issue affecting direct disposal (the
others are Safeguards and Classification), but it is by far the
most important and difficult to resolve. A possible outcome

of deliberations concerning highly enriched spent fuels is
that their disposal could be beanned from geologic
repositories.

Doubts about the choice of direct disposition are reinforced
when the costs and waste volumes from direct disposition
are compared with the costs and waste volumes from
continued reprocessing. Three studies of the costs of direct
disposal versus reprocessing that differ considerably in their
assumptions have been reviewed, The principal differences
have to do with the ability to use existing i

reprocessing
facilities and the value that is placed on the unburned HEU

that is recovered by reprocessing, Table §-2 reviews the
study assumptions. Table S-3 reviews the cost estimates
derived from the studies. These studies support the conclu-
sion that reprocessing is cheaper than direct disposal if
the reprocessing facilities already exist and if all lifetine
costs are considered.

The SRS-RBOF study showed that reprocessing is much
less costly than direct disposal, if you can use existing
facilities with little modification. The ICPP study recom-
mended extensive modifications that increased the costs of
reprocessing 0 rough cquality with the costs of direct
disposal at the Idaho site. The SRS-NPR sy called for the
construction of a new reprocessing facility 1o separate the
bulk of the fission products from the uranium. This caused
the costs of this “partitioning™ step to exceed the cost of
direct disposal,

The waste volumes (in terms of similar volume canisters) of
spent fuel and high-level wastes are compared in Table S-4.
The SRS-RBOF study predicted much less HLW being
generated than spent fucl. The ICPP study also predicted
much less HLW when the proposed agueous-pyrometallur-
gic reprocessing technology is used. The SRS-NPR study
predicted roughly similar volumes of spent fuel and
high-level wastes.

In view of the difficult technical and institutional issues
associated with the eventual disposal of DOE spent fuels,
either directly or via reprocessing, a comprehensive DOE-
wide study of all dispositions options, which would meet the
National Environmental Policy Act requirements, should be
conducted before any decision that would eliminate DOE’s
spent fuel reprocessing capabilities.

MOIXDOI5MPR
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Table §-2
Parameters of Three Studies of Direct Disposal vs. Reprocessing
for Government-Owned Spent Fuels

Fuel Type Dirrect Disposal Does Reprocessing Value and Fate

Author and Amount Method Kacility Exist? of Recovered HEU
J.M. McKibben’ SRS-RBOF Mass Limited Yes. (H-Canyon) High Value, Save

Special Fuels, Canisters

Ali inventory
R.N. Henry ICPP Unpoisoned Foel Yes., (ICPP) but High Value, Save
etal? Current Stockpiles  Poisoned Fuel, several upgrades

and Future 40- Diluted Fuel are proposed

Year Receipts
L.W. Patrick® SRS Unpoisoned Fuel,  No. New Canyon - No Value, Bury

NPR-HWR, Poisoned Fuel, required for

Lifetime of Diluted Fuel “Partitioning, single

Reactor stage” .

Table S-3

Estimated Costs of Direct Disposal vs. Reprocessing
for Government-Owned Spend Fuels*

Fuel Type Disposal Estimated Cost
Author and Amount Method (% Millions)
J.M. McKibben’ SRS-RBOF Direct
Special Fuels Mass Limited T $1,190
All Inveatory £ 1 kg HEU/canister)
(12 MTHM) Reprocessing $ 1%
R. N, Heary ICPP Direct
etal? Current Stockpiles Unpoisoned $18,365
and Future 40- (but limited 0 ~ 16 kg/
Year Receipts canister)
Poisoned $17.879
(~22 kg/canister)
Diluted $26,264
Reprocessing $19.827
(with upgrades;
L.W. Patrick® SRS Direct
NPR-HWR, Unpoisoned $ 1,929
Lifetime of Reactor Poisoned 3 1,284
(31% HWR, Option G,  Diluted $ 1,322
2 batch) Pantitioning-singie stage  § 2,120

*Noie that the quoted costs are for dealing with the different inventory amounts at each site or facility,
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Discussion
1. Background

1.1 Waste Disposal Policies

Historically, the United States has always subjected its
defense-related spent nuclear fuels to chemical reprocess-
ing. The principal reason was to recover the unburned HEU
remaining in those fuels after irradiation. HEU was both
scarce and expensive 10 produce in the gascous diffusion
plants. Moreover, the competing needs of the weapons
programs for HEU were severe.

Reprocessing was also planned for commercial spent fuel
from the beginning of the nuclear power industry. The use
of large quantities of Jow-enriched uranium stocks not only
placed a burden on the gaseous diffusion plants, but was also
perceived as depleting the existing natural uranium stocks
around the world, The West Valley site in New York state
was one of the early sites to provide low-enriched spent fuel
reprocessing.

Additional reprocessing sites for commercial spent fuels
were also planned and built. The Allied General Nuclear
Services (AGNS) plant was constructed and nearly finished
in Bamwell, South Carolina, when the Carter Administra-
tion imposed a ban on reprocessing of commercial fuel. The
technology of commercial fuel reprocessing was similar to
that for weapons-grade plutonium-bearing targets. The
concern was that non-weapons states might be encouraged
to become weapons states, if the United States encouraged
their reprocessing of commercial fuels.

The Reagan Administration reversed the Carter ban on
commercial fuel reprocessing. However, to date, no new
commercial reprocessing veatures have been undertaken,
nor has the AGNS plant been finished. The principal reason
is that natural uranium prices have fallen so low that
reprocessing  commercial fuel is no longer deemed cost-
effective. HEU stocks, from which LEU stocks may be
made, are now abundant because of the declining nuclear
weapons stockpiles worldwide. The need for commercial
fuel reprocessing may revive in the future, but for now,
reprocessing of commercial fuel does not appear to be a
viable enterprise in the United States.

In recognition of the above trends in the nuclear fuel
industry, DOE issued an Environmental Impact Statement
on reactor waste in 1980, followed by a formal Record of
Decision that adopted geologic disposal as the method of
disposal for both commercial spent fuels and for defense
high-level wastes (including the West Valley waste).

12 The Nuclear Waste Policy Act of 1982

In response to DOE's Record of Decision recommending
geologic disposal of reactor waste, and because of the furor
raised in anti-nuclear and environmental circies over the
supposedly unsolved problem of nuclear waste, Congress
passed the Nuclear Waste Policy Act of 1982. DOE was
directed to undertake site characterization studies fo select
one or more sites where geologic waste repositories could be
constructed. The Act assigned the responsibility to manage
spent commercial nuclear fuel and HLW to DOE, with the
costs of those activities to be incurred by the owners/genera-
tors of the waste. Several site investigations were begun by
DOE, the most prominent of which was Yucca Mountain on
the border of the Nevada Test Site property. The act further
stipulated that 70,000 MTHM would be disposed of in the
first repository (8,000 MTHM of defense HLW and 62,000
MTHM of commercial spent fuel).

1.3 The Amended Nuclear Waste Policy Act of 1987

The Nuclear Waste Policy Act was amended in 1987 to
eliminate all DOE site chargcterization studies except for
those at Yucca Mountain, Congress also prohibited DOE
from requesting a second repository (besides Yucea Moun-
tain) fora least 20 years. Hence, nonew site can berequested
before 2007.

1.4 The Energy Policy Act of 1992

Among other actions, Section 803 of the Energy Policy Act
of 1992 directs DOE 1o ¢xamine the adequacy of the current
waste disposal program to manage additional volumes or
categories of nuclear waste that may be generated by new
nuclear power plants or by defense facilities in view of the
current cessation of reprocessing. The report by the Office
of Civilian Radioactive Waste Management is scheduled for
publication in October 1993,
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Table S-4
Estimated Waste Volume From Direct Disposal vs. Reprocessing

for Government-Owned Spent Fuels

Fuel Type Disposal Estimated
Author and Amonnt Method Waste Production
(for named inventory)
I M, McKibben’ SRS-RBOF Direct 640 Spent Fuel
Special Fuels, Mass limited Canisters
all inventory (s 1 kg HEU/canister) '
(12 MTHM) Reprocessing 15 HL'W Canisters
R.H. Henry ICPP Direct
etal? Current Stockpile Mass limited 69,040 Spent Fuel Canisters
and Future 40- (1.2 kg/canister)
Year Receipts Unpoisoned 8,939 Spent Fuel Canisters
(but limited 1o ~ 16 kg/
canister)
Poisoned (~ 22 kg/canister) 7,526 Spent Fuel Canisters
Diluted 12,390 Spent Fuel Canisters
Reprocessing :
Aqueous only 8,640 HLW Canisters
Aqueous and pyrometallurgical 285 HLW Canisters
L.W, Patrick® SRS Direct
NPR-HWR, Unpoiscned 2,080 Spent Fuel Canisters
Lifetime of Reactor Poisoned 693 Spent Fuel Canisters
(31% HWR, OptionG  Diluted 139 Spent Fuel Canisters
2 baich) Banitioning-single 555 HLW (Fission
stage products and
diluted uranium)

2. The Yucca Mountain Repository

2.1 Site Characterization Plan

In December 1988, DOE published the Site Characteriza-
tion Plan [for the] Yucca Mowuain Site, Nevada Research
and Development Area, Nevada.' The following quote is
taken directly from Reference 1.

The Yucca Mountain site has not been selected for
a repository; rather, it has been designated as the
only ‘candidate site’ to be characterized at this
time. A comprehensive program of detailed inves-
tigations will be conducted at Yucca Mountain to
determine whether it is suitable for a repository. If
the site is suitable, then the DOE must demonstrate
to the Nuclear Regulatory Commission (NRC) that
the site meets regulations intended to protect the

health and safety of the public both during
been permanently clesed. In order to demonstrate
to the NRC that the repository system—that is, the
site, the repository, and the waste package—would
perform as required, the DOE must also develop
designs for the repository and the waste package
(i.e., the waste and the container in which it is
packaged for disposal) and conduct scientific
assessments to determine that the performance of
the repository system would meet all applicable
regulations.’

The following facts concerning the repository are also taken
from Reference 1.

¢ The general guidelines for recommending suitable sites
were issued by DOE in 10 CFR Part 960.

MOIXDOISMBF
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o The regulations for licensing geologic repositories by
NRC were issued in 10 CFR Part 60.

e The environmental standards to manage and dispose of
radioactive waste were issued by the Environmental Pro-
tection Agency in 40 CFR Part 191.

» Yucca Mountain is in southern Nevada in Nye County,
about 100 miles by road northeast of Las Vegas. Parts of
Yucca Mountain are on various federal lands: Bureau of
Land Management of the Department of the Interior,
Nellis Air Force Range {DOD), and the Nevada Test Site
(DOE).

o The site lics in the southemn part of the Great Basin—an
arid region with little rainfall, sparse vegetation, and
even sparser population. Northern Yucca Mountain is
about 5000 feet above sea level, more that 1200 feet
above Jackass Flats to the east, and more than 1000 feet
above the eastern edge of Crater Flat to the west, The map
depicted in Figure 1 is taken from Reference 1.

e At Yucca Mountain the water table lies as much as 2500
feet below the land surface.

= Yucca Mountain is underlain by a sequence of silicic vol-
canic rocks from more than 3000 1o about 10,000 feet
thick. The repository, if constructed, will be in an ash-
flow unit called the *Topopah Spring Member™. This
unit is the lowermost and thickest of four units of the
“Paintbrush Toff".

2.2 Yucca Mountain Repository Conceptual Design

Reference 2 gives a conceptual design of the repository in
summary form. Highlights of the design are:

e The surface facilities would receive the waste and pre-
pare it for permanent disposal. Three types of surface fa-
cilities would be provided; (1) waste receiving and in-
spection, (2) waste operations, and (3) general support.

+ The surface facilities would be connected to the under-

ground facilities by two ramps and four shafts {(shown on
Figures 2 and 3).!

o The underground repository would be located about
1000 feet below the eastern flank of Yucca Mountain.
An area of about 2095 acres would be available. Existing
plans call for using 1380 acres. Figure 4 shows the con-
ceptual layout of the emplacement “drifts™.!

o The design assumes that waste containers would be
emplaced in vertical boreholes drilled into the floor of
the emplacement drifts. After a container was placed in
the borehole, a metal plug of several inches would be
emplaced to provide shielding. Crushed tff would be
placed on top of the shield. The borehole would than be
sealed with a metal cover.

« Waste emplacement is scheduled for 26 years. A “care-
taker” period of 24 years is then planned to ensure thatthe
repository is performing as expected.

e For these 50 years, the waste is retrievable. Permanent
enclosure requires sealing of all ramps, shafts, borcholes,
and underground openings.

23 Details of the Yucca Mountain Program

In Reference 3, further detailed information on the Yucca
Mountain program is given in the form of slide panels.
These slides were presented at a meeting dated April 11 and
12, 1991, and are current as of that date. Pertinent excerpts
from those panels are directly quoted in Figure 5.

3. Effect of Recent International Events on
Reprocessing and Geologic Disposal

Under the assumption that reprocessing of defense-related
spent fuels would continue, the planning for Yucca Moun-
tain assumed that only commercial spent fuel and defense
high-level waste in the form of glass logs would be
emplaced. Indeed, the two Nuclear Waste Policy Acts
stipulate only those two wasteforms.
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Yucca Mountsin Site

S p—

MSIADB4.01

Figure 1. Location of the Yucca Mountain Site in Southern Nevada®
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CENTRAL
. SUFACE
FACILITY
AREA

Contour imerval 100 feet

Figure 3. Topographic map showing the locations of the underground and the central surface facilities of the
repository. The locations of the exploratory shafts are indicated by ES-1 and ES-2.!

MOIXO0!S MPB



Facis and Issues of Direct Disposal of Spent Fuel

ES-2 Exploraxxy Shaft 2

Figure 4. Underground Repository Layout for Vertical Waste Emplacement?

However, the recent agreements on the Strategic Arms
Reduction Treaty (START), the previous tactical weapons
agreement, and the encompassing political atmosphere have
called into question the need for continued defense fuel
reprocessing. An abundance of HEU will be available soon,
depending on the weapons destruction schedule, This will
occur in both the United States and the Commonwealth of
Independent States (the former Soviet Union). In direct
response 1o this situation, DOE has

» shut down the gaseous diffusion plants at Portsmouth

o shut down and ordered the Hanford Purex reprocessing
facility into D&D

o shut down and ordered the Idaho Chemical Processing
Plant into deactivation

e presented program execution guidance that the SRS H-
Canyon and HB-Line facilities should process material

only to convert existing liquid nuclear material stocks to
astable oxide form, and clean out the P-, K-, and L.-Reac-
tor disassembly basins and the RBOF basin for special
fuels.

When such tasks are completed (estimated 1997), the
H-Canyon and HB-Line facilitics are to be deactivated.

DOE has also ordered K Reactor, the only remaining tritium
production reactor still in operation, into standby beginning
October 1993, However, the retention of qualified staff ©
guaraniee the ability to restart K Reactor within the desired
five-year period is known to be difficult An extended
period of slow operation of K Reactor has been recom-
mended to provide incentives for qualified personnel 1o
remain available for resumption of tritium production if
required by future events. No decision on extended K-Reac-
tor operation has been rendered by DCE to date and none is
expected before mid-1993 at the earliest.*

* Note added during review. In March 1993, Secretary O'Leary made a press announcement to the effect that
K Reactor would be placed in “cold standby™. Details of this decision are now being formulated.
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Schedules;

Site Characterization Projected for Completion in 2001.
DEIS in Oct-99 And FEIS in Late 2000.

Repository Operation to Start in 2010 (Probably Will Slip to 2020).
-Defense Waste Won’t be Received Until 5 to 10 Years After Opening

Director of OCRWM Can’t Request Second Repository Until 2007 to 2010.

MRS Can Not be Authorized Until NRC License to Construct Rep. is Issued.

2,000 Acres Surface-400 Acres at Depth.

Drifts-25 Feet High and 19 Feet Wide. Length Determined by Rock
Formations. Drifts Are 120 Feet Apart.

Heat Load is 50 KW/Acre (2,000) or 250 KW/Acre (Disposal Drift).
Canisters Are Spaced 7 Feet Apart-Rock Mechanics.

Horizontal Boring Rejected Because of Retrievability.

Vertical Boring-Limited to About 20 Feet Depth; Diameter Sized for 26 Inch
Commercial Package.

Figure 5. Details of the Yucca Mountain Program Pertinent to Direct Disposal of Spent Fuels 3
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L3 L] -

e By Law 70,000 MT of Heavy Metal Until Second Repository is Built.
¢ Actual Repository Capacity Won’t Be Known Until Mining is Underway.
e 62,000 MTHM Commercial and 8,000 MTHM Equivalent Defense HLW.

* Accounting-One Canister Defense HLW = 0.5 MTHM — Commercial
Generators Have Challenged Ratio.

® QOldest Commercial Fuel is First and Contracts Are in Place (Barter).

e Unless DOE Decides to Place Navy Fuel Ahead of Existing Defense
Customers There Is No Room in The First Repository.

¢ Receipt Rate For Defense HLW May Be Limited To (8,000/62,000) x 2,300
MT/yr or 297 MTHM Equivalent/yr-SRS is at 200 MTHM Equivalent/yr.

R it E ..

¢ Several $100 Million Spent Already on Characterization.

¢ $180 Million/Yr is Current Budget. |

¢  Site Characterization Costs = $2 billion Through 2001.

e TEC is Anticipated to be $9.1 Billion (1998 Dollars). [TEC, Total Estimated Cost]
-$3 billion For Surface Facilities and Operations
-$3 billion For Excavation
-$3 billion For Placement and Closure

¢ Another $4.5 billion For Repository Licensing Cost.

¢ New Wasteform Charactetization Studies Will Cost About $200 million
And 5 Years to Complete.

e Other Development Costs Are Anticipated To Be About $450 million.

Figure 5. Details of the Yucca Mountain Program Pertinent to Direct Disposal of Spent Fuels® (Continued)
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Facts and Issues of Direct Disposal of Spent Fuel

Thus, it is possible for SRS to accumulate additional K
Reactor spent assemblies (Mark 22, Mark 60B, sparjet, and
control rods). It is certain that spent naval fuel will continue
to accumulate, possibly at ICPP.

In addition to the naval and production reactor fuels, DOE
has extensive stocks of special nuclear fuels, which are left
with no programmed means of disposal because of the
reprocessing  shutdowns, Direct disposal is being
considered for all these stocks.,

4. Suitability of Yucca Mountain for Direct
Disposal of Defense Fuels

Noresearch studies on the suitability of Yucca Mountain for
the direct disposal of defense fuels are known to the author,
However, in view of the then pending decision 1o shut down
ICPP, personnel of that plant contacted DOE-RW, and
others, in 1991 to explore the pessibility of direct disposal of
their spent fuels at Yucca Mountain, The following
remarks, taken directly from Reference 3, distill those
conversations.* Some of the opinions expressed below are
contradictory. They have been included here to demonstrate
that direct disposal of enriched spent fuels may be quite
controversial and that assumptions about the decisions to be
rendered are unsettled.

4.1 Observations of Mr. Carl Gertz, Project Manager,
Yucca Mountain Site Characterization Office®

e  Legality of Navy Fuel Disposal—Mr. Gertz bricfly
reviewed Section 8 of the NWPA-82 and said that the
direct disposal of navy fuel was not specifically cov-
ered by this act, and, therefore, by statute could not be
disposed in the repository without an amendment to
the act. He said that his organization had not consid-
ered this disposal concept to date.

This position is not in agreement with the position
given by Ralph Stein that a new Section 8 Report could
be prepared relatively easily, This position does sup-
port the report of a DOE-HQ activity to prepare a posi-
tion paper to be reviewed by the Office of General

Counsel and others on the legality of disposing spent
defense fuels in a repository... '

Repository Receipt Rate and Quening—I asked Mr,
Gertz several questions on these topics. He said the
Yucca Mountain site has not been fully characterized,
and, thus, the size of the repository could only be esti-
mated—that ig, the total size of a useful geological for-
mation has not been finalized. The NWPA-82 calls for
a repository of 70,000 MTHM equivalent from com-
mercial fuels and defense reprocessing waste. The size
of the Yucca Mountain site (or any other site) cannot
be made until areas within the geological formation
are accessed through mining.

The concept for Yucca Mountain is to receive waste
canisters (spent commercial fuel or defense reprocess-
ing waste) at a rate of 2000-3000 MTHM equivalent/
yr with an average being about 2300 MTHM
cquivalent/yr for & period of 25-30 years. The antici-
pated receipt queue is: first commercial fuel out of
reactor is the first fuel into the repository. He said the
commercial people are paying for the repository by
their 1 mil/’kwh electric fee on an ongoing basis, and
that DOE on an equivalent basis is several billion dol-
lars behind. He said it would be hard to imagine a
quene that did not have commercial fuels being
emplaced first.

Criticality and Other Concerns—We talked only in
general terms about this topic. Mr. Gertz said the con-
cept of having HEU in the repository did not set [sic]
very well, This would complicate operating proce-
dures and functional requirements of the repository,
neither of which have addressed HEU to date. Also, he
was concerned about public acceptance of HEU in the
repository. He said they have a very large, ongoing
program to gain accepiance, including detailed discus-
sions of the wasie to be emplaced. DOE's credibility
could be damaged by now saying that a waste, not pre-
viously discussed or disclosed, would be emplaced in
the repository. He belicves that acceptance by the pub-

* There is no indication in Reference 3 as to whether these accounts of conversations have been reviewed by

the named individuals,
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lic would be greatly reduced. Mr. Gertz did not have
any specific information on criticality calculations or
specific concerns, such as time frame....

4.2 Observations of Unnamed Persons in the Yucca
Mountain Site Characterization Project Office

(YMSCPOY

s  The YMSCPO believes criticality is an important
issue and that probability of public acceptance, and
therefore, licensing, will be small if there is a potential
for criticality anytime.

¢  Repository space for Navy fuels will not be available
until 2020 at the earliest, and it may be in a second
repository. Yucca Mountain is fully committed to
commiercial spent fuel and HLW defense waste.

e  Director of OCRWM cannot request a second reposi-
tory until 2007 to 2010. MRS cannot be authorized
until NRC license to construct a repository is issued.

o  Qualification development of new waste/package con-
cepts will cost approximately $200 million and take
five years.

o  Disposal of naval fuel would impact the repository EIS
and complicate NRC licensing process.

e  Confidential fuel information would have to be pro-
vided to the NRC and may be made available to cleared
intervenors in the licensing process.

43 Observations by Mr. Mike Valentine, Manager,
Fuel Warranties and Site Services, Advanced
Nuclear Fuel Corporation, Richland, WA?

¢ Industry is incorporating more Storage capacity at
reactor site because of uncertainty of repository stay-
ing on schedule or ever accepting commercial fuel.

e  Criticality safety analysis for repository disposal of
commercial fuel must be based on BOL (beginning of
life) U-235 enrichments (commercial fuel enrich-
ments now limited by license to less than 5%).

s  Criticality prevention in the repository for commercial
fuel relies on safe geometry (repository and individual
fuel positions) and dry operating conditions (no neu-

tron moderators), Accident scenarios must consider
flooding and other events that could alter the geometry
(repository or individual canister). Criticality preven-
tion has not yet been a major repository issue, but may
be a potential ‘show stopper’ when the issue is finally
addressed.

4.4 Observations by Various DOE Personnel
Contacted by Harry Chamberlain®

e  Opinions on disposal of spent defense fuel differ
greatly within DOE-RW. No agreement or position
has been reached.

¢ No full agreement has been reached between DOE-
RW and the NRC on disposal of spent commercial
fuel. ’

o  Disposal of spent defense fuel is a ‘new ball game’ for
DOE-RW and the NRC: Costs for repository disposal
cannot be assumed to be comparable to the costs for
disposal of commercial fuel.

e DOE-NR Position:

- Navy fuel can meet all commercial fuel disposal
crileria, ‘

- Navy fuel contains no RCRA or hazardous

- Objections to disposal of intact Navy fuel can be
casily met,

e DOE-RW Position:

-  Establishing requirements for defense fuel disposal
will be long and costly.

- Disposal costs for fuel may be greater than that for
waste,

- Accident scenarios must assume loss of canister
integrity, water intrusion, and impact of volcanism.

4.5 Observations of Mr. Ralph Stein, formerly
Associate Director for Reguiations, Systems and
Transportation (OCRWM)?

e  Section 8 of NWPA is silent on anything related to
spent defense fuel. The required President's report
deciding to put defense HLW in the civilian repository

MYSXDO1S MBP
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only focused on vitified defense waste. Presently,
DOE program people are split on whether another
report addressing defense spent fuel is needed.

e  The civilian fucl disposal program has a criticality
issue, also, that has not been solved.

o  The NRC would require confidential-restricted data
details about Navy fuels before licensing their
disposal. (Note: Yuncca Mountain Projects people
indicated such information could be provided to
intervenors, by giving them clearance, in the licensing
public review process.)

e  If the repository opens in 2010, it will be 5 to 10 years
(2015 to 2020) before it could start receiving Navy
fuel,

e  Mr. Stein doesn’t think the NRC will require demon-
strating criticality control for an indefinite time, but
possibly for the quarternary period (2,000,000 years).
However, the NRC has accepted the possibility of
criticality in a sealed repository. Acceptability would
be based on results of modeling the effects (i.e.,
migration of fission products).

e  Ifthe decision on disposal depends on 10,000 yr versus
¢.g., 10* yr, DOE-R W should get a determination from
NRC of the applicable time,

e  ADecember 1990 document considers that, in a single
repository concepi, 17,000 canisters of defense waste
and 100,000 MTHM commercial foci HLW would be
received. Cost—$4 billion. All of defense waste may
be 40,000-50,000 canisters. A second repository is
inevitable.

4,6 Summary of Observations

The most important issues on the use of Yucca Mountain
are:

« Direct disposal of HEU spent fuels was not specifically
covered by NWPA-82 or its 1987 revision, An amend-

ment to the act by Congress may be required to allow
disposal of HEU spent fuels at Yucca Mountain.

e All space at Yucca Mountain is already
reserved—62,000 MTHM for commercial spent fuel and
8,000 MTHM equivalent for defense HLW. Even if the
space available at Yucca Mountain proves to be larger
than 70,000 MTHM, there will be large amounts of HLW
from future vitrification facilities and large amounts of
commercial fuel still awaiting repository space.

e Repository space for defense HEU would requirc a
second repository, which cannot be requested wmtil
~ 2007-2010.

e Criticality wonld be considered a important issue for
direct disposal of HEU spent fuel.

- DOE-NR maintains essentially that criticality in a
repository is a non-problem.

- DOE-RW maintains that criticality may be ‘show
stopper’. NRC could demand that criticality control
be maintained for up to 10° years. Public concem
could easily overrule acceptance by NRC of
criticality after any length of time.

o Commercial spent fuels have a criticality problem that is
unresolved to date.

e DOE-RW is concemed about the damage to DOE's
credibility that might result from saying that a waste, not
previously discussed or disclosed, would be placed in the
first repository (Yucca Mountain).

o Confidential information might have 1o be provided to
NRC in support of direct disposal of naval fuels and
would possibly be made available to intervenors with
clearance in the licensing review process.

In the author’s opinion, a prudent position would assume
that HEU spent fuels could be placed only in a second
repository, not Yucca Mountain. Greater weight should be
given 1o the DOE-RW positions than to the DOE-NR cn
criticality. It is 2lso noteworthy that none of the respondents

14
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lic would be greatly reduced. Mr. Gertz did not have
any specific information on criticality calculations or
specific concemns, such as time frame....

4.2 Observations of Unnamed Persous in the Yucca
Mountain Site Characterization Project Office
(YMSCPOY

e The YMSCPO believes criticality is an important
issue and that probability of public acceptance, and
therefore, licensing, will be small if there is a potential
for criticality anytime.

s  Repository space for Navy fuels will not be available
until 2020 at the carliest, and it may be in a second
repository.  Yucca Mountain is fully commiued o
commercial spent fuel and HLW defense waste,

e  Director of OCRWM cannot request a second reposi-
tory until 2007 1w 2010, MRS cannot be authorized
untit NRC license to construct a repository is issued.

¢  Qualification development of new waste/package con-
cepts will cost approximately $200 million and take
five years,

»  Disposal of naval fuel would impact the repository EIS
and complicate NRC licensing process.

e  Confidential fuel information would have 10 be pro-
vided to the NRC and may be made available to cleared
intervenars in the licensing process,

43 Observations by Mr. Mike Valentine, Manager,
Fuel Warranties and Site Services, Advanced
Nuclear Fuel Corporation, Richland, WA?

e Industry is incorporating more storage capacity at
reactor site because of uncertainty of repository stay-
ing on schedule or ever accepting commercial fuel.

e  Criticality safety analysis for repository disposal of
commercial fuel must be based on BOL (beginning of
life) U-235 enrichments (commercial fuel enrich-
ments now limited by license to less than 5%).

e  Criticality prevention in the repository for commercial
fuel relies on safe geometry (repository and individual
fuel positions) and dry operating conditions (no neu-

tron moderators). Accident scenarios must consider
flooding and other events that could alter the geometry
{repository or individual canister). Criticality preven-
tion has not yet been a major repository issve, but may
be a potential “show stopper” when the issue is finally
addressed.

4.4 Observations by Various DOE Personnel
Contacted by Harry Chamberlain®

o  Opinions on dispesal of spent defense fuel differ
greatly within DOE-RW. No agreement or position
has been reached.

e No full agreement has been reached between DOE-
RW and the NRC on disposal of spent commercial

e  Disposal of spent defense fuel is a ‘new ball game’ for
DOE-RW and the NRC: Costs for repository disposal
cannot be assumed to be comparable o the costs for
disposal of commercial fuel.

e DOE-NR Position:

- Navy fuel can meet all commercial fuel disposal
criteria.

- Navy fuel contains no RCRA or hazardous
materials. .

- Objections to disposal of intact Navy fuel can be
casily met.

e DOE-RW Position:

-  Esmablishing requirements for defense fuel disposal
will be long and costly.

- Disposal costs for fuel may be greater than that for
waste,

- Accident scenarios must assume loss of canister
integrity, water intrusion, and impact of volcanism.

4.5 Observations of Mr. Ralph Stein, formerly
Associate Director for Regulations, Systems and
Transportation (OCRWM)?

e  Section 8 of NWPA is silent on anything related to
spent defense fuel. The required President’s report
deciding to put defense HLW in the civilian repository
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quoted in Reference 3 seemed to consider it necessary to
safeguard a repository just becanse it contained HEU spent
fuels. Presumably, the “denaturing” of iradiated HEU that
iscaused by the presence of fission products and the build-in
of U-236 and other minor actinides would make the material
unsuitable for weapons use or render it oo difficult to
retrieve and transport. However, the naval fuel would surely
require some form of safeguards to protect details of its
fabrication.

5. Summary of Regulations Concerning
Direct Spent Fuel Disposal in a Waste
Repository

The specified regulations governing the site investigations,

repository design, waste package requirements, and the

repository closure have been issued by the Environmental

Protection Agency, the Nuclear Regulatory Commission,

and the Department of Energy. These regulations are
reproduced in their entirety in Appendices A, B, and C for
the convenience of the reader.

o Appendix A-40 CFR Part 191, “Environmental Radia-
tion Protection Standards for Management and Disposal
of Spent Nuclear Fuel, High-Leve! and Transuranic Ra-
dioactive Wastes”™,

e Appendix B-10 CFR Part 60, Nuclear Regulatory Com-
mission Requirements for “Disposal of High Level
Radioactive Wastes in Geologic Repositories”.

o Appendix C-10 CFR Part 960, DOE's “General Guide-
lines for the Recommendation of Sites for Nuclear Waste
Repositories”,

5.1 EPA Standards

The important EPA standards may be summarized in the
following direct quotations from 40 CFR, Part 191.

o Disposal systems...shall be designed to provide a reason-
able cxpectation...that the cumulative releases of
radionuclides to the accessible environment for 10,000
years after disposal...shall

1. Have a likelihood of one chance in 10 of exceeding
the guantities calculated according to Table 1
(Appendix A); and

Table 1
Release Limits for Containment Requirements
(Cumulative releases to the accessibie
environment for 10,000 years after disposal)

Radionuclide Release limit per 1,000

MTHM or other unit of

waste (see notes)curies)
Americium -241 or -243 - 100
Carbon-14 100
Cesium-135 or -137 1,000
Todine-129 100
Neptunium-237 100
Plutonium-238, -239,

-240, or -242 100
Radium-226 . 100
Strontium-90 1,000
Technetium-99 10,000
Thorium-230 or -232 10
Tin-126 * 1,000
Uranium-233, -234, -235,

-236, or -238 100
Any other alpha emitting 100

radionuclide with a half-

life greater than 20 years
Any other alpha emitting 1,000

radionuclide with a half-

life greater than 20 years

that does not cmit alpha

particles ”

2. Have a likelihood of less than one chance in
1,000 of exceeding ten times the gquantities
calculated according to Table 1 (Appendix A)
(see below),

o Disposal systems...shall be designed to provide a reason-
able expectation that for 1000 years after disposal, undis-
turbed performance shall not cause the annual dose
equivalent...to any member of the public in the accessible
environment 10 exceed 25 millirems to the whole body or
75 millirems to any critical organ (assuming that exposed
individuals consume 2 liters per day of groundwater
outside of the controlled arca).

MOIXVOISMBP
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It may be that DOE is having some difficulty in meeting
these EPA standards or the public may be having difficulties
in accepting them. The National Academy of Sciences
(INAS) has been directed in the Energy Policy Actof 1992 w0
conduct studies 1o determine whether an acceptable health-
based standard can be established based on exposure to
individuals. The effect of post-closure oversight of the
repository on the risk of breaching the engineered or
geologic barriers will also be studied. The Academy will
also address whether it is possible to make reliable
predictions on the likelihood of breach of the repository by
human intrusion for a 10,000-year period. In turn, the EPA
is directed to issue¢ new standards based on the NAS
findings.*

52 NRC Regulations

The NRC Regulations are much more lengthy than the EPA
standards. After some general provisions, Subpart B
provides the licensing process that DOE must follow to gain
the required NRC sanction to dispose of waste in the
repository. Of particular note is Section 60.21 that details
the content of application. Among other items, the follow-
ing statements appear:

o  The general information shall inciude...:

- A certification that DOE will provide to the geologic
repository operations arca such safeguards as it
requires at comparable surface facilities (of DOE) o
promote the common defense and security.,

- A description of the physical security plan for protec-
tion against radiological sabotage. Since the radia-
tion hazards associated with high-level wastes make
them inherently unatiractive as a target for theft or
diversion, no detailed information need be submitted
on protection against theft or diversion.

Subpart E addresses the Technical Criteria Among the
more interesting requirements appears the following:

e The following conditions are potentially adverse
conditions..:

- Earthquakes which have occurred historically, that if
they were to be repeated, could affect the site
significantly.

- Indications, based on correlation of earthquakes with
tectonic processes and features, that either the
frequency of occurrence or magnitude of earthquakes
may increase,

- More frequent occurrence of earthquakes or earth-
quakes of higher magnitude than is typical of the area
in which the geologic setting is located.

The carthquake requirements are particularly noteworthy in
view of the fact that a 5.6 magnitude earthquake occurred on
June 29, 1992, at a location only 12.5 miles southeast of
the Yucca Mountain site. Scveral surface buildings were

damaged at the site.

'Ihegencmldwimcrimiafordiereposimopuationsm
include:

Criticality control, All systems for processing, trans-
porting, handling, storage, retrieval, emplacement,
and isolation of radioactive waste shall be designed 1o
ensure that a nuclear criticality accident is not possible
unless at least two unlikely, independent, and concur-
renit or sequential changes have occurred in the condi-
tions essential to nuclear criticality safety. Each
system shall be designed for criticality safety under
namal and accident conditions. The calculated effec-
tive multiplication factor (keff) must be sufficiently
below unity to show at least a 5% margin, after
allowance for the bias in the method of calculation and
the uncertainty in the experiments used to validate the
method of calculation.

5.3 DOE Guidelines

The DOE Guidelines address only site selection. Technical
and policy issues like criticality and safeguards would be
independent of site selection issues based on geologic
properties, and thus, are not covered in the guidelines. A
concise summary of the DOE concerns appears in Appendix

* Just prior to publication, EPA proposed a revised set of standards. In the main, the 25 millirem whole body limit
would be reduced to 15 millirem, and the 1000-year period of application would be increased to 10,000 years.
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111 in tabular form, which is reproduced in this document as
Table 2. The definitions of the numerical rating factors are
also reproduced.

6.0 Spent Fuel Types and Inventories

6.1 Commercial Reactor Fuel

The amount of fuel already discharged from commercial
nuclear reactors and projections of future fuel discharges are
given in Reference 4. Table 3 is taken directly from Table
2-1 of Reference 4. An explanation of the assumptions
behind the “end-of-reactor-life” and the “upper reference”
cases is given below.

The DOE Office of Civilian Radioactive Waste Manage-
ment (OCRWM) decided w make the no-new-reactor
orders scenario the primary basis for its planning in 1988.
The no-new-orders case is essentially based on nuclear
plants operating now or under active construction. In effect,
itassumes that the nuclear power era will cease when the last
plant’s license expires (~2037). This case is supported by
the General Accounting Office and a consensus developed
by OCRWM with the utility industry. Clearly, this case is
the minimum bound for the amount of spent commercial
fuel (assuming no premature plant shutdowns).

The “upper reference™ case assumes that commercial
nuclear power will continue to grow, doubling the current
capacity by 2020 and reaching 25% of the total power
generated in the U.S. The year 2020 is chosen arbitrarily as
the end-year of the OCRWM study. Clearly, the cumulative
weight (MTHM) of the discharged spent fuel will continue
to grow beyond the 96,800 MTHM shown in Table 3.

Table 3 makes no distinction between the amounts of PWR
and BWR fuel. From the standpoint of direct disposal, the
problems posed by each fuel type are basically the same.
Descriptions of the fuel assemblies and the anticipated
isotopic contents are given in the later section on criticality
studies that have been performed to date.*

62 Hanford Irradiated Fuel

The Hanford N Reactor was fueled with slightly enriched
pranium at < 1.3 wt % U-235. When irradiated to-its normal
exposure, the plutonium produced during the enrichment
had Pu-240 contents varying between 10 wt % and 16 wt %
Pu-240, which characterized it as reactor-grade (or fuel-
grade). Significant quantities were also characterized as
weapons-grade plutonium because of smaller exposures
and, hence, smaller Pu-240 contents.

Until September 1990, the planned disposition of the spent
N-Reactor fuel was to reprocess it in the Hanford Purex
plant 10 recover the plutonium and uranium stocks. At that
time, the Purex plant was ordered into shutdown. The
amount of unprocessed N-Reactor fuel remaining in the K-E
and K-W disassembly basins totals to 2094 MT of
uranium." The average enrichment of the spent fuel is about
0.77 wt % U-235. Information on the number of individual
assemblies is not given in Reference 14.

Except for the plutonium content of the fuel, the spent
N-Reactor fuel has almost the same enrichment as natural
uranium. However, because the fuel contains plutonium,
criticality concerns may still exist.

Hanford does have additional spent fuels besides the
N-Reactor stocks. The spent fuel from the Fast Flux Text
Facility (FFTF) is currenily stored in the reactor support
facilities in the 400 Area at Hanford, This fuel is comprised
of test assemblics with a wide range of fuel types—uranium
carbide, uranium nitride, uranium-plutonium-zirconium
alloy cladding. Approximately 2.9 metric tons of pre-1972
production reactor fuel (aluminum-clad uranium) remains
in the 200 East Area and in the K-E and K-W Basins.
Another 2.6 metric tons of miscellancous fuel assemblies
are in storage at low-level burial grounds or in the Waste
Technology Engineering Laboratory (324 Building).

*  Note: During review of this report the anthor’s attention was drawn to a later source of commercial fuel data,
DOE/RW-0006, Rev. 8. The numbers for the no-new-orders case are only slightly changed from those of

Reference 4. The “upper reference case”™ was redefined.
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Table 2
Finding Resulis ¥ rom the Application of the Qualifying and Disqualifying
Conditions of the Technical Guidelines for Major Siting Decisions
Siting Decision
Potentially Nomination and Repository Site
Section Guideline Condition Acceptable Recommendation Selection
4-1(a) System Qualifying 3 4
4-2-1(s) Geohydrology do 3 4
4.2-1(d) do Disqualifying 1 2
4-2-2a) Geochemistry Qualifying 3 4
4.2-3(a) Rock Characteristics do 3 4
4.2-4(n) Climatic Changes do 3 4
4-2-5(s) Erosion do 3 4
4-2-5(d) do Disqualifying 1 1 2
4-2-6(n) Dissciution Qualifying 3 4
4-2-6(d) do Disqualifying 1 1 2
4-2.7(a) Tectonics Qualifying 3 4
4-2-7(d) do Disqualifying 1 1 2
42-8-1(a) Natural Resources Qualifying 3 4
4-2-8-1(aX1) do Disqualifying 1 1 2
4-2-8-1(dX2) do do 1 2
4-2-8-2(a) Site Ownership and Control | Qualifying 3 4 .
5-1(ax1) System do 3 4
5-1(a)X2) do do 3 4
5-1(a)3) do do 3 4
5-2-1(a) Population Density and do 3 4
Distribution

5-2-1(dX1) do Disqualifying 1 1 2
5-2-1(dX3) do do 1 1 2

do do 1 2
5-2-2(n) Site Ownership and Control | Qualifying 3 4
5.-2-3(a) Meterology do 3 4
5-2-4(s) Offsite Instaliation do 3 4

and Operations
5-2-4(d) do Disqualifying 1 1 2
5-2-5(a) Environmental Quality Qualifying 3 4
5-2-5(dX1) do Disqualifying 1 2
5-2-5(dX2) do do 1 1 2
5.2-5(dx3) do do 1 1 2
5-2-6(a) Socioeconomic Impacts Qualifying 3 4
5-2-6(d) do Disqualifying 1 2
5-2-7(a) Transportation Qualifying 3 4
5.2-8(a) Surface Characteristics do 3 4
5-2-9(a) Rock Characteristics do 3 4
5-2-9(d) do Disqualifying i 2
5-2-10(2) Hydrology Qualifying 3 4
5.2-10(d) do Disqualifying 1 2
5.2-11(x) Tectonics Qualifying 3 4
5-2-11(d) do Disqualifying 1 1 2
“1” means either of the following:
(@) The evidence does not support a finding that the site is disqualified.
or
(b) The evidence supports a finding that the site is disqualified.
MYIXD0I8.MPE



Facts and Issues of Direct Disposal of Spent Fuel

Table 2 (Contd)
Finding Results From the Application of the Qualifying and Disqualifying
Conditions of the Technical Guidelines for Major Siting Decisions

“2” means either of the following:

(a) The evidence supports a finding that the site is not
disqualified on the basis of that evidence and is not
likely to be disqualified.
or

(b) The evidence supports a finding that the site is dis-
qualified or is likely to be disqualified.

The findings resulting from the application of a qualifying
condition for any particular guideline at a given decision
point are denoted in the table by the numeral 3 or 4. The

numerals 3 and 4 signify the types of findings that are
required and are defined as follows:

“3"” means either of the following:

(a) The evidence does not supporta finding that the site
is not likely to meet the qualifying condition.
or

(b) The evidence supports a finding that the site is not
likely to meet the qualifying condition, and there-
fore the site is disqualified.

“4" means either of the following:

{a) The evidence supports a finding that the site meets
the qualifying condition and is likely to continue to
meet the qualifying condition.
or

(b) The evidence supports a finding that the site cannot
meet the qualifying condition or is unlikely to be
able to meet the qualifying condition, and therefore
the site is disqualified.

AIIX0016MBP
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Facts and Issues of Direct Disposal of Spent Fuel

Table 3
Projections of Nuclear Capacity and Spent Fuel Discharges*
(Thousands of metric tons of heavy metal)

N I End-of- iif Unper Ref c
Total net Spent-fuel discharges~® Total net Spent-fue] discharpes®
capacity® , capacity” :

Year {gigawalts) Annual  Cumulative (gigawatts) Annual  Cumulative

1987 M 159 4 15.9
1988 95 20 17.9 95 20 179
1989 97 14 19.3 99 14 193
1990 97 20 213 103 - 20 213
1991 102 1.8 23.1 104 19 232
1992 102 2.1 252 104 22 254
1993 102 19 27.1 104 1.9 27.3
1994 102 18 28.9 104 19 292
1995 102 1.9 308 105 20 312
1996 102 19 327 107 20 332
1997 103 18 345 107 19 35.1
1998 103 20 36.5 107 2.1 370
1999 103 15 380 107 16 388
2000 103 22 402 107 22 410
2001 103 1.7 419 107 19 429
2002 103 20 439 106 1.9 448
2003 103 19 458 108 20 468
2004 103 20 478 108 20 48.8
2005 103 20 498 108 21 50.9
2006 103 1.9 51.7 114 18 527
2007 102 20 53.7 120 22 54.9
2008 102 19 556 126 2.1 570
2009 99 23 579 132 26 59.6
2010 97 22 60.1 138 29 62.5
2011 93 2.1 622 143 28 65.3
2012 89 2.1 64.3 149 30 68.3
2013 80 24 66.7 154 35 71.8
2014 6 25 692 160 39 75.7
2015 66 1.7 709 163 30 78.7
2016 60 16 72.5 170 38 82.5
2017 56 14 739 175 32 85.8
2018 55 14 753 180 37 89.5
2019 55 1.0 76.3 185 36 93.1
2020 51 1.1 774 189 3.7 96.8
2021 13 78.7
2022 15 802
2023 1.0 812
2024 12 824
2025 12 83.6
2026 0.9 845
2027 1.0 855
2028 03 858
2029 04 862
2030 0.1 86.3
2031 04 86.7
2032 0.0 86.7
2033 0.0 86.7
2034 0.0 86.7
2035 0.0 86.7
2036 0.0 86.7
2037 0.1 86.8

.5, Department of Energy, Energy Information Administration, World Nuclear Fuel Cycie Requirements 1988, DOE/

EIA-0436(88) (1988).
*Spent fuel discharge projections are based on an assumed 30% increasc in fuel burnup by 20600,
*Source: U.S. Department of Energy, Energy Information Administration, Commercial Nuclear Power: Prospects for the

United States and the World, DOEJEIA-0436(88) (1988).
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Facts and Issues of Direct Disposal of Spent Fuel

6.3 Reactor Fuels at SRS

6.3.1 Production Fuel

Practically all the fue! still awaiting reprocessing and stored
in the P-, L-, and K-Reactor disassembly basins is in the
form of Mark 16 fuel tubes (3 tubes per assembly) and Mark
22 fuel tubes (2 tubes per assembly). The only parts of the
assemblies that would either be reprocessed or subjected to
direct disposal are the fuel tubes. The fuel ube inventory is
given in Table 4. All of these fuels are uranium-aluminum
alloys clad in aluminum at enrichments (post-irradiation)
generally greater than 60%. (An appreciable number of
Mark 31 depleted uranium slugs with significant plutonium
built in by irradiation are awaiting processing in F Canyon.)

The present guidance from DOE-Headquarters calls for all
of these assembilies to be processed through H Canyon and
HB Line on aschedule to be completed by ~ 1997. However,
no final decisions have been made and it remains possible
that all or some of this inventory could be left for direct
disposal. None of this fuel is considered suitable as a
repository wasteform because it is clad in aluminum, has a
metal core, and contains HEU. Significant pitting of the

Table4
Existing Production Fuel Inventory at
Savannah River*
No. of
Fuel Unprocessed
Location Type Tubes
P-Reactor Basin MK 16B 53 Outer
53 Middle
53 Inner
MK 22 396 Outer
396 Inner
L-Reactor Basin MK 16B 516 Outer
516 Middle
516 Inner
K-Reactor Basin** MK 22 1332 Outer
1332 Inner
* Excluding incidental pieces of additional charges still
in inventory (< 10).
** Including one charge which is scheduled for irradia-
tion in early 1993.

¢ladding already has occurred or would occur before the fuel
could be transferred to either dry storage or a more closely
controlled wet storage facility.

According to the present Program Execution Guidance from
DOE-Headquanters, K Reactor is scheduled for entry into
standby beginning October 1993, However, concerns about
the ability to guarantse a subsequent restart of K Reactor
within five years of such a decision have prompted
reconsideration of the Guidance. Reference 5 details options
for various ways in which K Reactor could continue in
operation with minimum fuel usage. No decision has been
announced on extended K-Reactor operation. No reports
concerning reprocessing for extended K-Reactor fuel inven-
tories have been issued to date. (See footnote on page 9.)

The SRS production fuels were not designed for long-term
storage in wet conditions (spent fuel pools) or dry condi-
tions (interim storage or geologic repository). No studies
have been performed on the suitability of the aluminum
clad, uranium-aluminum fuel for dry storage. Reference 17
reviews the history of aluminum fuels coerosion in the
production reactor disassembly positions. At least four
cases of previous cladding penetration and fission product
release are cited. Recommendations were made to improve
the waler chemistry control in the basins and eliminate
galvanic couples, which can accelerate pitting corresion.

63.2 Receiving Basin for Offsite Fuels

The Receiving Basin for Offsite Fuels (RBOF) was built at
SRS to reccive miscellancous spent reactor fuels from
various research reactors that are using DOE-owned fuel.
The inventory as of October 1, 1991, is given in Reference 6.
As much as § kg of U-235 stocks may have been added
within the last year. The inventory is given in Table 5, which
is a direct copy of the information in Reference 6.

As stated in Table 5, a significant portion of the irradiated
fuel in RBOF is scheduled for reprocessing in either H
Canyon or F Canyon. However, the majority of the fuel
forms are not processable unless additional steps are taken
to add capability to H Canyon. Reference 7 recommends
restoring the electrolytic dissolver capability to H Canyon at
8 cost of $5-510 million. This step should allow processing
of all of the non-processable fuels with the addition of two
years to the schedule already announced for the phase-out of
H Canyon in the 1992 Program Execution Guidance from
DOE. However, DOE is not considering restoration of the
electrolytic dissolver at this time.
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Facts and Issues of Direct Disposal of Spent Fuel

Table §

SRSNonproduction Fuel Inventory ¢ (as of October I, 1991)

Percent
U-235 Availablefor  Process-
Alumioum Fucls
Sterling Forest Oxide 93.19 UO,, Al CAN 98.760 - 1990, 221-H B
Sterling Forest Fuel 7748 UAL A1CLAD 2,343 - 1990, 221-H A
Nereide 19.79 UAl-Six AL CLAD 7.015 - Not Scheduled E2
HFIR 86.10 UAIL AICLAD 0.000 - 1990, 221-H A
RHF 8197 UAlL AICLAD 20.775 - 1990, 221-H A
TRR 060 UMETAL,AICLAD  88.368 11,706 1990, 221-F A
EBR-II 0.19 UMETAL, Al CAN 42.000 76.135 Not Scheduled A
HFR 7634 UAlL AICLAD 0.000 - 1990, 221-H A
JMTR-JRR 88.17 UAlL AICLAD 14.795 - 1990, 221-H A
ESSOR 83.19 UAL AICLAD 0.000 - 1990, 221-H A
ORR 8220 UAIL AICLAD 16.932 - 1990, 221-H A
DR-3 7630 UAI AICLAD 0.000 - 1990, 221-H A
ORR-LEU 15.75 UsSiz, AICLAD 14.960 - Not Scheduled E2
WPI 9340 UALAICLAD 3.784 - 1990, 221-H A
OsuU 93.19 UAL AICLAD 0.3%4 - 1991, 21-H A
S8 Fuels
Carolina Virginia 095 UO,ZrOR 0.640 0.200 Not Scheduled E2
Tube Reactor SSCLAD
High Temperature 9257 UQ;, BeO, 3423 - Not Scheduled C
RX Experiment NICHROME CLAD
Saxton Pa. Reactor 054 U0, PuOs, 1411 15.408 Not Scheduled El
Zr & SSCLAD
10.14 UOz,Zr 6.866 0.233 Not Scheduled E2
Experimental Boiling 9329 UQ,;, SSCLAD 1.612 - Not Scheduled C
Water Reactor 595 U0, ZrCLAD 95.456 - Not Scheduled E2
147 U-Zr,ZrCLAD 73.967 9.092 Not Scheduled E2
92.12 UQ:, ZrOs 26.651 - Not Scheduled E2
Ca0, Zr CLAD
023 UO:, PO, Zr CLAD 2.087 13.940 Not Scheduled E2
Gas Cooled Rx 9228 U 0r UOrBeO 56.559 - Not Scheduled C
EXP (GCRE) HASTELLOY CLAD
Mobile Low Power 9301 UO: & UO=BeO 54478 - Not Scheduled C
Reactor (MI-1)
Babcock & Wilcox 5200 UQ;, PuOs, 0.013 0.048 Not Scheduled El
Scrap §S CLAD

22

MYSIDOI6MPE



Facts and Issues of Direct Disposal of Spent Fuel

Table 5 (Part 2)

SRS Nonproduction Fuel Inventory® (as of October 1, 1991)

Percent
U-235 Available for  Process-
Reactor Enrich.  Description U-235(KG) Plutonium (kg} Processing ability (1)
Heavy Water 09 U&UO: 9470 0.565 Not Scheduled E2
Components Test Zr CLAD
8500 U-Zr, ZrCLAD 31.590 - Not Scheduled E2
Dresden Power 549 UQO,, ThO,, SS CLAD 37.545 1.879 Not Scheduled E2
Reactor
Elk River Reactor (ERR)83.00 UQ2, ThO,,SSCLAD  186.159 - Not Scheduted B
Oak Ridge National 9293 U-Zr CLAD 0.171 - Not Scheduled E2
Lab (ORNL)
Canadian Denterium RX 046 UOs, Zr CLAD 0231 - Not Scheduled E2
Special Power 477 U0, ZrCLAD 0.603 - Not Scheduled E2
Excursion RX Test
Vallecitos Boiling 2472 UO.,Zr CILAD 1243 0.003 Not Scheduled E2
Water RX .
Robinson Fuel 072 UO:, PuQ:, ZR CLAD, 0.004 0.003 Not Scheduled E2
S5 Casing
ORNL Mixed Oxide  7.90 UO;z Pu0;, ZR, SS CLAD 0.030 0.094 Not Scheduled E2
EBR-2 (HEDL) 79.73 UQ:, Pu(,, SS CLAD 1.624 0.680 Not Scheduled E2
EBR-2 (ANL) 8584 UO0; Pu0,, SSCLAD 0.376 0.114 Not Scheduled E2
SRE 916 UC,SSCLAD 4344 0.016 Not Scheduled D
SRE 9238 . UO:, ThD,, SSCLAD 143410 - Not Scheduled E2
LWR Samples 152 UO:;,Pu0,SS & 0.192 0.109 Not Scheduled E2
Zr CLAD '
Shipping port 014 VO, ZrCLAD 0.023 0.108 Stere Only NA
EPR-1 0.00 PuO: SSCLAD - 0.022 Not Scheduled E2
Total SS Fuels 740.178 42514
Total Al Fuels 310.126 87.841
Totals 1050.304 130.355
Change From Last Inv. 2.5% 547

(1) Processability codes are as follows:

0w

modification)

m o

. Processing authorized in existing facilities
Processable in existing facilities pending test authorization approval
Processable with modification of existing facilities (capital expenditures required for specifically defined

(1) Processing requires new facility (major capital expenditure)
(2) Processing scheme undefined (development effort required)

Processable in existing facilities, peading satisfactory resolution of technical and/or safety questions
Not processable in existing facilities

MOIXDOIS MEP
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64 DOE Reactor Fuel at the Idaho Site and Elsewhere

Table 6 shows the 1989 inventory of stored fuels at all sites
except Hanford (N Reactor) and SRS.'® The inventory of
spent naval fuel at ICPP is not included in this listing.

6.5 Possible Future Reactor Fuels

A proposal has been made to DOE that the excess plutonium
stockpile be disposed of by buming it in light-water
reactors. In Reference 8, the use of MOX fuel in advanced
LWR is proposed. A postulated 50 MT of excess plutonivm
could be denatured in 40 years by burning it in two or three
reactors of the 600-MW, size. A single such reactor would
consume plutonium at the rate of about 560 kg per year. This
translates, at 3.3% earichment (plutonium vs. U-238), to
about a 19 MTHM throughput per year. Thus, with three
600-MWe reactors, the discharge rate could be as high as
57 MTHM per year. However, DOE has rendered no
decision on the proposal. It and other such proposals for
disposal of excess plutonium are currently under study in
DOE-NE and the National Academy of Sciences.

7.0 Criticality Studies and Proposed Solutions

The half-life of U-235 is 7 x 10° years. In effect, a criticality
risk of some magnitude will exist forever for any assem-
blage of this isotope above a critical mass, at least in human
terms. QOpinions differ, but observers quoted in Section 4
seem to agree that criticality will have to be prevented fora
long time, perhaps 1-2 million years. This is far beyond the
1,000-10,000 year requirements mentioned in the NRC
regulations for canister integrity. No decision by regulators
has been reached conceming the acceptability of a criticatity
event in a sealed repository.

The following discussions of proposed solutions attempt to
evaluate the risk of crticality for each option. Only
reprocessing can reduce the repository risk to zero. How-
ever, there are direct disposal options that could reduce the
risk 1o as low as provided by nature for the prevention of
criticality in ore stocks.

The only way that natural uranium can *go critical” is for a
light moderator such as graphite or beryllium to intersperse
itself through the core. Heavy water of the concentration
required for a natural uranium concentration to yield a
critical event does not exist in nature. The odds of such an
arrangement of moderator and nawral uranium must be

extremely low. It is inconceivable that a reduction of the
U-235 earichment to that of natural wranium would not be
accepted as proof that criticality was prevented.

An exposition of the criticality issue has been assembled by
R. L. Nebeker of the Idaho National Engineering Labora-
tory. This appraisal has been reproduced in whole as
Appendix D of this report.

The following discussion presents the criticality analyses
that have been performed 1o date for commercial fuel, for
naval fuel, and for NPR fuel (very similar to the fuel tubes
used in the present SRS reactors). These studies range over
the entire spectrum of criticality risks that can exist in spent
fuel.

7.1 Commercial Spent Fuel ‘

Several scts of criticality calculations have been performed
for various waste canister designs with various amounts and
configurations of commercial spent fuel. Three are known
tothe author and listed in References 11-13. The lastof these
three reports (Reference 13) covers the most varied of the
“pre-closure™ scenarios that could be possible. The first of
the three (Reference 11) has some “post-closure” as well as
pre-closure scenarios. Reference 12 gives a plethora of
detail about the standards and regulations applicable to
criticality calculations and the methodology to be used, but
gives the results of only one criticality calculation, All three
references show scenanos for which criticality is possible.

Reference 11 makes the claim that while the use of
beginning-of-life (BOL) isotopic contents will result in
several critical scenarios (defined when ka>0.95, including
biases and uncertainties), the use of actual depleted isotopic
contents will prevent criticality. This statement is refuted
by the wider studies of Reference 13 where instances of
criticality (ke >0.95) were demonstrated ¢ven with end-of-
life isotopics. The leachability of fission product poisons
could raise ke in time cven higher.

7.1.1 Pre-Closure Results

Figure 6 shows the k.r values calculated for 14 specific
water flooded scenarios.!® All of these cases assumed intact
containers and canisters as would be the case prior
closure. All of the dry cases were known to be subcritical by
large margins because the enrichment was always less than
5%. With these low enrichments, an unmoderated
criticality is not possible. A k.a value of >0.95 is exceeded
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Table §
Inventory of Stored Fuels*® (October 1989, Exciuding Naval Fuels) (1 of 5)
Estimated U Content, kg Total Pu Total Th
burnup content content
Source of Material Composition® Description (MWd/MTHM) Total sy my kg) (kg)
—DOE/Defense pius other government agency material stoved at ICPP ANEL)
GCRE (Gas-Cooled Reactor UOQzx-BeO, Hasielloy One SS wbe, § in. x 0984 0918
Experiment) Xclad 25.5in.
LWBR (Shippingport Light- Ceramic pellets, 65 unils 982173 10349  826.016 0177 56,1670
Water Breeder Reactor) Zr-clad, Th blanket
Misc, fuels and scrap Scrap Stored in 92 55 and Al cans 168.195 137.330 0119 0.079 360
PWR Core 2 (Shippingport UO; pellets, 28 units 392,026 305.802
Pressurized Water Reactor) Zr-clad
SM-1A (Stationary Media) U0, SS<lad Stored in 93 8§ cans 65,739 56.648
TORY-11A UOz, BeO crushed to Stored in 147 Al cans 48645 45325
0.25in. x 0.06 in, 325in x1.5in
TORY-11C U0 Y1Os-Zr02-BeO Stored in three Al : 59.065 55.022
ceramic cans 268in.x 52.5 in.
Subtotal 1,716.847 611394  826.135 0256 56.203.0
EBR Scrap (Experimental Scrap 1618 0.839
Brecder Reactor)
Fermi 1 Blanket U-Mo (97% U), Stored in 510 SS cans 34,165.000  120.000 6.522
sodium-bonded, 0.4-in. diam x 41 in.
SSclad or 61 in. )
FSVR (Fort St Vrain U-Th carbide and 732 hexagonal graphite 299.758 164431 87.013 0752 81240
Reactor) Th carbide pyrolytic blocks 14.2 in. across
carbon coated particles  flats x 312 in.
in graphite matrix .
Pathfinder U0:-BiC peltets, §5-clad 417 rods in 17 cans; each 53406 49242

can is 9-in, diam x B0 in.

on juadg Jo [esodsiy 194K JO SONSS] Pur 18]



JEMI IO ECH

LT

(ponunuoo) {6861 12G019Q) SN PaIOIS JO AIOIUSAUT "9 AQEBL

Table 6

Inventory of Stored Fuels' (October 1989, Excluding Naval Fuels) (2 of 5)

Estimated _______ UContent, kg .. TotalPu  Total Th
burnup content content
Source of Material Composition* Description (MWdJA/MTHM) Total wmy my (kg (kg)
Peach Bottom U-Th carbide, 1,603 graphite blecks >]¢ 332420 223,540 46.310 0970 26200
Pyrolytic carbon-coated ~ 3.5-in. diam x 12 ft
particles in graphite
matrix
Pulstar, State University UOs pellets in Stwored in 24 S§ cans, 251431 12.083 0.793
of New York a1 Buffalo Zsr-clad pins 3in.x 3in.x355in,
TRIGA (Training Reactor, Isotopes, Al- or SS-clad clements 852 unils stored in 121 160.974 331.839
General Alomic) cans
YBWR (Geneva) (Vallecitos UO: and UOx-TiOs, 142 rods stored in four 8 12.383 2.606
Boiling-Water Reaclor) SSclad 6-in.diam x 36-in. Al cans
Subiotal 35276990 606.580 133.323 9037 10,7440
DOE material stored at NRF*
Shippingport PWR Core 1 UO; pellets, Zr-clad Sced and blanket fuel 11,100 570.02 1.63 34
assemblies
Shippingport PWR Core 2 UO; wafers, Zr-clad Seed and blanket fuel 14273 1,260.92  164.45 8.9
assemblies
Subtotal 1,83094 ° 166.08 123
CANDU (Canadian Deutcrium UO; pellets, Zr-clad 8 ping 5,000 2660 0261
Reactor
Conneclicut Yankee UO, Zr-clad 1 agsembly 378.485 5.204 17714
Dresden UOs, Zrclad 54 pins {depleted U) 165.0 Unknewn 1.064
EMAL> (Enginc Maint¢nance UOs pellets, Zr-clad 18 assemblies 25,000-30,000 7831273 58.103 65.255
Assembly & Disassembly)
GAP CON (Gap Conduciance) UO: pellets, Zrclad 20 pins 42-115 12.838 1.285
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Table &
Inventory of Stored Fuels' (October 1989, Exclading Naval Fuels) (3 of 5)
Estimated UContent, kg Total Pu Total Th
burnup content conlent

Source of Material Composition* Description {(MWd/MTHM)  Total my oy &p) (kg)
GE (General Electric) UO; pellets, Zr-clad Pins 18.644 0.394 o.o0m

Halden Assay UO: pellets, Zrclad 5 pins 4,000 2313 0233 0.005

Halden 226 and 239 Assy UQ»-PuO; pellets, Zrclad 12 pins 0.324

IE (Irradiation Effects) UQ; pellets, Zr-ciad Pins 27-17.600 7.833 0.867 0012

LLR (LOFT Lead Rod) UO: pellets, Zrclad 7 pins 36-150 3510 0327

LOC (Loss of Coolant) U0, pellets, Zrclad 60 pins 16-150 1.217 03816 0.010

LOFT (Loss of Fluid Test) UO; pellets, Zrclad 15* assemblics 0-1,050 2201.696 89.371 2029

MAPI (Mitsubishi Atomic Power  UO; petiets, Zr-clad 43 pins 2,990-8,770 22499 1.267 . 0.032

Industries)

Miscellaneous fuel pins UO, pellets, Zr-clad Pins Varies 173.354 1758 2626
Miscellaneous rods and scrap Scrap Stored in § cans Varies 13.553 1.197

OPTRAN (Openational Transient)  UOz pellets, Zr-clad Pins 0-15,000 19.669 0.472 0.087

PBF (Power-Burst Facility) U0 ZrOr-Ca0, Zr 725.600 132.890

slecves, §S-clad .

PCM (Power Coolant Mismaich)  UO; pelflets, Zrclad 30 pins <10 18828  6.557

Peach Bottom UO; pellets, Zr-clad 1 assembly and picces 364.1 2.512 1.878

RIA (Reactivity Initisted Accident) UO: pellets, Zr-clad 23 pins 0-6,090 8989 0504 0.013

H. B. Robinson U0 pellets, Zr-clad Pins 28,000 263916 1.890 2.153

Saxton UO: pellets, Zr-clad 21 Ping 10,400-18 530 7.607 0.660 0.025

SFD (Scvere Foel Damage) UO, pellets, Zr-clad 143 pins 50867 271 0.150

TC (Thermocouple) U0, pellets, Zr-clad Pins 0-<20 6.186 0.683

TMI-Unit 2 Rubble {Quantities unlmown until entire core received)

VEPCO (Virginis Electric Power Co.) 69 assemblies 30207295 242.451 1712695

Subtotal 42.514.582 552419 252203 _
Tota! at INEL 81,339.359 1936473 959458 273,796 66.947.0

*See refs. 10-11, Manry of the fuels at INEL have lower ursnium enrichunent than it found in those fuels that are normally processed. These fuels could be reprocessed in a special campaign,

if required.

21 .clad-Zirclaloy-clad.
“Data expressed in percentage.

“Turkey Point Foel.
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Table &
Inventory of Stored Fuels'® (October 1989, Excluding Nava! Fuels) (4 of 5)
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Estimated U Content, kg Total Pu Total Th
burnup content content
Source of Material Composition® Description MWJA/MTHM) Total my my kg) (kg)
EBR-2 U-Pu oxide, carbide or 0.3-in. diam x 13.5 in.* 26.08 17.71 0.14 6.35
nitride $S-clad fuel rod
scgments
B&W (Lynchburg, VA) UO; spent fuel elements  Stored in racks 5.60° 474 - -
Total 3t.68* 2245 0.14 6.35
"No information regarding the burnup of this fuel is available,
“Includes 0.348 kg of ™U.
Estimated U Content, kg Total Pu Total Th
burnup content content
Source of Material Composition® Description MWd/MTHM) Total my my (kg) (kg)
CEU (Consolidated Edison UxOw-CdO solid cake Stored in 401 3.5-in.- b 1,044.38  797.70 101.32
Uranium) OD x 24-in. 5SS cans b
Dresden-1 Uy, Zr-clad Sheared fuel pins ~24,000 500 0.024 0.020
stored in two 1-qt paint cans
9/16-in.-diam x 8-in, fuel rod 20,000 0.930 0.005 0.006
scctions plus short lengths
GETR {Generl Electric Uy, Zrclad 9/16-in.-diam x 8-in, 1,000-2,000 0.399 0.022
Test Reacior) fuel test capsules
Monticello UOs, Zr-cind 1/2-in.-diam x 6-in. fuel rod 40,000 1.00 0.004 0.008
sections plus short lengths
MSRE* (Molten Salt Reactor LiFs-BeFs-ZrFy-UF. ~5 > 10 Ci wotal 36.95 0.940 £ )| 0743
Experiment) .
Oconee-1 UOx, Zr-clad 1/2-in.-diam x 6-in. fuel rod 38,000 1.00 0.005 0.005
sections plus short lengths
Peach Boliom-2 UOh, Zr-clad 9/16-in.-diam x 8-in. fuel rod 10,000 0324 0.001 0.001
sections plus short lengths
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Table 6
Inventory of Stored Fuek™ (October 1989, Excluding Naval Fuels)(5 of 5)

Estimated U Content, kg TotalPu = Total Th
burnup content content
Source of Material Composition* Description (MWJ/MTHM) Total my By (kg) (kg)
Quad City-1 U0, Zr-clad 1/2-in.-diam x 6-in. fuel rod 40,000 1.00  0.004 0.008
sections plus short lengths
H. B. Robinson U0, Zr-clad 1/2-in.-diam 3 12-in. fuel rod 30,000 100 0005 0.004
sections plus short lengths
BR-3 (Belgium) UOs, Zrclad 3/8-in.-diam x 6-in. foel rod 42,000 0.837 0.020 0.006
lengths
NRNL Inventory Item Nos.
AUA-6T/AUA-T0 from LANL U metal chunks Stored in two 3.75-in.- b 6.02 5.89
OD x 18-in. §S cans .
CZA-91 from ANL UO. powder Stored in two 3.5-in.- b 0.381 0.856
OD x 13-in. 85 cans
HUA-2A from HEDL UG, powder Stored in five 3,75-in.- ' b 0317 0.307
OD x 7-in. SS cans
LAE-03 Metal Stored in ope 3-in. OD* b 0.01 0.01
10-in. 55 can .
RCP-02 from SRO UO; powder Stored in thirty—two b 1114 10.72
3.5-in.-0D x 24-in, §S cans
RCP-03 from SRO UO: powder Stored in 140 3.88-in.- b 67.41 61.61
OD x 10-in, 58§ cans
RCP-04 from SRO UFs-LiFa powder Stored in six 3,5-in.- b 319 292
converted from U0, OD x 24-in. 55 cans
RCP-06 UsOs-CdO solid cake Stored in twenty-seven b 65.55 60.60
3.5-in.-OD x 24-in. §S cans :
RCP-20/ZBL from LANL U metal chunks Stored in five 3.5-in.- b 5.15 505
OD x 24-in. 88 cans
Total . R 1,25292 798.7 28029 0.801
Zr—clad = Zircaloy-clad.,

"No information regarding the burnup of this fuel is available.

*The Molten Sah Resctor Experiment was concluded in 1969, and the fue] has never been removed from the facility, A surveillance and monitoring program has been in force since shutdewn.

Decommissioning of the MSRE [acility is an environmental restoration activity.
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Facts and Issues of Direct Disposal of Spent Fuel

for 9 out of the 14 flooded cases. Clearly, the amount of fuel
in the canisters will have to be limited, or neutron poisons
will have to be added to each canister, 10 avoid criticality

under all pre-closure scenarios.

Several qualifiers were attached to these results by the
authors."?

e  Uncertainty analyses of the k-effective calculations
are necessary in order to determine whether some of
the container designs and fuel arrangements can meet
the criticality safety requirements...

e  The k-effective values of some container designs con-
sidered in this study may be reduced to less than 0.95 if
credit is taken for burnup of spent fuel. This issue
should be evaluated in future studies.

o  The k-effective of containers and fuel arrangements
not considered in this study should be evaluated. Any
changes in present container designs or fuel arrange-
ments will necessitate the reevaluation of the k-effec-
tive.

e A more in-depth investigation of the impact on
k-effective of the hardware in the central cavity of a
container should be made.

e  As the repository design evolves and more informa-
tion becomes available, the major assumptions
adopted in this study should be reexamined. In addi-
tion to the fully flooded containers considered in this
report, other possible water densities and assumed
parameters should be evaluated in more detail.

e  Criticality safety analyses for the post-closure period
should be performed to evaluate potential effects of
water intrusion and degradation of the container and
spent fuel structures.

7.1.2 Post-Closure Results

Under post-closure conditions, the canister could crumble
away, the container and fuel cladding could be destroyed,
and the pellets could fall together or even be reduced to
powder in the bottom of the borehole. Clearly, this would
take place over hundreds to thousands of years. The
flooding of various arrays of such disordered material could
occur with a sufficiently large scismic event or from

opening of a shaft to & surface water supply. No effort was
made 10 justify any of the events postulated above in
Reference 11 or 13,

The reference fuel in Reference 11 was unirradiated fuel

rods (BOL) from six Westinghouse PWR standard 17 x 17
fuel assemblies containing UO. fuel pellets enriched to
4.5 wt % U-235. The container of the fuel rods is shown in
Figure 7. The canister and borehole are shown in Figure 8.
Seven calculations were made for four configurations of the
fuel, cladding, container, and canister. The identifying
configuration numbers and the description are taken from
Reference 11.

e Configuration 1—Nominal-dry
e Configuration 2—Nominal-flooded

e Configuration 6—Container and canistor partially
gone-flooded

o Configuration 10—Clad and disintegrated pellets
{powder) optimally mixed-flooded

The enrichments for configurations 6 and 10 were varied to
Tube for lifting/handling

triangular
pitch)

Figure 7. Spent Fuel Container Cross Section
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Figure 8. Reference Spent Fuel Waste Package

amive at the total of seven calculations. The geometry of
Configuration 10 is shown in Figure 9. The results of the
seven calculations are shown in Table 7.

Table 7

K Calculations from Reference 11

Fuel
Enrichment Total
1 4.5 0371 0015
2 4.5 0.685 0.017
6 4.5 1.179 0.016
6 20 0998 0.021
6 1.0 0.788 0.020
10 45 1.160 0.015
10 1.6 0952 0.019

R=35%8
|

Z = 450

-t = =358

—tez=T70.65

13,0

g3 —-1-1
i

Tulf Tuff

X =¥ =615
aguare

——  —
N

———t=Z = 0.0

4-—l- -
TS

Z=-300

Nots: dimersions are
in contimeters.

Figure 9. KENO Geometry for Configuration 10

7.1.3 Conclusions Concerning Commercial Fuel

For many configurations of fuel, container, and canister,
criticality would be a distinct possibility. One can get into
long discussions about limiting the amount of material per
container, about adding neutron poisons, or about taking
credit for burnup, etc. There are problems with all the
solutions. Limiting the mass per canister is expensive. The
problem with neutron poisons is ensuring that they stay with
the fuel. Taking credit for bumup requires foolproof
administrative controls. The fact that no decisions have been
reached concerning the criticality issue is indicative of this
situation.

One certainty does exist in this area. Highly enriched
uranium fuels wilt have a criticality problem that dwarfs the
commercial fuel problem. As will be seen in the following
section, technical fixes can be applied but they will be
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expensive. Whatever savings that may be realized from
stopping reprocessing may be offset by the costs of dealing
with the criticality issue of direct disposal.

7.2 ICPP Proposed Solutions for Defense Fuel

As shown in Tables 3 through 6, there are numerous forms
of irradiated fuel that would be candidates for direct
disposal. The details of waste packages for each type of fuel
would necessarily be different. However, in the main, the
options that one could choose to deal with the criticality
threat for each fuel type are quite similar and more or less
independent of the specific fuel type details.

7.2.1 Waste Package Options and Risks from Unpoisoned
Fuel—Direct Disposal of Naval Fuel

The naval fuel assemblies are clad such that if plates were
weided on the ends of the assembly, the cladding would
provide a robust engineered barrier to fission product and
actinide release, probably as good as the current canister
design for commercial fuel. The discussed loading level is
three assemblies in a waste canister per repository borehole.
The assemblies would be welded end-to-end, thus present-
ing a thin, pencil shape, only one assembly wide in cross
section. To obtain a criticality event, water must enter the
borehole and the welds must break down to allow the
assemblies to rearrange to a more reactive side-by-side
amrangement. This is an example of the two-barrier approach
to criticality preveation.

ICPP considers the risk of a criticality event over one
million or so years for such an assemblage to be high.’ An
earthquake is envisaged as capable of causing flooding and
reconfiguration of the three assembly canister into a critical
state. Only a low rate of travel of fission products could
prevent contamination of the groundwater supplies, but a
large earthquake is likely to provide rapid pathways to the
surface.

Poisoned Fuel

This option would be performed by inserting neutron poison
clements into the fuel coolant channels of the fuel. The three
assemblies would then be welded into the pencil shape with

welded on end plates. The canister with the three assemblies
inserted would be filled with molten copper to enhance its

physical integrity.

ICPP considers the criticality risk for this arangement to be
low.? Itisnot zero because the earthquake could again break
down the assemblies into a side-by-side configuration.
Prolonged exposure to water could leach out the poisons.
Clearly, the copper strengthener would work o prevent
these untoward events, but there is no assurance that they
could not occur over geologic time periods.

Diluted Fuel

In this option, the naval fuel would be dissolved and mixed
with depleted uranium and perhaps other low-enriched fuel
to obtain a mixture with an enrichment of (.7% ox less, the
same as for natural uranium. The liquid mixture would then
be contained and converted o a ceramic-glass form and
placed in a waste canister.

The risk of criticality for this wasteform is the same as for
any other natural uraniom ore pocket, near zero but not truly
zero. Nevertheless, it is difficult to imagine this solution
not being acceptable to regulators as a solution o the
criticality problem. The number of spent fuel canisters
created for ICPP inventories is given in Table 8 for each of
the three criticality control measures.

722 Waste Package Costs

ICPP made cost estimates for cach of these options in terms
of Operating Expense, Capital Costs, and Canister Costs.
The results of their analysis appeared in Table S-3. The
assumptions for these cost estimates are reproduced below.?
Assumptions pertaining only to reprocessing options (also
studied by ICPP) have been deleted from the following list.

1. The study period was set from FY 1991-2038 (48
years) to help assure a representative life cycie for
cach case (i.e., facility replacement and “Complex
21" issues would be reflected).

2. Fuel receipts are specified in the DOE-HQ Long-
Range Fuel Receipt Forecasts. Ending inventories
of fuel stored in basins is [sic] the same in all cases.

MOIX0015.MBP
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8. A commercial fuel canister is used for disposal of
waste and fuel, The canisters are 26" in diameter

Table 8 and 15" long. This is about twice the size of a

Canister Production Required to DWPF (Defense Waste Processing Facility) canis-
Dispose of Spent Fuel at ICPP* ter.

9. The decontamination and decommissioning

Number of Canisters (D&D) costs for the cases will be approximately

Unpoisoned Fuel 8939 equal since the overall number of facilities to be

Poisoned Fuel 7526 decontaminated is about the same, (However, the

Diluted Fuel 12,390 implementation of the D&D program would occur

* A further breakdown of the chemical and/or
mechanical processes required to construct the
canisters is given in Reference 3 (Table 4-2).

Thus, equivalent quantities of fue! are disposi-
tioned in each scenario and resources to assure
continued fuel receipt are assumed to be made
available in a timely manner.

All applicable ES&H requirements are to be met in
all cases.

Costs in the analyses are in FY 1991 dollars in
1991, 1992 dollars for FY 1992, and beyond.

Cost estimates for fuel reprocessing are based on
annual operating costs, FY 1992 budget submis-
sion, and current multi-annual budget requests.

A $400,000/canister cost is used for transportation
and storage in a federal repository. This cost is
used for both immobilized waste and fuel canis-
ters. This is based on the Federal Register for two
repositories adding escalation and adjustments to
arrive at FY 1992 dollars, Formulas for charges
equivalent to commercial fee do not yet exist but
are expected to exceed this value.

Repository costs are incurred in the year the canis-
ters are shipped.

10.

11,

12,

much sooner for the direct disposal cases and the
funding for this program could be great enough to
be a discriminatory issue. No estimates for D&D
costs were used, since the speculative nature of
these costs was considered to be too great.)

To bound cost differences, it is assumed that the
federal repository will be available for receipt of
immobilized ICPP fucl in FY 2012 and immobi-
lized waste in FY 2014. (The immobilized waste
generated during the period will most likely go into
the second federal repository in 2040. The reposi-
tory at Yucca Mountain is scheduled to begin op-
eration in 2010. Space has been atlocated for
17,750 canisters of defense waste. Those wastes
will come from SRS, WVDP, Hanford, and ICPP,
which will have 8840 canister positions. The pos-
sibility is considered that the first repository will
fill with other defense waste before ICPP immobi-
lized fuel or waste is ready to ship.)

RCRA permitting will be obtained in a timely
manner for all wasteforms.

Required capital funding for projects needed to
meet ES&H requirements are completed.

7.3 NPR Proposed Solutions

The NPR Group at SRS proposed solutions for the criticality
problem, posed by direct disposal of NPR-HWR fuel, that
are quite similar to those proposed by ICPP for their fuel *°
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Table 9
Geologic Disposal Lifecycle Cost

100% HWR 31% HWR
LwrPilant Base Case Option G
(1,000 MWe¢) (Normal-Burn) (Deep-Burn)

1mi/KWeHr Planing Est Planning Est
2,400 29,120 4,160

Basis

No. Spent Fuel
Azzemblies

Life cycle Cost®, 270
1990 SM

Unit Cost*,
SM/canister

2909 ne

0.56 canister 0.60 1.04

*Does not include life cycle cost for interim water pool
storage facility for LWR and HWR plants.

One of the NPR options involved chemical pantitioning of
the HEU. That option will not be included in this discussion
but was summarized in the Summary. The remaining three
options were:

1. Unpoisoned Fuel—Use a low number of un-
poisoned fuel assemblies (2) per canister, spaced
sufficiently widely in the repository to assure no
concentrations permitting criticality.

2. Poisoned Fuel—Use upto 6 (typically) fuel assem-
blies per container with nuclear poisons to prevent
criticality.

3. Diluted Fuel—Melt the fuel of up to 30 speat fuel
assemblies and mix in depleted uranium £ an iso-
topic concentration approximating natural ura-
nium.

The following facilitics would be needed:

o discharged fuel pool for cooling the assemblies for 5-10
years

o intermediate dry-term storage pending availability of a
second repository

o packaging facility for repository

o transport facilities,

Reference 10 implicitly assumes that the last two facilities
would be charged against the NPR. A more likely assump-
tion is that these facilities would be common to all users of
the second repository.

None of the NPR studies attempted to estimate the criticality
risk associated with the spent fuel. In principle, the
qualitative estimates should be about the same as were made
by ICPP for their spent fuels, except that the unpoisoned
NPR fuel risk should be near zero, not high, when a mass
limitation per canister is imposed.

‘The number of spent fuel assembilies, and, hence, the costs
for disposal, depends on the size of the NPR. Table 9
compares two options o a typical 1,000 MW,LWR. Nine
different point reactor designs were costed in terms of the
interim storage cost, spent fuel conditioning costs, transpor-
tation costs, and repository fees. Aside from the size of the
reactor, the costs are affected mainly by the length of the
reactor irtadiation. In Table 10, the spent fuel costs for cight
designs (A-H) are given for both a low-bum (1 fuel batch)
and a deep-bumn (2 fuel baiches) cycle.

8. Safeguards

Commercial reactor fuels are limited to enrichments of less
than 5% U-235. However, some HEU spent fuels have
enrichments that could range up to >90% following low
cxposure irradiations. This raises the safeguards issue for
the geologic repository and any monitored retrievable
storage facilities that might be constructed for HEU spent
fuels.

The applicable NRC regulation in 10 CFR Part 60 states that
information should be supplied in the license application
that includes:

e A centification that DOE will provide at the geologic
repository operations area such safcguards as it
requires at comparable surface facilities (of DOE) to
promote the common defense and security.

e A description of the physical security plan for protec-
tion against radiological sabotage. Since the radiation
hazards associated with high-level wastes make them
inherently unattractive as a target for theft or diver-
sion, no detailed information need be submitied on
protection against theft and diversion.
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Total Life Cycle Costs, Year 1990 Constant $M*

100% HWR (Base Casg)
1-Batch

2-Batch

50% HWR (Option A)
1-Batch
2-Batch

50% HWR. (Option B)
1-Batch
2-Batch

25% HWR 1-C (Option C)
1-Batch
2-Batch

25% HWR (Option D)
1-Batch
2-Batch

2 x 25% HWRs (Option E)
1-Batch
2-Batch

37.5% HWR (Option F)
1-Batch
2-Batch

31% HWR (Option G)
1-Batch
2-Batch

37.5% HWR (Option G-Sprint)

1-Batch
2-Batch

Unpoisoned
Canister

7’98 1
4,807

3,842
2,318

3,842
2,318

4,012
1,699

2,955
1,791

6,768
2,813

4,012
2,213

4,599
1,929

na
2,022

Poisoned
Canister

4,556
2,823

2,292
1,485

2,292
1,485

2,383
1,154

1,816
1,192

3,382
1,776

2,383
1,430

2,698
1,284

1,354

3,166
2,233

1,915
1,440

1,915
1,440

1,968
1,235

1,632
1,251

2,809
1,639

1,968
1,408

2,149
1,322

1,380

Diluted w/U-238 in
Unpoisoned Canister
HWR Point Design (Flowsheet 1) (Flowsheet 2) {Flowsheet 3)
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In the Construction Authorization section of 10 CFR Pan
60, NRC will authorize construction of the repository if it
determines (among other items)...

¢  That there is reasonable assurance that the activities
proposed in the application will not be inimical to the
common defense and security. A DOE certification
that it will provide at the geologic repository opera-
tions arca such safeguards as it requires at comparable
DOE surface facilities will constitute a rebuttable pre-
sumption of noainimicality to the common defense
and security.

Exactly the same wording appears in the section entitled
“License Issuance and Amendment”.

The implication of the above requirements is that DOE must
provide safeguards to the repository, at least during the first
50 years of operation. Norequirement to provide safeguards
specifically during the post-closure period appears in
10 CFR Part 60. The statement that theft and diversion need
not be protected against implies that buried spent fuel is not
considered a viable source of U-235 for non-weapons states
Or terrorist organizations.

One should bear in mind that 10 CFR Part 60 was written in
connection with the Nuclear Waste Policy Act of 1982,
which specifically restricted the first repository to defense
HLW (containing little, if any, fissile material) and to spent
commercial fuels (with <5% U-235). Under these condi-
tions, it would appear reasonable 10 argue that the spent fuel
need not be safeguarded in perpetuity.

However, if a second repository were built and HEU fuels
were entombed in it, the fuels could, in time, become
reasonably attractive targets for diversion. After about 300
years to 1,000 years, the fission product activity would, in
the main, have disappeared. Only the minor actinides would
still provide activity and it is not clear at this point that such
activity would be sufficient to discourage diversion
attempts.

Admitedly, the guarding of the fuel need only be minimal.
The guards would need only to look for signs of tunneling.
Diversion would take such a long time that the risk of
detection would be extremely high. Nevertheless, it scems
that some form of a guard force would have to be provided in
perpetuity for the second repository if it contained HEU
spent fuels.

The above analysis does not reach an unambiguous conclu-

sion. Moreover, it is not clear that such a conclusion can be
reached on the basis of technical considerations alone. The

need for safeguards for a repository containing HEU spent
fuels threaiens to become a contenticus issue that could
embroil the second repository in political controversy.

9. Classification

The classification issue affects the different site fuels in
various ways, ranging from no application for commercial
spent fuels 10 a significant issve for naval fuel,
Commercial Fuel

Most aspects of the commercial nuclear power program are
completely unclassified, In particular, the details of the fuel
geometries and irradiation histories are unclassified. The
repository will need this detailed information, primarily to
ensure thatcriticality safe limits are not exceeded at any step
of the fuel disposal process.

Defense Production Fuels at SRS

ALSRS, all topics of HEU fuel tube composition (before and
after irradiation) are normally Unclassified or Unclassified
Nuclear Information (UCNI). This includes such details as:
e U-235content

e shapes and dimensions

e other uranium isotopic content

e minor actinide isotopic coatent

fission product content

o irradiation history (power levels and exposure)
» shapes and dimensions.

However, when such fuel is being transported from one
safeguarded facility to another, all of these fuel details are
classified Confidential National Security Information
(CNSI).

No decisions have yet been rendered on the classification to
be applied at the second repository on defense production
spent fuel details. If the facility has safeguards, the details
are likely o be unclassified once the fuel has arrived.
Without safeguards, classification could be imposed., Dis-
tinctions may be necessary for pre-closure and post-closure
conditions.
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The rules already established for the Yucca Mountain
Repository have the spent fuel details treated as unclassi-
fied. However, this should not be interpreted as the probable
finding for the second repository.

Naval Fuel

‘The details of naval fuels are highly classified, cven after the
irradiation in the naval propulsion reactors. Thus, certain
people involved with the disposal of naval fucl at the second
repository will have 10 be cleared to the appropriate Navy
levels. Transmission of such information to lLicensing
authorities, oversight groups (state and federal), and o0
outside intervenors will have to be carefully regulated.
Similar problems have arisen in other programs, and the
administrative costs of providing an administrative solution
to the naval fuel problem can probably be estimated on the
basis of these other program experiences.

Special Fuels

Some of the special fuels may have been associated with
classified programs and may have restrictions, similar to
those for naval fuel, on the needed details. (This is
speculation on the author’s part.) If so, appropriate classifi-
cation would need to be applied at the second repository.

Summary

Classification is not likely to become a contentious issue for
the second repository. There will be an administrative cost
for the adopted classification systems that will have to be
taken into account for the estimations of the second

repository costs.

10. DOE Policies Pertinent to Direct Disposal
of HEU Fuels

In April 1991, the Secretary of Energy directed the Under
Secretary to chair a task force to recommend fuoture DOE
policy regarding HEU. In June of 1991, that Task Force
recommended that DOE cease production of HEU at the
Portsmouth Gaseous Diffusion Plant. Sufficient stocks of
HEU were identified 10 meet all defense needs, including a
strategic reserve, well into the next century. That policy has
since been put into effect.

At that time, the Task Force had not completed its
examination of the questions concerning reprocessing of
defense fuels and naval fuels to recover the unburmed HEU.
By spring of 1992, those studies were completed and the
following actions were undertaken:**

o Reprocessing at ICPP was to be curtailed immediately
beginning with an orderly deactivation of the reprocess-
ing facilitics, Reprocessing at Hanford had already been
curtailed in 1990-91. Both the Hanford and ICPP reproc-
essing facilities were to be wrned over to DOE-EM.

e« Reprocessing at SRS was to be continued until the
1996-97 time frame, but only for the purpose of process-
ing the existing liquid actinide stocks (Pu, Pu-238,
Np-237, Pu-242) and for the purpose of processing the
existing fuels and targets in the P-, K- and L-Area disas-
sembly basins and RBOF (aluminum-clad fuels only).

The present Program Execution Guidance from DOE puts
these recommendations into effect,

Long-term decisions on the matter of spent fucl manage-
ment will constitute a major Federal Action as defined by
NEPA. Preparation of an Environmental Impact Statement
(EIS) with an attendant Record of Decision (ROD) was
recommended at the secretarial level but the outcome of
these deliberations is unknown to the author.™* It was further
recommended that DOE-EM be given the responsibility for
preparing the EIS and gathering information to support the
ROD. In the meantime, the recommendations envisaged
ownership of the spent fuel and reprocessing facilities
passing from DOE-DP to DOE-EM as rapidly as possible.'*

Long-term decisions on the disposition of spent fuel will
have to await guidance from the current programs concem-
ing commercial spent fuel to be disposed of in the geologic
wasie repository at Yocca Mountain. The principal issue to
be decided here is the criticality issue. The adequacy of any
particular strategy adopted for Yucca Mountain by DOE-
RW will not be tested untl the licensing process begins
{~ 2001-2007). At that time, NRC will decide the issue.

DOE-EM believes strongly that the existing reprocessing
facilities will not be used, even if continued reprocessing of
the spent fuel proves 10 be necessary by virtue of the failure
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of a direct disposal policy in the future.!* In effect, DOE-EM
iscounting on being able to build new reprocessing facilities
as part of Complex 21, if needed. However, it should be
noted that no reprocessing facilities are included in the

present Complex 21 planning.
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£190.01

40 CFR Ch. | (7-1-91 Edition)

SUBCHAPTER F—RADIATION PROTECTION PROGRAMS

PART 190-—ENVIRONMENTAL RADI-
ATION PROTECTION STANDARDS
FOR NUCLEAR POWER OPER-
ATIONS

Subpert A-—~General Previsiens

Sec.
190.01 Applicability.
190.02 Definitions.

Subpert B—Envirenmental Standerds for the
Uranium Fuel Cyde

190.10 Standards for normal operstions.
190.11 Varisnces for unusual operations.
190.12 Effective date.

AvTHORITTY. Atomic Energy Act of 1054, as
unﬁnded; Reorganization Plan No. 3, of
1970.

Bouorex: 42 FR 28680, Jan. 13, 1977, uniess
otherwise noted.

Subpart A—General Provisions

§190.01 Applicability,

The proviasions of this part apply to
radiation doses received by members
of the public in the general environ-
ment and to radioactive materials in-
troduced into the general environment
&8s the result of operations which are
part of & nuclear fuel cycle.

§190.02 Definitions.

(a) Nuclear fuel cycle means the op-
erations defined to be associated with
the production of electrical power for
public use by any fuel cycle through
ut{lization of nuclear energy.

(b) Urenium fuel cycle means the
operations of milling of uranium ore,
chemlical conversion of uranium, iso-
topic enrichment of uranium, fabrics-
tion of uranium fuel, generation of
electricity by a light-water-cooled nu-
clear power plant using uranium fuel,
and of spent uranium
fuel, to the extent that these directly
support the production of elecirical
power for public use utilizing nuclear
energy, but excludes mining oper-
ations, operations at waste disposal
sites, transportation of any radioactive
material in support of these oper-
ations, and the reuse of recovered non-

uranium special nuclear and by-prod-
uct materials from the cycle.

(c) General environment means the
total terrestrial, atmospheric and
aquatic environments outside sites
upan which any operation which is
part of a nuclear fuel cycle is
conducted.

(d) Site means the area contained
within the boundary of a location
under the control of persons possess-
ing or using radioactive material on
which is conducted one or more oper-
ations covered by this part.

{e) Radiation means any or all of
the tollowing: Alpha, beta, gamma, or
X-rays; neutrons; and high-energy
electrons, protons, or, other atomic
particles; but not sound or radio
waves, nor visible, infrared, or ultra-
violet light.

(f) Radicactive material means any
material which spontaneously emits
radiation. .

{g) Curie (Cl) means that quantity of
radioactive material producing 37 bil-
lion nuclear transformations per
lcefond. (One millicurie (mCi)=0.001

)

(h) Dose equivalent means the prod-
uct of absorbed dose and appropriate
factors to account for differences in bi-
ological effectiveness due to the qual-
ity of radiation and its spatial distribu-
tion in the body. The unit of dose
equivalent iz the “rem.” (One millirem
(mrem)= 0,001 rem.)

(1) Organ means any human organ
exclusive of the dermis, the epidermis,
or the cornea. ’

{J)) Gigawatl-pyear refers to the quan-
tity of electrical energy produced at
the busbar of a generating atation. A
gigawatt is equal to one bililon watts.
A gigawati-year is equivalent to the
amount of energy output represented
by an average electric power level of
one gigawatt sustained for one year.

(k) Member of the public megns any
individual that can receive a radiation
dose Iin the general environment,
whether he may or may not also be ex-
posed to radiation in an occupation as-
socjated with a nuclear fuel cycle.
However, an individual is not consid-
ered a member of the public during
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any period in which he is engaged in
carrying out any operation which is
part of & nuclear fuel cycle.

(1) Regulatory agency means the gov-
ernment agency responsible for issuing
regulations governing the use of
sources of radiation or radioactive ma-
terials or emissions therefrom and car-
rying out inspection and enforcement
activities to assure compliance with
such regulations.

Subpart B—Envirenmental Standards
for the Uranium Fuel Cycle

£190.10 Standards for normal operations.

Operations covered by thiz subpart
shall be conducted in such a manner
:.lsm :o provide reasonable assurance

() The annual dose equivalent does
not exceed 35 millirems to the whole
body, 75 millirems to the thyroid, and
25 millirems to any other organ of any
member of the public as the result of
exposures to planned discharges of ra-
dioactive materials, radon and fita
daughters excepted, to the general en-
vironment from uranium fuel cycle op-
erations and to radistion from these
operations.

(b) The total quantity of radioactive
materials entering the general envi-
ronment from the entire uranfum fuel
cycle, per gigawatt-year of electrical
energy produced by the fuel cycle,
contains less than 50,000 curies of
krypton-85, 5 millicuries of lodine-129,
and 0.5 millicuries combined of pluto-
nlum-239 and other alphs-emitting
transuranic radionuclides with half-
lives greater than one year.

£ 190.11 Variances for unusual operationa.

The standards specified in § 190.10
may be exceeded if:

(a) The regulatory sagency has grant-
ed a variance hased upon its determi-
nation that a temporary and unusual
operating condition exists and contin-
1:;3 operation is in the public interest,

{(b) Information iz promptly made a
matter of public record delineating the
nature of unusual operating condi-
tions, the degree to which this oper-
ation iz expected to result in levels in
excess of the standards, the basis of
the variance, and the schedule for

Part 191

achieving conformance with the stand-
ards.

$180.12 Effective date.

(a) The standards in § 180.10{a) shall
be effective December 1, 1979, except
that for doses arising from operstions
associated with the milling of uranium
ore the efiective date shall be Decem-
ber 1, 1980.

(b) The standards in § 190.10(b) shall
be effective December 1, 1979, except
that the standards for krypton-85 and
fodine-129 shall be effective January 1,
1983, for any such radioactive materi-
als generated by the fission process

after these dates.

PART 191—=ENVIRONMENTAL RADI-
ATION PROTECTION STANDARDS
FOR MANAGEMENT AND DISPOS-
AL OF SPENT NUCLEAR FUEL,
HIGH-LEVEL AND TRANSURANIC
RADIOACTIVE WASTES

Subpert A—-Environmental Standards for
Monegement and Storage

Sec.

191.01 Applicabllity.

181.02 Definitions.

181.03 Standards.

191,04 Alternative standards.
191.05 Effective date.

Subpart B—Envirenmental Standerds for
Dispesel

181.11 Applicability.

181.12 Definitions.

181,13 Containment requirements,

181.14 Assurance requirements.

181.15 Individual protection reguirements.

181.18 QGround water protection require-
menta,

191.17 Alternative provisions for disposal.

191.18 Effective date.

APPENDIX A--TASLE roR EURFART B
Arrzapix B—GUTDaNCE For IMFLEMENTATION
or Suaraxr B

AuTRoRITT: The Atomic Energy Act of
1954, as amended; Reorganisation Plan No.
§ of 1970; and the Nuclear Waste Policy Act
of 1982,

Souvmcx: 30 FR 38084, Bept. 19, 1085,
unless otherwise noted.
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Svbpoart A—Environmental Standards
for Management and Storage

§191.01 Applicability.

This subpart applies to:

(n) Radiation doses received by
members of the public as 8 result of
the¢ management (except for transpor-
tation) and storage of spent nuclear
fuel or high-level or transuranic radio-
active wastes at any facility regulated
by the Nuclear Regulatory Commis-
sion or by Agreement Btates, to the
extent that such management and
storage operations are not subject to
the provisions of Part 190 of Title 40;
and

(b} Radiation doses received by
members of the public as & result of
the management and storage of spent
nuclear fuel or high-level or transu-
ranic wastes at any disposal facility
that is operated by the Department of
Energy and that Is not regulated by
;ht: Commission or by Agreement

tes.

§191.02 Definitions.

Unless otherwise indicated in this
subpart, all terms shall have the same
meaning as in Subpart A of Part 180.

(a) Agency means the Environmental
Protection

(b) Administrator means the Admin-
istrator of the Environmental Protec-
tion Agency.

{¢) Commission means the Nuclear
Regulatory Commission.

{d) Department means the Depa.rt.-
ment of Energy.

(¢) NWPA means the Nuclear Wute
Policy Act of 1982 (Pub. L. 97-425).

(1) Agreement Siate means any State
with which the Commission or the
Atomic Energy Commission has en-
tered into an effective agreement
under subsection 274b of the Atomic
Energy Act of 1654, as amended (68
Stat. 019).

(g) Spent nuclear fuel means fuel
that bas been withdrawn from a nucle-
ar reactor following irradiation, the
constituent elements of which have
not been separated by reprocessing.

(h) High-level radioactive waste, as
used in this part, means high-level ra-
dioactive waste as defined in the Nu-
clear Waste Policy Act of 1082 (Pub. L.
97-425).

40 CFR Ch. | (7-1-91 Edition)

(£} Trensuranic radioactive waaste, as
used in this part, means weaste contain-
ing more than 100 nanocuries of
alpha-emitting transuranic isotopes,
with half-lives greater than twenty
Years, per gram of waste, except for:
(1) High-level radioactive wastes; (2)
wastes that the Department has deter-
mined, with the concurrence of the
Administrator, do not need the degree
of isolation required by this part; or
(3) wastes that the Commission has
approved for disposal on a case-by-case
g;.sls in accordance with 10 CFR Part

(§)} Radioaclive waste, as used in this
part, means the high-level and transu-
ranic radioactive waste covered by this
part

(k) Storage means retention of spent
nuclear fuel or radioactive wastes with
the intent and capability to readily re-
trieve such fuel or waste for subse-
quent use, processing, or disposal.

(1) Disposal means permanent isola- -

tion of apent nuclear fuel or radioac-
tive waste from the accessible environ-
ment with no intent of recovery,
whether or not such isolation permits
the recovery of such fuel or waste. For
example, disposal of waste in & mined
geologic repository occurs when all of
the shafis to the repository are back-
filled and sealed.

(m) Management means any activity,
operation, or process (except for trans-
portation) conducted to prepare spent
nuclear fuel or radioactive waste for
storage or dispostl, or the activities as-
sociated with placing such fuel or
waste in a disposal system.

(n) Sile means an area contained
within the boundary of a location
under the effective control of persons
possessing or using spent nuclear fuel
or radioactive waste that are involved
in any activity, operation, or proceas
covered by this subpart.

(0) General environment means the
total terresirial, satmospheric, and
aquatic envircnments outside sites
within which any activity, operation,
or process associated with the manage-
ment and storage of spent nuclear fuel
or radioactive waste is conducted.

(p) Member of the public means any
iIndividua]l except during the time
when that individual is a worker en-
gaged In any activity, operation, or
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process that is covered by the Atomic
Energy Act of 1954, as amended.

(q) Critical organ means the most
exposed human organ or tissue exclu-
sive of the Integumentary system
(skin) and the cornea.

£191.03 Standards.

(a) Management and storage of
spent nuclear fuel or high-level or
transuranic radioactive wastes at gmll
facilities regulated by the Commission
or by Agreement States shall be con-
ducted in such a manner as to provide
reasonable assurance that the com-
bined annual dose equivalent to any
member of the public in the general
environment resulting from: (1) Dis-
charges of radioactive material and
direct radiation from such manage-
ment and storage and (2) all oper-
ations covered by Part 190; shall not
exceed 25 millirems to the whole body,
756 millirems to the thyroid, and 25
millirems to any other critical organ.

(b} Management and storage of
spent nuclear fuel or high-level or
transuranic radioactive wastes at all
facilities fo:' the disposal of such fuel
Or Waste that are operated by the De-
partment and that are not regulated
by the Commission or Agreement
States shall be conducted in such a
manner as to provide reasonable agsur-
ance that the combined annual dose
equivalent to any member of the
public in the general environment re-
sulting from discharges of radioactive
material and direct radiation from
such management and storage shall
not exceed 26 millirems to the whole
body and 75 millirems to any critical
organ.

§191.04 Alternative standards.

(a) The Administrator may issue al-
ternative standards from those stand-
ards established In § 191.03(b)} for
waste management and storage activi-
ties at facilities that are not regulated
by the Commission or Agreement
States if, upon review of an applica-
tion for such alternative standards:

(1) The Administrator determines
that such alternative standards - will
prevent any member of the public
from receiving a continuous exposure
of more than 100 millirems per year
dose equivalent and an infrequent ex-

§191.12

posure of more than 500 millirems
dose equivalent in a year from all
sources, excluding natural background
and medical procedures; and

(2) The Administrator promptly
makes a matter of public record the
degree to which continued operation
of the facility is expected to result in
levels in excess of the standards speci-
fied in § 191.03(b).

(b) An application for alternative
standards shall be submitted as soon
as possibie after the Department de-
termines that continued operation of &
facility will exceed the levels specified
in § 191.03(b) and shall include all in-
formation necessary for the Adminis-
trator to make the determinations
called for in § 191.04(a). :

(c) Requests for alternative stand-
ards shall be submitted to the Admin-
istrator, U.S. Environmental Protec-
tion Agency, 401 M Street, EW., Wash-
ington, DC 20460,

§191.05 Effective date.

The gtandards in this subpart shall
be effective on November 18, 1985.

Subpart B—Environmental Standards
for Disposal

§191.11 Applicabitity.

(a) This subpart applies to:

(1) Radioactive materials released
into the accessible environment as s
result of the disposal of spent nuclear
fuel or high-level or transuranic radio-
active wastes;

(2) Readiation doses recelved by
members of the public as a result of
such disposal; and

(3) Radioactive contamination of
certain sources of ground water In the
vicinity of disposal systems for such
fuel or wastes.

(b) However, this subpart does not

part also does not apply to wastes dis-
posed of before the effective date of
this rule.

815L12 Definitions.

Unless otherwise indicated in this
subpart, all terms shall have the sam
meaning as in Subpart A of this part.

MYIX0O! S MBP



Facts and Issues of Direct Disposal of Spent Fuel

§191.12

(a) Disposal system means any com-
bination of engineered and natural
barriers that isolate spent nuclear fuel
or radioactive waste after disposal.

(b} Waste, as used in this subpart.
means any spent nuclear fuel or radio-
active waste isolated In a disposal
system.

{c) Waste form means the matelials
comprising the radioactive compo-
nents of waste and any encapsulating
or stabilizing matrix.

(d) Barrier means any material or
structure that prevents or substantial-
ly delays movement of water or ra-
dionuclides toward the accessible envi-
ronment. For example, a barrier may
be a geologic structure, & canister, a
waste form with physical and chemical
characteristics that significantly de-
crease the mobility of radionuclides,
or & material placed over and around
waste, provided that the material or
structure substantially delays move-
ment of water or radionuclides,

{e)} Passive inslilutional control
means: (1) Permanent markers placed
al a disposal site, (2) public records
and archives, (3) government owner-
ship and regulations regarding land or
resource use, and (4) other methods of
preserving knowledge about the loca-
tion, design, and contents of a disposal
system.

(f) Active institutional control
means: (1) Controlling access to a dis-
posal siie by any means other than
passive institutional controls; (2) per-
forming maintenance operations or re-
medial actions at a site, (3) controlling
or cleaning up releases from a site, or
(4) monitoring parameters related to
disposal system performance.

(g) Controlled arec means: (1) A sur-
face location, to be identified by pas-
sive institutional contrels, that encom-
passes no more than 100 square kilo-
meters and extends horizontally no
more than five kilometers in any direc-
tion from the outer boundary of the
original location of the radioactive
wastes in a disposal system; and (2)
the subsurface underlying such a sur-
face location.

(h) Ground waler means water
below the land surface in a zone of
saturation,

1) Agquifer means an underground
geological formation, group of forma-

40 CFR Ch. | (7-1-91 Edition)

tions, or part of a formation that is ca-
pable of yielding a significant amount
of water to a well or apring.

{J) Lithosphere means the solid part
of the Earth below the surface, includ-
ing any ground water contained within
it

(k) Aecessible environmeni means:
(1) The atmosphere; (2) land surfaces;
(3) surface waters; (4) oceans; and (5)
all of the lithosphere that is beyond
the controlled area.

(1) Transmissivily means the hy-
draulic conductivity integrated over
the saturated thickness of an under-
ground formation. The transmissivity
of a series of formations is the sum of
the individual transmissivities of each
formation comprising the series.

(m) Community watler system means
a system for the provision to the
public of piped water for human con-
sumption, it such system has at least
15 service connections used:by year-
round residents or regularly serves at
least 25 year-round residents.

(n) Significant source of ground
toater, as used in this part, means: (1)
An squifer that: (i) Is saturated with
water having less than 10,000 milli-
grams per liter of total dissolved
solids; (11) is within 2,600 feet of the
land surface; (1ii) has a transmissivity
greater than 200 gallons per day per
foot, Provided, That any formation or
part of a formation included within
the source of ground water has a hy-
draulic conductivity greater than 2
gallons per day per square foot; and
(iv) 15 capabie of continuously yielding
at least 10,000 gallons per day to a
pumped or flowing well for a period of
at least a year: or (2) an aquifer that
provides the primary source of water
for & community water system as of
the effective date of this subpart.

(0) Special source af ground waler,
as used in this part., means those Class
I ground waters identified In accord-
ance with the Agency’s Ground-Water
Protection Strategy published In
August 1984 that: (1) Are within the
controlled area encompassing a dispos-
al system or are jess than five kilome-
ters beyond the controlled area; (2)
are supplying drinking water for thou-
sands of persons as of the date that
the Department chooses & location
within that area for detalled charsc-

10
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terization as & potential site for a dis-

posal syastem (e.g., in accordance with

section 112(bX1)XB) of the NWPA);

and (3) are irreplaceable in that no

reasonable alternative source of drink-

uins water is avallable to that popula-
on.

(p) Undisturbed performance means
the predicted behavior of a disposal
system, inciuding consideration of the
uncertsinties in predicted behavior, If
the disposal system is not disrupted by
human intrusion or the occurrence of
unlikely natural events.

{q) Performance aasessmenl means
an analysis that: (1) Identifies the
processes and events that might affect
the disposal system; (2) examines the
effects of these processes and events
on the performance of the disposal
system; and (3) estimates the cumula-
tive releases of radionuclides, consider-
ing the associated uncertainties,
caused by all significant processes and
events. These estimates shall be incor-
porated into an overall probability dis-
tribution of cumulative release to the
extent practicable,

(r) Heavy metal means all uranfum,
plutonjum, or thorlum placed into a
nuclear reactor.

(s) Implementing agency, as used in
this subpart, means the Commission
for spent nuclear fuel or high-level or
transuranic wastes to be disposed of in
iacllities licensed by the Commission
in accordance with the Energy Reor-
ganization Act of 1974 and the Nuclear
Waste Policy Act of 1982, and it means
the Department for all other radioac-
tive wastes covered by this part.

$191.13 Containment requirements.

(a) Disposal systems for spent nucle-
ar fuel or high-level or trensuranic ra-
dioactive wastes shall be designed to
provide a reasonahle expectation,
based upon performance assessments,
that the cumulative releases of radion-
uclides to the accessible environment
for 10,000 years after disposal from all
significant processes and events that
may affect the disposal system shall:

(1) Have » likelihood of less than
one chance in 10 of exceeding the
quantities calculated according to
Table 1 (Appendix A); and

(2) Have a likelihood of less than
one chance in 1,000 of exceeding ten

$191.14

times the quantities calculated accord-
ing to Table 1 (Appendix A).

(b) Periormance assessments need
not provide complete assurance that
the requirements of § 191.13(a) will be
met. Because of the long time period
involved and the nature of the events
and processes of interest, there will in-
evitably be substantial uncertainties in
projecting disposal system perform-
ance. Proof of the future performance
of a disposal system Is not to be had in
the ordinary sense of the word in situ-
ations that deal with much shorter
time frames. Instead, what is required
is a reasonable expectation, on the
basis of the record before the. imple-
menting agency, that compliance with
§ 191.13 (a) will be achieved.

#191.14 Assurance requirements.

To provide the confidence needed
for long-term compliance with the re-
quirements of §191.13, disposal of
spent nuclear fuel or high-level or
transuranic wastes shall be conducted
in accordance with the following pro-
visions, except that these provisions
do not apply to facilities regulated by
the Commission (see 10 CFR Part 60
for comparable provisions applicable
2 facilities regulated by the Commis-

jon):

{(a) Active Institutional controls over
disposal sites should be maintained for
as long a period of time as is practica-
ble after disposal; however, perform-
ance assessments that assess isolation
of the wastes from the accessible envi-
ronment shall not consider any contri-
butions from active institutional con-
trols for more than 100 years after dis-
posal.

(b) Dispoaal systems shall be moni-
tored after disposal to detect substan-
tial and detrimental deviations from
expected performance. This monitor-
ing shall be done with techniques that
do not jecpardize the isolation of the
wastes and shall be conducted until
there are no significant concerns to be
addressed by further monitoring.

(¢) Disposal sites shall be designated
by the most permansnt markers,
records, and other passive institutional
controls practicable to indicate the
gmenofthemmthalrlou-

on.

11
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public hearings in affected areas of
the country has been provided; and

(¢) The public comments received
have been fully considered in develop-
ing the final version of such alterna-
tive provisions.

§191.18 Effective date.

The standards in this subpart sha)!
be effective on November 18, 1885.

[50 FR 38084, Bept. 19, 1985; 50 FR 40003,
Oct. 1, 1988]

APPENDIX A—TABLE FOR BURPART B

TABLE 1~RELEASE LIMITS FOR CONTAINMENT
REQUIREMENTS

(Cumsptive relssass 1o the acosseibls snvironment for
10,000 yoars after diaposal}

P1. 191, Subpt. B, App. A
greater than 20 years but less than 100

Commission as high-level radicactive waste

particular disposal system, the quantities in
waste included in the disposal system com-

APPLICATION OF TaNLE 1

Norx 1. Unils of Waste The Release
Limits in Table 1 apply to the amount of
wastes In any one of the following:

(a) An amount of spent nuclear fuel con-
taining 1,000 metric tons of heavy metal
(MTHM) exposed to a burnup between
35,000 megawatt-days per metric ton of
heavy metal (MWJ/MTHM) and 40,000
MWd4d/MTHM;

(b) The high-level radioactive wastes gen-
erated from reprocessing each 1,000 MTHM
exposed to & burnup between 25,000 MWd/
MTHM and 40,000 MWd/MTHM;

(¢) Each 100,000,000 curies of gamma or
beta-emitting radionuclides with hailf-lives

MOIX00I6MBP
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burnup is above 100,000 MWd/MTHM. This
adjusted unit of waste shall then be used in
determining the Release Limits for the dis-
posal system.

For example, if a particular disposal
system contained only high-level wastes
with an sverage burnup of 3.000 MWwWd/
MTHM, the unit of waste for that disposal
system would be:

40 CFR Ch. | (7-1-91 Editien)

If that disposal system contained the
high-level wastes from 80,000 MTHM (with
an average burnup of 3,000 MWd/MTHM),
then the Release Limits for that system
would be the quantities in Table 1 multi-
.plied by ten: )

60,000 MTHM
— a0

(30,000) 5,000 MTHM
1,000 MTHM x W = 6,000 MTHM
. which is the same as:
80,000 MTEM (5,000 MWd/MTHM) 10
x * -
1,000 MTHM (30,000 MWA/MTHM) :

Norx ¢ Treaiment af Fractionated High-
Level Wastesr. In some cases, & high-level
waste stream from reproceasing spent nucle-
ar fuel may have been (or will be) separated
into two or more high-level waste compo-
nents destined for different disposal sys-
tems. In such cases, the implementing
agency may allocate the Release Limit mul-
tiplier (based upon the origina]l MTHM and
the average fuel burnup of the high-level
waste stream) among the various disposal
systems as it chooses, provided that the
total Release Limit multiplier used for that
waste stream st all of its disposal systems
may not exceed the Release Limit multiplier
that would be used if the entire waste
stream were disposed of In one disposal
system.

Norx B5: Treatment of Wastes with Poorly
Known Bumups or Original MTHM. In
some cases, the records associated with par-
ticular high-leve! waste streams may not be

mine the average burnup that the fuel was
exposed to. I the uncertainties are such
that the original amount of heavy metal or
the average fuel burnup for particular high-
level waste streams cannot be quantiffed,
the units of waste derived from (a) and (b)
of Note 1 shall no longer be

in

z
E

;:muo:wutedeﬂmdln(c)mqm)oINote

'Norx 8 Uses of Release Limits to Deter-
mine Compliance with § 191.13 Once release

Arrenprx B—GUIDANCE FPOR
IMPLEMENTATION OF SUBPART B

[Norx: The supplemental information In
this appendix Is pot an Integral part of 40
CFR Part 181. Therefore, the implementing
agencies are not bound to follow this guid-
ance. However, it is Included because it de-

A-10
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scribea the Agency's assumpiions regarding
the implementation of Bubpart B. This ap-
pendix will appear in the Code of Federal!
Regulations.]

The Agency believes that the implement-
ing ez must determine
with §§ 191.13, 191.15, and 101.18 of Subpart
B by evaluating long-term predictions of dis-
posal system performance. Determining
compliance with §191.13 will also involve
predicting the likelihood of events and proc-
esses that may disturb the disposal system.
In making these various predictions, it will
be appropriate for the implementing agen-
cles to make use of rather complex compu-
tational models, analytical theories, and
prevalent expert judgment relevant to the
numerical predictions. SBubstantial uncer-
tainties are likely to be encountered in
making these predictions. In fact, sole reli-
ance on these numerical predictions to de-
termine compliance may not be appropriats;
the implementing agencies may choose to
supplement such predictions with gualita.
tive judgments as well. Because the proce-
dures for determining compllance with Bub-
part B have not been formulated and tested
yet, this appendix to the rule indicates the
Agency’s assumptions regarding certain
issues that may arise when implementing
§§191.13, 191.15, and 191.16. Most of this
guidance applies to any type of dispoaal
system for the wastes covered by this rule.
However, several sections apply only to dis-
posal in mined geologic repositories and
would be inappropriate for other types of

Agency

projections of the protection expected from
all of the engineered and natural barriers of
a disposal system will be conaidered. Por-
tions of the disposal system should not be
disregarded, even if projected performance
is uncertain, except for portions of the
system that make negligible contributions
to the overall isolation provided by the dis-
posal system.

Scope af Performance Assessments. Bec-
tion 191.13 requires the implementing agen-
cles to evaluate compliance through per-
formance assessments as defined fn
§191.12(q). The Agency assumes that such
performance assessments need not consider
categories of events or processes that are es-
timated to ‘have less than one chance in
10,000 of occurring over 10,000 years. Fur-
thermore, the performance assessments
need not evaluste in detail the releases from
all eventa and processes estimated 1o have &
greater likelthood of occurrence, Bome of
these events and processes may be omitted
from the performance assessments if there
is a reasonable expectation that the remain-
ing probability distribution of cumulstive

Pt. 191, Subpt. B, App. B

releases would not be significantly changed
by such omissions.

Compliance with § 191.13. The Agency as-
sumes that, whenever practicable, the im-
plementing agency will assemble all of the
resulta of the performance assessments to
determine compliance with § 191,13 into a
“complementary cumulstive distribution
function” that indicates the probability of

are conaidered in a performance assessment,
the effects of the uncertainties considered
ean be incorporated into a single such distri-
bution function for each disposal system
considered. The Agency assumes that a dis-

system can be considered to be in com-

. posal
pliance with § 191.13 #f this single distribu-

tlon function meets the requirements of
§$191.13(a).

Compliance wilh §§191.15 and 191.16.
‘When the uncertainties in undisturbed per-
formance of a disposal system are consid-
ered, the implementing agencies need not
require that & very large pereentage of the
range of estimated radiation éxposures or
radionuclide concentrations fall below limits
established in §§ 191.15 and 191.18, respec-
tively. The Agency assumes that compliance
can be determined based upon “best esti-
mate” predictions (e.g., the mean or the
median of the appropriste distribution,
whichever is higher),

Institutional Controls. To comply with
§191.14¢a), the implementing agency will
assume that none of the active institutional
controls prevent or reduce radionuclide re-

ownerahip of all dis-
posal sites for spent nuclear fuel and high-
level and transuranic radioactive wastes and
will establish appropriate markers and
records, consistent with §191.14(c). The
Agency assumes that, as long as such pas-
sive institutional controls endure and are
understood, they: (1) Can be effective in de-
terring systematic or persistent exploitation
of these disposal sites; and (2) can reduce
the likelihood of inadvertent. intermittent
human intrusion to a degree to be deter-
mined by the implementing agency. Howev-
er, the Agency believes that passive institu-
tional controls can never be assumed to
eliminate the chance of inadvertent and
intermittent human intrusion into these dis-
poeal sites.

Consideralion af Inadvertent Human In-
trusion into Repositories. The
most speculative potential disruptions of a
mined geologic repository are those associ-
ated with inadvertent human intrusion.
Bome types of intrusion would have virtual-
1y no effect on a repository’s containment of
waste. On the other hand, it is possible to
conceive of Intrusions (involving widespread

MOIX0016MAP
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societal loss of knowledge regarding radioac-
tive wastes) that could result in major dis-
ruptions that no reasonsble repository se-
lection or design precautions could alleviate.
The Agency believes that the most produc-
tive consideration of inadvertent intrusion
concerns those realistic possibilities that
may be usefully mitigated by repository
design, site selection, or use of passive con-
trols (although passive inatitutional controls
should not be amsumed to completely rule
out the possibility of intrusion). Therefore,
inadvertent and intermittent intrusion by
exploratory drilling for resources (other
than any provided by the disposal system
ftaell) can be the most severe intrusion sce-
nario assumed by the implementing agen-
¢les. Furthermore, the implementing agen-
cies can assume thai passive institutional
oontrols or the intruders’ own exploratory
procedures are adequate for the intruders to
soon detect, or be warned of, the incompati-
bility of the ares with their activities.
Frequency and Severily of Inadvertent
Human Intrusion into Geologic Repositor
ies. The implementing agencies shouid con-
sider the effects of each particular disposal
system's site, deaign, and pﬂdve institution-
al controls in judging the lkelthood and
consequences of such inadvertent explorato-
ry drilling. However, the Mency AMSUmes
t.ha.t. the likelihood of such inadvertent and
intermittent drilling need not be taken to be
greater than 30 boreholes per square kilo-
meter 0f repository area per 10,000 years for
geologic repositories in proximity to sedi-
mentary rock formations, or more than 3
boreholes per aquare kilometer per 10.000

NPIX0016.MPR
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(b) Any license may be revoked, sus-
pended, or modified, in whole or in
part:

(1) For any material false statement
in the application or in any statement
of fact required under section 182 of
the Act,

(2) Because of conditions revealed by
the application or statement of fact or
any report, recerd, inspection or other
means that would warrant the Com-
mission to refuse to grant a license on
an original application,

(3) For willful violation of, or failure
to observe any of the terms and condi-
tions of the Act, or the license, or of
any rule, regulation, or order of the
Commission, or

(4) For any conduct determined by
the Commission to be a hazard to safe
operation of the facility.

Subpart H—Enforcement

§55.71 Violations.

(a) An injunction or other court
order may be obtained prohibiting any
violation of any provision of:

(1) The Atomic Energy Act of 1954,
as amended;

(2) Title II of the Energy Reorgani-
zation Act of 1974, as amended; or

(3) Any regulation or order issued
under these Acts.

(b) A court order may be obtained
for the payment of a civil penalty im-
posed under section 234 of the Aomic
Energy Act for violation of:

(1) Sections 53, 57, 62, 63, 81, 82, 101,
103, 104, 107, or 109 of the Atomic
Energy Act,

(2) Section 206 of the Energy Reor-
ganization Act of 1974;

(3) Any rule, regulation, or order
issued under these Acts;

(4) Any term, condition, or limita-
tion of any license issued under these
Acts; or

(5) For any violation for which a li-
cense may be revoked under section
186 of the Atomic Energy Act.

(¢} Any person who willfully violates
any provision of the Atomic Energy
Act or any regulation igssued under the
Act, Including the regulations in this
part, may be guilty of a crime and,
upon conviction, may be punished by
fine or imprisonment, or both, as pro-
vided by law.

Part 60

PART 60—DISPOSAL OF HIGH-LEVEL
RADIOACTIVE WASTES IN GEO-
LOGIC REPOSITORIES

Subpart A—Generol Provisions

Sec.
60.1
60.2
60.3
60.4
60.5

Purpose and scope.

Definitions.

License required.

Communications and records.

Interpretations.

60.6 Exemptions.

680.7 License not required for certain pre-
liminary activities.

60.8 Reporting. recordkeeping, and applica-
tion reguirements; OMB appfroval not
required.

60.9 Employment protection.

60.10 Completeness and accuracy of infor-
mation. .

Subpart B~Licenses

PREAPPLICATION REVIEW

60.15 Site characterization.

680.16 Site characterization plan required.

60.17 Contents of site characterization
plan.

60.18 Review of site characterization activi-
ties.

LICENSE APPLICATIONS

60.21
60.22

Content of application.

Filing and distribution of application.

60.23 Elimination of repetition.

60.24 Updating of application and environ-
mental impact statement.

CONSTRUCTION AUTHORIZATION

60.31 Construction authorization.

60.32 Conditions of construction authoriza-
tion.

60.33 Amendment of construction authori-
2ation.

LICENSE ISSUANCE AND AMENDMENT

Standards for issuance of a license.

Conditions of license.

License specification.

Changes, tesis, and experiments.

60.45 Amendment of license,

8046 Particular activities requiring license
amendment.

60.41
60.42
60.43
60.44

PeaMANENT CLOSURK

80.51 License amendment for permanent
closure.
60.52 Termination of license.

85
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Subpart C—Participation by State
Governmants ond Affected indion Tribes

60.61 Provision of information.

60.62 Bite review,

60.83 Participation in license reviews.
60.64 Notice to States,

60,65 Representation.

Subpart D—Records, Reports, Tests, and
Inspections

80.7] Records and reports.
80.72 Construction records.
80.73 Reports of deficiencles.
60.74 Tests.

80.75 Inspeclions,

Subpart E—Technical Criteria

60.101 Purpose and nature of findings.
60.102 Concepts.

PERFORMANCE OBJECTIVES

60.111 Performance of the geclogic reposi-
tory operations area through permanent
ciosure.

80.112 Owverall system performance objec-
tive for the geologic repository afler per-
manent closure.

80.113 Performance of particular barriers
after permanent closure,

LaND OWNERSHIP AND CONTROL

80.121 Requirements for ownership and
control interests in land,

SITING CRITERIA
80.122 S8iting criteria.

DESIGN CRITIRIA POR THE GEOLOGICAL
REPOSITORY OPERATIONS AREA

60.130 Scope of design criterta for the geo-
logic respository operations area.

$0.131 QGeneral design criteria for the geo-
logic repository operations area.

60.132 Additional design criteria for sur-
face facilities in the geologic repository
operations area.

60.133 Additionsl design criteria for the
underground facility.

80.134 Design of seals for shafts and bore-
hoiles.

DES1GN CRITERIA FOR THE WASTE PACKAGE

60.135 Criteria for the waste package and
its components.

PERFORMANCE CONFIRMATION REQUIREMENTS

60.137 General requirements for perform-
ance confirmation.

Subpart F—Paerformance Confirmation Program

680.140 General requirements.

10 CFR Ch. [ (1-1-90 Edition)

60.141  Confirmation of geotechnical and
desigh paramelers.

60.142 Design Ltesting,

60.143 Moniloring and testing wastle pack-
AECS.

Subport G—Qualily Assurance

60.150 Scope.
60.151 Applicability.
60.152 Implementation.

Subpart H—Training and Certificotion of
Parsonnel

60.160 General requirements.
60.161 Training and certification program.
60.162 Physical requirements.

Subpart I—Emergency Plonning Criteria
[Resarved)

AUTHORITY: Secs, 51, §3, 62, 63, 65, 81, 161,
182, 183, 68 Stat. 929, 530, 932, 933, £33, 948.
953, 954. as amended (42 U.S.C. 2071, 2073,
2092, 2093, 2095, 2111, 2201, 2232, 2233)
secs. 202, 206, 88 Stat. 1244, 1246 (42 US.C.
5842, 5846); secs. 10 and 14. Pub. L, 95-601.
92 Stat. 2951 (42 U.S.C. 2021a and 5851); sec.
102. Pub. L. 91-180, 83 Stat. 853 (42 US.C.
4332); secs. 114, 121, Pub. L. 97-425. 96 Stat.
2213, 2228, as amended (42 US.C. 10134,
10141),

For the purposes of sec. 223, 68 Stat, 858.
as amended (42 U.S.C. 2273), §4 60.10, 60.71
to 60.75 are Issued under sec. 1610, 68 Stat.
950, as amended (42 U.8.C. 2201(0)).

Bource: 46 FR 13980, Feb. 25, 1881, unless
otherwise noted,

Subpart A—General Pﬁvisions

§60.1 Purpose and scope.

This part prescribes rules governing
the licensing of the U.8. Department
of Energy to receive and possess
source, special nuclear, and byproduct
material at a geologic repository oper-
ations area sited, constructed, or oper-
ated in accordance with the Nuclear
Waste Policy Act of 1982. This part
does not apply to any actjvity licensed
under another part of this chapter,

t51 FR 27162, July 30, 1986)

§602 Definitions.

As used in this part:

“ Accessible environment” means: (1)
The atmosphere, (2) the land surface,
(3) surface water, (4) oceans, and (5)
the portion of the lithosphere that is
outside the controlled area.

MRIX0G16 MBP

B-3



Facts and Issues of Direct Disposal of Spent Fuel

Nuclear Regulatory Commission

“Affected Indian Tribe” means any
Indian Tribe (1) within whose reserva-
tion boundaries a repository for high-
level radioactive waste or spent fuel is
proposed to be located; or (2) whose
Federally defined possessory or usage
rights to other lands outside of the
reservation’s boundaries arising out of
Congressionally ratified treaties or
other Federal law may be substantial-
1y and adversely affected by the locat-
ing of such a facility; Provided, That
the Secretary of the Interior finds,
upon the petition of the appropriate
governmental officials of the Tribe,
that such effects are both substantial
and adverse to the Tribe.

“Anticipated processes and events”
means those natural processes and
events that are reasonably likely to
occur during the period the intended
performance objective must be
achieved. To the extent reasonable in
the light of the geologic record, it
shall be assumed that those processes
operating in the geologic setting
during the Quaternary Period contin-
ue to operate but with the perturba-
tions caused by the presence of em-
placed radioactive waste superimposed
thereon.

“Barrier” means any material or
structure that prevents or substantial-
ly delays movement of water or ra-
dionuclides.

“Candidate area” means a geologic
and hydrologic system within which a
geologic repository may be located.

“Commencement of construction”
means clearing of land, surface or sub-
surface excavation, or other substan-
tial action that would adversely affect
the environment of a site, but does not
include changes desirable for the tem-
porary use of the land for public recre-
ational uses, site characterization ac-
tivities, other preconstruction moni-
toring and investigation necessary to
establish background information re-
lated to the suitability of a site or to
the protection of environmental
values, or procurement or manufac-
ture of components of the geologic re-
pository operations area.

“Commission” means the Nuclear
Regulatory Commission or its duly au-
thorized representatives.

§ 60.2

“Containment” means the confine-
ment of radioactive waste within a des-
ignated boundary.

“Controlled area” means a surface
location, {0 be marked by suitable
monuments, extending horizontally no
more than 10 kilometers in any direc-
tion from the outer boundary of the
underground facility, and the underly-
ing subsurface, which area has been
committed to use as a geologic reposi-
tory and from which Incompatible ac-
tivities would be restricted following
permanent closure,

“Director” means the Director of
the Nuclear Regulatory Commission's
Office of Nuclear Material Safety and
Safeguards.

“Disposal” means the isolation of ra-
dioactive wastes from the accessible
environment.

“Disturbed zone" means' that por-
tion of the controlled area the physi-
cal or chemical properties of which
have changed as a result of under-
ground facility construction or as a
result of heat generated by the em-
placed radioactive wastes such that
the resultant change of properties
may have a significant effect on the
performance of the geologic reposi-
tory.

“DOE"” means the U.S. Department
of Energy or its duly authorized repre-
sentatives. .

“Engineered barrier system” means
the waste packages and the under-
ground facility.

“QGeologic repository” means a
system which is intended to be used
for, or may be used for, the disposal of
radioactive wastes in excavated geolog-
ic media. A geologic repository in-
cludes: (1) The geologic repository op-
erations area, and (2) the portion of
the geologic setting that provides iso-
lation of the radioactive waste.

“Cleologic repository operations
area” means a high-level radioactive
waste facility that is part of a geologic
repository, including both surface and
subsurface areas, where waste han-
dling activities are conducted.

“Geologlic setting” means the geolog-
ic, hydrologic, and geochemical sys-
tems of the region in which a geologic
repository operations area is or may be
located,
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“Groundwater” means all water
which occurs below the land surface.

“High-level radioactive waste” or
“HLW" means: (1) Irradiated reactor
fuel, (2) liquid wastes resulting from
the opersation of the first cycle solvent
extraction system, or equivalent, and
the concenirated wastes from subse-
quent extraction cycles, or equivalent,
in & facility for reprocessing irradiated
reactor fuel, and (3) golids into which
such liquid wastes have been converi-
e

d.

“HLW facllity” means a facility sub-
ject to the licensing and related regu-
latory authority of the Commission
pursuant to Sections 202(3) and 202(4)
of the Energy Reorganization Act of
1974 (88 Stat 1244).°

“Host rock” means the geologic
medium in which the waste is em-
placed.

“Important to safety,” with refer-
ence to structures, systems, and com-
ponents means those engineered struc-
tures, systems, and components esgen-
tial to the prevention or mitigation of
an accident that could result in a radi-
ation dose to the whole body, or any
organ, of 0.5 rem or greater at or
beyond the nearest boundary of the
unrestricted area at any time until the
completion of permanent closure.

“Isolation” means inhibiting the
transport of radioactive material so
that amounts and concentrations of
this material entering the accessible
environment will be kept within pre-
gcribed limits,

“Permanent closure” means final

backfllling of the underground facility .

and the sealing of shafts and bore-
holes.

“Performance confirmation” means
the program of tests, experiments, and
analyses which is conducted to evalu-
ate the accuracy and adequacy of the
information used to determine with

"These are DOE “facilities used primarily
for the receipt and storsge of high-level ra-
dicactive wastes resulting from activities li-
censed under such Act {the Atomic Energy
Act)" and “Retrievable Surface Storage Fa-
cilities and other facilities authorized for
the express purpose of subsequent long-
term storage of high-level radioactive wastes
generated by [DOE)] which are not used
for, or are part of, research and develop-
ment activities.”

10 CFR Ch. | (1-1-90 Editien)

reasonable gassurance that the per-
formance obhjectives for the period
after permanent closure will be met.

“Public Document Room™ means the
place at 2120 L Street NW.. Washing-
ton, D.C.,, at which records of the
Commission will ordinarily be made
available for public inspection and any
other place, the location of which has
been published in the PEpERAL REGIS-
TER, at which public records of the
Commission pertaining to a particular
geologic repository are made available
for public inspection.

“Radioactive waste” or “waste”
means HLLW and other radioactive ma-
terials other than HLW that are re-
ceived for emplacement in a geologic
repository.

“Restricted area” means any area

access to which Is controlled by the li-
censee for purposes of protection of
individuals from exposure to radiation
and radiocactive materials. “Restricted
area” shall not include any areas used
as residential quarters, although a sep-
arate room or rooms in a residential
building may be set apart as a restrict-
ed area.
. “Retrieval” means the act of inten.
tionally removing radioactive waste
from the underground location at
which the waste had been previously
emplaced for disposal.

“Saturated zone” means that part of
the earth’s crust beneath the regional
water table in which all voids, large
and small, are ideally filled with water
under pressure greater than atmos.
pheric.

“Site"” means the location of the con-
trolled area.

“Site characterization” means the
program of exploration and research,
both in the laboratory and in the field,
undertaken to establish the geologic
conditions and the ranges of those pa-
rameters of a particular site relevant
to the procedures under this part. Site
characterization includes borings, sur-
face excavations, excavation of explor-
atory shafts, limited subsurface iateral
excavations and borings, and in situ
testing at depth needed to determine
the suitability of the site for a geglogic
repository, but does not include pre-
liminary borings and geophysical test-
ing needed to decide whether site

a8
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characterization should be undertak-
en.

“Unanticipated processes and
events” means those processes and
events affecting the geologic setting
that are judged not to be reasonably
likely to occur during the period the
intended performance objective must
be achieved, but which are neverthe-
less sufficiently credible to warrant
consideration. Unanticipated processes
and events may be either natural proc-
esses or events or processes and events
initiated by human activities other
than those activities licensed under
this part. Processes and events initiat-
ed by human activities may only be
found to be sufficiently credible to
warrant consideration if it is assumed
that: (1) The monuments provided for
by this part are sufficiently perma-
nent to serve their intended purpose;
(2) the value to future generations of
potential resources within the site can
be assessed adegquately under the ap-
plicable provisions of this part; (3) an
understanding of the nature of radio-
activity, and an appreciation of its
hazards, have been retained in some
functioning institutions; (4) institu-
tions are able to assess risk and to take
remedial action at a level of socinl or-
ganization and technological compe-
tence equivalent to, or superior to,
that which was applied in initiating
the processes or events concerned; and
(5) relevant records are preserved, and
remain accessible, for several hundred
yvears after permanent closure.

“Underground facility” means the
underground  structure, including
openings and backfill materials, but
excluding shafts, boreholes, and their
seals.

“Unrestricted area” means any area,
access to which is not controlied by
the licensee for purposes of protection
of individuals from exposure to radi-
ation and radioactive materials, and
any area used for residential guarters.

“Unsaturated zone” means the zone
between the land surface and the re-
gional water table. Generally, fluid
pressure in this zone is less than at-
mospheric pressure, and some of the
voids may contain air or other gases at
atmospheric pressure. Beneath flood-
ed areas or in perched water bodies

§ 60.4

the fluid pressure locally may be
greater than atmospheric.

“Waste form"means the radioactive
waste materials and any encapsulating
or stabilizing matrix.

“Waste package” means the waste
form and any containers, shielding,
packing and other absorbent materials
immediately surrounding an individual
waste container.

“Water table"” means that surface in
a groundwater body at which the
water pressure is atmospheric,

[48 FR 28217, June 21, 1883, as amended at
50 FR 20647, July 22, 1985; 51 FR 27162,
July 30, 1986; 53 FR 43421, Oct. 27, 1988]

§60.3 License required.

(8) DOE shall not receive or possess
source, special nuclear, or byproduct
material at a geologic repository oper-
ations area except as authdrized by a
license issued by the Commission pur-
suant to this part.

{b) DOE shall not commence con-
struction of a geologic repository oper-
ations area unless it has filed an appii-
cation with the Commission and has
obtained construction authorization as
provided in this part. Failure to
comply with this requirement shall be
grounds for denial of a license.

§460.4 Communications and records.

(a) Except where otherwise speci-
fied, all communications and reports
concerning the regulations in this part
and applications filed under them
should be addressed to the Director of
Nuclear Material Safety and Safe-
guards, U.S. Nuclear Regulatory Com-
mission, Washington, DC 20555. Com-
munications reports, and applications
may be delivered in person at the
Commission’s offices at 2120 L Street
NW,, Washington DC, or 11555 Rock-
ville Pike, Rockville, Maryland.

(b) Each record required by this part
must be legible throughout the reten-
tion period specified by each Commis-
sion regulation. The record may be the
original or a reproduced copy or a mi-
croform provided that the copy or mi-
croform is authenticated by author-
ized personnel and that the microform
is eapable of producing & clear copy
throughout the required retention
period. The record may aiso be stored

B-6
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§60.5

in electronic media with the capability
for producing legible, accurate, and
complete records during the required
retention period. Records such as let-
ters, drawings. specifications, must in-
clude all pertinent information such as
stamps, initials, and signatures. The li-
censee shall maintain adequate =zafe-
guards against tampering with and
loss of records.

(53 FR 19251, May 27, 1988, as amended at
53 FR 43421, Oct. 27, 1988]

560.5 Interpretations.

Except as speclfically authorized by
the Commisston, In writing, no inter-
pretation of the meaning of the regu-
lations in this part by any officer or
employee of the Commission other
than a written interpretation by the
General Counsel will be considered
binding upon the Commission.

§60.6 Exemptions.

‘The Commission may, upon applica-
tion by DOE, any interested person, or
upon its own initiative, grant such ex-
emptions from the requirements of
the regulations in this part as it deter-
mines are authorized by law, will not
endanger life or property or the
common defense and security, and are
otherwise In the public interest.

§60.7 License not required for certain
preliminary activities.

The requirement for a license set
forth in § 60.3(a) of this part is not ap-
plicable to the extent that DOE re-
ceives and possesses source, special nu-
clear, and byproduct material at a geo-
logic repository:

(a) For purposes of site characteriza-
tion; or

{b) For use, during site characteriza-
tion or construction, as components of
radiographle, radiation monitoring, or
similar equipment or instrumentation.

§60.8 Reporting, recordkeeping, and ap-
plication requirements: OMB approval
noi required.

The Information collection require-
ments contained in this part affect
fewer than ten persons. Therefore,
under section 3506(cX5) of the Paper-
work Reduction Act of 1980 (Pub. L.
96-511), OMB clearance is not re-

10 CFR Ch. | {1-1-90 Edition)

quired for these information collection
requirements.

{47 FR 13774, Apt. 1, 1982]

§609 Employee protection.

{a) Discrimination by a Commission
licensee, an applicant for a Commis-
sion license, or a contractor or subcon-
tractor of a Commission licensee or ap-
plicant against an employee for engag-
ing In certain protected activities is
prohibited. Discrimination includes
discharge and other actions that relate
to compensation, terms, conditions,
and privileges of employment. The
protected activities are established in
section 210 of the Energy Reorganiza-
tion Act of 1974, as amended, and in
general] are related to the administra-
tion or enforcement of a requirement
imposed under the Atomic Energy Act
or the Energy Reorganization Act.

{1 The protected activities include
but are not limited to: N

() Providing the Commission infor-
mation about possible violations of re-
quirements imposed under either of
the above statutes;

(11 Requesting the Commission to
institute action against his or her em-
ployer for the administration or en-
forcement of these requirements; or

(iil) Testifying in any Commission
proceeding.

(2) These activities are protected
even if no formal proceeding is actusal-
ly initiated as a result of the employee
assistance or participation.

(3) This section has no applicaton to
any employee alleging discrimination
prohibited by this section who, acting
without direction from his or her em-
ployer (or the employer's agent), delib-
erately causes & violation of any re-
quirement of the Energy Reorganiza-
tion Act of 1974, as amended, or the
Atomic Energy Act of 1954, as amend-
ed

(1) Any employee who believes that
he or she has been discharged or oth-
erwise discriminated against by any
person for engaging in the protected
activities specified in paragraph (aX1)
of this section may seek a remedy for
the discharge or discrimination
through an administrative proceeding
in the Department of Labor. The ad.
ministrative proceeding must be initi-
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ated within 30 days after an alleged
violation occurs by filing a complaint
alleging the violation with the Depart-
ment of Labor, Employment Stand-
ards Administration, Wage and Hour
Division. The Department of Labor
may order reinstatement, back pay,
and compensatory damages.

(¢) A violation of paragraph (a)} of
this section by & Commission licensee,
an applicant for a Commission license,
or a contractor or subcontractor of a
Commission licensee or applicant may
be grounds for:

(1) Denial, revocation, or suspension
of the license.

(2) Imposition of a civil penalty on
the licensee or applicant.

(3) Other enforcement action.

(d) Actions taken by an employer, or
others, which adversely affect an em-
ployee may be predicated upon nondis-
criminatory grounds. The prohibition
applies when the adverse action oceurs
because the employee has engaged in
protected activities. An employee’s en-
gagement in protected activities does
not automatically render him or her
immune from discharge or discipline
for legitimate reasons or from adverse
action dictated by nonprohibited con-
siderations.

{e) Each licensee and each applicant
ghall post Form NRC-3, *'Notice to
Employees,” on its premises. Posting
must be at locations sufficient to
permit employees protected by this
section to observe a copy on the way
to or from their place of work. Prem-
ises must be posted not later than 30
days after an application is docketed
and remain posted whiie the applica-
tion is pending before the Commis-
sion, during the term of the license,
and for 30 days following license ter-
mination.

Norz: Copies of Form NRC-3 may be ob-
tained by writing to the Regional Adminis-
trator of the appropriate U.S. Nuciear Reg-
ulatory Cotmission Regional Office listed
in Appendix D, Part 20 of this chapter.

(47 FR 30456, July 14, 1982, as amended at
52 FR 31612. Aug. 21, 1987)

§60.10 Completeness and accuracy of in-
formation.
(a} Information provided to the
Commission by an applicant for a Ii-
cense or by a licensee or information
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required by statute or by the Commis-
sion’s regulations, orders, or license
conditions to be maintained by the ap-
plicant or the licensee shall be com-
plete and accurate in all material re-
spects.

(b) Each applicant or licensee shall
notify the Commission of information
identified by the applicant or licensee
as having for the regulated activity a
significant implication for public
health and safety or common defense
and security. An applicant or licensee
violates this paragraph only if the ap-
plicant or licensee fails to notify the
Commission of information that the
applicant or licensee has identified as
having a significant implication for
public health and safety or common
defense and security. Notification
shall be provided to the Administrator
of the appropriate Regional Office
within two working days of identifying
the information. This requirement is
not applicable to information which is
already required to be provided to the
Commission by other reporting or up-
dating requirements.

[52 FR 49372, Dec. 31. 1987)

Subpart B—Licenses
PREAPPLICATION REVIEW

§60.15 Site characterization.

{a) Prior to submittal or an applica-
tion for s license to be issued under
this part DOE shall conduct a pro-
gram of site characterization with re-
spect to the site to be deseribed in
such application.

(b) Unless the Commission deter-
mines with respect to the site de-
scribed in the application that it is not
necessary, site characterization shall
include a program of in situ explora-
tion and testing at the depths that
wastes would be empiaced.

(¢) The program of site charac' »riza-
tion shall be conducted in accordance
with the following:

(1) Investigations to obtain the re-
quired information shall be conducted
in such a manner as to limit adverse
effects on the long-term performance
of the geologic repository to the
extent practical.
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(2) The number of exploratory bore-
10les and shafts shall be limited to the
‘xtent practical consistent with ob-
aining the information needed for
ite characterization,

(3) To the extent practical, explora-
ory boreholes and shafts in the geo-
ogic repository operations area shall
e located where shafts are planned
or underground facility construction
«nd operation or where large unexca-
‘ated pillars are planned.

(4) Subsurface exploratory drilling,
:xcavation, and in situ testing before
ind during construction shall be

nlanned and coordinated with geologic
repository operations area design and
zenstruction,

(48 FR 13980, Feb. 25, 1981, as amended at
18 FR 28219, June 21, 1983. Redesignated
and amended at 51 FR 27162, July 30, 1986;
34 FR 27871, July 3, 1889]

§60.16 Site characterization plan re-
quired.

Before proceeding to sink shafts at
any area which has been approved by
the President for site characterization,
DOE shall submit to the Director, for
review and comment, a site character-
ization plan for such area. DOE shall
defer the sinking of such shafts until
such time as there has been an oppor-
tunity for Commission comments
thereon to have been solicited and
considered by DOE.

[51 FR 27182, July 30, 1886]

§60.17 Contents of site characterization
plan.

The site characterization plan shall
contatn—

(a) A general plan for site character-
ization activities to be conducted at
the area to be characterize@, which
general plan shall include:

(1) A description of such area, in-
cluding information on quality assur-
ance programs that have been applied
to the collection, recording, and reten-
tion of information used in preparing
such description.

(2) A description of such site charac-
terization activities, including the fol-
lowing—

(i) The extent of planned excava-
tions;

10 CFR Ch. | (1-1-90 Edition)

(ii) Plans {or any onsite testing with
radioactive material, including radio-
active tracers, or nonradioactive mate-
rial;

(ili) Plans for any investigation ac-
tivities that may affect the capability
of such area to jsolate high-level radio-
active waste;

(iv) Plans to control any adverse im-
pacts from such site characterization
activities that are important to safety
or that are important to waste isola.
tion; and

(v) Plans to apply quality assurance
to data collection. recording, and re-
tention.

(3) Plans for the decontamination
and decommissioning of such ares,
and for the mitigation of any signifi-
cant adverse environmental impacts
caused by site characterization activi-
ties, if such area is determined unsuit-
able for application for a construction
authorization for a geologic repository
operations area;

(4) Criteria, developed pursuant to
section 112(a) of the Nuclear Waste
Policy Act of 1982, to be used to deter-
mine the suitability of such area for
the location of a geologic repository;
and

(5) Any other information which the
Commission, by rule or order, requires.

(b) A description of the possible
waste form or waste package for the
high-level radioactive waste to be em-
placed in such geologic repository, =
description (to the extent practicable)
of the relationship between such
waste form or waste package and the
host rock at such area, and a descrip-
tion of the activities being conducted
by DOE with respect to such possible
waste form or waste package or their
relationship; and

{¢) A conceptual design for the geo-
logic repository opersations area that
takes into sccount likely site-specific
requirements.

[51 FR 27183, July 30, 1886)
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§60.18 Review of site characterization ac-
tivities.?

(a) The Director shali cause to be
published in the FEDERAL REGISTER a
notice that a site characterization plan
has been received from DOE and that
a staff review of such plan has begun.
The notice shall identify the area to
be characterized and the NRC staff
members to be consulted for further
information.

(b) The Director shall make a copy
of the site characterization plan avail-
able at the Public Document Room.
The Director shall also transmit copies
of the published notice of receipt to
the Governor and legislature of the
State in which the area to be charac-
terized is located and to the governing
body of any affected Indian Tribe,
The Director shall provide an opportu-
nity, with respect to any area to be
characterized, for the State in which
such area is located and for affected
Indian Tribes to present their views on
the site characterization plan and
their suggestions with respect to com-
ments thereon which may be made by
NRC. In addition, the Director shall
make NRC staff available to consult
with States and affected Indian Tribes
as provided in Subpart C of this part.

(c) The Director shall review the site
characterization plan and prepare a
site characterization analysis with re-
spect to such plan. In the preparation
of such site characterization analysis,
the Director may invite and consider
the views of interested persons on
DOE's site characterization plan and
may review and consider comments
made in connection with public hear-
ings heid by DOE.

{d} The Director shall provide to
DOE the site characterization analysis

2 In addition to the review of site charae-
terization activities specified in this section,
the Commission contemplates an ongoing
review of other information on site investi-
gation and site characterization, in order to
allow early identification of potential licens-
ing issues for timely resolution, This activi-
ty will include, for example, a review of the
environmental assessments prepared by
DOE at the time of site nomination, and
review of issues related to long lead time ex-
ploratory shaft planning and procutrement
actions by DOE prior to issuance of site
characterization plans.

§ 60.18

together with such additional com-
ments as may be warranted. These
comments shall include either a state-
ment that the Director has no objec-
tion to the DOE's site characterization
program, if such a statement is appro-
priate, or specific objections with re-
spect to DOE’s program for character-
ization of the area concerned. In addi-
tion, the Director may make specific
recommendations pertinent to DOE’s
site characterization program.

(e) If DOE’s planned site character-
ization activities include onsite testing
with radioactive material, including
radioactive tracers, the Director’s com-
ments shall include a determination
regarding whether or not the Commis-
sion concurs that the proposed use of
such radioactive material is necessary
to provide data for the preparation of
the environmental reports required by
law and for an application to be sub-
mitted under § 80.22 of this part.

(f) The Director shall publish in the
FEDERAL REGISTER a hotice of avaiiabil-
ity of the site characterization anayl-
sis and & request for public comment.
A reasonable period, not less than 80
days, shall be allowed for comment.
Coples of the site characterization
analysis and of the comments received
shall be made avallable at the Public
Document Room.

(g) During the conduct of site char-
acterization activities, DOE shall
report not less than once -every six
months to the Commission on the
nature and extent of such activities
and the information that has been de-
veloped, and on the progress of waste
form and waste package research and
development. The semiannual reports
shall include the results of site charac-
terization studies, the identification of
new issues, plans for additional studies
to resolve new issues. elimination of
planned studies no longer necessary,
identification of decision points
reached and modifications to sched-
ules where appropriate. DOE shall
also report its progress in developing
the design of a geologic repository op-
erations area appropriate for the area
being characterized, noting when key
design parameters or features which
depend upon the results of site charac-
terization will be established. Other
topics related to site characterization
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ghall also be covered if requested by
the Director.

(h) During the conduct of site char-
acterization activities, NRC staff shall
be permitted to visit and inspect the
loeations at which such activities are
carried out and to observe excavations,
borings, and in situ tests as they are
done.

(i) The Director may comment at
any time in writing to DOE, express-
ing current views on any aspect of site
characterization. In particular, such
comments shall be made whenever the
Director, upon review of comments in-
vited on the site characterization anal-
ysis or upon review of DOE’'s semian-
nual reports, determines that there
are substantial new grounds for
making recommendations or stating
objections to DOE's gite characteriza-
tion program. The Director shall
invite public comment on any com-
ments which the Direcior makes to
DOE upon review of the DOE semian-
nual reports or on any other com-
ments which the Director makes to
DOE on slte characterization.

(j} The Director shall transmit
copies of the site characterization
analysis and all comments to DOE
made by the Director under this sec-
tion to the Governor and legislature of
the State in which the area to be char-
acterized is located and to the govern-
ing body of any affected Indian Tribe.
When transmitting the site character-
ization analysis under this paragraph,
the Director shall invite the address-
ees to review and comment thereon.

(k) All correspondence between DOE
and the NRC under this section, in-
cluding the reports described in para-
graph (g), shall be placed in the Public
Document Room.

(1) The activities described in para-
graphs (a) through (k) of this section
constitute informal conference be-
tween & prospective applicant and the
staff, as described in § 2.101(a)X1) of
this chapter, and are not part of a pro-
ceeding under the Atomic Energy Act
of 1854, as amended. Accordingly, nei-
ther the issuance of a site character-
Ization analysis nor any other com-
ments of the Director made under this
section constitutes a commitment to
issue any authorization or license or in
any way affect the authority of the

10 CFR Ch. | (1-1-90 Editien)

Commission, the Atomic Safety and
Licensing Appeal DBoard, Atomic
Safety and Licensing Boards, other
presiding officers, or the Director, in
any such proceeding.

(51 FR 27183, July 30, 1986)
LICENSE APPLICATIONS

§60.21 Content of application.

(a) An application shall consist of
general information and a Safety
Analysis Report. An environmental
impact statement shall be prepared in
accordance with the Nuclear Waste
Policy Act of 1982, as amended, and
shall accompany the application. Any
Restricted Data or National Security
Information shall be separated from
unclassified information.

(b) The general information shall in-
clude: .

(1) A general description of the pro-
posed geologic repository identifying
the location of the geologic repository
operations area, the general character
of the proposed activities, and the
basis for the exercise of licensing au-
thority by the Commission.

(2) Proposed schedules for construc-
tion, receipt of waste, and empiace-
ment of wastes at the proposed geolog-
ic repository operations srea.

(3) A certification that DOE will
provide at the geologic repository op-
erations area such safeguards as it re-
quires at comparable surface facilities
{of DOE) to promote the common de-
fense and security.

(4) A description of the physical se-
curity plan for protection against radi-
ological sabotage. Since the radiation
hazards associated with high-level
wastes make them inherently unat-
tractive as a target for theft or diver-
sion, no detailed information need be
submitted on protection against theft
or diversion.

(5) A description of site characteriza-
tion work actually conducted by DOE
at all sites considered in the applica-
tion and, as appropriate, explanations
of why such work differed from the
description of the site characterization
program described in the Site Charac-
terization Report for each site.

(c) The Safety Analysis Report shall
include:
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(1) A description and assessment of
the site at which the proposed geolog-
ic repository operations area is to be
located with appropriate attention to
those features of the site that might
affect geologic repository operations
area design and performance. The de-
scription of the site shall identify the
location of the geologic repository op-
erations area with respect to the
boundary of the accessible environ-
ment.

(i) The description of the site shall
also include the following information
regarding subsurface conditions. This
description shall, in all cases, include
such information with respect to the
controlled area. In addition, where
subsurface conditions outside the con-
trolled area may affect isolation
within the controlled area, the de-
scription shall include such informa-
tion with respect to subsurface condi-
tions outside the controlled area to
the extent such information is rele-
vant and material. The detailed infor-
mation referred to jn this paragraph
shall include:

(A) The orientation, distribution, ap-
erture in-filling and origin of frac-
;.ures. discontinuities, and heterogene-
ties;

(B) The presence and characteristics
of other potential pathways such as
solution features, breccia pipes, or
other potentially permesable features;

(C) The geomechanical properties
and conditions, including pore pres-
sure and ambient stress conditions;

(D) The hydrogeologic properties
and conditions;

(E) The geochemical properties; and

(F) The anticipated response of the
geomechanical, hydrogeologic, and
geochemical systems to the maximum
design thermal loading, given the pat-
tern of fractures and other discontinu-
ities and the heat transfer properties
of the rock mass and groundwater,

tii) The assessment shall contain:

(A) An analysis of the geology, geo-
physics, hydrogeology, geochemistry,
climatology, and meteorology of the
site,

(B} Analyses to determine the
degree to which each of the favorable
and potentially adverse conditions, if
present, has been characterized, and
the extent to which it contributes to

§ 60.21

or detracts from isolation. For the pur-
pose of determining the presence of
the potentially adverse conditions, in-
vestigations shall extend from the sur-
face to a depth sufficient to determine
critical pathways for radionuclide mi-
gration from the underground faciiity
to the accessible environment. Poten-
tially adverse conditions shall be inves-
tigated outside of the controlled area
if they affect isolation within the con-
trolled area.

(C) An evaluation of the perform-
ance of the proposed geologic reposi-
tory for the period after permanent
closure, assuming anticipated process-
es and events, giving the rates and
quantities of releases of radionuclides
to the accessible environment as a
function of time; and a similar evalua-
tion which assumes the occurrence of
unanticipated processes and events.

(D) The effectiveness of éngineered
and natural barriers, including bar-
riers that may not be themselves a
part of the geologic repository oper-
ations area, against the release of ra-
dioactive material to the environment.
The analysis shall also include a com-
parative evaluation of alternatives to
the major design features that are im-
portant to waste isplation, with par-
ticular attention to the alternatives
that would provide longer radionuclide
containment and isolation.

(E) An analysis of the performance
of the major design structures, sys-
tems, and components. both surface
and subsurface, to jdentify those that
are important to safety. For the pur-
poses of this analysis, it shall be as-
sumed that operations at the geologic
repository operations area will be car-
ried out at the maximum capacity and
rate of receipt of radioactive waste
stated in the application.

(F') An explanation of measures used
to support the models used to perform
the assessments required in para-
graphs (A) through (D). Analyses and
models that will be used to predict
future conditions and changes in the
geologic setting shall be supported by
using an appropriate combination of
such methods as field tests, in situ
tests, laboratory tests which are repre-
sentative of field conditions, monitor-
ing data, and natural analog studies.
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(2) A description and discussion of
the design, both surface and subsur-
face, of the geologic repository oper-
ations area including: (i) the principal
design criteria and their relationship
to any general performsance objectives
promuigated by the Commission, (i)
the design bases and the relation of
the design bases to the principal
design criteria, (if) information rela-
tive to materials of construction (in-
cluding geologic media, general ar-
rangement, and approximate dimen-
sions), and (v) codes and standards
that DOE proposes to apply to the
design and construction of the geolog-
ic repository operations area.

(3) A description and analysis of the
design and performance requirements
for structures, systemns, and compo-
nents of the geologic repository which
are important to safety, This analysis
shall consider—(i) The margins of
safety under normal conditions and
under conditions that may result from
anticipated operational occurrences,
including those of natural origin; and
(i1) the adequacy of structures, sys-
tems, and componenis provided for
the prevention of accidents and miti-
gation of the consequences of acci-
dents, including those caused by natu-
ral phenomena,

(4) A description of the quality as-
surance program to be applied to the
structures, systems, and components
important to safety and to the engi-
neered and natural barriers important
to waste isolation.

(5) A description of the kind,
amount, and specifications of the ra-
dioactive material proposed to be re-
ceived and possessed at the geologic
repository operations area.

(8) An identification and justifica-
tion for the selection of those varia-
bles, conditions, or other items which
are determined to be probable subjects
of license specifications. Special atten-
tion shall be given to those items that
may significantly influence the final
design.

(7)Y A description of the program for
control and monitoring of radioactive
efiluents and occupational radiation
exposures to maintain such effluents
and exposures in accordance with the
requirements of Part 20 of this chap-
ter,

10 CFR Ch. | {1-1.90 Edition}

(8) A description of the controls that
the applicant will apply to restrict
access and to regulate land use at the
site and adjacent areas, including a
conceptual design of monuments
which would be used to identify the
controlled area after permanent clo-
sure, -

(9) Plans for coping with radiological
emergencies at any time prior to per-
manent closure and decontamination
or dismantlement of surface facilities.

{10) A description of the nuclear ma-
terial control and accounting program.

(11) A description of design consider-
ations that are intended to facilitate
permanent closure and decontamina-
tion or dismantlement of surface fa-
cilities.

(12) A description of plans for re-
trieval and alternate storage of the ra-
dioactive wastes should the geologic
repository prove to be unsuitable for
disposal of radioactive wastes.

(13) An identification and evaluation
of the natural resources of the geolog-
ic setting, including estimates as to un-
discovered deposits, the exploitation
of which could affect the ability of the
geologic repository to isolate radioac-
tive wastes. Undiscovered deposits of
resources characteristic of the area
shall be estimated by reasonabie infer-
ence based on geological and geophysi-
cal evidence. This evaluation of re-
sources, including undiscoverd depos-
its, shall be conducted for the site and
for areas of similar size that are repre-
sentative of and are within the geolog-
ic setting. For natural resources with
current markets the resources shall be
assessed, with estimates provided of
both gross and net value. The estimate
of net value shall take into account
current develecpment, extraction and
marketing costs, For natural resources
without current markets, but which
would be marketable given credible
projected changes in economic or tech-
nological factors, the resources shall
be described by physical factors such
as tonnage or other amount. grade,
and quality.

{14) An identification of those struc-
tures, systems, and components of the
geologic repository, both surface and
subsurface, which require research
and development to confirm the ade-
quacy of design. For structures, sys-
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tems, and components important to
safety and for the engineered and nat-
ural barriers important to waste isola-
tion, DOE shall provide a detailed de-
scription of the programs designed to
resolve safety questions, including a
scheduie indicating when these gues-
tions would be resolved.

(15) The following information con-
cerning activities at the geologic repos.
itory operations area:

{I) The organizational structure of
DOE as it pertains to construction and
operation of the geologic repository
operations area including a description
of any delegations of authority and as-
signments of responsibilities, whether
in the form of regulations, administra-
tive directives, contract provisions, or
otherwise.

tii) Identification of key positions
which are assigned responsibility for
safety at and operation of the geologic
repository operations area.

(iii) Personnel qualifications and
training requirements.

(iv) Plans for startup activities and
startup testing.

(v} Plans for conduct of normal ac-
tivities, including maintenance, sur-
veillance, and periodic testing of struc-
tures, systems, and compenents of the
geologic repository operation area.

(vi) Plans for permanent closure and
plans for the decontamination or dis-
mantlement of surface facilities. ’

(vil} Plans for any uses of the geo-
logic repository operations area for
purposes other than disposal of radio-
active wastes, with an analysis of the
effects, if any, that such uses may
have upon the operation of the strue-
tures, systems, and components impor-
tant to safety and the engineered and
natural barriers important to waste
isolation.

146 FR 13980, Feb. 25, 1981, as amended at
48 FR 28218, June 21, 1983; 54 FR 27871,
July 3, 19881

§60.22 Filing and distribution of applica-
tion.

(a) An application for a license to re-
ceive and possess source, special nucle-
ar, or byproduct material at a geologic
repository operations area at a site
which has been characterized, and any
amendments thereto, and an accompa-
nying environmental impact statement

§ 60.22

and any supplements, shall be signed
by the Secretary of Energy or the Sec-
retary’s authorized representative and
shall be filed in triplicate with the Di
rector.

(b) Each portion of such application
and any amendments, and each envi-
ronmental impact statement and any
supplements, shall be accompanied by
30 additional copies. Another 120
copies shall be retained by DOE for
distribution in aceordance with writ-
ten instructions from the Director o1
the Director’'s designee.

(c) DOE shall, upon notification of
the appointment of an Atomic Safety
and Licensing Board, update the appli-
cation, eliminating all superseded in-
formation, and supplement the envi-
ronmenial impact statement if neces-
sary, and serve the updated applica-
tion and environmental impact state-
ment (as it may have been supple-
mented) as directed by the Board. At
that time DOE shall also serve one
such copy of the application and envi-
ronmental impact statement on the
Atomic Safety and Licensing Appeal
Panel. Any subsequent amendments to
the application or supplements to the
environmental impact statement shall
be served in the same manner,

(d) At the time of filing of an appli-
cation and any amendments thereto,
one copy shall be made available in an
appropriate location near the pro-
posed geologic repository operations
area (which shall be a public docu-
ment room, if one has been estab-
lished) for inspection by the public
and updated as amendments to the ap-
plication are made. The environmental
impact statement and any supple-
ments thereto shall be made available
in the same manner. An updated copy
of the application, and the environ-
mental impact statement and supple-
ments, shall be produced at any public
hearing held by the Commission on
the application, for use by any party
to the proceeding.

(e) The DOE shall certify that the
updated copies of the application, and
the environmental impact statement
as it may have been supplemented, as
referred to in paragraphs {(c) and (d)
of this section, contain the current
contents of such documents submitted
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in accordance with the requirements
of this part.

54 FR 27871, July 3, 18801

$60.23 Elimination of repetition.

In {ts application, environmental
report, or Site Characterization
Report, the DOE may incorporate by
reference information contained in
previous applications, statements, or
reports filed with the Commission:
Provided, That such references are
-lear and specific and that copies of
the information so incorporated are
available in the public document room
located near the site of the proposed
reologic repository.

760.24 Updating of application and envi-
roenmental impact statement.

(a) The application shall be as com-
plete as possible in the light of infor.
mation that is reasonably avallable at
the time of docketing.

(b} The DOE shall update its appli-
cation in a timely manner so as to
permit the Commission to review,
prior to issuance of a license:

(1) Additional geologic, geophysical,
geochemical, hydrologic, meteorologic
and other data obtained during con-
struetion.

(2) Conformance of construction of
structures, systems, and components
with the design.

(3) Results of research programs car-
ried out to confirm the adequacy of
designs.

{4) Other information bearing on
the Commisston’s issuance of a license
that was not avallable at the time a
construction authorization was issued.

(¢} The DOE shall supplement its
environmental impact statement in a
timely manner so as to take into ac-
count the environmental impacts of
any substantial changes in its pro-
posed actions or any significant new
circumstances or information relevant
to environmental concerns and bear-
ing on the proposed action or its im-
pacts.

[46 FR 13980, Feb. 25, 1981, as amended at
54 FR 27872, July 3, 198%9]
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§60.31 Construction authorization.

Upon review and consideration of an
application and environmental impact
statement submitted under this part,
the Commission may authorize con-
struction if it determines:

(a) Safely. That there is reasonable
assurance that the types and amounts
of radioactive materials described in
the application can be received, pos-
sessed, and disposed of In a geologic
repository operations area of the
design proposed without unreasonable
risk to the health and safety of the
public. In arriving at this determina-
tion, the Commission shall consider
whether:

(1) DOE has described the proposed
geologic repository including but not
limited to: (i) The geologic, geophysi-
cal, geochemical and hydrologic char-
acteristics of the site; (ii) the kinds
and quantities of radioactive waste to
be received, possessed, stored, and dis-
posed of in the geologic repository op-
erations area: (iii} the principal archi-
tectural and engineering criteria for
the design of the geologic repository
operations area, (iv) construction pro-
cedures which may affect the capabil-
ity of the geologic repository to serve
its intended function; and (v) features
or components incorporated in the
design for the protection of the health
and safety of the public. .

{2) The site and design comply with
the performance objectives and crite-
ria contained in Subpart E of this
part.

(3) The DOE's quality assurance
program complies with the require-
ments of Subpart G of this part.

(4) The DOE's personnel training
program complies with the criteria
contained in Subpart H of this part.

(5) The DOE’s emergency plan com-
plies with the criteria contained in
Subpart I of this part.

(6) The DOE's proposed operating
procedures to protect health and to
minimize danger to life or property
are adequate.

(b} Common defense and securily.
That there is reasonable assurance
that the activities proposed in the ap-
plication will not be inimical to the
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common defense and security. A DOE
certification that it will provide at the
geologic repository operations area
such safeguards as it requires at com-
parable DOE surface facilities to pro-
mote the common defense and securi-
ty will constitute a rebuttable pre-
sumption of noninimicality to the
common defense and security,

(¢} Environmenial That, after
weighing the environmental, econom-
ic, technical and other benefits against
environmental costs' and considering
available alternatives, the action
called for is issuance of the construc-
tion authorization, with any appropri-
ate conditions to protect environmen-
tal values.

{46 FR 13080, Feb. 25, 1981, as amended at

48 FR 28220, June 21, 1083; 54 FR 27872,
July 3, 1989)

§60.32 Condilions of construction suthor-
ization.

(a) A construction authorization
shall include such conditions as the
Commission finds to be necessary to
protect the health and safety of the
bublic, the common defense and secu-
rity, or environmental values.

(b) The Commission will incorporate
in the construction authorization pro-
visions requiring DOE to furnish peri-
odic or special reports regarding: (1)
Progress of construction, (2) any data
about the site obtained during con-
struction which are not within the
predicted limits upon which the facili-
ty design was based, (3} any deficien-
cles in design and construction which,
if uncorrected, could adversely affect
safety at any future time, and (4) re-
sults of research and development pro-
grams being conducted to resolve
safety questions.

(¢} The construction authorization
will include restrictfons on subsequent
changes to the features of the geologic
repository and the procedures author-
ized. The restrictions that may be im-
posed under this paragraph can in-
tlude measures to prevent adverse ef-
fects on the geologic setting as well as
measures related to the design and
construction of the geologic repository
operations area. These restrictions will
fall into three categories of descending
importance to public health and safety
as follows: (1)} Those features and pro-

§ 60.41

cedures which may not be changed
without: (i) 60 days prior notice to the
Commission ¢ii) 30 days notice of op-
portunity for a prior hearing, and if)
prior Commission approval; (2) those
features and procedures which may
not be changed without (i) 60 days
prior notice to the Commission, and
(ii) prior Commission approval; and (3)
those features and procedures which
may not be changed without 60 days
notice to the Commission. Features
and procedures falling in paragraph
(cX3) of this section may not be
changed without prior Commission ap-
proval if the Commission, after having
received the required notice, so orders.

(d) A construction authorization
shall be subject to the limitation that
8 license to receive and possess source,
special nuclear, or byproduct material
at the geologic repository operations
area shall not be issued by the Com-
mission until (1} the DOE has updated
its application as specified in § 60.24,
and (2) the Commission has made the
findings stated in § 60.41.

[46 FR 13880, Feb. 25, 1681, as amended st
48 FR 28221, June 21, 1983)

§60.233 Amendment of construction =au-
thorization.

(a) An application for amendment of
a construction authorization shall be
filed with the Commission fully de-
scribing any changes desired-and fol-
lowing as far as applicable the format
prescribed in § 60.21.

(b) In determining whether an
amendment of a construction authori-
zation will be approved, the Commis-
sion will be guided by the consider-
ations which govern the issuance of
the initial construction authorization,
to the extent applicable.

LICENSE ISSUANCE AND AMENDMENT

§60.41 Standards for issuance of a li-
cense.

A license to receive and possess
source, special nuclear, or byproduct
material at a geologic repository oper-
ations area may be issued by the Com-
mission upon finding that:

(a) Construction of the geologic re-
pository operations srea has been sub-
stantially compileted in conformity
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with the application as amended, the
provisions of the Atomic Energy Act,
and the rules and regulations of the
Commission. Construction may be
deemed to be substantlally complete
for the purposes of this paragraph if
the construction of (1) surface and
interconnecting structures, systems,
and components, and (2) any under-
ground storage space required for inl-
tial operation are substantially com-
plete.

(b) The activities to be conducted at
the geologic repository operations area
will be in conformity with the applica-
tion as amended, the provisions of the
Atomic Energy Act and the Energy
Reorganization Act, and the rules and
regulations of the Commission.

(¢) The issuance of the license will
not be inimical to the common defense
and security and will not constitute an
unreasonable risk to the heaith and
safety of the public. A DOE certifica-
tion that it will provide at the geologic
repository operations area such safe-
guards as it requires at comparable
DOE facilities to promote the common
defense and security, will constitute a
rebuttable presumption of non-inimi-
cality to the common defense and se-
curity.

(d) All applicable requirements of
Part 51 have been satisfied.

£ 60.42 Conditions of license.

(a) A license issued pursuant to this
part shall include such conditions, in-
cluding license specifications, as the
Commission finds to be necessary to
protect the health and safety of the
public, the common defense and secu-
rity, and environmental values.

(b) Whether stated therein or not,
the following shall be deemed condi-
tions in every license lssued:

(1) The license shall be subject to
revocation, suspension, modification,
or amendment for cause as provided
by the Atomic Energy Act and the
Commission's regulations.

(2) The DOE shall at any time while
the license is in effect, upon written
request of the Commission, submit
written statements to enable the Coin-
mission to determine whether or not
the license should be modified, sus-
pended or revoked.

10 CFR Ch. | (1-1-90 Edition)

(3) The license shall be subject to
the provisions of the Atomic Energy
Act now or hereafter in effect and to
all rules, regulations, and orders of the
Commission. The terms and conditions
of the license shall be subject to
amendment, revision, or modification,
by reason of amendments to or by
reason of rules, regulations, and orders
issued in accordance with the terms of
the Atomic Energy Act.

(¢) Each license shall be deemed to
contain the provisions set forth in Sec-
tion 183 b-d, inclusive, of the Atomic
Energy Act, whether or not these pro-
visions are expressly set forth in the li-
cense.

§60.43 License specification.

{(a) A license issued under this part
shall include license conditions derived
from the analyses and evaluations in-
cluded in the application, including
amendments made before a license is
issued, together with such additional
conditions as the Commission finds ap-
propriate.

(h) License conditions shall include
items in the following categories:

(1) Restrictions as to the physical
and chemical form and radioisotopic
content of radioactive waste.

(2) Restrictions as to size, shape, and
materials and methods of construction
of radivactive waste packaging.

{3) Restrictions as to the amount of
waste permitted per unit volume of
storage space considering the physical
characteristics of both the waste and
the host rock.

(4) Requirements relating to test,
calibration, or inspection to assure
that the foregoing restrictions are ob-
served.

(5) Controls to be applied to restrict-
ed access and to avoid disturbance to
the controlled area and to areas out-
side the controlled area where condi-
tions may affect isclation within the
controlled area.

(6) Administrative controls, which
are the provisions relating to organiza-
tion and management, procedures, rec-
ordkeeping, review and audit, and re-
porting necessary to assure that activi-
ties at the facility are conducted in a
safe manner and in conformity with
the other license specifications.
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[46 FR 13980, Feb. 25, 1981, as amended at
48 FR 28221, June 21, 19883)

£60.44 Changes, tests, and experiments.

(a)(1) Following authorization to re-
ceive and possess source, special nucle-
ar, or byproduct material at & geologic
repository operations area, the DOE
may (i) make changes in the geologic
repository operations area as described
in the application, (i{) make changes
in the procedures as described in the
application, and (iii) conduct tests or
experiments not described in the ap-
plication, without prior Commission
approval, provided the change, test, or
experiment involves neither a change
in the license conditions incorporated
in the license nor an unreviewed
safety question.

(2) A proposed change, test, or ex-
periment shall be deemed to involve
an unreviewed safety question if )
the likelihood of occurrence or the
consequences of an accident or mal-
function of equipment important to
safety previously evaluated In the ap-
plication is increased, (ii) the possibili-
ty of an accident or malfunction of a
different type than any previously
eveluated in the application is created,
or (iii} the margin of safety as defined
in the basis for any license conditlon is
reduced.

(b) The DOE shall maintain records
of changes in the geologic repository
operations area and of changes in pro-
cedures made pursuant to this section,
to the extent that such changes con-
stitute changes in the geologic reposi-
tory operations area or procedures as
described in the application. Records
of tests and experiments carried out
pursuant to paragraph (a) of this sec-
tion shall also be maintained. These
records shall include a written safety
evaluation which provides the basis
for the determination that the change,
test, or experiment does not involve an
unreviewed safety question, The DOE
shall prepare annually, or at such
shorter intervals as may be specified
in the license, a report containing a
brief description of such changes,
tests, and experiments, including a
summary of the safety evaluation of
each. The DOE shall furnish the
report to the appropriate NRC Re-
gional Office shown in Appendix D of

§ 60.4¢

Part 20 of this chapter with a copy t«
the Director, Office of Nuclear Materi
al Safety and Safeguards, U.S. Nuclea:
Regulatory Commission, Washington
D.C. 20555. Any report submitted pur
suant to this paragraph shall be mad(
a part of the public record of the Ii
censing proceedings.

(46 FR 13880, Feb. 25, 1881, as amended a:
52 FR 31612, Aug. 21, 1987) :

§6045 Amendment of license.

(a) An application for amendment of
a license may be filed with the Com-
mission fully describing the change:
desired and following as far as applice
ble the format prescribed for licensr
applications.

(b) In determining whether an
amendment of a license will be ap-
proved, the Commission will be guided
by the considerations that govern the
issuance of the initial license, to the
extent applicable. .

66046 Particular activities requiring I
cense amendment.

(a)} Unless expressly authorized in
the license, an amendment of the 1i-
cense shall be required with respect to
any of the following activities:

(1) Any action which would make
emplaced high-level radioactive waste
irretrievable or which would substan-
tially increase the difficulty of retriev-
ing such emplaced waste,

(2) Dismantling of structures,

{3) Removal or reduction of-controls
applied to restrict access to or avoid
disturbance of the controlled area and
to areas oputside the controlled area
where conditions may affect isolation
within the controlled area.

(4) Destruction or disposal of records
required to be maintained under the
provisions of this part.

{5) Any substantial change to the
design or operating procedures from
that specified in the license.

(8) Permanent closure.

(7) Any other activity involving an
unreviewed safety question.

(b) An application for such an
amendment shall be filed, and shall be
reviewed, in accordance with the pro-
visions of § 60.45.

[46 FR 13980. Feb, 25, 1981, as amended at
48 FR 28221, June 21, 19883]
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PERMANENT CLOSURE

#60.51 License amendment for permanent
closure,

(a) DOFE shall submit an application
to amend the license prior to perma-
nent closure. The submission shall
consist of an update of the license ap-
plication submitted under §§ 60.21 and
60.22, including:

(1) A description of the program for
post-permanent closure monitoring of
the geologic repository.

(2) A detalled description of the
measures to be employed—such as
land use controls, construction of
monuments, and preservation of
records—to regulate or prevent activi-
ties that could impair the long-term
isolation of emplaced waste within the
geologic repository and to assure that
relevant information will be preserved
for the use of future generations. As a
minimum, such measures shall in-
clude:

(i) Identification of the controlled
area and geologic repository oper-
ations area by monuments that have
been designed, fabricated, and em-
placed to be as permanent as is practi-
cable; and

(ii} Placement of records in the ar-
chives and land record systems of local
State, and Federal government agen-
cies, and archives elsewhere In the
world, that would be likely to be con-
sulted by potential human intruders—
such records to identify the location of
the geologic repository operations
area, including the underground facili-
ty. boreholes and shafts, and the
boundaries of the controlied area, and
the nature and hazard of the waste,

(3) Geologic, geophysical, geochemi-
cal, hydrologic, and other site data
that are obtained during the oper-
ational period pertinent to the long-
term isolation of emplaced radioactive
wastes.

(4) The results of tests, experiments,
and any other analyses relating to
backfil]l of excavated areas, shaft seal-
ing, waste interaction with the host
rock, and any other tests, experiments,
or analyses pertinent to the long-term
isolation of emplaced wastes within
the geologic repository. '

(5) Any substantial revision of plans
for permanent closure.

10 CFR Ch. | (1-1-90 Edition)

(6) Other information bearing upon
permanent closure that was not avail-
able at the time a license was issued.

(b) If necessary, so as to take into ac-
count the environmental impact of
any substantial changes in the perma-
nent closure activities proposed to be
carried out or any significant new In-
formation regarding the environmen-
tal impacts of such closure, DOE shall
also supplement its environmental
impact statement and submit such
statement, as supplemented, with the
application for license amendment.

(46 FR 13980, Feb. 25, 1881, as amended at
48 FR 28221, June 21, 1983; 54 FR 27872
July 3. 19891

§60.52 Termination of license.

(a) Following permanent closure and
the decontamination or dismantle-
ment of surface facilities, DOE may
apply for an amendment to terminate
the license. N

(b} Such application shall be filed,
and will be reviewed, in accordance
with the provisions of § 6§0.45 and this
section. :

(¢} A license shall be terminated
only when the Commission finds with
respect to the geologic repository:

(1) That the final disposition of ra-
dioactive wastes has been made in con-
formance with the DOE's plan, as
amended and approved as part of the
license.

(2) That the final state of the geo-
logic repository operations area con-
forms to DOE's plans for permanent
closure and DOE's pians for the de-
contamination or dismantlement of
surface facilities, as amended and ap-
proved as part of the license.

(3) That the termination of the -
cense is authorized by law, including
sections §7, 62, and 81 of the Atomic
Energy Act, as amended.

(46 FR 13080, Feb. 25, 1981, as amended at
48 FR 28222, June 21, 1983]

Subpart C—Porticipation by State
Governments and Affected
Indian Tribes

Sovurce: 51 FR 27164, July 30, 1886, unless
otherwise noted.
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§60.61 Provision of information.

(a) The Director shall provide to the
Governor and legislature of any State
in which a geologic repository oper-
ations area is or may be located, and
to the governing body of any affected
Indian Tribe, timely and complete in-
formation regarding determinations or
plans made by the Commission with
respect to the site characterization,
siting, development, design, licensing,
construction, operation, regulation,
permanent closure, or decontamina-
tion and dismantlement of surface fa-
cilities, of such geologic repository op-
erations area.

(b) For purposes of this section, a
geologic repository operations area
shall be considered to be one which
“may be located” in a State if the loca-
tion thereof in such State has been de-
scribed in a site characterization plan
submitted to the Commission under
this part.

(¢} Notwithstanding paragraph (a)
of this section, the Director is not re-
quired to distribute any document to
any entity if, with respect to such doc-
ument, that entity or its counsel is in-
ciuded on a service list prepared pur-
suant to Part 2 of this chapter.

(d) Copies of all communications by
the Director under this section shall
be placed In the Public Document
Room, and copies thereof shall be fur-
nished to DOE.

§60.62 Site review.

(a) Whenever an area has been ap.
proved by the President for site char-
acterization. and upon request of a
State or an affected Indian Tribe, the
Director shall make NRC staff avail-
able to consult with representatives of
such States and Tribes.

(b) Requests for consultation shall
be made in writing to the Director.

(¢) Consultation under this section
may include:

(1) Keeping the parties informed of
the Director's views on the progress of
site characterization.

(2) Review of applicable NRC regula-
tions, licensing procedures, schedules,
and opportunities for State and Tribe
participation in the Commission's reg-
ulatory activities.

§ 60.62

(3) Cooperation in development of
proposals for State and Tribe partici
pation in license reviews.

§60.63 Participation in license reviews.

(a) State and local governments and
affected Indian Tribes may participate
in license reviews as provided in Sub
part G of Part 2 of this chapter. A
State in which a repository for high
level radioactive waste is proposed tc
be jocated and any affected Indiar
Tribe shall have an unquestionable
legal right to participate as a party ir
such proceedings.

(b} In addition, whenever an ares
has been approved by the Presiden!
for site characterization, a State or ar
affected Indian Tribe may submit to
the Director a proposal to facilitate its
participation in the review of s site
characterization plan and/or license
application. The proposal may be sub-
mitted at any time and shall contain a
description and schedule of how the
State or affected Indian Tribe wishes
to participate in the review, or what
services Or activities the State or af-
fected Indian Tribe wishes NRC to
carry out, and how the services or ac-
tivities proposed to be carried out by
NRC would contribute to such partici-
pation. The proposal may include edu-
cational or information services (semi-
nars, public meetings) or other actions
on the part of NRC, such as establish-
ing additional public document rooms
or employment or exchange of State
personnel under the Intergovernmen-
tal Personnel Act,

(¢) The Director shall arrange for a
meeting between the representatives
of the State or affected Indian Tribe
and the NRC staff to discuss any pro-
posal submitted under paragraph (b}

of this section, with a view to identify-

ing any modifications that may con-
tribute to the effective participation
by such State or Tribe.

(d) Subject to the availabllity of
funds, the Director shall approve all
or any part of a proposal, as it may be
modified through the meeting de-
scribed above, if it is determined that:

(1) The proposed activities are suita-
ble in light of the type and magnitude
of impacts which the State or affected
Indian Tribe may bear;
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(2) The proposed activities:

(i} Will enhance communications be-
tween NRC and the State or affected
Indian Tribe;

(i) WIill make a productive and
timely contribution to the review; and

(iii) Are authorized by law.

(e) The Director will advise the
State or affected Indian Tribe wheth-
er its proposal has been accepted or
denied, and if all or any part of pro-
posal is denied, the Director shall
state the reason for the denial.

() Proposals submitited under this
section, and responses thereto, shall
be made available at the Public Docu-
ment Room.

8 60.64 Notice to States.

If the Governor and legislature of a
State have jolntly designated on their
behalf & single person or entity to re-
ceive notice and information from the
Commission under this part, the Com-
mission will provide such notice and
information to the jointly designated
person or entity instead of the Gover-
nor and legislature separately.

560.65 Representation.

Any person who acts under this sub-
part as a representative for a State (or
for the Governor or legislature there-
of) or for an affected Indian Tribe
shall include in the request or other
submission, or at the request of the
Commissjon, a statement of the basis
of his or her authority to act in such
representative capacity.

Subpart D—Records, Reports, Tests,
and inspections

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

§60.71 Records and reports.

(a) DOE shall maintain such records
and make such reports in connection
with the licensed activity as may be re-
quired by the conditions of the license
or by rules, regulations, and orders of
the Commission as authorized by the
Atomic Energy Act and the Energy
Reorganization Act.

(b) Records of the receipt, handling,
and disposition of radioactive waste at
a geologic repository operations area
shall contain sufficient information to

10 CFR Ch. | (1-1-90 Edition)

provide a complete history of the
movement of the waste from the ship-
per through all phases of storage and
disposal. DOE shall retain these
records in a manner that ensures their
useability for future generations in ac-
cordance with § 60.51(ax2).

(48 FR 28222 June 21. 1883, as amended at
53 FR 18251, May 21, 1988]

§60.72 Construction records.

(a) DOE shall maintain records of
construction of the geologic repository
operations area in & manner that en-
sures their useability for future gen-
erations in accordance with
§60.51(a)2).

(b) The records required under para-
graph (a) shall include at least the fol-
lowing:

(1) Surveys of the underground facil-
ity excavations, shafts, and boreholes
referenced to readily identifiable sur-
face features or monuments;

(2) A description of the materials en-
couniered;

(3) Geologic maps and geologic cross
sections;

(4) Locations and amount of seep-
age,

(5) Details of equipment, methods,
progress, and sequence of work;

(8) Construction problems:

(7) Anomalous conditions encoun-
tered;

(8) Instrument locations, readings,
and analysis;

(9) Location and description of struc-
tural support systems;

(10) Location and description of
dewatering systems; and

(11) Details, methods of emplace-
ment, and location of seals used.

(48 FR 28222 June 21, 1983, as amended at
53 FR 19251, May 27, 1988)

§60.73 Reports of defliciencies.

DOE shall promptly notify the Com-
mission of each deficiency found in
the characteristics of the site, and
design and construction of the geolog-
ic repository operations area which,
were it to remain uncorrected, could:
(a) Be a substantial safety hazard, (b)
represent s significant deviation from
the design criteria and design bases
stated in the application, or (¢) repre-
sent a deviation from the conditions
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stated In the terms of & construction
authorization or the license, including
license specifications. The notification
shall be in the form of a written
report, copies of which shall be sent to
the Director and to the appropriate
Nuclear Regulatory Commission Re-
glonal Office listed in Appendix D of
Part 20 of this chapter.

£60.74 Tests.

(a} DOE shall perform, or permit
the Commission to perform, such tests
as the Commission deems appropriate
or necessary for the administration of
the regulations in this part. These
may include tests of:

(1) Radioactive waste,

(2) The geologic repository including
its structures, systems, and compo-
nents,

{3) Radiation detection and monitor-
ing instruments, and

(4) Other equipment and devices
used in connection with the receipt,
handling, or storage of radioactive
waste.

(b) The tests required under this sec-
tion shall include a2 performance con-
firmation program carried out in ac-
cordance with Subpart F of this part.

§60.75 Inspections.

(a) DOE shal! allow the Commission
to inspect the premises of the geologic
repository operations area and adja-
cent areas to which DOE has rights of
ACCess,

(b) DOE shall make available to the
Commission for inspection, upon rea-
sohable notice, records kept by DOE
pertaining to activities under this part.

(cX1) DOE shall upon requests by
the Director, Office of Nuclear Materi-
al Safety and Safeguards, provide
rent-free office space for the exclusive
use of the Commission inspection per-
sonnel. Heat, air-conditioning. light,
electrical outlets and janitorial serv-
ices shall be furnished by DOE. The
office shall be convenient to and have
full access to the facility and shal! pro-
vide the inspector both visual and
acoustic privacy.

(2) The space provided shall be ade-
quate to accommodate a full-time in-
spector, a part-time secretary and
transient NRC personnel and will be
generally commensurate with other

§ 60.101

office facilities at the geologic reposi-
tory operations area. A space of 250
square feet either within the geologic
repository operations area's office
complex or in an office trafler or other
onsite space at the geologic repository
operations area is suggested as a guide,
For locations at which activities are
carried out under licenses issued under
other parts of this chapter, additional
space may be requested to accomodate
additional full-time inspectors. The
Office space that is provided shall be
subject to the approval of the Direc-
tor, Office of Nuclear Material Safety
and Safeguards. All furniture, supplies
and communication equipment will be
furnished by the Commission. °

(3) DOE shall atford 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, immedi-
ate 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, 1883, as amended at
52 FR 31612, Aug, 21, 1987)

Subpart E—Technical Criteria

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

£ 60.1601 Purpose and nature of findings.

(a)X1) Subpart B of this part pre-
scribes the standards for issuance of a
license to receive and possess source,
special nuclear, or byproduct material
&t 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
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before the Commission, that the ob-
Jectives and criteria will be met is the
general standard that is required. For
$60.112, and other portions of this
subpart 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. Demon-
stration 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 natu-
ral 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 radio-
active materials described in the appli-
cation can be received, possessed, and
disposed of in a geologic repository op-
erations area of the design proposed
without unreasonable risk to the
health and safety of the public. As
stated in that paragraph, in arriving at
this determination. the Commission
will consider whether the site and
design comply with the eriteria con-
tained in this subpart. Once again,
while the criteria may be writien in
unqualified terms, the demonstration
of compliance may take uncertainties
and gaps in knowledge into account,
provided that the Commission c¢an
make the specified finding of reasona-
ble assurance as specified in pars-
graph (a) of this section.

§60.102 Concepts.

This section provides a functional
overview of Subpart E. In the event of
any Inconsistency with definitions

10 CFR Ch. | (1-1-90 Edition)

found in §60.2, those definitions shalil
prevail.

(a) The ALW 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 facility.

(b) The geologic reposilory oper-
ations area. (1) This part deals with
the exercise of authority with respect
to a particular class of HLW facility—
namely a geologic repository oper-
ations area.

(2) A geologic repository operations
area consists of those surface and sub-
surface areas that are part of & geolog-
ic repository where radioactive waste
handling activities are conducted. The
underground  structure, including
openings and backfill materials, but
excluding shafts, boreholes,.and their
seals, is designated the underground
Jacility,

(3) The exercise of Commission au-
thority requires that the geologic re-
positery 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 o©f raedioaclive wasie other
than HLW, the storage of this radioac-
tive waste is subject to the require-
ments of this part.

(¢) Areas related to isolation. Al-
though the activities subject to regula-
tion under this part are those to be
carried out at the geologic repository
operations area, the licensing process
also considers characteristics of adja-
cent areas that are defined in other
ways. There is to be an area surround-
ing the underground facility referred
to above, which is designated the con-
trolled area, within which DOE is to
exercise specified controls to prevent
adverse human actions following per-
manent closure. The location of the
controlied area is the site. The accessi-
ble environmeni is the atmosphere,
land surface, surface water, oceans,
and the portlon of the lithosphere
that is outside the controlled area.
There i5s an area, designated the geo-
logic setting, which includes the geo-
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logic, hydrologic, and geochemical sys-
tems of the region in which a geologic
repository operations area is or may be
located. The geologic repository oper-
ations 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 sile characterization
stage, though begun before submission
of a license application, may result in
consequences requiring evaluation in
the license review, The conséiruction
stage would follow, after issuance of a
construction authorization. A period
of operations follows the issuance of a
license 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 repre-
sents the end of active human inter-
vention with respect to the engineered
barrier system.

(e) Isolation of wasle. (1) During the
first several hundred years following
permanent closure of a geologic reposi-
tory. when radiation and thermal
levels are high and the uncertainties
in assessing repository periormance
are large, special emphasis is placed
upon the ability to contain the wastes
by waste packages within an engi-
neered barrier system. This i known
as the containment period. The engi-
neered barrier system iIncludes the
waste packages and the underground
tacility. A waste package is composed
of the waste form and any containers,
shielding. packing, and absorbent ma-
terials immediately surrounding an in-
dividual waste container. The under-
ground facility means the under-
ground structure, including openings
and backfill materials, but excluding,
shafts, boreholes, and their seals.

(2) Following the contalnment
period special emphasis is placed upon
the abllity 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

§ 60.11

setting works to control the release ¢
radioactive material to the accessibl
environment. Isolation means inhibi
ing the transport of radioactive mat:
rial so that amounts and concentrr
tions of the materials entering the a«
cessible environment will be ker
within prescribed limits.

PERFORMANCE OBJECTIVES

§60.111 Performance of the geologic n
pository operations area through pe
manent closure.

(&) Protection against radiation ea
posures and releases of radioactit
material, The geologic repository or
erations area shall be designed so tha
until permanent closure has been com
pleted, radiation exposures and radi
ation levels, and releases of radioactiv:
materials to unrestricted areas, will a
all times be maintained within th.
limits specified in Part 20 of this chap
ter and such generally applicable envi
ronmental standards for radioactivit:
as may have been established by th:
Environmental Protection Agency.

(b) Reirievabilily of waste. (1) Thy
geologic repository operations are:
shall be designed to preserve the
option of waste retrieval throughou-
the period during which wastes an
being emplaced and, thereafter, unti
the completion of a preformance con
firmation program and Commissio:
review of the information obtainec
from such a program. To satisfy thi:
objective, the geologic repository oper
ations area shall be designed so thai
any or all of the emplaced waste coulc
be retrieved on a reasonable schedult
starting at any time up to 50 year:s
after waste emplacement operation:
are initiated, unless a different time
period is approved or specified by the
Commission. This different time
period may be established on & case-
by-case basis consistent with the em-
placement schedule and the planned
performance confirmation program.

(2) This requirement shall not pre-
clude decisions by the Commission to
aliow backfilling part or all of, or per-
manent closure of, the geologic reposi-
tory operations area prior {0 the end
of the period of design for retrievabi-
lity.
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(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 construction of the geologic reposi-
tory operations area and the emplace-
ment of wastes.

§60.112 Overall system performance ob-
jective 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 Environmen-
tal Protection Agency with respect to
both anticipated processes and events
and wunanticipated processes and
events.

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

(a) General provisions—(1) Engi-
neered barrier system. (i) The engi-
neered barrier system shall be de-
signed so that assuming anticipated
processes and events: (A) Containment
of HLW will be substantially complete
during the period when radiation and
thermal conditions in the engineered
barrier system are dominated by fis-
sion product decay; and (B) any re-

lease of radionuclides from the engi--

neered barrier system shall be a gradu-
al process which results in small frac-
tional releases 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 under-
ground facility shall be appropriately
considered and analysed among the
anticipated processes and events in de-
signing the engineered barrier system.

(if) In satisfying the preceding re-
guirement, the engineered barrier
system shall be designed, assuming an-
ticipated processes and events, so that:

(A) Containment of HLW within the
waste packages will be substantially
complete for a period to be determined
by the Commission taking inte ac-
count the factors specified in

10 CFR Ch. 1 (1-1-90 Edition)

§60.113(b) provided, that such period
shall be not iess than 300 vears nor
more than 1,000 years after perma-
nent closure of the geologic repository;
and

(B) The release rate of any radionu-

¢lide from the engineered barrier
system following the containment
period shall not exceed one part in
100,000 per year of the inventory of
that radionuclide calculated to be
present at 1,000 years following per-
manent closure, or such other fraction
of the inventory as may be approved
or specified by the Commission; pro-
vided, that this requirement does not
apply to any radionuclide which is re-
leased at a rate less than 0.1% of the
calculated total release rate limit. The
calculated total release rate limit shall
be taken to be one part in 100,000 per
year of the inventory of radioactive
waste, originally emplaced in the un-
derground facility, that remains after
1,000 years of radioactive decay.

(2) Geologic selting. The geologic re-
pository shall be located so that pre-
waste-emplacement groundwater
travel time along the fastest path of
likely radionuclide travel from the dis-
turbed zone to the accessible environ-
ment shall be at least 1,000 years or
such other travel time as may be ap-
piroved or specified by the Commis-
sion.

(b) On & 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
travel time, provided that the overall
system 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
hear upen the time during which the
thermal pulse is dominated by the
decay heat {rom 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 systemm performance objective
as it relates to unanticipated processes
and events.

Lanp OWNERSHIP AND CONTROL

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

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

(2) These lands shall be held {ree
and clear of all encumbrances, if sig-
nificant, 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, mort-
gage, appropriation, preseription, or
otherwise.

(b) Additional controls. Appropriate
controls shall be established outside of
the controlled area. DOE shall exer-
cise any jurisdiction and control over
surface and subsurface estates neces-
sary 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 in-
terests, servitudes, or withdrawals
from location or patent under the gen-
eral mining laws.

(¢) 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.

S1rinG CRITERIA

§60.122 Siting criteria.

(a)X1) A geologic setting shall exhibit
an appropriate combination of the
conditions specified in paragraph (b)
of this section so that, together with

§ 60.1°

the engineered barriers system, the §
vorable conditions present are suf
cient {0 provide reasonable assuran
that the performance objectives rels
ing to isolation of the waste will 1
met.

(2) If any of the potentially adver
conditions specified In paragraph (
of this section is present. it may co
promise the ability of the geologic 1
pository to meet the performance o
jectives relating to isolation of tl
waste. In order to show that a pote
tially adverse condition does not
compromise the performance of t}
geologic repository the following mu
be demonstrated:

(I The potentially adverse hum:
activity or natural condition has be:
adequately investigated, including t)
extent to which the condition may i
present and still be undetected taki:
into account the degree of resoluti
achieved by the investigations; and

(ii) The effect of the potentially a
verse human activity or natural con«
tion on the site has been adequate
evaluated using analyses which a
sensitive to the potentially adver:
human activity or natural conditic
and assumptions which are not like
to underestimate its effect; and

(iii}A) The potentially adver:
human activity or natural condition
shown by analysis pursuant to par
graph (aX2Xxii) of this section not 1
affect significantly the ability of ti
geologic repository to meet the pe
formance objectives relating to isol
tion of the waste, or

(B) The effect of the potentially a:
verse human activity or natural conc
tion is compensated by the presence «
a combination of the favorable chara
teristics so that the performance o'
jectives relating to isolation of ti
waste are met, or

(C) The potentially adverse huma
activity or natural condition can t
remedied.

(b) Favorable conditions. (1) Tt
nature and rates of tectonic, hydroge:
logic, geochemical, and geomorph
processes (or any of such processe:
operating within the geologic settin
during the Quaternary Period. whe
projected, would not affect or woul
favorably affect the ability of the ge:
logic repository to isolate the waste.
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(2) For disposal in the saturated
zone, hydrogeologic conditions that
provide:

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

(ii) Downward or dominantly hori-
zontal hydraulic gradient in the host
rock and immediately surrounding hy-
drogeologic units; and

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

{3) Geochemical conditions that:

(i} Promote precipitation or sorption
of radionuclides;

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

(iii) Inhibit the transport of radionu-
clides by particulates, colloids, and
complexes.

(4) Minera] assemblages that, when
subjected to anticipated thermal load-
ing, will remain unaltered or alter to
mineral assemblages having equal or
increased capacity to inhibit radionu-
clide 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
lowest point on the surface above the
disturbed zone.) :

(68) A low population density within
the geologic setting and a 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
environment that substantially ex-
ceeds 1,000 years.

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

ti) Low moisture flux in the host
rock and in the overlying and underly-
ing 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;

(iiiy A lateraliy extensive low-perme-
ability hydrogeologic unit above the

10 CFR Ch. | (1-1-90 Edition)

host rock that would inhibit the down-
ward movement of water or divert
downward moving water to a lecation
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 annusal historic precipitation
is a small percentage of the average
annual potential evapotranspiration.

(¢} Polentially adverse conditions.
The fellowing conditions are potential-
ly adverse conditions if they are char-
acteristic of the controlled area or
may affect isolation within the con-
trelled area.

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

(2) Potential for foreseeable human
activity to adversely affect the ground-
water flow system, such as groundwat-
er 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-
canhic activity of such a magnitude
that large-scale surface water im-
poundments could be created that
could change the regional groundwat-
er flow system and thereby adversely
affect the performance of the geologic
repository.

(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
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Eh-pH, that could increase the solubil-
ity or chemical reactivity of the engi-
neered barrier system.

(8) Geochemical processes that
would reduce sorption of radionu-
clides, 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 fault-
ing 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 locat-
ed.

(15) Evidence of igneous activity
since the start of the Quaternary
Period.

(18) Evidence of extreme erosion
during 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 aver-
age for other areas of similar size that
are representative of and located
within the geologic setting.

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

(18) 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
or in the sealing of boreholes and
shafts.

§ 60.10

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

(22) Potential for the water tabie 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 fiow 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-fililed pore spaces of an
unsaturated geologic medium to the
accessible environment.

[48 FR 28222, June 21, 1983, as amended at
50 FR 28647, July 22, 1885]

DESIGN CRITERIA FOR THE GEOLOGIC
REPOSITORY QOPERATIONS AREA

§60.130 Scope of design criterin for the
geologic repository operations area.

Sections 60.131 through 60.134 speci-
fy minimum criteria for the design of
the geologic repository operations
area. These design criteria are not in-
tended to be exhaustive, however.
Omissions in §§ 80.131 through 60.134
do not relieve DOE from any obliga-
tion to provide such safety features in
a specific facility needed to-achieve
the performance objectives. ANl design
bases must be consistent with the re-
sults of site characterization activities.

§60.131 General design criteria for the
geologic repository operations area.

ta) 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
inciude:

(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 repalr and replacement and
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providing adequate space for ease of
operation;

(3) Suitable shielding;

(4) Means to monitor and control
the dispersal of radioactive contamina-
tion;

(5) Means to control access to high
radiation areas or airborne radioactiv-
ity areas; and

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

(b) Structures, sysiems, and compo-
nents important to safely—(1) Protec-
tion against natural phenomena and
environmental conditions. The struc-
tures, systems, and components impor-
tant to safety shall be designed so that
natural phenomena and environmen-
tal conditions anticipated at the geo-
logic repository operations area will
not interfere with necessary safety
funections.

(2) Protection against dynamic ef-
Jects of equipment failure and similar
events. The structures, systems, and
components important to safety shall
be designed to withstand dynamic ef-

fects such as mizsile impacts, that

could result from eguipment failure,
and gimilar events and conditions that
could lead to loss of Ltheir safety func-
tions.

(3) Protection against fires and ex-
plosions. (1) The structures, systems,
and components important to safety
shall be designed to perform their
safety fuctions during and after credi-
ble fires or explosions in the geologic
repository operations area.

{ii} To the extent practicable, the
geologic repository operations area
shall be designed to incorporate the
use of noncombustible and heat resist-
ant materials.

({il)y The geologic repository oper-
ations area shall be designed to in-
clude explosion and fire detection
alarm systems and appropriate sup-
pression systems with sufficient capac-
ity and capability to reduce the ad-
verse effects of fires and explosions on
structures, systems, and components
important to safety.

10 CFR Ch. ! (1-1-90 Edition)

(iv) The geologic repository oper-
ations area shall be designed to in-
clude means to protect systems, struc-
tures, and components important to
safety against the adverse effects of
either the operation or failure of the
{ire suppression systems. :

(4) 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
during an emergency.

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

(5) Utility services. (i) Each utility
service system that is important to
safety shall be designed so that essen-
tial safety functions can be performed
under both normal and accident condi-
tions.

(i) 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.

(iif) 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.

(6) Inspection, lesting, and mainie-
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 fune-
tioning and readiness,

1) Crificatuty control All systemns
for processing, transporting. handling,
storage, retrieval, empiacement, and
isolation of radioactive waste shall be
designed to ensure that a nuclear criti-
cality accident is not possible unless at
least two unlikely, independent, and
concurrent or sequential changes have

| occurred in the conditions essential to
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nuclear criticality safety. Each system
ghall be designed for criticality safety
under normal and accident conditions
The caiculated effective multiplication
factor (k.,) must be sufficiently below
unity to show at least a 5% margin,
after aliowance for the bias in the
method of calculation and the uncer
tainty in the experiments used to vali-
date the method of ealculation. .
“T8) Inscramentation afid cuntrod sys-
tems. The design shall Include provi-
sions for instrumentation and control
systems to monitor and control the be-
havior of systems important to safety
over anticipated ranges for normal op-
eration and for accident conditions.

(8) Compliance with mining regula-
tions. To the extent that DOE is not
subject to the Federal Mine Safety
and Health Act of 1877, as to the con-
struction and operation of the geologie
repository operations area, the design
of the geologic repository operations
area shall nevertheless include such
provisions for worker protection as
may be necessary to provide reasona-
ble assurance that all structures, sys-
tems, and components important to
safety can perform their intended
functions. Any deviation from relevant
design requirements in 30 CFR, Chap-
ter I, Subchapters D, E, and N will
give rise to a rebuttable presumption
that this requirement has not been
met.

(10) Shaft conveyances used in ra-
dioactive waste handling. (i) Hoists
important to safety shall be designed
to preciude cage free fall,

(i) Hoists important to safety shall
be designed with 1. reliable cage loca-
tion system.

(iii) Loading and unloading systems
for hoists important to safety shall be
designed with a reliable system of
interlocks that will fail safely upon
malfunction.

(iv) Hoists important to safety shall
be designed to include two independ-
ent indicators to indicate when waste
packages are in place and ready for
transfer,

£60.132 Additional design criteria for sur-

face facilities in the geologic repository
operations area.

(a) Facilities for receipt and retriep-

al of waste. Surface facilities in the

§60.133

geologic repository operations area
shall be designed to allow safe han-
dling and storage of wastes at the geo-
logic repository operations area,
whether these wastes are on the sur-
face before emplacement or as a result
of retrieval from the underground fa-
cility. ‘

(b) Surface facility ventilation. Sur-
face facility ventilation systems sup-
porting waste transfer, inspection, de-
contamination, processing, or packag-
ing shall be designed to provide pro-
tection against radiation exposures
and offsite releases as provided in
§60.111ca).

(¢) Radiation control and monitor-
ing—(1) Effluent control. The surface
facilities shall be designed to control
the release of radioactive materials in
effluents during normal operations so
as to meet the performance abjectives
of §60.111(a).

(2) Effluent monitoring. The efflu-
ent monitoring systems shall be de-
signed to measure the amount and
concentration 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 periodically tested.

(d) Waste (reatment. Radioactive
waste treatment facilities shall be de-
gsigned to process any radioactive
wastes generated at the geologic repos-
itory operations area into a form suita-
ble to permit safe disposal at the geo-
logic repository operations area or to
permil 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 decommission-
ing. The surface facility shall be de.
signed to facilitate decontamination or
dismantlement to the same extent as
would be required, under other parts
of this chapter, with respeet to equiva-
lent activities licensed thereunder.

§60.133 Additional design criteria for the
underground facility.

(a) General criteria for the under.
ground facility. (1) The orientation,
geometry, layout, and depth of the un-
derground facility, and the design of
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any engineered barriers that are part
of the underground facility shall con-
tribute to the containment and isola-
tion of radionuclides,

(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
sufficlent 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) Conirol of water and gas. The
design of the underground facility
shall provide for contro! of water or
gas intrusion.

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

(2) Openings in the underground {a-
cility shall be designed to reduce the
potential for deleterious rock move-
ment or fracturing of overlying or sur-
rounding rock.

(f) Rock excavalion. The design of
the underground facility shall incorpo-
rate excavation methods that will
limit the potential for creating a pref-
erential pathway for groundwater to
contact the waste packages or radionu-
clide migration to the accessible envi-
ronment. .

(g} Underground facility ventilation.
The ventilation system shall be de-
signed to:

(1) Control the transport of radioac-
tive particulates and gases within and
releases from the underground facility
in accordance with the performance
objectives of § 60.111(a),

(2) Assure continued function during
normal operations and under accident
conditions; and

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

(h) Engineered barriers. Engineered
barriers shall be designed to assist the

10 CFR Ch. | (1-1-90 Edition)

geologic setting in meeting the per-
formance objectives for the period fol-
lowing permanent closure.

(i) Thermal loads. The underground
facility shall be designed so that the
performance objectives will be met
taking into account the predicted ther-
mal and thermomechanical response
of the host rock, and surrounding
strata, groundwater system.

{48 FR 28222, June 21, 1883, as amended at
50 FR 29648, July 22, 1985]

§60.134 Design of seals for shafis and
boreholes.

(a) General design crilerion. Seals
for shafts and boreholes shall be de-
signed so that following permanent
closure they do not become pathways
that compromise the geologic reposi-
tory's ability to meet the performance
objectives or the perjod following per-
manent closure.

(b) Selection of materials and place-
ment methods. Materials and place-
ment methods for seals shall be select-
ed 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 genercl (1) Packages for HLW shall
be designed so that the in situ chemi-
cal, 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/
reduction reactions, corrosion. hydrid-
ing, gas generation, thermal effects,
mechanical  strength, mechanical
stress, radiolysis, radiation damage, ra-
dionuclide retardation, leaching, fire
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and explosion hazards, thermal loads,
and synergistic interactions.

(b) Specific criteria for HLW pack-
age design—(1) Explosive, pyrophoric,
and chemically reactive matlerials.
The waste package shall not contain
explosive or pyrophoric materials or
chemically reactive 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 performance objectives.

(2) Free liquids. The waste package
shall not contain free liguids in an
amount that could compromise the
ability of the waste packages to
achieve the performance objectives re-
lating to containment of HLW (be-
cause of chemical interactions or for-
mation of pressurized vapor) or result
in spillage and spread of contamina-
tion in the event of waste package per-
foration 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 identificalion. 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 & way that the in-
formation 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.

(¢} Waste form criteria for HLW,
High-level radioactive waste that is
emplaced in the underground facility
shall be designed to meet the follow-
ing criteria:

(1) Solidification. All such radioac-
tive 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 encapsu-
lating matrix) to limit the avallability
and generation of particulates.

{3) Combustidbles. 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 combusti-
bles will not compromise the integrity

§ 60.140

of other waste packages, adversely
affect any structures, systems, or com-
ponents important to safety, or com-
promise the ability of the under-
ground facility to contribute to waste
isolation.

{d) Design crileria for other radioac-
tive wastes. Design criteria for waste
types other than HLW will be ad-
dressed on an individual basis if and
when they are proposed for disposal in
2 geologic repository.

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 whi¢h 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 reposi-
tory operation, or which are designed
or assumed to operate as barriers after
permanent closure, are functioning as
intended and anticipated.

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

(e) The program shal! 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 implement-
ed 80 that:

(1) It does not adversely affect the
abllity of the natural and engineered
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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 process-
es pertaining to the geologic setting
that may be changed by site charac-
terization, construction, and oper-
ational activities.

(3) It monitors and analyzes changes
from the baseline condition of param-
eters that could affect the perform-
ance of a geologic repository.

(4) It provides an established plan
for feedback and analysis of data, and
implementation of appropriate action.

§60.141 Confirmation of geotechnical and
design parameters.

(a) During repository construction
and operation, a continuing program
of survelllance, measurement, testing,
and geologic mapping shall be con-
ducted to ensure that geotechnical
and design parameters are confirmed
and to ensure that appropriate action
is taken to inform the Commission of
changes needed in design to accommeo-
date actual field conditions encoun-
tered.

(b) Subsurface conditions shall be
monitored and evaluated against
design assumptions.

(¢) As & minimum, measurements
shall be made of rock deformations
and displacement, changes in rock
stress and strain, rate and location of
water inflow into subsurface areas,
changes in groundwater conditions,
rock pore water pressures including
those slong fractures and joints, and
the thermal and thermomechanical re-
sponse of the rock mass as a result of
development and operations of the
geologic repository.

{d) These measurements and obser-
vations shall be compared with the
original design bases and assumptions.
If significant differences exist between
the measurements and observations
and the original design bases and as-
sumptions, the need for modifications
to the design or in construction meth-
ods shall be determined and these dif-
ferences and the recommended
changes reported to the Commission.

(e) In situ monitoring of the thermo-
mechanical response of the under-
ground facility shall be conducted

10 CFR Ch. | (1-1-90 Edition)

until permanent closure to ensure that
the performance of the natural and
engineering features are within design
limits.

£60.142 Design testing.

(a) During the early or developmen-
tal stages of construction, a program
for in situ testing of such features as
borehole and shaft seals, backfill, and
the thermal interaction effects of the
waste packages, backfill, rock, and
groundwater shall be conducted.

({b) The testing shall be initiated as
early as is practicable.

{c) A backfill test section shall be
constructed to test the effectiveness of
backfill placement and compaction
procedures against design require-
ments before permanent backfill
placement is begun.

{d) Test sections shall be established
to test the effectiveness of borehole
and shaft seals before full-secale oper-
ation proceeds to seal boreholes and
shafts.

$60.143 Monitoring and testing waste
packages,

(a) A program shall be established at
the geologic repository operations area
for monitering the condition of the
waste packages. Waste packages
chosen for the program shall be repre-
sentative of those to be emplaced in
the underground facility.

(b) Consistent with safe operation at
the geologic repository operations
area, the environment of the waste
packages selected for the waste pack-
age monitoring program shall be rep-
resentative of the environment in
which the wastes are to be emplaced.

(c) The waste package monitoring
program shall include laboratory ex-
periments which focus on the internal
condition of the waste packages. To
the extent practical, the environment
experienced by the emplaced waste
packages within the underground ia-
citity during the waste package moni.
toring program shall be duplicated in
the lsboratory experiments.

(d) The waste package monitoring
program shall continue as long =as
practical up to the time of permanent
closure,
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Subpart G—Quality Assurance

Sounce: 48 FR 28228, June 21, 1983, unless
otherwize noted.

£ 60.150 Scope.

As used in this part, “quality assur-
ance” comprises all those planned and
systematic actions necessary to pro-
vide adeguate confidence that the geo-
logic repository and Its subsystems or
components will perform satisfactorily
in service. Quality assurance includes
quality control, which comprises those
quality assurance actions related to
the physical characteristics of & mate-
rial, structure, component, or system
which provide a means to control the
quality of the material, structure,
component. or system to predeter-
mined requirements,

860,151 Applicability,

The quality assurance program ap-
plies to all systems, structures and
components important to safety, to
degign and characterization of barriers
important to waste isolation and to ac-
tivities related thereto. These activi-
ties include: site characterization, fa-
cility and equipment construction, fa-
cility operation, performance confir-
mation, permanent closure, and decon-
tamination and dismantling of surface
facilities.

# 60.152 Implementation.

DOE shall implement a quality as-
surance program based on the criteria
of Appendix B of 10 CFR Part 50 as
applicable, and appropriately supple-
mented by additional criteria as re-
quired by § 60.151.

Subpart H—Training and Certification
of Personnel

Source: 48 FR 28228, June 21, 1883, unless
otherwise noted.

§60.160 General reguirements.

Operations of systems and compo-
nents that have been identified as im-
portant to safety in the Safety Analy-
sis Report and in the license shall be
performed only by trained and certi-
fied personnel or by personnel under
the direct visual supervision of an indi-
vidual with training and certification

Part 61

in such operation. Supervisory person-
nel who direct operations that are im-
portant to safety must also be certified
in such operations,

§60.161 Training and certification pro-
gram.

DOE shall establish a program for
training. proficiency testing, certifica-
tion and requalification of operating
and supervisory personnel.

8 60.162 Physical requirements.

The physical condition and the gen-
eral health of personnel certified for
operations that are important to
safety shall not be such as might
cause operational errors that could en-
danger the public health and safety.
Any condition which might cause im-
paired judement or motor coordina-
tion must be considered in the selec-
tion of personnel for activities that are
important to safety. These conditions
need not categorically disqualify a
person, 80 long as appropriate provi-
sions are made to accommodate such
conditions.

Subpart |—Emergency Plionning
Criteria [Reserved]

PART §1—LICENSING REQUIREMENTS

FOR LAND DISPOSAL OF RADIO-
ACTIVE WASTE

Subpeart A——General Provisions

Bec.

61.1 Purpose and scope.

612 Definitions.

61.3 License required.

81.4 Communications.

61.5 Interpretations.

61.6 Exemptions.

61.7 Conhcepts.

61.8 Repotrting. recordkeeping, and applica-

tion requirements; OMB approval not
required,

61.9 Employee protection.

61.9a Completeness and accuracy of infor.
mation.

Subpart B—Licenses

€1.10 Content of application.

81.11 General information.

61.12 Specific technical information.
81.13 Technical analyses.
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American Arbitration Association. The
two arbitrators thus selected shall
name & third arbitrator within thirty
(30) days of their first meeting. In the
event of their failure to so name such
third arbitrator, that arbitrator shall
be named as provided in the Commer-
cial Arbitration Rules of the American
Arbitration Association. The third ar-
bitrator shall act as chairperson of the
panel. The arbitration shall be gov-
erned by the Commercial Arbitration
Rules of the American Arbitration As-
sociation. The arbitration shall be lim-
ited to the issue submitted. The panel
of arbitrators shall not rewrite,
change, or amend these General Regu-
lations or the Contracts of any of the
parties to the dispute. The panel of ar-
bitrators shall render a final decision
in this dispute within sixty (60} days
after the date of the naming of the
third arbitrator. A decision of any two
of the three arbitrators named to the
panel shall be final and binding on all
parties involved in the dispute.

§904.14 Future regulations.

(a) Western may from time to time
promulgate such additional or amend-
atory reguiations as deemed necessary
for the administration of the Project
in accordance with applicabile law; Pro-
vided, That no right under any Con-
tract shall be impaired or obligation
thereunder be extended thereby.

(h) Any modification, extension, or
wajver of any provision of these Gen-
eral Regulations granted for the bene-
fit of any one or more Contractors
shall not be denied to any other Con-
tractor.

{c) Western reserves the right to ter-
minate, modify, or extend these regu-
lations, either partially or in their en-
tirety, to the extent permitted by law
or existing contract.

PART 960---GENERAL GUIDELINES
FOR THE RECOMMENDATION OF
SITES FOR NUCLEAR WASTE RE-
POSITORIES

Subpart A—General Previsions

Bec.
860.1 Applicability.
9680.2 Definitions.

10 CFR Ch. I (1-1-90 Edition)
Sec.

b Beimnl
Ll ¥

tation Guideli

$60.3 Implementation guidelines.

980.3-1 Siting provisions.

960.3-1-1 Diversity of geohydrologic set-
tings.

880.3-1-2 Diversity of rock types.

960.3-1-3 Regionality,

960.3-1-4¢ Evidence of siting decisions.

860.3-1-4-1 Site identification as potential-
ly acceptable.

960.3-1-4-2 Site nomination for character-
ization.

8680.3-1-4-3 Site recommendation for char-
scterization,

860.3-1-44 Bite recommendation for repos-
itory development.

960.3-1-5 Basis for site evaluations.

280.3-2 Siting process.

$680.3-2-1 BSite screening for potentially ac-
ceptable sites.

$80.3-2-2 Nomination of sites as suitable
for characterization.

960.3-2-2-1 Evaluation of all potentially
acceptable sites. N

$60.3-2-2-2 Selection of sites within geohy-
drologic settings.

960.3-2-2-3 Comparative evaluation of all
sites proposed for nomination.

960.3-2-24 The environmental agseasment.

960.3-2-2-5 Formal site nomination.

960.3-2-3 Recommendation of sites for
characterization.

860.3-2-4 Recommendation of sites for the
development of repositories.

$80.3-3 Consultation.

960.9-4 Environmental impacts.

Subpart C—Postclosire '!nﬁhlinn

960.4 Postclosure guidelines.
860.4-1 System guideline.
980.4-2 Technical guidelines.
960.4-2-1 Geohydrology.
960.4-2-2 Geochemistry.
980.4-2-3 Rock characteristics,
980.4-2-4 Climatic changes.
$60.4-2-5 Erosion.

960.4-2-8 Dissolution.
960.4-2-7T Tectonics.
960.4-2-8 Human interference.
960.4-2-8-1 Natural resources.
960.4-2-8-2 Site ownership and control.

Subpart D—P Guidelines

8680.5 Preclosure guidelines,
960.5-1 System guidelines.
880.5-2 Technical guidelines.

PRECLOSURE RADIOLOGICAL SAFETY

960.5-2-1 Population density and distribu-
tion.

960.5-2-2 Site ownership and control.

980,5-2-3 Meteorology.
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960.5-2-4 Offsite installations and oper-
ations.

ENVIRONMENT, BOCTOECONOMICS, AND
TRANSPORTATION

960.5-2-5 Environmental quality.
960.5-2-6 Bocioeconomic impacts.
$60.5-2-7 Transportiation,

EASE AND CoST OF StTiNG. CONSTRUCTION,
OPERATION AND CLOSURE

580.5-2-8 Surface characteristics.

880.5-2-9 Rock characteristies,

960.5-2-10 Hydrology.

$60.5-2-11 Tectonics.

ArrenDIX I-NRC aAnp EFPA RIQUIREMENTS
roR POSTCLOSURE REIPOSITORY PERPORM-

ANCE
Arrznpix [I-NRC anp EPA REQUIRKEMENTS
rOR PRECLOSURE REPOSITORY PERFORM-
ANCE
ArrznnIx III—APPLICATION OF THE SYSTEM
AND TECHNICAL GUIDELINES DURING THE
S1TinG Process
Arrenprx IV—Tyrrs OF INFORMATION FOR
THE NOMINATION OF SITES AS SUITABLE
rOR CHARACTERIZATION
AvuTHORITY. The Atomic Energy Act of
1854, as amended (42 U.S.C. 2011 ot seq.);
Energy Reorganization Act of 1074 (42
U.8.C. 5801 et seq.); Department of Energy
Organization Act of 1977 (42 U.B.C. 7101 et
seq.); Nuclear Waste Policy Act of 1982
(Pub. L. 97-425, 96 Stat. 2201).
Bource. 49 FR 47752, Dec. 6, 1084, unless
otherwise noted.

Subpart A—Genasral Provisions

§960.1 Applicability.

These guidelines were developed in
accordance with the requirements of
Section 112(a) of the Nuclear Waste
Policy Act of 1982 for use by the Sec-
retary of Energy in evaluating the
suitability of sites for the development
of repositories, The guidelines will be
used for suitability evaluations and de-
terminations made pursuant to Sec-
tion 112(b) and any preliminary suit-
ability determinations required by
Section 114(f). The guidelines set
forth In this Part are intended to com-
plement the requirements set forth in
the Act, 10 CFR Part 60, and 40 CFR

" Part 191. The DOE recognizes NRC ju-

risdiction for the resolution of differ-
ences between the guidelines and 10
CFR Part 60. The guidelines have re-
celved the concurrence of the NRC.
The DOE contemplates revising the

§ 960.2

guidelines from time to time, as per-
mitted by the Act, to take into account
revigions made to the above regula-
tions and to otherwise update the
guidelines as necessary. The DOE will
submit the revisions to the NRC and
obtain its concurrence before issuance.

§960.2 Definitions.

As used in this part:

“Accessible environment” means the
atmosphere, the land surface, surface
water, oceans, and the portion of the
lithosphere that is outside the con-
trolled area.

“Act” means the Nuclear Waste
Policy Act of 1982,

“Active faull” means a fault along
which there is recurrent movement,
which is usually indicated by small,
periodic displacements or seismic ac-
t.iVlty. 4

“Affected area” means either the
area of socioceconomic impact or the
area of environmentsl impact, each of
which will vary in size among poten-
tial repository sites.

“Affected Indian tribe"” means any
Indian tribe (1) within whose reserva-
tion boundaries a repository for radio-
active waste is proposed to be located
or (2) whose federally defined posses-
sory or usage rights to other lands out-
side the reservation’s boundaries aris-
ing out of congressionally ratified

treaties may be substantially and ad- .

versely affected by the locating of
such a facility: Provided, That the
Secretary of the Interior finds, upon
the petition of the appropriate govern-
mental officials of the tribe, that such
effects are both substantial and ad-
verse to the tribe.

“Affected State” means any Stat:
that (1) has been notified by the DOF
in accordance with Section 116(a) oi
the Act as containing a potentially ac
ceptable site; (2) contains a candidat.
site for site characterization or reposi
tory development. or (3) contalns :
site selected for repository develop
ment.

“Application” means the act o.
making a finding of compliance o:
noncompliance with the qualifying o
disqualifying conditions specified it
the guidelines of Subparts C and D, i
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accordance with the types of findings
specified in Appendix III.

“Aquifer” means a formation, a
group of formations, or a part of a for-
mation that contains sufficient satu-
rated permeable material to yield sig-
nificant quantities of water to wells
&nd springs.

“Barrier” means any material or
structure that prevents or substantiai-
ly delays the movement of water or ra-
dionuclides.

“Candidate site” means an area,
within a geohydrologic setting, that is
recommended by the Secretary of
Energy under Section 112 of the Act
for site characterization, approved by
the President under Section 112 of the
Act for characierization, or undergo-
ing site characterization under Section
113 of the Act.

“Closure” means final backfilling of
the remaining open operational areas
of the underground facility and bore-
holes after the termination of waste
emplacement. culminating in the seal-
ing of shafts.

“Confining unit” means a body of
impermeable or distinctly less permen-
ble material stratigraphically adjacent
to one or more aquifers.

“Containment” means the confine-
ment of radioactive waste within a des-
ignated boundary.

“Controlled area” means a surface
location, to be marked by suitable
monuments, extending horizontally no
more than 10 kilometers in any direc-
tion from the outer boundary of the
underground facility, and the underly-
ing subsurface, which area has been
committed to use as a geologic reposi-
tory and from which incompatible ac-
tivities would be prohibited before and
after permanent closure,

“Cumulative releases of radionu-
clides” means the total number of
curies of radionuclides entering the ac-
cessible environment in any 10,000-
year period, normalized on the basis of
radiotoxicity in sccordance with 40
CFR Part 191. The peak cumulative
release of radionuclides refers to the
10,000-year period during which any
such release attains its maximum pre-
dicted value.

“Decommissioning’” means the per-
manent removal from service of sur-
face facilities and components necees-

10 CFR Ch. Il (1-1-90 Edition)

sary for preclosure operations only,
after repository closure, in accordance
with regulatory requirements and en-
vironmental policies.

“Determination” means a decision
by the Secretary that a site is suitable
for site characterization for the selec-
tion of a repository site or that a site
is suitable for the development of & re-
pository, consistent with applications
of the guidelines of Subparts C and D
in accordance with the provisions set
forth in Subpart B.

“Dispnsal” means the emplacement
in a repository of high-level radioac-
tive waste, spent nuclear fuel, or other
highly radioactive material with no
foreseeable intent of recovery, wheth-
er or not such empiacement permits
the recovery of such waste, and the
isolation of such waste from the acces-
sible environment.

“Disqualifying condition” means a
condition that, if present at a site,
would eliminate that site from further
consideration.

“Disturbed zone” means that por-
tion of the controlled area, excluding
shafts, whose physical or chemical
properties are predicted to change as a
result of underground facility con-
struction or heat generated by the em-
placed radioactive waste such that the
resultant change of properties could
have a significant effect on the prefor-
mance of the geologic repository.

“DOE" means the U.S. Department
of Energy or its duly authorized repre-
sentatives.

“Effective porosity” means the
amount of interconnected pore space
and fracture openings available for
the transmission of fluids, expressed
as the ratio of the volume of intercon-
nected pores and openings to the
volume of rock.

“Engineered-barrier system” means
the manmade components of a dispos-
al system designed to prevent the re-
lease of radionuclides from the under-
ground facility or into the geohydrolo-
gic setting. Such term includes the ra-
dioactive-waste form, radioactive-
waste canisiers, materials placed over
and around such canisters, any other
components of the waste package, and
barriers used to seal penetrations in
and into the underground facility.
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“Environmental assessment’” means
the document required by Section
112(bX1XE) of the Nuclear Waste
Policy Act of 1982.

“Environmental! impact statement”
means the document required by Sec-
tion 102(2X%C) of the National Envij-
ronmental Policy Act of 1969. Sections
114(a) and 114<f) of the Nuclear Waste
Policy Act of 1982 include certain limi-
tations on the National Environmental
Policy Act requirements as they apply
to the preparation of an environmen-
tal impact statement for the develop-
ment of a repository at a characterized
site.

“EPA" means the U.S. Environmen-
tal Protection Agency or its duly au-
thorized representatives.

“Evaluation” means the act of care-
fully examining the characteristics of
a site in relation to the requirements
of the qualifying or disqualifying con-
ditions specified in the guidelines of
Subparts C and D. Evaluation includes
the consideration of favorable and po-
tentially adverse conditions.

“Excepled” means assumed to be
probable or certain on the basis of ex-
isting evidence and in the absence of
significant evidence to the contrary.

“Expected repository performance”
means the manner in which the repos-
itory is predicted to function, consider-
ation those conditions, processes, and
events that are likely to prevail or may
occur during the time period of inter-
est.

“Facility” means any structure,
system, or system component, includ-
ing engineered barriers, created by the
DOE to meet repository-performance
or functional objectives.

“Fault” means a fracture or a zone
of fractures along which there has
been displacement of the side relative
to one another parallel to the fracture
or zone of fractures.

“Faulting” means the process of
fracturing and displacement that pro-
duces a fault.

“Favorable condition” means a con-
dition that, though not necessary to
qualify a gite, Is presumed, if present,
to enhance confidence that the quali-
fying condition of a particular guide-
line can be met.

“Finding” means & conclusion that is
reached after evaluation.

§ 960.2

*Geohydrologic setting” means the
system of geohydrologic units that is
located within a given geologic setting.

“Geohydrologic system” means the
geohydrologic units within a geologic
setting, Inciuding any recharge, dis-
charge, interconnections between
units, and any natural or man-induced
processes or events that could affect
ground-water flow within or among
those units.

“Geohydrologic unit” means an ag-
uifer, & confining unit, or a combina-
tion of aquifers and confining units
comprising a framework for & reason-
ably distinct gechydrologic system.

“Geologic repository” means a
system, requiring licensing by the
NRC, that is intended to be used, or
may be used, for the disposal of radio-
active waste in excavated geologic
media. A geologic repository includes
(1) the geologic-repository operations
area and (2) the portion of the geolog-
ic setting that provides isolation of the
radioactive waste and is located within
the controlled area.

“Geologic-repository operations
area” means a radioactive-waste facili-
ty that is part of the geologic reposi-
tory, including both surface and sub-
surface areas and facilities where
:';.ste-hn.ndlinz activities are conduct-

“Geologic setting” means the geolog-
ic, hydrologic, and geochemical sys-
tems of the region in which a geologic-
repository operations area is or inay be
located.

“Geomorphic processes” means geo-
logic processes that are responsible for
the general configuration of the
Earth’s surface, including the develop-
ment of present landforms and their
relationships to underlying structutes,
and are responsible for the geologic
changes recorded by these surface fea-
tures.

“Ground water” means all subsur-
face water as distinct from surface
water.

“CGiround-water flux"” means the rate
of ground-water flow per unit area of
porous or fractured media measured
perpendicular to the direction of flow.

“Ground-water sources”  means
aquifers that have been or could be
economically and technologically de-
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veloped as sources of water in the fore-
seeable future.

“Ground-water travel time” means
the time required for a unit volume of
ground water to travel between two lo-
cations. The trave] time is the .length
of the flow path divided by the veloci-
ty, where velocity is the average
ground-water flux passing through the
cross-sectional area of the geologic
medium through which flow occurs,
perpendicular to the flow direction, di-
vided by the effective porosity along
the flow path. If discrete segments of
the flow path have different hydrolog-
ic properties, the total travel time will
be the sum of the travel times for each
discrete segment.

“Guideline” means a statement of
policy or procedure that may include,
when appropriate, qualifying, disquali-
fying, favorable, or potentially adverse
conditions as specified in the “guide-
lines."”

“Guidelines” means Part 960 of Title
10 of the Code of Federal Regula-
tions—General Guidelines for the Ree.
ommendation of Sites for Nuclear
‘Waeaste Repositories.

“High-level radioactive waste”
means (1) the highly radioactive mate-
rial resulting from the reprocessing of
spent nuclear fuel, including liquid
waste produced directly in reprocess-
ing and any solid material derived
from such liquid waste that contains
fission produets in sufficient concen-
trations and (2) other highly radioac-
tive material that the NRC, consistent
with existing law, determines by rule
requires permanent isolation.

“Highly populated area” means any
incoporated place (recognized by the
decennial reports of the U.S8. Bureau
of the Census) of 2,500 or more per-
sons, or any census designated place
{as defined and delineated by the
Bureau) of 2,500 or more persons,
unless it can be demonstrated that any
such place has a lower population den-
sity than the mean value for the conti-
nental United States. Counties or
county equivalents, whether incorpo-
rated or not, are specifically excluded
form the definition of “place” as used
herein.

“Host rock” means the geologic
medium in which the waste is em-
placed, specifically the geologic mate-

10 CFR Ch. Il (1-1-90 Edition)

rials that directly encompass and are
in close proximity to the underground
facility.

“Hydraulic conductivity”” means the
volume of water that will move
throungh a medium in a unit of time
under a8 unit hydraulic gradient
through a unit area measured perpen-
dicular te the direction of flow.

“Hydraulic gradient” means a
change in the static pressure of
ground water, expressed in terms of
the height of water above a datum,
per unit of distance in a given direc-
tion.

“Hydrologic process” means any hy-
drologic phenomenon that exhibits a
continuous change in time, whether
slow or rapid.

“Hydrologic properties” means those
properties of a rock that govern the
entrance of water and the capacity to
hoild, transmit, and deliver water, such
as porosity, effective porosity, specific
retention, permeability, and the direc-
tions of maximum and minimum per-
meabilities.

“Igneous activity” means the em-

-placement (intrusion) of moiten rock

material (magma) into material in the
Earth's crust or the expulsion (extru-
sion) of such material onte the Earth's
surface or into its atmosphere or sur-
face water.

“Isolation” means inhibiting the
transport of radioactive material so
that the amounts and concentrations
of this material entering the accessible
environment will be kept within pre-
scribed limits.

“Likely” means processing or dis-
playing the qualities, characteristics,
or attributes that provide a reasonable
basis for confidence that what is ex-
pected indeed exists or will occur.

“Lithosphere” means the solid part
of the Earth, including any ground
water contained within it.

“Member of the public” means any
individual who is not engaged in oper-
ations involving the management,
storage, and disposal of radiocactive
waste. A worker so engaged is a
member of the public except when on
duty at the geologic-repository oper-
ations area.

“Mitigation” means: (1) Avoiding the
impact altogether by not taking a cer-
tain action or parts of an action; (2)
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minimizing impacts by limiting the
degree or magnitude of the action and
its implementation; (3) rectifying the
impact by repairing, rehabilitating, or
restoring the affected environment;
(1) reducing or eliminating the impact
over time by preservation and mainte-
nance operations during the life of the
action; or (5) compensating for the
impact by replacing or providing sub-
stitute resources or environments.

“Model” means a conceptual descrip-
tion and the associated mathematical
representation of a system, subsystein,
component, or condition that is used
to predict changes from a baseline
state as a function of internal and/or
external stimull and as a function of
time and space.

“NRC" means the U.S. Nuclear Reg-
viatory Commission or its duly au-
thorized representatives.

‘“Perched ground water” means un-
confined ground water separated from
an underlying body of ground water
by an unsaturated zone. Its water
table is & perched water table. Perched
ground water is held up by a perching
bed whose permeability is so low that
water percolating downward through
it is not able to bring water in the un-
derlying unsaturated zone above at-
mospheric pressure,

“Performance assessment” means
any analysis that predicts the behav-
for of a system or system component
under a given set of constant and/or
transient conditions. Performance as-
sessments will include estimates of the
effects of uncertainties in data and
modeling.

“Permanent closure" is synonymous
with “closure.”

“‘Postclosure” means the period of
time after the closure of the geologic
repository.

“Potentially acceptable site” means
any site at which, after geologic stud-
ies and field mapping but before de-
talled geologic data gathering. the
DOE undertakes preliminary drilling
and geophysical testing for the defini-
tion of site location.

“Potentially adverse condition”
means & condition that is presumed to
detract from expected system per-
formance, but further evaluation, ad-
ditional data, or the identification of
compensating or mitigating factors

§ 960.2

may indicate that its effect on the ex-
pected system performance is accepta-
ble.

“Preclosure” means the period of
time before and during the closure of
the geologic repository.

“Pre-waste-emplacement™- means
before the authorization of repository
construction by the NRC.

“Qualifying condition’ means a con-
dition that must be satisfied for a site
to be considered acceptable with re-
spect to a specific guideline.

“Quaternary Period” means the
second period of the Cenozoic Era, fol-
lowing the Tertiary, beginning 2 to 3
million years ago and extending to the
present. :

“Radioactive waste” or “waste”
means high-level radioactive waste and
other radioactive materials, including
spent nuclear fuel, that are received
for emplacement in a geologic reposi-
tory.

“Radioactive-waste facility” means a
facility subject to the licensing and re-
lated regulatory authority of the NRC
pursuant to Sections 202(3) and 202(4)
of the Energy Reorganization Act of
1974 (88 Stat. 1244).

“Radionuclide retardation” means
the process or processes that cause the
time required for a given radionuclide
to move between two locations to be
greater than the ground-water travel
time, because of physical and chemiecal
interactions between the radionuclide
and the gechydrologic unit through
which the radionuclide travels,

“Reasonably available technology”
means technology which exists and
has been demonstrated or for which
the results of any requisite develop-
ment, demenstration, or confirmatory
testing efforts before application will
be available within the required time

period.
‘‘Repository” is synonymous with
“geologic repository.”

“Repository closure” is synonymous
with “closure.”

*“Repository construction” means all
excavation and mining activities asso-
ciated with the construction of shafts,
shafi stations, rooms, and necessary
openings in the underground facility,
preparatory to radioactive-waste em-
placement, as well as the construction

cHhn

MOIXDOIEMBP

C-7



Facts and Issues of Direct Disposal of Spent Fuel

§ 960.2

of necessary surface facilities, but ex-
cluding site-characterization activities.

“Repository operation” means all of
the functions at the site leading to and
involving radioactive-waste emplace-
ment in the underground facility, in-
cluding receiving, transportation, han-
dling, emplacement, and, if necessary,
retrieval.

“Repository support facilities"
means all permanent facilities con-
structed in support of site-character.
ization activities and repository con-
struction, operation, and closure ac-
tivities, including surface structures,
utility lines, roads, railroads, and simi-
lar facilities, but excluding the under-
ground facility.

“Restricted area” means any area
access to which is controlled by the
DOE for purposes of protecting indi-
viduals from exposure to radiation and
radioactive materials before repository
closure, but not including any areas
used as residential quarters, although
a separate room or rooms in a residen-
tial bullding may be set apart as a re-
stricted area.

“Retrieval” means the act of inten-
tionally removing radioactive waste
before repasitory closure from the un-
derground location at which the waste
had been previously emplaced for dis-
posal.

“Saturated zone'” means that par{ of
the Earth’s crust beneath the water
table in which all! voids, large and
small, are ideally filled with water
under pressure greater than atimos-
pheric.

“Secretary” means the Secretary of
Energy.

“Site” means s potentially accepta-
ble site or a candidate site, as appro-
priate, until such time as the con-
trolled area has been established, at
which time the site and the controlled
area are the same.

“Site characterization” means activi-
ties, whether in the laboratory or in
the field, undertaken to establish the
geologic conditions and the ranges of
the parameters of a candidate site rel-
evant to the location of a repository,
including borings, surface excavations,
excavations of exploratory shafts, lim-
ited subsurface lateral excavations and
borings, and in situ testing needed to
evaluate the suitability of a candidate

10 CFR Ch. Il (1-1-90 Edition)

site for the location of a repository,
but not including preliminary borings
and geophysical testing needed to
assess whether site characterization
should be undertaken.

“Siting” means the collection of ex-
ploration, testing, evaluation, and deci-
sion-making activities associated with
the process of site screening, site nom-
ination, site recommendation, and site
approval for characterization or repos-
itory development.

“Source term” means the kinds and
amounts of radionuclides that make
up the source of a potential release of
radioactivity.

“Spent nuclear fuel” means fuel
that has been withdrawn from a nucle-
ar reactor following irradiation, the
constituent elements of which have
not been separated by reprocessing.

“Surface facilities” means repository
support facilities within the restricted
area.

*Surface water” means any waters
on the surface of the Earth, including
fresh and salt water, ice, and snow.

“System” means the geologic setting
at the site, the waste package, and the
repository, all acting together to con-
tain and isolate the waste.

“System performance” means the
complete behavior of a repository
system in response to the conditions,
})roceses. and events that may affect
t.

“Tectonic’” means of, or pertaining
to, the forces involved in, or the re-
sulting structures or features of, “tec-
tonics.”

“Tectonics” means the branch of ge-
ology dealing with the broad architec-
ture of the outer part of the Earth,
that is., the regional assembling of
structural or deformational features
and the study of their mutual rela-
tions, origin, and historical evolution.

“To the extent practicable” means
the degree to which an intended
course of action is capable of being ef-
fected in a manner that is reasonable
and feasible within a framework of
constraints.

“Underground facility” means the
underground structure and the rock
required for support, including mined
openings and backfill materials, but
excluding shafts, boreholes, and their
seals,
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‘Unsaturated zone" means the zone
between the land surface and the
water table. Generally, water in this
zone is under less than atmospheric
pressure, and some of the veids may
contain alr or other gases at atmos-
pheric pressure, Beneath flooded areas
or in perched water bodies, the water
pressure locally may be greater than
atmospheric.

‘“Waste form"” means the radioactive
waste materials and any encapsulating
or stabilizing matrix.

“Waste package” means the waste
form and any containers, shielding,
packing., and other sorbent materials
immediately surrounding an individual
waste container.

“Water table’” means that surface in
a body of ground water at which the
water pressure is atmospheric.

Subpart B—implementation
Guidelines

§960.3 Implementation guidelines.

The guidelines of this subpart estab-
lish the procedure and basis for apply-
ing the postclosure and the preclosure
guidelines of Subparts C and D, re-
spectively, to evaluations of the suit-
abllity of sites for the development of
repositories. As may be appropriate
during the siting process, this proce-
dure requires consideration of a varie-
ty of geohydrologic settings and rock
types, regionality, and environmental
impacts and consultation with affected
States, affected Indian tribes, and Fed-
eral agencies.

§9603-1 Siting provisions.

The siting provisions establish the
framework for the Implementation of
the siting process specified In § 960.3-
2. Sections 880.3-1-1 and 960.3-1-2 re-
quire that consideration be given to
sites situated in different geohydrolo-
gic settings and different types of host
rock, respectively. These diversity
guidelines are intended to balance the
process of site selection by requiring
consideration of a variety of geologic
conditions and media, and thereby en-
hance confidence in the technical suit-
ability of sites selected for the devel-
opment of repositories. As required by
the Act, § 960.3-1-3 specifies consider-
ation of a regional distribution of re-

§960.3-1-4

positories after recommendation of &
site for development of the first repos-
itory. Section 960.3-1-4 describes the
evidence that is required to support
siting decisions. Section 960.3-1-5 es-
tablishes the basis for site evaluations
against the postclosure and the preclo-
sure guidelines of Subparts C and D
during the various phases of the siting
process.

§960.3-1-1 Diversity of gechydrologic set-
tings.

Consideration shall be given to a va-
riety of geohydrologic settings in
which sites for the development of re-
positories may be located. ‘To the
extent practicable, sites recommended
as candidate sites for characterization
shall be located in different geohydro-
logic settings. .

5960.3-1-2 Diversity of rock types.

Consideration shall be given to a va-
riety of geologic media in which sites
for the development of repositories
may be located. To the extent practi-
cable, and with due consideration of
candidate sites characterized previous-
ly or approved for such characteriza-
tion if the circumstances apply, sites
recommended as candidate sites for
characterization shall have different
types of host rock.

£ 960.3-1-3 Regionality.

In making site recommendations for
repository development after the site
for the first repository has been rec-
ommended, the Secretary shall give
due consideration to the need for, and
the advantages of, a regional distribu-
tion in the siting of subsequent reposi-
tories. Such consideration shall take
into account the proximity of sites to
locations at which waste is generated
or temporarily stored and at which
other repositories have been or are
being developed.

§960.3-1-4 Evidence for siting decisions.

The siting process involves a se-
quence of four decistons: The identifi-
cation of potentially acceptable sites;
the nomination of sites as suitable for
characterization; the recommendation
of sites as candidate sites for site char-
acterization, and after the completion
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of site characterization and nongeo-
logic data gathering, the recommenda-
tion of a candijdate site for the devel-
opment of a repository. Each of these
decisions will be supported by the evi-
dence specified below.

§ 960.3-1-4=1 Site identification as poten-
tially acceptable.

The evidence for the identification
of a potentially acceptable site shall
be the types of information specified
in Appendix IV of this part. Such evi-
dence will be relatively general and
less detailed than that required for
the nomination of a site as suitable for
characterization. Because the gather.
ing of detailed geologic data will not
take place until after the recommen-
dation of a site for characterization,
the levels of information may be rels-
tively greater for the evaluation of
those guidelines in Subparts C and D
that pertain to surface-identifiable
factors for such site. The sources of in-
formation shall include the literature
in the public domain and the private
sector, when available, and will be sup-
plemented in some instances by sur-
face Investigations and conceptual en-
gineering design studies conducted by
the DOE. Geologic surface investiga-
tions may include the mapping of
identifiable rock masses, fracture and
joint characteristics, and fault zones.
Other surface investigations will con-
sider the aquatic and terrestrial ecolo-
gy, water rights and uses; topography;
potential offsite hazards; natural re-
source concentrations: national or
State protected resources;, eXisting
transportation systems; meteorology
and climatology; population densities,
centers, and distributions; and general
socioeconomic characteristics.

£ 960.3-1-4-2 Site nomination for charac-
terization.

The evidence required to support
the nomination of a site as guitable for
characterization shall iInclude the
types of information specified in Ap-
pendix IV of this part and shall be
contajned or referenced in the envi-
ronmenta) assessments to be prepared
in accordance with the requirements
of the Act. The source of this informa-
tion shall include the literature and
related studies in the public domain

10 CFR Ch. il (1-1-9C Edition)

and the private sector, when available,
and various meteorological, environ-
mental, socioeconomic, and transpor-
tation studies conducted by the DOE
in the affected area; exploratory bore-
holes in the region of such site, includ-
ing lithologic logging and hydrologic
and geophysical testing of such bore-
holes, laboratory testing of core sam-
ples for the evaluation of geochemical
and engineering rock properties, and
chemical analyses of water samples
from such boreholes; surface investiga-
tions, including geologic mapping and
geophysical surveys, and compilations
of satellite imagery data; in situ or lab-
oratory testing of similar rock types
under expected repository conditions;
evaluations of natural and man-made
analogs of the repository and its sub-
systems, such as geothermally active
freas, underground excgvations, and
case histories of socioeconomic cycles
in areas that have experienced inter-
mittent large-scale construction and
industrial activities; and extrapola-
tions of regional data to estimate site-
specific characteristics and conditions.
The exact types and amounts of infor-
mation to be collected within the
above categories, including such de-
tails as the specific types of hydrologic
tests, combinations of geophysical
tests, or number of exploratory bore-
holes, are dependent on the site-specif-
ic needs for the application of the
guidelines of Subparts C and D, in ac-
cordance with the provisions of this
Subpart and the application require-
ments set forth in Appendix III of this
part. The evidence shall also include
those technical evaluations that use
the information specified above and
that provide additional bases for eval-
uating the ability of a site to meet the
qualifying conditions of the guidelines
of Subparts C and D. In developing
the above-mentioned bases for evalua-
tion, as may be necessary, assumptions
that approximate the characteristics
or conditions considered to exist at a
site, or expected to exist or occur in
the future, may be used. These as-
sumptions will be realistic but conserv-
ative enough to underestimate the po-
tential for a site 10 meet the qualify-
ing condition of a guideline; that is,
the use of such assumptions should
not lead to an exaggeration of the
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ability of a site to meet the qualifyving
condition.

§960.3-1-4-3 Site recommendation for
characterization.

The evidence required to support
the recommendation of a site as a can-
didate site for characterization shall
consist of the evaluations and data
contained or referenced in the envi-
ronmentsal assessment for such site,
unless the Secretary certifies that
such information, in the absenhce of
additional preliminary borings or ex-
cavations, will not be adeguate to sat-
isfy applicable requirements of the
Act.

§960.3-1-4-4 Site recommendation for re-
pository development.
The evidence required to support
the recommendation of a candidate
site for the development of a reposi-

tory, after the completion of charac--

terization activities at such site, shall
consist of the information specified in
Section 114(a) of the Act for the com-
prehensive statement of the basis for
such recommendation and Section
114¢f) of the Act for the environmen-
tal impact statement. This evidence
shall be obtained by the characteriza-
tion of such site, according to the re-
quirements specified in Section 113(bh)
of the Aet and in 10 CFR 60.11, and by
nongeologic data gathering.

§960.3-1-3 Basis for site evaluations.

Evaluations of individual sites and
comparisons between and among sites
shall be based on the postclostre and
preclosure guidelines specified in Sub-
parts C and D, respectively. Except for
screening for potentially acceptable
sites as specified in § 960.3-2-1, such
evaluations shall place primary sip-
nificance on the postclosure guide-
lines and secondary significance on
the preclosure guidelines, with each
set of guidelines considered collective-
ly for such purposes. Both the postclo-
sure and the preclosure guidelines con-
gist of a system guideline or guidelines
and corresponding groups of techniecal
guidelines. The postclosure guidelines
of Subpart C contain eight technical
guidelines in one group. The preclo-
sure guidelines of Subpart D contain
eleven technical guidelines separated

§ 960.3-1-5

into three groups that represent, in
decreasing order of importance, pre-
closure radiological safety, environ-
ment, sociceconomies, and transporta-
tion; and ease and cost of siting, con-
struetion, operation, and closure. The
relative significance of any technical
guideline to its corresponding system
guideline is site specific. Therefore, for
each technical guideline, an evaluation
of compliance with the qualifying con-
dition shall be made in the context of
the collection of system elements and
the evidence related to that guideline,
considering on balance the favorable
conditions and the potentially adverse
conditions identified.at a site. Similar-
ly, for esch system guideline, such
evaluation shall be made in the con-
text of the group of technieal guide-
lines and the evidence related to that
system guideline. For purposes of rec-
ommending sites for development as
respositories, such evidence shall in-
clude analyses of expeeted respository
performance to assess the likelihood
of demonstrating compliance with 40
CFR Part 191 and 10 CFR Part 60, in
accordance with § 960.4-1. A site shall
be disqualified at any time during the
siting process if the evidence supports
a finding by the DOE that a disquali-
fying condition exists or the qualify-
ing condition of any system or techni-
eal guideline cannot be met, Compari-
sons between and among sites shall be
based on the system guidelines, to the
extent practicable and in-accordance
with the levels of relative significance
specified above for the postclosure and
the preclosure guidelines. Such com-
parisons are intended to allow compar-
ative evaluations of sites in terms of
the capabilities of the natural barriers
for waste isolation and to Iidentify
innate deficiencies that could jeopard-
ize compliance with such require-
ments. If the evidence for the sites is
not adequate to substantiate such
comparisans, then the comparisons
shall be based on: the groups of techni-
cal guidelines under the postclosure
and the preclosure guidelines, consid-
ering the levels of relative significance
appropriate to the postclosure and the
preclosure guidelines and the order of
importance appropriate to the subor-
dinate groups within the preclosure
guidelines. Comparative site evalua-
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tions shall place primary importance
on the natural barriers of the site. In
such evaluations for the postclosure
guidelines of Subpart C. engineered
barriers shall be considered only to
the extent necessary to obtain realistic
source terms for comparative site eval-
uations based on the sensitivity of the
natural barrlers to such realistic engi-
neered barriers. For a better under-
standing of the potential effects of en-
gineered barriers on the overall per-
formance of the repository system,
these comparative evaluations shall
consider a range of levels in the per-
formance of the engineered barriers.
‘That range of performance levels shall
vary by at least a factor of 10 above
and below the engineered-barrier per-
formance requirements set forth in 10
CFR 60.113, and the range considered
shall be identical for all sites com-
pared. The comparisons shall assume
equivalent engineered-barrier per-
formance for all sites compared and
shall be structured so that engineered
barriers are not relied upon to com-
pensate for deficiencies in the geologic
media. Furthermore, engineered bar-
riers shall not be used to compensate
for an inadequate site; mask the
innate deficiencies of a site; disguise
the strengths and weaknesses of a site
and the overall system; and mask dif-
ferences between sites when they are
compared. Site comparisons performed
to support the recommendation of
sites for the development of repositor-
ies in §960.3-2-4 shall evaiuate pre-
dicted releases of radionuclides to the
accessible environment. For the pur-
poses of such comparison, the accessi-
ble environment shall consist of the
atmosphere, the land surface, any
nearby surface water, and-those por-
tions of the lMithosphere that are situ-
ated more than 10 kilometers in a hor-
izontal direction from the outer
boundary of the original location of
the waste emplacement in the geologic
repository. Releases of different ra-
dionuclides shall be combined by the
methods specified in Appendix A of 40
CFR Part 191, The compsarisons speci-
fied above shall consist of two compar-
ative evaluations that predict radionu-
clide releases for 100,000 vears after
repository closure and shall be con-
ducted as follows. First, the sites shall

10 CFR Ch. IN (1-1-90 Edition)

be compared by means of evaluations
that emphasize the performance of
the natural barriers at the site.
Second, the sites shall be compared by
means of evaluations that emphasize
the performance of the total reposi-
tory system. These second evaluations
shall consider the expected perform-
ance of the repository system; be
based on the expected performance of
waste packages and waste forms, in
compliance with the requirements of
10 CFR 860.113, and on the expected
hydrologic and geochemical conditions
at each site; and take credit for the ex-
pected performance of all other engi-
neered components of the: repository
system. The comparison of isolation
“capability shall be one of the signifi-
cant considerations in the recommen-
dation of gites for the development of
repositories. The first of the two com-
parative evaluations specified in the
preceding paragraph shall take prece-
dence unless the second comparative
evaluation would lead to substantially
different recommendations. In the
latter case, the two comparative eval-
uations shall receive comparable con-
sideration. Sites with predicted isoia-
tion capabilities that differ by less
than a factor of 10, with similar uncer-
tainties, may be assumed to provide
equivalent isolation.

§960.3-2 Siting process.

The siting process begins with site
screening for the identification of po-
tentially acceptable sites. This process

~was completed for purposes of the
first repository before the enactment
of the Act, and the identification of
such sites was made after enactment
in accordance with the provisions of
section 116¢a) of the Act. The screen-
ing process for the identification of
potentially acceptable sites for the
second and subsequent repositories
shall be conducted in accordance with
the requirements specified in § 960.3-
2-1 of this Subpart. The nomination of
any site as suitable for characteriza-
tion shall follow the pDrocess specified
in §960.3-2-2, and such nomination
shali be accompanied by an environ-
mental assessment as specified in sec-
tion 112(bX1XE) of the Act. The rec-
ommendation of sites s candidate
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sites for characterization and the rec-
ommendation of a characterized site
for the development of a repository
shall be accomplished in accordance
with the requirements specified in
§59060.3-2-3 and 960.3-2-4, respectively.

§ 960.3-2-1 Site screening for potentially
acceplable sites.

To identify potentially acceptable
sites for the development of other
than the first repository, the process
ghall begin with site-screening activi.
ties that consider large land masses
that contain rock formations of suita-
ble depth, thickness, and lateral
extent and have structural, hydrolog-
jc, and tectonic features favorable for
waste containment and isolation.
Within those large land masses, subse-
quent site-screening activities shall
focus on successively smaller and in-
creasingly more suitable land units.
This process shall be developed in con-
sultation with the States that contain
land units under consideration. It
shall be implemented in a sequence of
steps that first applies the applicable
disqusalifying conditions to eliminate
land units on the basis of the evidence
specified in § 980.3-1-4-1 and in ac-
cordance with the application require-
ments set forth in Appendix III of this
Part. After the disqualifying condi-
tions have been applied, the favorable
and potentially adverse conditions, as
identified for each remaining land
unit, shall be evaluated. The presence
of favorable conditions shall favor a
given land unit, while the presence of
potentlally adverse conditions shall
penalize that land unit. Recognizing
that favorable conditions and poten-
tially adverse conditions for different
technical guidelines can exist in the
same land unit, the DOE shall seek to
evaluate the composite favorabjlity of
each land unit. Land units that, in the
aggregrate, exhibit potentially adverse
conditions ghall be deferred in favor of
land units that exhibit favorable con-
ditions. The siting provisions that re.
quire diversity of geohydrologic set-
tings and rock types and consideration
of regionality, as specified in §§ 960.3-
1-1, 960.3-1-2, and 960.3-1-3, respec-
tively. may be used to discriminate be-
tween land units and to establish the
range of options in site screening. To

§ 960-3‘2":

identify a site as potentially accepta
ble, the evidence shall support a find
ing that the site is not disqualified i
accordance with the application re
quirements set forth in Appendix IIi
of this Part and shall support the deci
sion by the DOE to proceed the con
tinued investigation of the site on the
basis of the favorable and potentially
adverse conditions identified to date
In continuation of the screening proc
ess after such identification anc
before site nomination, the DOE ma)
defer from further consideration lanc:
units or potentially acceptable sites o1
portions thereof on the basis of addi
tional information or by the applica
tion of the siting provisions for diversi
ty of geohydrologic settings, diversity
of rock types, and regionality
(§§ 960.3-1-1, 960.3-1-2, and 960.3-1-3
respectively). The deferral of poten
tially acceptable sites will be describec
in the environmentsl assessments that
accompany the nomination of at leasi
five sites as suitable for characteriza
tion. In order to identify potentially
acceptable sites for the second anc
subsequent repositories, the Secretar)
shall first identify the State withir
which the site is located in a decision
basis document that describes tha
process and the considerations thai
led to the identification of such sitc
and that has been issued previously ir.
draft for review and comment by suct
State. Second, when such document i:
final, the Secretary shall notify the
Governor and the legislature of that
State and the tribal council of any af
fected Indian tribe of the potentially
acceptable site,

£960.3-2-2 Nomination of sites as suitabl
for characterization.

From the sites identified as poten
tially acceptable, the Secretary shal
nominate at least five sites determinea
suitable for site characterization for
the selection of each repository site
For the second repository, at least
three of the sites shall not have been
nominated previously. Any site nomi-
nated as suitable for characterization
for the first repository, but not recom-
mended as a candidate site for charac-
terization, may not be nominated a:
suitable for characterization for the
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second repository. The nomination of
a site as suitable for characterization
shall be accompanied by an environ-
mental assessment as specified in sec-
tion 112(bX1XE) of the Act. Such
nomination shall be based on evalua-
tions in accordance with the guidelines
of this Part, and the bases and rele-
vant details of those evaluations and
of the decision processes involved
therein shall be contained in the envi-
ronmental assessment for the site in
the manner specified In this Subpart.
The evidence required to support such
evaluations and siting decisions is
specified in § 960.3-1-4-2.

§ 960.3-2-2-1 Evaluation of ail potentially
ucceptable sites.

First, in considering sites for nomi-
nation, each of the potentially accept-
able sites shall be evaluated on the
basis of the disqualifying e¢onditions
specified in the technical guidelines of
Subparts C and D, in accordance with
the application requirements set forth
in Appendix III of this part, This eval-
vation shall support a finding by the
R%E that such sites is not disquali-

ed.

§960.3-2-2-2 Selection of sites within geo-
hydrologic settings.

Second, the siting provision requir-
ing diversity of geohydrologic settings,
as specified in § 960.3-1-1, shall be ap-
plied to group all potentially accepta-
ble sites according to their geochydrolo-
gic settings. Third, for those geohydro-
logic settings that contain more than
one potentially acceptable site, the
preferred site shall be selected on the
basis of a comparative evaluation of
all potentially acceptable sites in that
setting. This evaluation shall consider
the distinguishing characteristics dis-
played by the potentially acceptable
sites within the setting and the related
guidelines from Subparts C and D.
That is, the appropriate guidelines
shall be selected primarily on the basis
of the kinds of evidence among sites
for which distinguishing characteris-
tics can be identified. Such compara-
tive evaluation shall be made on the
basis of the qualifying conditions for
those guidelines, considering, on bal-
ance, the favorable conditions and po-
tentially adverse conditions identified

10 CFR Ch. Il (1-1-90 Edition)

at each site. Due consideration shall
also be given to the siting provisions
specifying the basis for site evalua-
tions in § 960.3-1-5, to the extent prac-
ticable, and diversity of rock types in
$960.3-1-2, if the circumstances so
abply. If less than five geohydrologic
settings are available for consider-
ation, the above process shall be used
to select two or more preferred sites
from those seitings that contain more
than one potentially acceptable site, as
required to obtain the number of sites
to be nominated as suitable for charac-
terization. For purposes of the second
and subseguent repositories, due con-
sideration shall aiso be given to the
siting provision for regionality as spec-
ified in § 960.3-1-3. Fourth, each pre-
ferred site within a geohydrologic set-
ting shall be evaluated as to whether
such site is suitable for the develop-
ment of a repository under’the quali-
fying condiiion of each guideline spec-
ified in Subparts C and D that does
not require gite characterization as a
prerequisite for the application of
such guideline. The guidelines consid-
ered appropriate to this evaluation
have been selected on the basis of
their exclusion under the definition of
site characterization as specified in
§ 960.2. Although the final application
of these guidelines, in accordance with
the provisions set forth in Appendix
IIT of this part, does not require geo-
logic data from site-characterization
activities, such application will require
additional data beyond those specified
in Appendix IV of this part, which will
be obtained concurrently with site
characterization. Such guidelines in-
clude those specified in § 960.4-2-8-2
(Site Ownership and Control) of Sub-
part C; §§960.5-1a)l) and 960.5-
1(a)2) of Subpart D (preclosure
system guidelines for radiologicsal
safety and environmental quality, so-
cioeconomics, and transportation); and
%§ 960.5-2-1 through 960.5-2-7 of Sub-
part D (Population Density and Distri-
bution, Site Ownership and Control,
Meteorology, Offsite Installations and
Operations, Environmental Quality,
Socioeconomic Impacts, and Transpor-
tation). This evaluation shall consider
on balance those favorable conditions
and potentially adverse conditions
identified as such at a preferred site in
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relation to the qualifying condition of
each such guideline. For each such
guideline, this evaluation shall focus
on the suitability of the site for the
development of a repository by consid-
ering the activities from the start of
site characterization through decom-
missioning and shall support & finding
by the DOE in accordance with the
application requirements set forth In
Appendix IIT of this part. Fi/fth. each
preferred site within a geohydrologic
setting shall be evaluated as to wheth-
er such site is suitable for site charac-
terization under the qualifying condi-
tions of those guldelines specified in
Subparts C and D that require charac-
terization (i.e., subsurface geologic, hy-
drologic, and geochemical data gather-
ing). Such guidelines include those
specified in § 860.4~-1(a) (postclosure
system guideline); §5960.4-2-1
through 9604-2-8-1 of Subpart C
(Geohydrology. Geochemistry, Rock
Characteristics, Climatic Changes,
Erasion, Dissolution, Tectonics,
Human Interference, and Natural Re-
sources), §960.5-1(aX3) (preclosure
systemn guideline for ease and cost of
siting, construction, operation, and
closure); and §960.5-2-8 through
960.5-2-11 of Subpart D (Surface
Characteristics, Rock Characteristics,
Hydrology, and Tectonics). ‘This eval-
uation shall consider on balance the
favorable conditions and potentially
adverse conditions identified as such
at a preferred site in relation to the
qualifying condition of each such
guideline. For each such guideline,
this evaluation shall focus on the suit-
ability of the site for characterization
and shall support a finding by the
DOE in accordance with the applica-
tion requirements set forth in Appen-
dix IIT of this part.

§ 960.3-2-2-3 Comparative evalustion of
all sites proposed for nomination.

Sirth, faor those potentially accepta-
ble sites to be proposed for nomina-
tion, as determined by the process
specified in § 960.3-2-2-2, a reasonable
comparative evaluation of each such
sfte with all other such sites shall be
made. For each site and for each
guideline specified in Subparts C and
D, the DOE shall summarize the eval-
uations and findings specified under

§ 960.3-2-2-5

§ 960.3-2-2-1 and under the fourth
and fifth provisions of §960.3-2-2-2.
Each such summary shall allow com-
parisons to be made among sites on
this basis of each guideline,

§960.3-2-2-4 The environmental assess-
ment.

To document the process specified
above, and in compliance with section
112(bX1KE) of the Act, an environ-
mential assessment shall be prepared
for each site proposed for nomination
as suitable for characterization. Each
such environmental assessment shali
describe the decision process by which
such site was proposed for nomination
as described in the preceding six steps
and shall contain or reference the evi-
dence that supports such process ac-
cording to the requirements of § §60.3-
1-4-2 and Appendix IV of this part. As
specified in the Act, each environmen-
tal assessment shall include an evalua-
tion of the effects of the sitecharac-
terization activities at the site on
public health and safety and the envi-
ronment; a discussion of alternative
activities related to site characteriza-

‘tion that may be taken to avoid such

impact; and an assessment of the re-
gional and local impacts of locating a
repository at the site. The draft envi-
ronmental assessment for each site
proposed for nomination as suitable
for characterization shall be made
available by the DOE for public com-
ment after the Secretary has notified
the Governor and legislature of the
State in which the site is located, and
the governing body of the affected
Indian tribe where such site is located,
of such impending availability,

§ 960.3-2-2-5 Formal site nomination.

After the final environmental assess-
ments have been prepared, the Secre-
tary shall nominate at least five siies
that he determines suitable for site
characterization for the selection of a
repository site, and, in so0 doing, he
shall cause to have published in the
Frperal RxGISTER a nhotice specifying
the sites so0 nominated and announc-
ing the availability of the final envi-
ronmental assessments for such sites.
This determination by the Secretary
shall be based on the final environ-
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mental assessments for such sites, in-
cluding, in particular, consideration of
the available evidence, evaluations,
and the resultant findings for the
guidelines of Subparts C and D so
specified under the fourth and fifth
provisions of §960.3-2-2-2. Before
nominating a site, the Secretary shall
notify the Governor and legislature of
the State in which the site is located,
and the governing body of the affect-
ed Indian tribe where such site is lo-
cated, of such nomination and the
basis for such nomination.

§960.3-2-3 Recommendation of sites for
characterization.

After the nomination of at least five
sites as suitable for site characteriza-
tion for the selection of the first re-
pository, the Secretary shall recom-
mend in writing to the President not
less than three candidate sites for
such characterization. The recommen-
dation decision shall be based on the
available geophysical, geologic, geo-
chemical, and hydrologic data; other
information; associated evaluations
and findings reported in the environ-
mental assessments accompanying the
nominations; and the considerations
specified below, unless the Secretary
certifies that such available data will
not be adequate to satisfy applicable
requiremernts of the Act in the absence
of further preliminary borings or exca-
vations. On the basis of the evidence
and in accordance with the siting pro-
vision specifying the basis for site eval-
uations in § 960.3-1-5, the sites nomi-
nated as suitable for characterization
shall be considered as to their order of
preference as candidate sites for char-
acterization. Subsequently, the siting
provisions specifying diversity of geo-
hydrologic settings, diversity of rock
types, and, after the first repository,
consideration of regionality in
§§ 960.3-1-1, 960.3-1-2, and 960.3-1-3,
respectively, shall be considered to de-
termine a final order of preference for
the characterization of such sites.
Considering this order of preference
together with the aveilable siting al-
ternatives specified in the Act, the
sites recommended as candidate sites
for characterization shall offer, on bal-
ance, the most advantageous combina.
tion of characteristics and conditions

10 CFR Ch. it (1-1-90 Edition)

for the successful development of re-
positories at such sites. The process
for the recommendation of sites as
candidate sites for characterization for
the selection of any subsequent reposi-
tory shall be the same as that speci-
fied above for the first repository.

§960.3-2-4 Recommendation of sites for
the development of repositories.

After completion of site character-
ization and nongeologic data gathering
activities at the candidate sites for the
development of the first repository, or
from all of the characterized sites for
the development of subsequent reposi-
tories, the candidate sites. shall be
compared with each other on the basis
of the guidelines specified in Subparts
C and D according to the siting provi-
sion specifying the basis for site eval-
uations in §960.3-1-5. This compari-
son shall lead to a recommendation by
the Secretary to the President of a site
for the development of a repository.
Together with any recommendation to
the President to approve a site for the
development of a repository, the Sec-
retary shall make available to the
public, and submit to the President, a
comprehensive statement of the basis
of such recommendation pursuant to
the requirements specified in section
114(a)X(1) of the Act, including an envi-
ronmental impact statement prepared
in accordance with the provisions of
sections 114(a)X1XD) and 114¢f) of the
Act. The environmental impact state-
ment shall include the results of the
comparative evaluation specified
above and a description of the decision
process that resulted in the selection
of the candidate site recommended for
the development of such repository.

§960.3-3 Consultation.

The DOE shall provide to designated
officials of the affected States and to
the governing bodies of any affected
Indian tribe timely and complete in-
formation regarding determinations or
plans made with respect to the siting,
site characterization, design, develop-
ment, construction, operation, closure,
decommissioning, licensing, or regula-
tion of a repository. Written responses
to written requests for information
from the designated officials of affect-
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ed States or affected Indian tribes will
be provided within 30 days after re-
ceipt of the written requests. In per-
forming any study of an area for the
purpose of determining the suitability
of such area for the development of a
repository, the DOE shall consult and
cooperate with the Governor and the
legislature of an affected State and
the governing body of an affected
Indian tribe in an effort to resolve
concerns regarding public health and
safety, environmental impacts, socio-
economic impacts, and technical as-
pects of the siting process. After noti-
fying affected States and affected
Indian tribes that potentially accepta-
ble sites have been identified, or that a
site has been approved for character-
ization, the DOE shall seek to enter
into binding written agreements with
such affected States or affected Indian
tribes in accordance with the require-
ments of the Act. The DOE shall also
consult, as appropriate, with other
Federal agencies.

§960.3-4 Environmental impacts.

Environmental impacts shall be con-
sidered by the DOE throughout the
stte characterization, site selection,
and repository development process.
The DOE shall mitigate significant ad-
verse environmental impacts, to the
extent practicable, during site charac-
terization and repository construction,
operation, closure, and decommission-
ing.

Subpart C—Posticlosure Guidelines

§960.4 Postclosure guidelines.

The guidelines in this subpart speci-
fy the factors to be considered in eval-
uating and comparing sites on the
basis of expected repository perform-
ance after closure. The postclosure
guidelines are separated into a system
guideline and eight technical guide-
lines. The system guideline establishes
waste containment and isolation re-
quirements that are based on NRC
and EPA regulations. These require-
ments must be met by the repository
system, which contains natural bar-
riers and engineered barriers. The en-
gineered barriers will be designed to
complement the natural barriers,

§ 960.4-2-1

which provide the primary means for
waste isolation.

§960.4-1 System guideline.

(a) Qualifying Condition. The geo-
logic setting at the site shall allow for
the physical separation of radioactive
waste from the accessibie environment
after closure in accordance with the
requirements of 40 CFR Part 191, Sub-
part B, as implemented by the provi-
sions of 10 CFR Part 60. The geologic
setting at the site will allow for the
use of engineered barriers to ensure
compliance with the requirements of
40 CFR Part 191 and 10 CFR Part 60
(see Appendix I of this part).:

§960.4-2 Technical guidelines.

The technical guidelines in this sub-
part set forth qualifying; favorable,
potentially adverse, and. in five guide-
Iines, disqualifying conditions on the
characteristics, processes, and events
that may influence the performance
of & repository system after closure.
The favorable conditions and the po-
tentially adverse conditions under
each guideline are not listed in any as-
sumed order of imporiance. Potential-
ly adverse conditions will be consid-
ered if they affect waste isolation
within the controlled area even
though such conditions may occur out-
side the controlled area. The technical
guidelines that follow establish condi-
tions that shall be considered in deter-
mining compliance with the qualifying
condition of the postclosure system
guideline. For each technical guide-
line, an evaluation of qualification or
disqualification shall be made in ac-
cordance with the requirements speci-
fied in Subpart B.

§960.4-2-1 Geohydrology.

(a) Qualifying Condition. The
present and expected geohydrologic
setting of a site shall be compatible
with waste containment and isolation.
The geohydrologic setting, considering
the characteristics of and the process-
es operating within the geologic set-
ting, shall permit compliance with (1)
the requirements specified in § 960.4-1
for radionuclide releases to the acces-
sible environment and (2) the require-
ments specified in 10 CFR 60.113 for
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radionuclide releases from the engi-
neered-barrier system using reason-
ably available technology.

(b) Favorable Conditions. (1) Site
conditions such that the pre-waste-em-
placement ground-water travel time
along any path of likely radionuclide
travel from the disturbed zone to the
accessible environment would be more
than 10,000 years.

(2) The nature and rates of hydro-
logic processes operating within the
geologic setting during the Quater-
nary Period would, if continued into
the future, not affect or would favor-
ably affect the ability of the geologic
repository to isolate the waste during
the next 100,000 years.

(3) Sites that have stratigraphie,
structural, and hydrologic features
such that the geohydrologic system
can be readily characterized and mod-
eled with reasonable certainty.

(4) For disposal in the saturated
zone, at least one of the following pre-
waste-emplacement conditions exists:

(i) A host rock and immediately sur-
rounding geohydrologic units with low
hydraulic conductivities.

(ii) A downward or predominantly
horizontal hydraulic gradient in the
host rock and in the immediately sur-
rounding geohydrologic units.

(iii) A low hydraulic gradient in and
between the host rock and the imme-
diately surrounding geohydrologic
units.

{iv) High effective porosity together
with low hydraulic conductivity in
rock units along paths of likely radio-
nuclide travel between the host rock
and the accessible environment.

(5) For disposal in the unsaturated
zone, at least one of the following pre-
waste-emplacement conditions exists:

(i) A low and nearly constant degree
of saturation in the host rock and in
the immediately surrounding geohy-
drologic units.

(ii) A water table sufficiently below
the underground facility such that the
fully saturated voids continuous with
the water table do not encounter the
host rock.

(ili} A geohydrologic unit above the
host rock that would divert the down-
ward infiltration of water beyond the
limits of the emplaced waste.

10 CFR Ch. il (1-1-90 Edition)

(iv) A host rock that provides for
free drainage.

(v) A climatic regime in which the
average annual historical precipitation
is a small fraction of the average
annual potential evapotranspiration.

Note: The DOE will, in accordance with
the gencral principles set forth in § 860.1 of
these regulaiions, revise Lhe guidelines as
necessary, to ensure consistency with the
tinal NRC regulations on the unsaturated
zone, which were published as a proposed
rule on February 16, 1884, in 48 FR 5934,

(¢) Polentially Adverse Conditions.
(1) Expected changes in geohydrologic
conditions—such as changes in the hy-
draulic gradient, the hydraulic con-
ductivity, the effective porosity, and
the ground-water flux through the
host rock and the surrounding geohy-
drologic units—sufficient to signifi-
cantly increase the transport of ra-
dionuclides to the accessible environ-
ment as compared with pre-waste-em-
placement conditions.

(2) The presence of ground-water
sources, suitable for crop irrigation or
human consumption without treat-
ment, along ground-water flow paths
from the host rock to the accessible
environment.

(3) The presence in the geologic set-
ting of stratigraphic or structural fea-
tures—such as dikes, sills, faults, shear
zones, folds, dissolution effects, or
brine pockets—if their presence could
significantly contribute to the difficul-
ty of characterizing or modeling the
geohydrologic system.

(d) Disgualifying Condition. A site
shall be disqualified if the pre-waste-
emplacement ground-water travel time
from the disturbed zone to the accessi-
ble environment is expected to be less
than 1,000 years along any pathway of
likely and significant radionuclide
travel.

§960.4-2-2 Geochemisiry.

(a) Qualifying Condition. The
present and expected geochemical
characteristics of a site shall be com-
patible with waste containment and
isolation. Considering the likely chem-
ical interactions among radionuclides,
the host rock., and the ground water,
the characteristics of and the process-
es operating within the geologic set-
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ting shall permit compliance with (1)
the requirements specified in § 960.4-1
for radionuclide reieases to the acces-
sible environment and (2) the require-
ments specified in 10 CFR 60.113 for
radionuclide releases from the engi-
neered-barrier system using reason-
ably available technology.

(b) Favorable Conditions. (1) The
nature and rates of the geochemical
processes operating within the geolog-
fc setting during the Quaternary
Period would, if continued into the
future, not affect or would favorably
affect the ability of the geologic repos-
itory to isolate the waste during the
next 100,000 years.

(2) Geochemical conditions that pro-
mote the precipitation, diffusion into
the rock matrix, or sorption of radio-
nuclides; inhibit the formation of par-
ticulates, colloids, inorganic complex-
es, or organic complexes that increase
the mobility of radionuclides; or inhib-
it the transport of radionuclides by
particulates, colloids, or complexes.

(3) Mineral assemblages that, when
subjected to expected repository con-
ditions, would remain unaltered or
would alter to mineral assemblages
with equal or increased capability to
retard radionuclide transport.

{4) A combination of expected geo-
chemical conditions and a volumetric
flow rate of water in the host rock
that would allow less than 0.001 per-
cent per year of the total radionuclide
inventory in the repository at 1,000
years to be dissolved.

(5) Any combination of geochemical
and physical retardation processes

that would decrease the predicted

peak cumulative releases of radionu-
clides to the acecessible environment by
a factor of 10 as compared to those
predicted on the basis of ground-water
travel time without such retardation.

(¢) Potentially Adverse Condilions.
{1) Ground-water conditions in the
host rock that could affect the solubil-
ity or the chemical reactivity of the
engineered-barrier system to the
extent that the expected repository
performance could be compromised.

(2) Geochemical processes or condi-
tions that could reduce the sorption of
radionuclides or degrade the rock
strength.

§ 960.4-2-3

(3) Pre-waste-emplacement ground-
water conditions in the host rock that
are chemically oxigizing.

§960.4-2-3 Rock characteristics,

a) Qualifying condition. The
present and expected characteristics
of the host rock and surrounding units
shall be capable of accornmodating the
thermal, chemical, mechanical, and ra-
diation stresses expected {o be induced
by repository construction, operation,
and closure and by expected interac-
tions among the waste, host rock,
ground water, and engineered comp9o-
nents. The characteristics of and the
processes operating within the geolog-
fc setting shall permit compliance with
(1) the requirements specified in
§960.4-1 for radionuciide releases to
the accessible environment and (2) the
requirements set forth in. 10 CFR
60.113 for radionuclide releases from
the engineered-barrier system using
reasonably available technology.

{b) Favorable Conditions. (1) A host
rock that is sufficiently thick and lat-
erally extensive to allow significant
flexibility in selecting the depth, con-
figuration, and location of the under-
ground facility to ensure isolation,

(2) A host rock with a high thermal
conductivity, a low coefficient of ther-
mal expansion, or sufficient ductility
to seal fractures induced by repository
construction, operation, or closure or
by interactions among the waste, host
rock, ground water, and engineered
components.

(¢) Potenlially Adverse Condilions.
(1) Rock conditions that could require
engineering measures beyond reason-
ably available technology for the con-
struction, operation, and closure of
the repository, if such measures are
necessary to ensure waste containment
or isolation.

(2) Potential for such phenomena as
thermally induced fractures, the hy-
dration or dehydration of mineral
components, brine migration, or other
physical, chemical, or radiation-relat-
ed phenomena that could be expected
to affect waste contaihment or isola-
tion.

(3) A combination of geologic struc-
ture, geochemical and thermal proper-
ties, and hydrologic conditions in the
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host rock and surrounding units such
that the heat generated by the waste
could significantly decrease the isola-
tion provided by the host rock as com-
pared with pre-waste-emplacement
conditions.

§960.4-2-4 Climatic changes.

(a). Qualifying Condition. The site
shall be located where future climatic
conditions will not be likely to lead to
radionuclide releases greater than
those allowable under the require-
ments specified in § 960.4-1. In predict-
ing the likely future climatic condi-
tions at a site, the DOE will consider
the global, regional, and site climatic
patterns during the Quaternary
Period, considering the geomorphic
evidence of the climatic conditions in
the geologic setting.

(b) Favorable Conditions. (1) A sur-
face-water system such that expected
climatic cycles over the next 100,000
years would not adversely affect waste
isolation.

(2) A geologic setting in which cli-
matic changes have had iittle effect on
the hydrologic system throughout the

“Quaternary Period.

(¢} Polentially Adverse Condilions.
(1> Evidence that the water table
could rise sufficiently over the next
10,000 years to saturate the under-
ground facility in a previously unsatu-
rated host rock.

(2) Evidence that climatic changes
over the next 10,000 years could cause
perturbations in the hydraulic gradi-
ent, the hydraulic conductivity, the ef-
fective porosity, or the ground-water
flux through the host rock and the
surrounding gechydrologic units, suffi-
cient to significantly increase the
transport of radionuclides to the ac-
cessible environment.

§ 960.4-2-5 Erosion.

(a) Quelifying Condition. The site
shall allow the underground facility to
be placed at a depth such that ero-
sional processes acting upon the sur-
face will not be likely to lead to radio-
nuclide releases greater than those al-
lowsable under the requirements speci-
fied in § 960.4-1. In predicting the like-
lihood of potentially disruptive ero-
sional processes, the DOE wili consid-
er the climatic, tectonic, and geomor-

10 CFR Ch. Ill (1-1-90 Edition)

phic evidence of rates and patterns of
erosion in the geologic setting during
the Quaternary Period.

(b) Favorable Conditions. (1) Site
conditions that permit the emplace-
ment of waste at a depth of at least
300 meters below the directly overly-
ing ground surface.

(2} A geologic setting where the
nature and rates of the erosional proe-
esses that have been operating during
the Quaternary Period are predicted
to have less than one chance in 10,000
over the next 10,000 years of leading
to releases of radionuclides to the ac-
cessible environment. E

(3) Site conditions such that waste
exhumation would not be expected to
occur during the first one million
vears after repository closure.

(c) Potentially Adverse Céonditions.
(1} A geologic setting that shows evi-
dence of extreme erosion during the
Quaternary Period.

(2) A geologic setting where the
nature and rates of geomorphic proe-
esses that have been operating during
the Quaternary Period could, during
the first 10,000 vears after closure, ad-

‘versely affect the ability of the geolog-

ic repository to isolate the waste.

(d) Disqualifving Condition. The
site shall be disqualified if site condi-
tions do not allow all portions of the
underground facility to be situated at
least 200 meters below the directly
overlying ground surface.

§960.4-2-6 Dissolution.

(a) Qualifying Condition. The site
shall be located such that any subsur-
face rock dissclution will not be likely
to lead to radionuclide releases greater
than those allowable under the re-
quirements specified in § 960.4-1. In
predicting the likelihood of dissolution
within the geologic setting at a site,
the DOE will consider the evidence of
dissolution within that setting during
the Quaternary Period, including the
locations and characteristics of disso-
lution fronts or other dissolution fea-
tures, if identified.

(b) Favorable Condition. No evi-
dence that the host rock within the
site was subject to significant dissolu-
tion during the Quaternary Period.
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(c) Potentially Adverse Condition.
Evidence of dissolution within the geo-
logic setting—such as breccia pipes,
dissolution cavities, significant volu-
metric reduction of the host rock or
surrounding strata. or any structural
collapse—such that a hydraulic inter-
connection leading to a loss of waste
isolatjon could occur.

(d) Disquelifying Condition, The
site shall be disqualified if it is likely
that. during the first 10,000 years
after closure, active dissolution, as pre-
dicted on the basis of the geologic
record, would result in a loss of waste
isolation.

§960.4-2-7 Tectonics.

(a) Qualifving Condition. The site
shall be located in a geologic setting
where future tectonic processes or
events will not be likely Lo lead to radi-
onuclide releases greater than those
allowable under the requirements
specified in § 960.4-1. In predicting the
iikelihood of potentially disruptive
tectonic processes or events, the DOE
will consider the structural, strati-
graphic, geophysical, and seismic evi-
dence for the nature and rates of tec-
tonic processes and events in the geo-
logic setting during the Quaternary
Period.

(b) Favorable Condition. The nature
and rates of igneous activity and tec-
tonic processes (such as uplift, subsid-
ence, faulting, or folding), if any, oper-
ating within the geologic setting
during the Quaternary Period would,
if continued into the future, have less
than one chance in 10,000 over the
first 10,000 years after closure of lead-
ing to releases of radionuclides to the
accessible environment.

(¢} Polentially Adverse Condilions.
(1) Evidence of active folding, faulting.
diapirism, uplift, subsidence, or other
tectonic processes or igneous activity
within the geologic setting during the
Quaternary Period.

(2) Historical earthquakes within
the geologic setting of such magnitude
and intensity that, if they recurred,
could affect waste containment or iso-
lation.

(3) Indications, based on correlations
of earthquakes with tectonic processes
and features, that efther the frequen-
ey of occurrence or the magnitude of

§ 960.4-2-8-

earthguakes within the geologic sel
ting may increase.

(4) More-frequent occurrences o
earthquakes or earthquakes of highe
maghnitude than are representative o
the region in which the geologic set
ting is located,

(5) Potential for natural phenomen.
such as landslides, subsidence, or voi
canic activity of such magnitudes tha
they could create large-scale surface
water impoundments that coulc
change the regional ground-water flov
system.

(6) Potential for tectonic deforma
tions—such as uplift, subsidence, fold
ing, or faulting—that could adversel:
affect the regional ground-water flo:
system.

(d) Disqualifying Condition. A sit.
shall be disqualified if, based on th:
geologic record during the Quaternar:
Period, the nature and rates of faul

movement or other ground motion ar-

expected to be such that a loss o
waste isolation is likely to occur.

§960.4-2-8 Human interference.

The site shall be located such tha
activities by future generations at o
near the site will not be likely to affec
waste containment and isolation. 1.
assessing the likelihood of such activ.
ties, the DOE will consider the est:
mated effectiveness of the permanen
markers and records required by 1
CFR Part 60, taking into account sit«
speclfic factors, as stated in §§ 960.4-2
8-1 and 960.4-2-8-2, that could con
promise their continued effectiveness.

§960.4-2-8-1 Natural rescurces.

(a) Qualifying Condition. This sit
shall be lecated such that—conside:
ing permanent markers and record
and reasonable projections of valu
scarcity, and technology—the natur:
resources, including ground water suit
able for crop irrigation or human col
sumption without treatment, preser.
at or near the site will not be likely t
give rise to interference activities ths
would lead to radionuclide release
greater than those allowable und«
the requirements specified in § 960.4-

(b) Favorable Conditions, (1) N
known natural resources that have ¢
are projected to have in the foresee:
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ble future a value great enough to be
considered a commercially extractable
resource.

(2) Ground water with 10,000 parts
per million or more of total dissolved
solids along any path of likely radio-
nuclide travel from the host rock to
the accessible environment.

(c) Potentially Adverse Condilions.
(1) Indications that the site contains
naturally occurring materials, whether
or not actually identified in such form
that (i) economic extraction is poten-
tially feasible during the foreseeable
future or (if) such materials have a
greater gross value, net value, or com-
mercial potential than the average for
other areas of similar size that are rep-
resentative of, and located in, the geo-
logic setting.

(2) Evidence of subsurface mining or
extraction for resources within the
site if it could affect waste contain-
ment or isolation.

(3) Evidence of drilling within the
site for any purpose other than reposi-
tory-site evaluation to a depth suffi-
cient to affect waste containment and
isolation.

(4) Evidence of a significant concen-
tration of any naturally occurring ma-
terial that is not widely available from
other sources.

(5) Potential for foreseeable human
activities—such as ground-water with-
drawal, extensive {rrigation, subsur-
face injection of fluids, underground
pummped storage, military activities, or
the construction of large-scale surface-
watler impoundments—that could ad-
versely change portions of the ground-
water flow system important to waste
isolation.

{d) Disqualifying Conditions. A site
shall be disqualified if—

(1) Previous expioration, mining, or
extraction activities for resources of
commercial importance at the site
have created significant pathways be-
tween the projected underground fa-
cility and the accessible environment;
or

(2) Ongoing or likely future activi-
ties to recover presently valuable natu-
ral mineral resources outside the con-
trolled area would be expected to lead
to an inadvertent loss of waste isola-
tion,

10 CFR Ch. ] (1-1-90 Edition)

§ 960.4-2-8-2 Site ownership and control.

(a) Qualifying Condition. The site
shall be located on land for which the
DOE can obtain, in accordance with
the requirements of 10 CFR Part 60,
ownership, surface and subsurface
rights, and contrel of access that are
required in order that potential sur-
face and subsurface activities as the
site will not be likely to lead to radio-
nuclide releases greater than those al-
lowable under the requirements speci-
fied in § 960.4-1.

{b) Favorgble Condilion. Present
ownership and control of land and all
surface and subsurface rights by the
DOE. .

(c) Potentially Adverse Condition.
Projected land-ownership conflicts
that cannot be successfully resolved
through voluntary purchase-sell agree-
ments, nondisputed agency-to-agency
transfers of title, or Federal condem-
nation proceedings.

Subpart D—Preclosure Guidelines

§960.5 Preclosure guidelines.

The guidelines in this subpart speci-
fy the factors to be considered in eval-
uating and comparing sites on the
basis of expected repository perform-
ance before closure. The preclosure
guidelines are separated into three
system guidelines and eleven technical
guidelines.

§960.5-1 System guidelines.

(a) Qualifying Conditions—(1) Pre-
closure Radiological Safely. Any pro-
jected radiological exposures of the
general public and any projected re-
leases of radioactive materials to re-
stricted and unrestricted areas during
repository operation and closure shall
meet the applicable safety reguire-
ments set forth in 10 CFR Part 20, 10
CFR Part 6C, and 40 CFR 191, Subpart
A (see Appendix II of this part).

{2) Environmen! Socioeconomics,
and Transporigiion. During reposi-
tory siting, construction, operation,
closure, and decommissioning the
public and the environment shall be
adequately protected from the hazards
posed by the disposal of radioactive
waste.
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(3) Ease and Cost of Siling. Con-
struction, Operation, end Closure. Re-
pository siting, construction, oper-
ation, and closure shall be demonstrat-
ed to be technically feasible en the
basis of reasonably available technolo-
gy, and the associated costs shall be
demonstrated to be reasonable relative
to other avallable and comparable
siting options.

§960.5-2 Technical guidelines.

The technical guidelines in this sub-
part set forth qualifying, favorable,
potentially adverse, and, in seven
guidelines, disqualifying conditions for
the characteristics, processes, and
events that influence the suitability of
a site relative to the preclosure system
guidelines. These conditions are sepa-
rated into three main groups: Preclo-
sure radiological safety; environment,
socioeconomics, and transportation;
and ease and cost of siting, construe-
tion, operation, and closure. The first
group includes conditions on popula-
tion density and distribution, site own-
ership and control, meteorology, and
offsite installations and operations,
The second group includes conditions
related to environmental quality and
socioeconomic impacts in areas poten-
tially affected by a repository and to
the transportation of waste to a repos-
itory site. The third group includes
conditions on the surface characteris-
tics of the site, the characteristics of
the host rock and surrounding strata,
hydrology, and tectonics. The individ-
ual technical guldelines within each
group, as well as the favorable condi-
tions and the potentialiy adverse con-
ditions under each guideline, are not
listed in any assumed order of impor-
tance. The technical guidelines that
follow establish conditions that shall
be considered in determining compli-
ance with the qualifying conditions of
the preclosure system guidelines. For
each technical guideline, an evaluation
of qualification or disqualification
shall be made in accordance with the
requirements specified in Subpart B.

§ 960.5-2-1
PRECLOSURE RADIOLOGICAL SAFETY

§ 960.5-2-1 Population Density and Distri-
bution.

{a) Qualifying Condition. The sitc
shall be located such that, during re-
pository operation and closure, (1) the
expected average radiation dose to
members of the public within any
highly populated area will not be
likely to exceed a small fraction of the
limits allowable under the require-
ments specified in § 960.5-1(a)1), and
(2) the expected radiation dose to an}
member of the public in an unrestrict
ed area will not be likely to exceed the
limit allowable under the require
ments specified in § 960.5-1(a)X1).

(b) Favorable Conditions. (1) A low
population density in the general
region of the site.

(2) Remoteness of site from highl
populated areas.

(c) Potentially Adverse Conditions
(1) High residential, seasonal, or day
time population density within thd
projected site boundaries.

(2) Proximity of the site to highl:
populated areas, or to areas having ai
least 1,000 individuals in an area |
mile by 1 mile as defined by the mos:
recent decennial count of the US
census.

(d) Disqualifrring Conditions. A sit
shall be disqualified if— -

(1) Any surface facility of a reposi
tory would be located in a highly pop
ulated area; or

(2) Any surface facility of a reposi
tory would be located adjacent to a!
area 1 mile by 1 mile having a populs
tion of not less than 1,000 individual
as enumerated by the most recent U.&
CEnsus; or

(3) The DOE could not develop a.
emergency preparedness Drogran
which meets the requirements speci
fied in DOE Order 5500.3 (Reacto
and Non-Reactor Facility Emergenc.
Planning, Preparedness, and Respons:
Program for Department of Energ
Operations) and related guides oi
when issued by the NRC, in 10 CF1
Part 60, Subpart I, “Emergency Plar
ning Criteria.”
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£ 960.5-2-2 Site Ownership and Control.

(a) Qualifying Condilion. The site
shall be located on land for which the
DQE can obtain, in accordance with
the reguirements of 10 CFR 60.121,
ownership, surface and subsurface
rights, and control of access that are
required in order that surface and sub-
surface activities during repository op-
eratlon and closure will not be likely
to lead to radionuclide releases to an
unrestricted area greater than those
allowable under the reguirements
specified in § 880.5-1(a)1).

(b) Favorable Condition. Present
ownership and control of land and all
surface and subsurface mineral and
water rights by the DOE.

(¢) Polentially Adverse Condition.
Projected land-ownership conflicts
that cannot be successfully resolved
through voluntary purchase-sell agree-
ments, nondisputed agency-to-agency
transfers of title, or Federal condem-
natjon proceedings.

€ 560.5-2-3 Meteorology.

(a) Quealifying Condition. The site
shall be located such that expected
meteorological conditions during re-
pository operation and closure will not
be likely to lead to radionuclide re-
leases to an unrestricted area greater
than those allowable under the re-
quirements specified in § 960.5-1(a)(1).

(b) Favorable Condition. Prevailing
meteorological conditions such that
any radioactive releases to the atmos-
phere during repository operation and
closure would be effectively dispersed,
thereby reducing significantly the
likelihood of unacceptable exposure to
any member of the public in the vicini-
ty of the repository.

(¢} Potentially Adverse Conditions.
(1) Prevailing metecrological condi-
tions such that radioactive emissions
from repository operation of closure
could be preferentially transported
toward localities in the vicinity of the
repository with higher population den-
sities than are the average for the
region.

(2) History of extreme weather phe-
nomena—such as hurricanes, torna-
does, severe floods, or severe and fre-
quent winter storms—that could sig-
nificantly affeet repository operation
or closure.

10 CFR Ch. }ll (1-1-90 Edition)

§960.5-2-4 Offsite installations and oper-
ations.

(a) Qualifying Condition. The site
shall be located such that present pro-
jected effects from nearby industrial,
transportation, and military installa-
tions and operations, including atomic
energy defense activities, (1) will not
significantly affect repository siting,
construction, operation, closure, or de-
commissioning or can be accommodat-
ed by engineering measures and (2),
when considered together with emis-
sions from repository operation and
closure, will not be likely to lead to ra-
dionuclide releases to an unrestricted
area greater than those allowable
under the requirements specified in
§ 960.5-1(a)(1).

(b) Favorable Condition. Absence of
contributing radioactive releases from
other nuclear installations and oper-
ations that must be considered under
the requirements of 40 CFR 191, Sub-
part A.

(c) Potentially Adverse Conditions,
(1) The presence of nearby potentially
hazardous installations or operations
that could adversely affect repository
operation or closure,

(2) Presence of other nuclear instal-
lations and operations, subject to the
requirements of 40 CFR Part 180 or 40
CFR 181, Subpart A, with actual or
projected releases near the maximum
value permissible under those stand-
ards

(d) Disquelifying Condition. A site
shall be disqualified if atomic energy
defense activities in proximity to the
site are expected to conflict irreconcil-
ably with repository siting, construe-
tion, operation, closure, or decommis-
sioning.

ENVIRONMENT, SOCIOECONOMICS, AND
TRANSPORTATION

§ 960.5-2-5 Environmental quality.

(a) Qualifying Condition, The site
shall be located such that (1) the qual-
ity of the environment in the affected
area during this and fuiure genera-
tions will be adequately protected
during repository siting, construction,
operation, closure, and decommission-
ing, and projected environmental im-
pacts in the affected area can be miti-
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gated to an acceptable degree, taking
into account programmatic, technical,
social, economic, and envirocnmental
factors; and (2) the requirements spec-
ified in § 960.5-1(a)2) can be met.

(b) Favorable Conditions. (1) Pro-
jected ability to meet, within time con-
straints, all Federal, State, and local
procedural and substantive environ-
mental requirements applicable to the
site and the activities proposed to take
place thereon.

(2) Potential significant adverse en-
vironmental impacts to present and
future generations can be mitigated to
an insignificant level through the ap-
plication of reasonable measures,
taking into account programmatic,
technical, social, economic, and envi-
ronmental factors.

(c) Potentially Adverse Comnditions.
(1) Projected major conflict with ap-
plicable Federal, State, or local envi-
ronmental requirements.

(2) Projected significant adverse en-
vironmental impacts that cannot be
avoided or mitigated.

(3) Proximity to, or projected signifi-
cant adverse environmental impacts of
the repository or its support facilities
on, a2 component of the National Park
System, the National Wildlife Refuge
System, the National Wild and Scenic
Rivers System, the National Wilder-
ness Preservation System, or National
Forest Land.

{4) Proximity to, and projected sig-
nificant adverse environmental im-
pacts of the repository or its support
facilities on, a significant State or re-
gional protected resource area, such as
a State park, a8 wildlife area, or a his-
torical area.

(5) Proximity to, and projected sig-
nificant adverse environmental im-
pacts of the repository and its support
facilities on, a significant Native Amer-
ican resource, such as a major Indian
religious site, or other sites of unique
cultural interest.

(68) Presence of critical habitats for
threatened or endangered species that
may be compromised by the repository
or its support facilities.

(d) Disqualifying Conditions. Any of
the f{ollowing conditions shall dis-
qualify a site:

(1) During repository siting, con-
struction, operation, closure, or de-

§ 960.5-2-¢

commissioning the guality of the envi
ronment in the affected area could not
be adequately protected or projected
environmental impacts in the affected
area could not be mitigated to an ac-
ceptable degree, taking into account
programmatic, technical, social, eco-
nomie, and environmental factors.

(2) Any part of the restricted area or
repository support facilities would be
located within the boundaries of a
component of the National Park
System, the National Wildlife Refuge
System, the National Wilderness Pres-
ervation System, or the National Wild
and Scenic Rivers System.

(3) The presence of the restricted
area Or the repository support facill-
ties would conflict irreconcilably with
the previously designated resource-
preservation use of a component of
the National Park System, the Nation-
al Wildlife Refuge System, the Nation-
al Wilderness Preservation System,
the National Wild and Scenic Rivers
System, or National Forest Lands, or
any comparably significant State pro-
tected resource that was dedicated to
resource preservation at the time of
the enactment of the Act.

§ 960.5-2-8 Sociceconomic impacts.

(a) Qualifying Condition. The site
shall be located such that (1) any sig-
nificant adverse social and/or econom-
ic impacts induced in communities and
surrounding regions by repository
siting, construction, operation, closure,
and decommissioning can be offset by
reasonable mitigation or compensa-
tion, as determined by a process of
analysis, planning. and consultation
among the DOE, affected State and
local government jurisdictions, and af-
fected Indian tribes; and (2) the re-
quirements specified in § 960.5-1(a)2)
can be met.

(b} Favorable Conditions. (1) Ability
of an affected area to absorb the
project-related population changes
without significant disruptions of com-
munity services and without signifi-
cant impacts on housing supply and
demand.

(2) Availability of an adequate labor
force in the affected area.

(3) Projected net increases in em-
ployment and business sales, improved
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community services, and increased
government revenues in the affected
area.

(4) No projected substantial disrup-
tion of primary sectors of the economy
of the affected area.

(¢) Potentially Adverse Conditions.
(1) Potential for significant repository-
related impacts on community serv-
ices, housing supply and demand, and
the finances of State and local govern-
ment agencies in the affected area.

{2) Lack of an adequate labor force
in the affected area.

{3) Need for repository-related pur-
chase or acquisition of water rights, if
such rights could have significant ad-
verse impacts on the present or future
development of the affected area.

(4) Potential for major disruptions
of primary sectors of the economy of
the affected area,

(Q) Disqualifying Condition. A site
shall be disqualified if repository con-
struction, operation, or closure would
significantly degrade the quality, or
significantly reduce the quantity, of
water from major sources of offsite
supplies presently suitabie for human
consumption or crop irrigation and
such impacts cannot be compensated
for, or mitigated by, reasonable meas-
ures.

§ 960.5-2-7 Transportation.

(a) Qualifying Condition. The site
shall be located such that (1) the
access routes constructed from exist-
ing local highways and rallroads to the
site (i) will not conflict irreconcilably
with the previously designated use of
any resource listed in § 960.5-2-5(d) (2)
and (3); (ii) can be designed and con-
structed using reasonably available
technology; (1ii) will not require trans-
portation system components to meet
performance standards more stringent
than those specified in the applicable
DOT and NRC regulations. nor re-
quire the development of new packag-
ing containment technology: (iv) will
allow transportation operations to be
conducted without causing an unac-
ceptable risk to the public or unac-
ceptable environmental impacts,
taking into account programmatic,
technical, social, economic, and envi-
ronmental factors; and (2) the require-
ments of § 960.5-1(a)2) can be met,

10 CFR Ch. NIl (1-1-90 Edition)

(b) Favorable Conditions. (1} Avail-
ability of access routes from local ex-
isting highways and railroads to the
site which have any of the following
characteristics:

(i) Such routes are relatively short
and economical to construct as com-
pared to access routes for other com-
parable siting options.

(1i) Federal condemnation is not re-
quired to acquire rights-of-way for the
access routes.

(ili) Cuts, fills, tunnels, or bridges
are not required.

(iv) Such routes are free of sharp
curves or steep grades and are not
likely to be affected by landslides or
rock slides.

{v) Such routes bypass local cities
and towns.

(2) Proximity to local highways and
railroads that provide access to region-
al highways and railroads and are ade-
guate to serve the repository without
significant upgrading or reconstruc-
tion. :

{(3) Proximity to regional highways,
mainline railroads, or inland water-
ways that provide access to the nation-
al transportation system.

(4) Availabjlity of a regional railroad
system with a minimum number of
interchange points at which train crew
and equipment changes would be re-

uired -

q ,

(5) Total projected life-cycle cost
and risk for transportation of all
wastes designated for the repository
site which are significantly lower than
those for comparable siting options,
considering locations of present and
potential sources of waste, interim
storage facilities, and other repositor-
ies.

(6) Availability of regional and local
carriers—truck, rail, and water—which
have the capability and are willing to
handle waste shipments to the reposi-
tory.

(7) Absence of legal impediment
with regard to compliance with Feder-
al regulations for the transportation
of waste in or through the affected
State and adjoining States.

(8) Plans, procedures, and capabili-
ties for response to radioactive waste
transportation accidents in the affect-
ed State that are compieted or being
developed.
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(9) A regional meteorological history
indicating that significant transporta-
tion disruptions would not be routine
seasonal occurrences.

{c) Potentially Adverse Condilions.
(1) Access routes to existing local
highways and railroads that are ex.
pensive to construct relative to compa-
rable siting options.

(2) Terrain between the site and ex-
isting local highways and railroads
such that steep grades, sharp switch-
backs, rivers, lakes, landslides, rock
slides, or potential sources of hazard
to incoming waste shipments will be
elncount.ered along access routes to the
site.

(3) Existing local highways and rail-
roads that could require significant re-
construction or upgrading to provide
adequate routes to the regional and
national transportation system.

{4) Any local condition that could
cause the transportation-related costs,
environmental impacts, or risk to
public health and safety from waste
transportation operations to be signifi-
cantly greater than those projected
for other comparable siting options.

EASe AND CosT or SI1TING, CONSTRUC-
TION, OPERATION, AND CLOSURE

§960.5-2-8 Surface characteristics.

{a) Qualifving Condilion. The site
shal] be located such that, considering
the surface characteristics and condi-
tions of the site and surrcunding area,
including surface-water systems and
the terrain, the requirements specified
in § 960.5-1(aX3) can be met during re-
pository siting, construction, oper-
ation, and closure.

(b) Favorable Conditions. (1) Gener-
ally flat terrain.

(2) Generally well-drained terrain.

(e} Potentially Adverse Condition.
Surface characteristics that could lead
to the flooding of surface or under-
ground facilities by the occupancy and
modification of fload plains, the fail-
ure of existing or planned man-made
surface-water jmpoundments, or the
fallure of engineered components of
the repository.

§960.5-2.9 Rock characteristics.

{a) Qualifying Condition. The site
shall be located such that (1) the

§ 960.5-2-9

thickness and lateral! extent and the
characteristics and composition of the
host rock will be suitable for accom-
modation of the underground facility;
{2) repository construction, operation,
and closure will not cause undue
hazard to personnel; and (3) the re-
quirements specified in § #60.5-1(ax3)
can be met.

(b) Favorable Conditions. (1) A host
rock that is sufficiently thick and lat-
erally extensive to allow significant
flexibility in selecting the depth, con-
figuration, and location of the under-
ground facillty.

(2) A host rock with characteristics
that would require minimal or no arti-
ficial support for underground open-
ings to ensure safe repository con-
struction, operation, and closure.

(¢) Polentially Adverse Conditions.
{1’ A host rock that is suitable for re-
pository construction, operation, and
closure, but is so thin or laterally re-
stricted that little flexibility is avail-
able for selecting the depth, configura-
tion, or location of an underground fa-
cility.

(2} In situ characteristics and condi-
tions that could require engineering
measures beyond reasonably available
technology in the construction of the
shafts and underground facility.

(3) Geomechanical properties that
could necessitate extensive mainte-
nance of the underground dpenings
during repository operation and clo-
sure,

(4) Potential for such phenomena as
thermally induced fracturing, the hy-
dration and dehydration of mineral
components, or other physical, chemi-
cal, or radiation-related phenomena
that could iead to safety hazards or
difficulty in retrieval during reposi-
tory operation. :

¢5) Existing faults, shear zones, pres-
surized brine pockets, dissolution ef-
fects, or other stratigraphic or struc-
tural features that could compromise
the safety of repository personnel be-
cause of water inflow or construction
problems. .

(d) Disqualifying Condition. The
site shall be disqualified If the rock
characteristics are such that the ac-
tivities associated with repository con-
struction, operation, or closure are
predicted to cause significant risk to
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the health and safety of personnel,
taking into account mitigating meas-
ures tnat use reasonably available
technology.

§960.5-2-10 liydrology.

ta) Qualifying Condition. The site
shall be localed such that the geohy-
drologic setiing of the site will (1) be
compalibie with the activities required
for repository construction, operation,
and closure;, (2) not compromise the
intended functions of the shaft liners
and seals; and (3) permit the require-
ments specified in § 860.5-1(a)(3) to be
met.

(b) Favoruble Condilions. (1) Ab-
sence of aquifers between the host
rock and the land surface.

(2) Absence of surface-water systems
that could potentially cause flooding
of the repository.

(3) Avalilability of the water required
for repository construction, operation,
and closure.

(c} Potentially Adverse Condition.
Ground-water conditions that could
require complex engineering measures
that are beyond reasonably available
technology for repository construc-
tion, operation, and closure.

(d) Disqualifying Condilion. A site
shall he disqualified if, based on ex-
pected ground-water conditions, it is
likely that engineering measures that
are beyond reasonably avsilable tech-
nology will be required for explorato-
ry-shaft construction or for repository
construction, operation, or closure.

¥ 960.5-2-11 Tectonics,

(a) Qualifying Conditions. The site
shall be located in a geologic setting in
which any projected effects of expect-
ed tectonic phenomena or igneous ac-
tivity on repository construction, oper-
ation, or closure will be such that the
requirements specified in § 960.5-
1{a)3) can be met.

{b) Favorable Condition. The nature
and rates of faulting, if any, within
the geologic seiting are such that the
magnitude and intensity of the associ-
ated seismicity are significantly less
than those generally allowable for the
construction and operation of nuclear
facilities.

10 CFR Ch. Nl {(1-1-90 Edition)

(c) Potentially Adverse Conditions.
(1) Evidence of active faulting within
the geologic setting.

(2} Historical earthquakes or past
man-induced seismicity that, if either
were Lo recur, could produce ground
motion at the site in excess of reasona-
ble design limits.

(3) Evidence, based on correlations
of earthquakes with tectonic processes
and features, (e.g., faults) within the
geologic setting, that the magnitude of
earthquakes at the site during reposi-
tory consiruction, operation, and clo-
sure may be larger then predicted
from historical seismicity.

(d) Disqualifying Condition. A site
shall be disqualified if, based on the
expected nature and rates of fault
movement or other ground motion, it
is likely that engineering measures
that are beyond reasongbly available
technology will be required for explor-
atory-shaft construction or for reposi-
tory construction, operation, or clo-
sure. :

APFENDIX I—-NRC anp EPA REQUIRE-
MENTS rorR POSTCLOSURE REPOSI-
TORY PERFORMANCE

Under proposed 46 CFR Part 191, Subpart
B—Environmental Standards for Disposal,
§181.13, “Containment Requirements”,
specifies that for 10,0600 years after disposal
(a) releases of radioactive malerials to the
accessible environment that arc estimated
to have more than one chance in 100 of oc-
curting over a 10,000 year period (reason-
ably foreseeable releases”) sha!l be project-
ed Lo be less than the quantities permitted
by Table 2 of that regulation's Appendix;
and (b) for “very unlikely releases” (i.e.,
Lhose estimated to have between one chance
in 100 and one chance in 10,000 of occurring
over a 10,000 year period), the limits speci-
fied in Table 2 would be muitiplied by 10.
The basis for Table 2 is an upper limit on
long term risks of 1,600 health effects over
10,000 years for & repository containing
wastes generated from 100,000 metric tons
of heavy metal of reactor fuel. For reieases
involving more than one radionuclide, the
allowed release for each radionuclide Is re-
duced to the fraction of its limit that in-
sures that the overall limit on harm is not
exceeded. Additionally, to provide confi-
dence needed for compliance with the con-
talnment requirements specified above,
§191.14, “Assurance Requirements”, speci-
fies the disposal of radioaclive waste in ac-
cordance with seven requirements, relating
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Lo promptl disposal of wasle; selection and
design of dispnsal systems to keep releases
to the accessible environment as small as
reasonably achievable; engineered and natu-
ral barriers; nonreliance on active institu-
tional controls after closure; passive con-
trols after closure; natural resource areas;
and design of disposal systems to allow
future recovery of wastes.

‘The guldelines will be revised as necessary
after Lhe adoption of final regulations by
the EPA.

The implementation of 40 CFR Part 191,
Subpart B is reguired by 10 CFR 60.112. 10
CFR £€0.113 esiablishes minimum conditions
Lo be met for engineered components and
ground-water flow; specifically: (1) Contain-
ment of radioactive waste within the waste
packages will be substantially complete for
a period to be determined by the NRQC
taking into account the factors specified in
10 CFR 60.113(b) provided that such period
shail be not less than 300 years nor more
than 1.000 years after permanent closure of
the geclogic repository; (2) the release rate
of any radionuclide from the engineered
barrier system following the containment
period shall not exceed one part in 100,000
per year of the Inventory of that radionu-
clide calculated to be present at 1.000 years
following permanent closure, or such other
Iraction of the inventory as may be ap-
proved or specified by the NRC, provided
that this requirement does not apply to any
radionuclide which is released at a rate less
than 0.1% of the calculated total release
rate limit. The calculated total release rate
ltmit shall be taken to be one part in 100,000
per year of the inventery of radioactive
waste originally emplaced in the under-
ground facility that remains after 1,000
years of radioactive decay; and (3) the geo-
logic repository shall be located so that pre-
waste-emplacement ground-waler travel
time along the fastest path of likely radio-
nuclide 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 NRC.

The guidelines will be revised as necessary
Lo ensure consistency with (0 CFR Part 80.

ApPPENDIX II—NRC aNpD EPA REQUIRE-
MENTS FOR PRECLOSURE REPOSITORY
PERFORMANCE

Under proposed 40 CFR Part 191, Subpart
A—Environmental Standards for Manage-
men! and Storage, Section 191.03. “Stand-
ards for Normal Operations”, specifies: (1)
That operations should be conducled so as
to reduce exposure to members of the public
to the extent reasonably achievable, taking
into account technical, social, and economic
considerations: and (2) that. except for var-
lances permitied for unusual operations

Pt. 960, App. il

under Section 191.04 as an upper limit,
normal operations shall be conducted in
such a manner as to provide reasonabie as-
surance that the combined annual dose
equivajent to any member of the public due
to. <i) operations covered by 40 CFR Part
190, (i) planned discharges of radioactive
material to the general environment from
operations covered by this Subpart. and «if)
direct radiation from these operations; shall
nol exceed 25 millirems to the whole body.
75 millirems to the thyroid, or 25 millirems
Lo any other organ.

The guidelines will be revised as necessary
after the adoption of final reguiations by
the EPA,.

The implemenlation of 40 CFR Part 191.
Subpart A and 10 CFR Part 20 is required
by 10 CFR 60.111. 10 CFR 60.111 also speci-
fies requirements for waste retrieval, if nec-
essary, including considerations of design.
backfilling, and schedule. 10 CFR Parl 20
estabiishes (a) exposure limits for operating
personnel and (b) permissible conhcentra-
tions of radionuclides in uncontrolled areas
for air and water. The latter are generally
less restrictive than 40 CFR 181, Subpart A,
but may be limiting under certain condi-
tions (i.e., if used as a maximum for short
durations rather than annual averages).

The guidelines will be revised as necessary
10 ensure consistency with 10 CFR Part 60

APPENDIX III—APPLICATION OF THE
8YSTEM AND TECHNICAL (GUIDELINES
DURING THE SITING PROCESS

1. This appendix presents a table thal
specifies how the guildelines of Subparts C
and D are to be applied at the principal de
cision points of the siting process, The deci
sion points. as referenced in the table, an
defined as follows:

“Potentially acceplable” means the deci
sion point at which a site Is identified as po
tentially acceptable.

“Nomination and recommendation’
means the decision point at which a site i:
nominated &s suitable for characterization
or recommended as a candidate site [
characterization.

"Repository sile selection” means Lhe de
cision point at which a site is recommende«:
for the development of a repository.

2. The findings resulting from the applica
tion of a disqualifying condition for any par
ticular guideline at a given decision point
are denoted in the table by the numeral 1 or
2. The numerals 1 and 2 signify the types ot
findings that are required and are defineo
as follows:

1" means either of the following:

(a) The evidence does not support & find
ing that the site Is disqualified.

ar
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+ Geochemical properties of minerals as
related to radionuclide transport.

Section 960.4-2-3 Rock characteristics.

Description of the geologic and geome-
chanical characteristics of the site, in con-
text with the geologic setting, in order to es-
timate the capability of the host rock and
surrounding rock units to accommodate the
thermal. mechanical, chemical. and radi-
ation stresses expected to be induced by re-
pository construction, operation, and clo-
sure and by expected interactions among
the waste, host rock, ground-water, and en-
gineered components of the repository
system. The types of information to support
this description should Include—

+ Approximate geology and stratigraphy
of the site, including the depth, thickness,
and lateral extent of the host rock and sur-
rounding rock units.

+ Approximate structural framework of
the rock units and any major discontinuities
identified from core samples.

* Approximate thermal, mechanical, and
thermomechanical properties of the rocks,
with consideration of the effects of time,
stress, temperature, dimensional scale, and
any major identified structural discontinu-
ities.

» Estimates of the magnitude and direc-
tion of in situ stress and of temperature in
the host rock and surrounding rock units.

Section 560.4-2-4 Climatic changes.

Description of the climatic conditions of
the site region, in context with global and
regional patterns of climatic changes during
the Quaternary Period, in order to project
likely future changes in climate such that
potential impacts on the repository can be
estimated. The types of information 4o sup-
port this description should include—

» Expected climatic conditions and cycles,
based on extrapolation of climates during
the Quaternary Period.

« Geomorphology of the site region and
evidence of changes due to climatic changes.

» Estimated effects of expected climatic
cycles on the surface-water and the ground-
water systems.

Sectlion 960.4-2-5 Erosion.

Description of the structure, stratigraphy,
and geomorphology of the site, in context
with the geologic setting, in order to esti-
mate the depth of waste emplacement and
the likellhood for erosional processes to un-
cover the waste in less than one million
years. The types of information to support
this description should inciude—

« Depth, thickness, and lateral extent of
the host rock and the overlying rock units.

» Lithology of the stratigraphic units
above the host rock.

10 CFR Ch. {ll (1-1-90 Edition)

= Nature and rates of geomorphic process-
es during the Quaternary Perjod.

Section 960.4-2-6 Dissolution.

Description of the stratigraphy, structure,
hydrology, and geochemistry of the site, in
context with the geologic setting, to delin-
eate the approximate limits of subsurface
rock dissolution, if any. This description
should include such information as the fol-
lowing:

« The stratigraphy of the site, including
rock units largely comprised of water-solu-
ble minerals.

+ The approximate extent and configura-
tion of features indicative of dissolution
within the geologic setting.

Section 960.4-2-7 Tectonics.

Description of the tectonic setting of the
site, in context with Its geologic setting, in
order to project the tectonic stability of the
site over the next 10,000 years and to identi-
fy tectonle features and processes that
could be reasonably expected to have a po-
tentially adverse effect on the performance
of the repository. The types of information
to support this description should include—

+ The tecionic history and framework of
the geologic setting and the site.

* Quaternary faulis in the geologic set-
ting, including their length, displacement,
and any information regarding the age of
latest movement.

¢ Active tectonic processes, such as upliit,
diapirism, tilting. subsidence, faulting, and
voleanism. -

« Estimate of the geothermal gradient.

+ Estimate of the regional In situ stress
field.

+ The historical seismicity of the geologic
setting.

Section $60.4-2-8 Human interference,

Section 860.4-2-8-1 Natural resources.

Description of the mineral and energy re-
sources of the site, in order to project
whether past or future exploration and re-
covery could have a potentially adverse
effect on the performance of the repository.
The types of information to support this de-
scription should include—

« Known occurrences of energy and min-
eral resources, including ground water.

« Estimates of the present and projected
value of these resources compared with re-
sources contained in other areas of similar
size in the geologic setting.

« Past and present drilling and mining op-
erations in the vicinity of the site.
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Section 960.4-2-8-2 Sile ownership and
control

Description of the ownership of land for
the geologic-repository operations area and
the controlied area, In order to evaluate
whether the DQE can oblain ownership of.
and control access to, the site. The types of
information to support this description
should include—

+ Present land ownership.

Section 960.5-2-1 Population density and
distribution.

Description of the population density and
distribution of the site region, in order to
identify highly populated areas and the
nearest 1 mile by 1 mile area having a popu-
lation greater than 1.000 persons. The types
of informsation to support this description
should include—

= The most-recent U.S. census, including
population composition. distribution, and
density.

Section 960.5-2-2 Site owvnership and
conlrol

Description of eurrent ownership of land,
including surface and subsurface mineral
and water rights, in order to evaluate
whether the DOE can obtain control of land
within the projected restricted area. The
types of information to support this descrip-
tion should include—

* Present land ownership.

Section 960.5-2-3 Meleorology.

The meteorological setting. as determined
from the closest recording station, in order
to project meteorological conditions during
repository operation and closure and their
potential effects on the transport of air-
borne emissions. The types of information
to support this description should include—

* Wind and atmospheric-dispersion char-
acteristics.

+ Precipitation characteristics.

+ Extreme weather phenomena,

Section 960.5-2-4 Offsite installations end
operulions.

Description of offsite installations and op-
erations in the vicinity of the site in order
to estimate their projected effects on reposi-
tory construction, operation. or closure, The
types of information to support this descrip-
tion should include—

= Location and nature of nearby lndustri-
al, transportation, and military instaliations
and operations, including atomic energy de-
fense activities.

Section 960.5-2-5 Environmental quality.

Description of environmental conditions
in order to estimate potential impacts on
public health and welfare and on environ-

Pt. 960, App. IV

mental quality. The types of information to
support this description should include—

+ Applicable Federal, State, and local pro-
cedural and substantive environmental re.
quirements,

+ Exlisting air quality and trends.

+ Existing surface.water and ground-wate:
quality and quantity. :

s Existing land resources and uses,

» Existing terrestrial and aguatic vegeta-
tion and wildlife.

« Location of any Identifted critical habi-
tats for threatened or endangered species.

« Existing aesthetic characteristics.

* Location of components of the National
Park System, the National Wildlife Refuge
System. the National Wild and Scenic
Rivers System, the National Wilderness
Preservation System, or National Forest
Land.

s Location of significant State or regiona!
protected resource areas, such as State
parks, wildlife areas, or historical greas.

« Location of significant Native American
resources such as major Indian religious

sites, or other sites of unique cultural inter.

est.
Section 960.5-2-6 Socioeconomic impacits.

Description of the socioeconomic condi
tions of the site, including population densi
ty and distribution., economics, community
services and facilities, socigl eonditions, and
fizcal and government structure, in order to
estimate the impacts that might result from
site characterization and from the develop
ment of a repository at that site. The type:
of information to support this description
should include— -

* Population composition, density, anc
distribution.

+ Economic base and economie activity, in
cluding major sectors of local economy.

« Employment distribution and trends by
economic sector.

= Resource usage.

+ Community services and infrastructure
including trends in use and current capacity
utilization.

+ Housing supply and demand.

» Life style and indicators of the qualit)
of life.

« Existing social problems.

+ Sources of, and trends in, local govern
ment expenditures and revenues,

Section 960.5-2-7 Transportation.

Description of the transportation facilitie:
in the vicinity of the site in order to evalu
ate existing or required access routes or im
provements. The types of information
support this description should include—

« Estimates of the overall cost and risk o:
transporting waste to the site.
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+ Description of the road and rail network
between the site and the nearest Interstate
highways and major rail lines; also, descrip-
tion of the waterway systein, if any.

« Analyses of the adequacy of the existing
regional transportation network to handle
waste shipments; the movement of supplies
for repository construction, operation, and
closure; removal of nonradioactive waste
from the site; and the transportation of the
labor force.

« Improvements anticipated to be re-
quired in the transportation network and
their feasibility, cost, and environmental im-

pacts.

 Compatibility of the required transpor-
tation network improvements with the local
and regional transportation and land-use
plans.

* Analysis of weather impacts on trans-
portation.

« Analysis of emergency response require-
ments and capabilities related to transporta-
tion.

Section $80.5-2-8 Surface characteristics.

Description of the surface characteristics
of the site, in order to evaluate whether re-
pository construction, operation, and clo-
sure are feasible on the basis of site charac-
teristics that influence those activities. The
types of information to support this descrip-
tion should include-

+ Topography of the site,

« Existing and planned surface bodies of

water.

¢ Definition of areas of landslides and
other potentially unstable slopes, poorly
drained material, or materials of low bear-
ing strength or of high liquefaction poten-
tial.

Section 960.5-2-9 Rock characteristics.

Description of the geologic and geome-
chanical characteristics of the site, in con-
text with the geologic setting, in order to
project the capability of the host rock and
the surrounding rock units to provide the
spbace required for the underground facility
and safe underground openings during re-
pository construction, operation, and clo-
sure. The types of information to support
this description should include—

* Depth, thickness, and lateral extent of
the host rock.

« Stratigraphic and structural features
within the host rock and adjacent rock
units,

+ Thermal, mechanical, and thermome-
chaniecal properties and constructibility
characteristics of the rocks, with consider.
ation of the effects of time, stress, tempera-
ture, dimensional acale, and any major iden-
tified structural discontinuities.

= Fluid inclusions and gas content in the
host rock.

10 CFR Ch. Il (1-1-90 Edition)

+ Estimates of the magnitude and direc-
tion of in sttu stress and of temperature in
the host rock.

Section 960.5-2-10 Hydrology.

Description of the hydrology of the site,
in context with its geologic setting, in order
to project compatibility with repository con-
struction, operation, and closure. The types
of information to support this description
should include—

« Surface-water systems, including re-
charge and runoff characteristics, and po-
tential for flooding of the repository.

¢ Nature and location of aquifers, confin-
ing units, and aquitards.

+ Potentiometric surfaces of aquifers.

+ Hydraulic properties of gechydrologic
units,

Section 960.5-2-11 Tectonics.

Description of the tectonic setting of the
site, in context with the regional setting. in
order to estimate any expected effects of
tectonic activity on repository construction,
operation, or closure, The types of informa-
tion to support this description should in-
clude—

« Quaternary faulta.

* Active tectonic processes.

« Preliminary estimates of expected
ground motion caused by the maximum po-
tential earthquake within the geologic set-
ting.
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Neb-03-91

mem R. L. Nebeker
e 6'3578

na»  October 22, 1991
suwet Criticality Implications of Direct Disposal of Fuel

lv N. A. Chipman, Fellow Engineer
New Business and Special Studies

cc: G. B. Frandsen V. C. Maio :
R. N. Henry B. R. Wheeler
G. W. Hogg R. L. Nebeker - 2

As you requested, I have reviewed various regulations and standards concerning
criticality issues related to the direct disposal of fuel in a geological
repository. A list of these regulations and their highlights are provided in

Attachment 1.

In general, the regulations do not specifically apply to repository
disposition, but to other aspects of fuel handling. However, regulations for
repository disposition of fuel would be expected to contain the genera)
restrictions shown in these regulations.

Attachment 2 summarizes the requirements of these regulations as well as other
regulations concerning fuel disposition in a repository (mainly concerning the
stability of the repository package) which indirectly fmpact criticality

control,

For direct disposal of fuel, two time periods are of concern: "short,"
corresponding roughly to the length of time a canister must retain its
integrity and "long,” when container integrity cannot be guaranteed. The need
for criticality control in a repository is discussed in 10CFR60.131(7), but
nothing is said regarding the time periods for which the c¢riticality control
requirements must be met. The NRC staff has identified this as an
"uncertainty", and the issue {s presently being studied by NRC personnel.

Rick Weller of the High-Level Waste Program for the NRC was contacted
regarding the time periods for which criticality control requirements in
10CFR560 must be met. He indicated that a staff position is being developed
and an NRC Guidance Document on the subject will be issued in the next several
months. Most likely, the guidance will require that criticaility control be
considered in both the preclosure and post closure periods. Analyses must be
completed to evaluate criticality impacts in meeting performance criteria for
the duration of the pericd of interest, which is assumed to be 10,000 years,

based on EPA requirements in 40CFR191.

@ Westinghouse Idaho Nuctear Company. Inc.
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While it appears that criticality could be controlled with adequate design in
the "short®™ time period, it also appears that there is absolutely no way to
guarantee that a criticality will not occur over the time the fissile material
in the spent fuel would remain in the repository. :

Obviously, disposing of the fuel directly instead of removing the fissile
material (uranium and plutonium) increases. the care and attention that must be
given to the waste package because of criticality concerns. Some of the

additional concerns are:

1. Each "package”™ must be assured to be critically safe. For HEU fuel,
this could involve additional fuel disassembly steps prior to packaging
or adding nuclear poisons to the package.

2. The spacing within the repository would have to be analyzed to
determine that the array of spent fuel is subcritical for all
possibilities. This spacing may be more or less restrictive than

spacing for heat removal.

3. The intrusion of water into the repository over long time periods would
adversely affect the fuel reactivity and would have to be considered in

all criticality analyses.

4, Over long periods, movemants through faultin? or other earth shifting
methods might change the geometry of the fuel array or damage the
package and reduce its 1ifetime, making it more reactive.

5. Over long periods, nuclear poisons could conceivably be- selectively
leached from the fuel package, resulting in higher reactivities. The
decay of fission product poisons in the fuel would also increase the
reactivity in the fuel, even in the "short" term.

6. Selective movement of uranium is conceivable over the long term if the
uranium is dissolved and reprecipitated. This also might increase the

reactivity within the repository.

7. Typically, inspections are required to verify that any nuclear poisons
used for criticality control remain in place and are not removed.
Inspection to assure canister arrays and the integrity of the canister
may also be an issve. [Inspection after placement in a repository might
be impossible or would require extensive fuel handling. -

8. Intrusion to prevent diversion of HEU s not addressed in existing
regulations but would be a logical safeguard fssue that would be
expected to arise during the public review process. Unlike commercial
fuel, HEU fuel would require less refining to prevent an SNM threat.
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In summary, it would appear that confinement of fissior products via
engineered barriers {(canister and repository) is feasible, but assurance of
criticality safety cannot be demonstrated for geologic time.

In addition to these criticality issues there are other issues concerning fuel
configuration that indirectly affect critfcality control that must be resolved
if fuel is disposed of directly. Among these are:

1. Elimination of combustibles/reactives will be required of fuels
containing graphite or carbides before they can meet today’s
requirements. This could require extensive pretreatment prior to

disposal.

2. Solidification of particulate matter would be required for any powdered
fuel or fuel residue, again requiring a type of pretreatment.

3. Fuels would have to be characterized to demonstrate their ability to
retain fission products and to assure regulators that material going to
the repository is known and understood. Because of the many types of
fuel (over 30 general types at the ICPP alone), this would require an
extensive amount of time and money (probably over a billion dollars

over many years).

It is doubtful that these fssues can be analyzed in a manner that would
convince the pubtic that HEU type fuel or even commercial LEU fuel can be
disposed of directly to a repository without generating a criticality safety
risk. Whether or not the issues are really problems may be immaterial; if
they are perceijved as problems by the public, it will be impossible or
difficult to get public acceptance. While it may be technically acceptable to
say that the risk of a criticaifty deep underground in a geological repository
is acceptable and can be analyzed based on data from the Oklo Natural Reactor,
it 1s doubtful that the general public would accept such a risk. Furthermore,
failure to remove the fissile material (the technology does exist) casts doubt
on DOE’'s commitment to make nuclear safety their number one priority.

Obviously, this issue will have to be develaoped further over a peried of time.
If I can be of any further help, or supply further information, let me know.

R Nkl ot

R. L. Nebeker
Fellow Engineer
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Attachment 1

Summary of Guidance Documents Pertaining to Criticality and Fuel Storage

Document

Title

Summary of Contents

10CFR60

Disposal of High-Level
Radioactive Wastes in
Geoloqic Repositories

This regulation 1ists general provisions for dispesal of
HLW and describes license application requirements. It
contains performance objectives and design criteria.

10CFR60.113

Performance of Particular
Barriers After Permanent
Closure

Requires HLW containment during fission product decay time.
Requires gradual release of radionuclides from barrfer
system. Requires containment for 300-1000 years.

10CFR60.131

General Design Criteria
for the Geologic
Repository Operations Area

Requires radiation doses, levels and concentrations to be

within established levels. Lists design criteria for

repository. Requires steps to minimize possibility of a
criticality. .

10CFR60.135
|

Criteria for the Waste
Package and Its Components

Requires package for HLW to be able to withstand

environmental attacks. Lists criteria to be met by waste
forms. .

40CFR191

Environmental Radiation
Protection Standards for
Management and Disposal of
Spent Nuclear Fuel, High-
{evel and Transuranic
Radfoactive Waste

Lists standards for radiation doses received by public as a
result of management and disposal activities. Discusses
radioactive material releases as a result of disposal.

40CFRI91.03

Standards

Gives dose 1imits to public for disposal activities.

40CFR191.13

Containment Requirements

Provides standards for design of containment and 1ists
release Jikelihoods to be obtained.

[2ny 1uadg JO fesodsi(T 19an(] Jo SMNSS] PUE 51084



9-a

ST vioaxLen

Document

Title

Summary of Contents

40CFR191.14

Assurance Requirements

Discusses institutional controls, monitoring,
marking, barriers, mining, and waste removal,

40CFR191 Appendix A

Table for Subpart 13

Lists cumulative releases to the accessible
environment for 10,000 years after disposal for
specific nuclides and groups.

DOE Order 5480.5

Safety of Muclear
Facilities

Describes basic requirements for DOE’s
environment, safety and health program, Basic
elements of nuclear criticality safety are
presented along with Nuclear criticality safety
control parameters.

NRC Regulatory Guide 1.13

Spent Fuel Storage
Facility Design Basis

Presents methods for assuring that fuel storage
and handling system are designed for adequate
safety under normal and postulated accident

NRC Regulatory Guide 3.4

Nuclear Criticality Safety
in Operations with
Fissionable Materials at
Fuels and Materials
Facilities

condl;jons.

Describes procedures for preventing accidental
criticality in operations with fissionable
materials at fuel cycle facilities other than
reactors. Refers to ANSI/ANS-8.1-1983.

NRC Regulatory Guide 3.33

Assumptions used for
Evaluating the Potential
Radiological Consequences
of Accidental Nuclear
Criticality in a Fuel
Reprocessing Plant

Provides methods and equations for determining
the impacts of a criticality on the public
health and safety. Describes how to estimate
the consequences of an accidental criticality as
it applies to a fuel reprocessing plant.

NRC Regulatory Guide 3.34

Assumptions used for
Evaluating the Potential
Radiological Consequences
of Accidental Nuclear
Criticality in a Uranium
Fuel Fabrication Plant

Provides methods for determining the impacts of
a criticality on the public health and safety as
it applies to a uranium fuel fabrication plant.
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Document

Title

Summary of Contents

NRC Regulatory Guide
3.4

Nuclear Criticality
Safety in the Storage of
Fissile Materials

Provides guidance for procedures to avoid accidental
criticality during storage of fissile materials.
Refers to ANSI N16.5-1975.

NRC Regulatory Guide
3.57

Administrative Practices
for Nuclear Criticality
Safety at Fuels and
Materials Facilities

Provides quidance for safety procedures which are
part of a nuclear safety program. Refers to ANSI/ANS
8.19-1984,

NRC Regulatory Guide
3.58

Critical Safety for
Handling, Storing, and
Transporting LWR Fuel at
Fuels and Materials
Facilities

Provides guidance for preventing criticality
accidents during handling, storage, and transporting
of LMR fuel outside of nuclear reactors. Refers to
ANS1/ANS-8.17-1984.

NRC Regulatory Guide
3.60

-

Design of an Independent
Spent Fuel Storage
Installation (Dry
Storage)

This document provide guidance for use in the design
of a dry sterage independent spent fuel storage
installation. It refers to ANSI/ANS-57.9-1984.

NRC Regulatdry Guide
8.12

Criticality Accident
Alarm Systems

This guide describes a system for meeting
requirements for a criticality accident alarm system.
it refers to ANSI/ANS-8.3-1986.

ANS1/ANS-8.1-1983

American National
Standard for Nuclear
Criticality Safety in
Operations with
fissionable Materiais
Qutside Reactors

This standard provides quidance for the prevention of
criticality accidents in the handling, storing,
processing, and transporting of fissionable material.

ANST/ANS-8.3-1986

Criticality Accident.
Alarm System

I

This standard provides guidance for the establishment
and maintenance of an alarm system to initiate
personnel evacuation in the event of inadvertent
criticality.
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Document

Title

Summary of Contents

ANS-8.7/ANS] N16.5-1975

Guide for Nuclear
Criticality Safety in
the Storage of Fissile
Materials

This guide provides orientation and direction to
nuclear safety practices.

ANSI/ANS-8.17-1984

American National
Standard, Criticality
Safety Criteria for the
Hand1ing, Storage, and
Transportation of LWR
Fuel Qutside Reactors

This standard provides basic requirements that
address the criticality safety aspects of a facility
or operation that can be referenced or used in
conjunction with other safety standards or
regulations.

ANSI/ANS 8.19-1984

Amer{can National
iStandard -
Administrative Practices
for Nuclear Criticality
Safety

This standard presents a codification of certain
co?m:n safety elements related to criticality
safety.

Y

ANSI/ANS-5.79-1984

American National
Standard - Desiogn
Criteria for an
Independent Spent Fuel
Storage Installation

(Ory Storage Type)

This standard provides design criteria for an
Independent Spent Fuel Storage Installation for LWR
spent fuel which incorporates one or more of the dry
storage concepts.
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Attachment 2

Criticality and Other Requirements for Spent Fuel Disposal

R e e 4T

Assumption/ Reference Impact Proposed Comments/Long Term
Requirements Resolution Implications
Containment unt{l 10CFR60.113 Extensive fuel Repository to be | Probably attainable
fission products decay characterization constructed to for required time.
(300-1000 years) required for many provide

different fuel containment:

types. characterize

fuel. :

Slow release of 10CFR60.113 Must demonstrate for | Characterize Probably obtainable
radionuclides fuel inventory as fuel, perform for many fuels.
(1/100,000 per year) well as criticality | analyses. '

fission products.

Must show sTow

release of gaseous

fission products

from criticality.
Maintain air 10CFR60.131 Retention of fission | Canister should Release of gaseous
concentrations below products required. be adequate if it | fission products from
10CFR20 1imits remains intact. criticality must be

analyzed.
Double contingency to | 10CRF60.131{7) | May require Various solutions | Unable to demonstrate
prevent criticality DOE 5480.5, extensive spacing, possible for compliance in long
ANS1/ANS-8.1- use of poison, or short term. term.

1983

other requirements.

Keff to have a 5%
margin '

10CFR60.131(7)

May l}nit spacing/
packaging of fuel.

i

.

Spaciﬁg, poisons,
disassembly or
other nethodsa_

Unable to demonstrate
compliance in long
term.
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Assumption/ Reference Impact Proposed Resolution Comments/Long Term
Requirements Implications
In-situ chemical 10CFR60. Must show that poisons Canister will provide Long term
reactions do not 135 remain in place; that protection during compliance will be
compromise package urantum is not "short” term. difficult to
concentrated by chemical demonstrate.
action.
In-situ physical 10CFR60. Physical movement of Repository geology will | Long-term
properties do not 135 fuel leading to demonstrate short-term | stability will be
compromise package criticality must be compliance. difficult to
prevented. demonstrate.
In-situ nuclear 10CFR60. High radiation, Short term compliance Long-term
properties do not 135 criticality must not by spacing, poisons, demonstration of
compromise package impact package. etc. lack of damage
: from criticaltty
difficult to
demonstrate.
Consider solubility | 10CRFGO. Poisons could be lost or { Container will provide | Cannot demonstrate
135 uranium concentrated by | protection in short compliance in long
solubility. term. term.
Consider oxidation/ | 10CFR60. Poisons could be lost or | Containers will provide | Cannot demonstrate
reduction reactions | 135 uranium concentrated by | protection in short compliance in long
Redox reactions. term term.
Consider corrosion | 10CFR60. Poisons could be lost or | Containers will provide | Cannot demonstrate
135 uranium concentrated by | protection in short compliance in long
corrosion of container term, term.
and fuel.
Consider hydriding | 10CFRS0. May result in more Containers will provide | Cannot demonstrate
135 reactivity of fuel,

excessive corrosion.

protection in short
term.

compliance in long
term.
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Assumption/
Requirements

Reference

Impact

Proposed Resolution

Comments/Long Term
Implications

Consider gas
generation

10CFR60.135

Criticality, reactive
fuels can create gas.

Pretreat reactive
fuels, fuels will be
protected against
criticality in short
term.

Long term
compliance
difficult to
demonstrate.

Consider thermal
effects/loads

10CFR60.135

Overheating will
increase fission
product release

migration.

Spacing, fuel
disassembly can
limit thermal
effects.

Criteria can
probably be met.

Consider mechanical
strength

10CFR60.135

Mechanical failure
could position fuel in
move reactivity
geometry.

Containers will be
mechanically stable

in short time.

Cannot demonstrate
compliance in long
term.

Consider mechanical
stress

10CRF60.135

Mechanical stress may
deform fuel into more
reactive configuration.:

Canister will
provide protection
in short term.

Long term
compliance may be
difficult to
demonstrate.

Consider radiolysis

10CFR60.135

May result in gas
generation.

Short term
compliance built
into design.

Evaluate effect of
long-term radiation
exposure,

Consider radiation
damage

10CFR60.135

Could result in higher
radionuclide release.

Package will be
designed for
calculated radiation
dose.

Must show that fuel
1s not
significantiy
different from
waste in terms of
radiological source
form. Alpha
activity will last
for !393 term.
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Assumption/ Reference Impact Proposed Resolution Comments/Long Term
Requirements Implications
Consider 10CFR60.135 | Fuel must be as good | Characterize fuel to Characterization
radionuclide as waste form for demonstrate ability to will be expensive,
retardation fission product retain radionuclides. time consuming;
acceleration. must retain
radionuclides from
_ a criticality.
Consider leaching | Y0CFR60.135 | Leaching may remove Short term compliance will ; Leng-term
poison or concentrate | be provided by package. compliance will be
uranfum. Water will difficult to
increase fuel demonstrate.
reactivity. Fuel
must be as resistant
as waste form. —
Consider fire and | 10CFR60.135 ] Some fuels may be Pretreat combustible/ Pretreatment will
explosion hazards combustible/reactive. | reactive fuels prior to require extensive
disposal. facilities.
Consider 10CRF60.135 | Criticality control Adequate plans, Increased time and
synergistic requires added calculations and methods effort will be
interaction dimension of can be prepared. ‘required.
requirements.
No pyrophoric 10CFR60.135 | Pyrophoric fuel would | Pretreat required fuel. Pretreatment
materials DOE 5480.5 | have to be

e ——

_pretgg;}ed.

facility would be
costly.
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Impact

Assumption/Requirements | Reference Proposed Resolution Comments/Long
: Term
Implications
No chemically reactive 10CFR60. Combined fuels would | Pretreat fuel as Pretreatment
materfals 135 require pretreatment. | necessary. facility would
be costly.
Consoltdate Particulates | 10CFRGO. Powdered fuel or Pretreat fuel as Pretreatment
135 residue would have to | necessary. facility would
be consolidated. be costly.
Reduce to noncombustible | 10CFR60. Certain fuels would Pretreat fuels as Pretreatment
form 135 require pretreatment. [ necessary. would be costly.
Maintain dose to public | 40CRFI91. | None for short term. | Provide adequate Difficult to
below 25 mr whole body 03 packaging/ shtelding. demonstrate for
long term.
Releases to have less 40CFR191. | Fue) must be as good | characterize fuel; Long-term
than 1/1000 chance of 13 a form as waste. preprocess if required | compliance
exceeding release limits difficult to
o .| prove.
Monitor disposal systems | 40CFR191. Install monitoring Monitoring practical in | Cannot verify
13 system. short term.

compliance in
long term.

Do not preclude removal | 40CFR191.
J of waste 14

Design for removal,

T

. design in short term.

long term.

Repository/package

Cannot verify in
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Assumption/ Reference | Impact Proposed Resolution | Comments/Long Term
Requirements Implications
Consider all DOE 5480.5 | Criticality Repository design, Cannot verify in long
potenttal prevention adds fuel size. term.
criticality additional
hazards requirements and

care.
Ensure process is | DOE 5480.5 | Extra care required | Spacing, poisoning, Long term compliance
subcritical under | ANSI/ANS in handling/storage. | etc. may be required | cannot be guaranteed.
both normal and 8.1-1983 in package.
abnormal ANSI/ANS ’
operating/credible | 8.19-1984
conditions
Avoid entry of DOE 5480.5 } Fuel reactivity will | Repository Difficult to demonstrate
water into storage be increased in wet | construction will for long term.
area environment provide compliance

for short term.

Poisons can be DOE 5480.5 | Loss of poison will | Container will Long-term presence of
used if available result in increased | provide assurance in | poison cannot be
data assures fuel reactivity. short term but demonstrated. Cannot
presence and cannot inspect to inspect to guarantee
reliability assure presence. presence.
Assure prescribed | DOE 5480.5 | Increased moderation | Container/repository | Long term changes are
extent of will {increase fuel design will provide | likely but cannot be
moderation remains reactivity. assurance in short specified.
unchanged term.
Reflection based DOE 5480.5 | Increased reflection | Repository design Long-term geological

on result of
credible accident

will increase fuel
reactivity.

will provide -
assurance in short
term.

events may change
dimensions/spacing.
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density and geometry
under normal and
abnormal conditions

1984

after placement
in repository.

to repository,
fuels, etc.
possible in long
term.

Assumption/Requirements | Reference Impact Proposed Resolution gomments/long
erm

Implications

Maintain all dimensions | DOE 5480.5 Change in Original spacing can Long-term

and nuclear properties geametry may be relied on for short | geological

relied on for geometry increase fuel term. events may

control reactivity. change
dimensions/
spacing.

Periodic inspections, DOE 5480.5 Inspection None Inspection, etc.

insitu tests, and cannot easily fmpossible in

preventive maintenance be made after long term.

needed for criticality installation in:

control repository.

Control spacing, mass, ANSI/ANS-8.19% Control is Tost | None Physical changes

Spent fuel storage RG 1.13 Seismic events | Repository design will | Demonstration of
facility to meet could rearrange | provide protection in | long term
Category I seismic fuel, resulting | the short term. ‘| compliance is
requirements in criticality. difficult.
Obviate concern for ANS-8.7/ANS1 Natural Repository design Demonstration of
criticality in event of | N16.5-1975 phenomena may - | should meet standard long term

fire, flood, earthquake, result in in short term. compliance {s

or other npatural increased fuel difficult.
calamities. — reactivity. —
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