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Facts and Issues of Direct Disposal of Spent Fuel 

Introduction 

This report reviews lbose facts and issues that affect the 
direct disposal of spent reactor fuels. It is intended as a 
resource docwnc:nt for those impacted by the current 
Deparunc:nt of Energy (DOE) guidance that calls for the 
cessationoffuelreprocessing. Itisnotintendedasastudyof 
the specific impacts (schedules and costs) to the Savannah 
River Site (SRS) alone. Commercial fuels, other low 
emiched fuels, highly emiched defense-production, 
research, and naval reactor fuels are included in this survey, 
except as pevc:nted by rules on classification. 

In the past. all of the DOE-owned spent fuels were to be 
reprocessed to separate the uraniwn and plutoniwn 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 perfonned 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 fnune. These actions will leave a large 
legacy of spent fuels for which direct disposition in a 
geologic repository will be the only means or disposal. 

The Discussion of this report begins with a short review of 
the policy decisions (Section 1) that have been made in the 
past reganling the disposition of reactor fuels and wastes. 
This discussion leads directly into a review of the Yucca 
Mounlain program for consuuction of the nation's fii"St 
geologic waste repository (Section 2). Recent international 
nuclear disarmament treaties have called into question 
many policies concerning nuclear weapons production. In 
particular, reprocessing of Uradiated emiched 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 
eruiched 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 irradiated fuel in a geologic 
repository. Other unresolved issues, Safeguanls and Classi-

lltJJ/1101~.,. 

fication, are discussed in Sections 8 and 9, respectively. An 
Appendix includes seveml reference documents to make 
this exposition as self -conlained a resource docwnc:nt as 
possible. 

Summary 
The existing inventories of spent reactor fuel already owned 
and stored by the Deparunent ofEnergy are extensive. Until 
recently. it was assumed that all or most of the DOE fuels 
would be processed to recover the fissionable uraniwn 
and/or plutoniwn, and the remaining high-level waste 
would be vitrified for burial in. a geologic repository. The 
fii"St high-level waste repository, planned for Yucca Moun­
lain in Nevada. would hold canned commercial spent fuel 
and canisters of vitrified defense high-level waste. In 1998, 
the Deparlment or Energy is' supposed to Jake legal tide to 
the commercial nuclear fuel that is currently SUlred in spent 
fuel pools at the nuclear utility sites around the nation. The 
to1a1s of all the DOE-owned spent fuel and the soon-ro-be­
owned commercial spent fuel are listed in Table S.l 
(excluding naval fuel). 

Recently, 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 timefnune,andonly some of 
the fuels currently Slllred at SRS are likdy to be processed. 
Thus, most of the non-commercial fuels listed on Table S.l 
will have to be pepared for direct disposition in a geologic 
rqlOSitory. 

A large fmction of the research and defense-related spent 
fuels were fabricated from highly emiched uraniwn (HEU), 
andarevay Ulllikelyto be entombed in the Yucca Mounlain 
rqlOSiiOry. 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: 

• 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 fii"Sl geologic 
repository (Yucca Mountain). 
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TableS-1 

United States Spent Fuel Inventories 

T;ype of Spent Fuel Total Hea'l')' Metal 

Hanford 

(U + Pu + Tb) 
MebicTODS 

N-Reactor LEU 20114 
MisceJJaneous <6 

ldabo (excludDig Naval Fuels) 
Special Fuels 83 
Three Mile Island (LEU) 82 

SRS (CJ<cludDig production fuels)­
RBOF (HEU +LEU) 

Otber DOE Sites 

Commercial (LEU) 
''no new orders" 
"25% of total US" 

19 

<2 

19.000 iD 1989 
77.000 by 2020 
97,000 by 2020 

• The production fuels at SRS bave been excluded 
because they are scheduled for rcproc:essiDg. 

• AllspaceatYuccaMounllliDisalreadyn:servedforcom­
mercial spent fuel and high-level waste. 

• Repository space for HEU spent fuels would be iD a sec­
ond repository, which. by Jaw. C8IIIIOl be requesled until 
- 2007-2010, and could not accept spent fuel until 
- 2030-2040. 

Qualification of commercial spent fuels fm- direct disposal 
is already known to be a difficult task: the qualification of 
the HEU spent fuels will be even m~e diflicuiL All of these 
fuels 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 
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of deliberations c:onceming higbly enricbed spent fuels is 
that their disposal could be banned from geologic 
repositories. 

Doubts about the choice of direct disposition are reiDfoo:ed 
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 bave been reviewed. The principal differences 
bave to do with the ability to use CJ<isting reprocessing 
facilities and the value that is placed on the unbwned HEU 
that is recovered by reprocessing. Table S-2 reviews the 
study assumptions. Table S-3 reviews the cost estimates 
derived from the studies. These studies support the conclu­
sion that reprocessiDg Is cheaper tban direct dispoaaJ If 
the reprocessing facllities already exist and if all lifetime 
coslli are coasidered. 

The SRS-RBOF stucly showed that reprocessing is much 
less cosdy than direct disposal. if you can use CJ<isting 
facilities with litde modification. The ICPP study recom­
mended atensive modiftcatiODS that increased the costs of 
reprocessing to rough equality with the costs of direct 
disposal at the Idaho site. Tbe SRS-NPR study called for the 
construction of a new reprocessing faclJity to separate the 
bulk of the (JSsion prodUCts from the uranium. This caused 
the costs of this "partitioning" Step to exceed the cost of 
direct disposal. 

The waste volumes (iD terms of similar volume canislers) of 
spentfueland high-levelW8$1eSarecomparediDTableS-4. 
The SRS-RBOF study predicted much less HLW being 
generated than spent fuel. The ICPP study also predicted 
much less HL W when the proposed aqueous-pyrometallur­
gic reprocessing tt:chnology 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 direcdy or via rcproc:essiDg, 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. 
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TableS.l 
Parameters or Three Studies or Direct Disposal w. Reprocessing 

ror Government-Owuecl Spent Fuels 

Fuel Type Direct Disposal Does Reprocessing 
and Amoupt Method FadJity Eijst'l 

SRS-RBOF Mass Limited Yes. (H-Canyon) 
Special Fuels, Canisters 
All invcntcry 

ICPP Unpoisoned Fuel yes. (ICPP) but 
Current Stockpiles Poisoned Fuel, seva-al upgrades 
and Future 40- Diluted Fuel arepoposed 
Year Receiprs 

SRS Unpoisoned Fuel, No. New Canyon 
NPR-HWR, Poisoned Fuel, required for 
Lifetime of Diluted Fuel "Partitioning, single 
Reactor stage" 

Table S.J 
Estimated Costs of Direct Disposal w. Reprocessing 

ror Government-Owned Spend Fuels"' 

Fuel Type 
apd Amount 

SRS-RBOF 
Special Fuels 
Alllnvcntcry 
(1.2MTHM) 

ICPP 
Current Stoclcpiles 
and Future 40-
year Receiprs 

SRS 
NPR-HWR, 
Lifetime of Reactor 
(31% HWR. Option G, 
2 batch) 

Disposal 
Mctbod 

l2ima 
Mass Limited 
s 1 kg HEU/canistcr) 
Bmmccssing 

Dim:l 
Unpoisoned 
(but limited to- 16 kg/ 
canister) 
Poisoned 
(-22 kg!amister) 
Diluted 
Bmmccripg 
(with upgrades) 

Dim:l 
Unpoisoned 
Poisoned 
Diluted 
Panitjopiog-&ipgle SUI" 

Value and Fllle 
of Rcqpyered HEI J 

High Value, Save 

High Value, Save 

No Value, Bury 

Estimated Cost 
lSMQijopsl 

$ 1,190 

$ 190 

$18,365 

$17,879 

$26,264 
$19,827 

$ 1,929 
$1,284 
$ 1,322 
$ 2,120 

•Note that the quoted costs are for dealing with the different inveiiiOry omoiUIIS at each site or faciUty. 

IIIJXIJDJ6Mal' 3 
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Discussion 

1. Background 

1.1 Waste Disposal Policies 

Historically, the United StaleS bas always subjected its 
defense-related spent nuclear fuels to cbcmical reprocess­
ing. The principal reason was to recover the unburned HEU 
remaining in tbosc fuels after irradiation. HEU was both 
scarce and expensive to produce in the gaseous diffusion 
plants. Moreover, the competing needs of the weapons 
programs for HEU wece severe. 

Reprocessing was also planned for commercial spent fuel 
from the beginning of the nuclear power indusuy. The use 
of large quantities of low-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-auicbed spent fuel 
reprocessing. 

Additional reprocessing sites for commercial spent fuels 
were also planned and builL The Allied General Nuclear 
Services (AGNS) plant was COIISIIUCted and nearly fmished 
in Barnwell, South Carolina, when the Caner 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 thal non-weapons states might be encoumged 
to become weapons states, if the United StaleS encouraged 
their reprocessing of commercial fuels. 

The Reagan Administration reversed the Carter ban on 
commercial fuel reprocessing. However, to date, no new 
commercial reprocessing ventures have been undertaken, 
nor bas the AGNS plant been fmished. The principal reason 
is thal natural Ulllllium prices have fallen so low thal 
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 commen:ial 
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. 
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In recognition of the above trends in the nuclear fuel 
indusuy, DOE issued an Environmental Impact Statemeot 
on reactor waste in 1980, followed by a fonnal Record of 
Decision thal adopted geologic disposal as the method of 
disposal for both commercial spent fuels and for defense 
high-level wastes (including the West Valley waste). 

1.2 The Nudear Waste PoUcy Act ofl982 

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 circles 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 10 select 
one or more sites where geologic waste reposiiOries could be 
constructed. The Act assigned the responsibility to manage 
spent commercial nuclear fuel and HL W to DOE, with the 
costs oftboscactivities to be incurred by the owners/genera­
ron of the waste. Several site investigations wece begun by 
DOE, the most prominent of .which was Yucca Mountain on 
the border of the Nevada Test Site propeny. The act furthCI" 
stipulated thal 70,000 MTHM would be disposed of in the 
first repositmy (8,000 MTHM of defense HL W and 62,000 
MTHM of commercial spent fuel). 

1.3 The Amended Nudear Waste PoUcy Act or 1987 

The Nuclear Waste Policy Act was amended in 1987 10 
eliminate all DOE site characterization studies except for 
tbosc at Yucca Mountain. Congress also prohibited DOE 
from requesting a second repositmy (besides Yucca Moun­
tain) fora least20 years. Hence, no new site can be requested 
before 2007. 

1.4 Tbe Energy PoUcy Act or 1992 

Among othCI" actions, Section 803 of the EnerxY Policy Act 
of 1992 directs DOE to cumine the adequacy or the cwrent 
waste disposal program 10 manage additional volumes or 
categories of nuclear waste thal may be generated by new 
nuclear power plants or by defense facilities in view of the 
cwrent cessation of reprocessing. The report by the OffiCe 
of Civilian Radioactive Waste Management is scheduled for 
pubUcation in OciObCI" 1993. 
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Table S-4 
Estimated Wute Volume From Direct Disposal w. Reprocessing 

for Govemmeot·Owned Spent Fuels 

J.M. McKibben' 

R.H.Henry 
etaL' 

L.W. Pauick' 

Fuel Type 
apd AmMnt 

SRS-RBOF 
Special Fuels, 
all inventory 
(1.2MTIIM) 

ICPP 
Current SIOCkpile 
and Fuwre 4(). 

Year Receipts 

SRS 
NPR·HWR, 
Ufetime of Reactor 
(31% HWR, Option G 
2 bau:h) 

2. The Yucca Mountain Repository 

2.1 Site Characterization Plan 

Disposal 
Metbgcl 

I2bJ:Ia 
Mass limited 
(S 1 kg liEU/CaniSter) 
Renmz:ssjng 

I2bJ:Ia 
Mass limited 
(1.2 kgfcanister) 
Unpoisoned 
(but limited to - 16 kg{ 
canister) 
Poisoned (- 22 kg/canister) 
Diluted 
Renrrp:;ssing 

Estimated 
Wa.m: Prodvrtlgn 
(for named inventory) 

640 Spent Fuel 
Canisters 

IS HLW CanisleiS 

69 ,()40 Spent Fuel Canisters 

8,939 Spent Fuel CanisleiS 

7 ,S26 Spent Fuel Canisters 
12,390 Spent Fuel Canisters 

Aqueous only 8,640 HLW Canisters 
Aqueous and pyrometallmgical 28S HL W Canisters 

I2bJ:Ia 
Unpoisoned 
Poisoned 
Diluted 
PJrtitioojng-singls 

2,()80 Spent Fuel Canisters 
693 Spent Fuel Canisters 
139 Spent Fuel Canisters 
SSS HLW (FISSion 

products and 
diluted uranium) 

In December 1988, DOE published the Site Chtuactuiza· 
lion Plan ffor the] Yucca Mountain Sil~. NevadaR~search 
and Development Area, N~vada.1 The following q1101e is 
taken directly from Reference 1. 

health and safety of the public both during 
repository operations and after the repository has 
been permanently closed. 1n ordec to demonstrate 
to the NRC that the repository system--diat is, the 
site, the repository, and the wastepackag&-would 
perform as required, the DOE must also develop 
designs for the repository and the waste package 
(i.e., the waste and the containec 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 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· 
ligations will be conducted at Yucca Mountain to 
determine whether it is suirable for a repository. If 
the site is suirable,lhen the DOE must demonstrate 
to the Nuclear Regulatory Commission (NRC) that 
the site meets regulations intended to protect the 

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

• 1be general guidelines for recommending suirable sites 
were issued by DOE in 10 CFR Pan 960. 
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• The regulations for licensing geologic repositories by 
NRC were issued in 10 CPR Part60. 

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

• Yucca Mountain is in southern Nevada in Nye County, 
about lOOmiles byroadnortbeastofLas Vegas. Parts of 
Yucca Mountain are on various federal lands: Bureau of 
Land Management of the Department of the Interior, 
Nellis Air Fon:eRange (DOD), and the Nevada Test Site 
(DOE). 

• The site lies in the southern part of the Great Basin-an 
arid region with liule rainfall, sparse vegelalion, and 
even sparser population. Northern Yucca Mounlain is 
about 5000 feet above sea lc"Vel, 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. 

• At Yucca Mountain the watec 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 to about 10,000 feet 
thick. The repository, if consuucted, 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 Tuff". 

2.2 Yucca MountaiD Repository Conceptual Design 

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

• The surface facilities would receive the waste and pre­
pare it f!r pennanent 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).' 

6 

• The underground repository would be located about 
1000 feet below the eastern flank of Yucca Mountain. 
An area of about2095 acres would be available. Existing 
plans call for using 1380 acres. F'"tgure 4 shows the con­
ceptual layout of the emplacement "drifts" •1 

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

• Waste emplacement is scheduled for 26 years. A "care­
laker" period of24 years is then planned to ensure that the 
reposilory is performing as expected. 

• For these SO years, the waste is retrievable. Pennanent 
enclosure requires sealing of all ramps, shafts, boreholes, 
and underground openings. 

2.3 Details of the Yucca MountaiD Program 

In Refemx:e 3, further detailed information on the Yucca 
Mountain program is given in the form of slide panels. 
These slides were JRSCDted at a meeting dated Aprilll and 
12, 1991, and are current as of that date. Peninent exCCJpts 
from those panels are direcdy quoted in FJgUre S. 

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

Under the assutnption that reprocessing of defense-related 
spent fuels would continue, the planning for Yucca Moun­
lain 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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Figure 1. Location of the Yucca Mountain Site in Southem Nevada' 
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Figure 2. Perspective or tbe Proposed Repository at Yucca Mountain' 
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Figure 3. Topographic map showing tbe locations or tbe undergrouud and tbe centrallllll'face facilities of tbe 
repository. The locations oftbe exploratory shafts are indicated by ES·l and ES·2.1 



ES-1 Exploroay Shaft 1 
ES-2 Exploroa:ory Shaft 2 
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............ 
Flpre 4. Undei'JII'ouod Repository Layout for Vertical Waste Emplacemeat1 

However, Jhe ra:ent agreements on Jhe StnUcgic Alms 
Reduction Treaty (ST ARl), Jhe previous ractk:al weapons 
agreement, and Jheeacompassingpolitical atmosph= have 
called into question Jhe aced fir continued defense fuel 
reprocessing. AnabwldanccofHEUwillbeavailablesoon, 
depending on Jhe weapons deslruction schedule. This will 
occur in both Jhe United StaleS and Jhe Commonwealth of 
Independent StaleS (Jhe fanner Soviet Union). In direct 
response to this situalion, DOE has 

• shut down Jhe gaseous diffusion plants at Portsmouth 

• shut down and ordered Jhe Hanford Purex reprocessing 
facility into D&D 

• shut down and ordered Jhe Idaho Chemical Processing 
Plant into deactivation 

• presented program execution guidance that Jhe SRS H­
Canyon and HB-Unc facilities should process material 

only to convert existing liquid nuclear III8ICrial stoCks to 
astablcoxidcform,andclcanoutlheP-,K-,andL-Reac­
ra disassembly basins and Jhe RBOF basin fir special 
fuels. 

When sucll tasks me CCllllpleted (estimated 1997), Jhe 
H-Canyon and HB-Linc facilities are to be deactivated. 

DOE has also ordered K Reactor, Jhe only remaining lritium 
production reactor still in opczlllioD, into Slalldby beginning 
October 1993. However, Jhe leii:Dtion of qualified staff to 
guaramec Jhe ability to - K Reacra within Jhe desired 
five-year period is kaown to be difficull An extended 
period of slow operation of K Reactor has been recom­
mended to p-ovide incentives for qualified pcrsonncl to 
remain available for teSWIIptinn of lritium prodo::tion if 
requiredbyfuturecvcnts.NodccisionoacxtendedK·Reac­
ra operation has been rencl=d by DOE to date and none is 
cxpccted before mid-1993 at Jhe earliest. • 

• Note added during review. In March 1993, Scc:rctary O'Leary made a JRSS announcement to Jhe effect that 
K Reactor would be placed in Mcold standby". Details of this decision me 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 Stan in 2010 (Probably Will Slip to 2020). 
-Defense Waste Won't be Received Unti15 to 10 Years After Opening 

• Director of OCRWM Can't Request Second Repository Until2007 to 2010. 

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

Repository Configuratjon/Cbaraeterjstjcs: 

• 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/Acrc (2,000) or 250 KW/Acrc (Disposal Drift). 
Canisters Are Spaced 7 Feet Apart-Rock Mechanics. 

• Horizontal Boring Rejected Because of Retrievability. 

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

F'Jglll'e 5. Details of the Yutta Mountain Program Pertinent to Direct Disposal or Speut Fuels ' 
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Reposjtorv Capacity; 

• By Law 70,000 Mr of Heavy Metal Until Second Repository is Built 

• Actual Repository Capacity Won't Be Known Until Mining is Underway. 

• 62,000 MrHM Commercial and 8,000 MrHM Equivalent Defense HLW. 

• Accounting-One Canister Defense HL W = 0.5 M1HM - Commercial 
Generators Have Challenged Ratio. 

• Oldest Commercial Fuel is First and Contracts Are in Place (Barter). 

• 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 
Mr/yr or 297 MrHM Equivalent/yr-SRS is at 200 MrHM Equivalent/yr. 

Repository Eeonomjcs: 

• Several $100 Million Spent Already on Characterization. 

• $180 Million/Yr is Current Budget 

• Site Characterization Costs= $2 billion Through 2001. 

• 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 Characterization Studies Will Cost About $200 million 
And 5 Years to Complete. 

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

Figure 5. Details of tbe Yucca Mountain Program Pertinent to Direct Disposal of Spent Fuels' (Continued) 
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Thus, it is possible for SRS to accumulate additional K 
Reactor spent assemblies (Mark 22, Mark 608, sparjet, and 
control rods). It is certain that spent naval fuel will continue 
to accumulate, possibly at ICPP. 

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

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

Noresean:h studies on lhe suitability ofYua:a Mowuain for 
lhe direct disposal of defense fuels are known to the author. 
However, in view of the then pending decision to shutdown 
ICPP, penonne1 of that plant contacted DOE-RW, and 
others, in 199ltoexplore the possibility of direct disposal of 
their spent fuels at Yucca Mountain. The following 
remarks, taken direcdy from Reference 3, distill those 
conversations. • Some of the opinions exJRSSed below are 
contradictory. They haYC been included here todemonsttate 
that direct disposal of enriched spent fuels may be quire 
controversial and that assumptions about the decisions to be 
rendered are unseltled. 

4.1 Observations of Mr. Carl Gertz, Project Manager, 
Yucca Mountain Site Characterization Olr!Ce' 

• Legality or Navy Fuel Disposai-Mr. Gatz briefly 
reviewed Section 8 of the NWP A-82 and said that the 
direct disposal of navy fuel was not specifically cov­
ered by this act, and, therefore, by stature could not be 
disposed in lhe repository without an amendmentiD 
lhe acL He said that his organization had not consid­
ered this disposal concept to date. 

This position is not in agreement wilh lhe position 
given by Ralph Srein that anew Section 8Reportcould 
be prepared relatiYCiy easily. This position does sup­
portthereportofaDOE-HQactivityroprepareaposi­
lion 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 Md Qaeulng-1 asked Mr. 

• 

Gertz several questions on these ropics. He said the 
y ua:a Mountain sire has not been fully c:haract.erized 
and, thus, the size of the repository could only be esti­
mated-that is, lhe total size of a useful geological for­
mationhasnotbeenfinalizect TheNWPA-82callsfor 
a repository of 70,000 M'IHM equivalent from com­
mercial fuels and defense tep.toc::essing wasre.The size 
of the Yua:a Mountain sire (or any other sire) cannot 

be made WJtil areas within the geological fOimation 
are accessed through mining. 

The concept for Yucca Mowuain is to receiYC wasre 
canisrers (spent commercial fuel or defense reprocess­
ing wasre) at a mre of 2000-3000 M'IHM equivalent/ 
yr wilh an average being about 2300 M'IHM 
equivalent/yr for a period of 25-30 years. The antici­
pated receipt queue iS: first commen:ial fuel out of 
ractor is lhe first fuel inro lhe repository. He said the 
conunetCial people are paying for the repository by 
their 1 mil,lkwh electtic 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 
queue that did not haYC commeteial fuels being 
emplaced first. 

Criticality and OtherCoac:eras-We talked only in 
genemlleiiDS about this topic. Mr. Gertz said the con­
cept of having HEU in lhe repository did not set [sic] 
very wen. This would complicale opemting proce­
dures and functional tequirements of lhe repository, 
ncitherofwhichhaveaddressedHEU to date. Also, he 
was concerned about public acceptance ofHEU in the 
repository. He said IIley haYC a very large. ongoing 
progmm 10 gain acceptance, including detailed discus­
sions of the wasre to be emplaced. DOE's credibility 
could be damaged by now saying that a wasre, not pre­
viously discussed or disclosed, would be emplaced in 
lhe repository. He believes that acceptance by the pub-

• There is no indication in Reference 3 as to whether these accounts of conversations haYC been reviewed by 
the named individuals. 
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lie would be grcady reduced. Mr. Gertz did not have 
any specifiC infonnalion on criticality calculations or 
specifiC concerns, such as time frame. ••• 

4.2 Observations of UniiiiDled Persons iD the Yucca 
MounlaiD Site Cbaracterlzatioll Project omce 
(YMSCPO)' 

• The YMSCPO believes criticality is an irnporWU 

issue and that probability of public acceptance, and 
therefore, licensing, will be small if there is a potenlial 
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 Mounrain is fully committed to 
commercial spent fuel and HL W defense waste. 

• 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. 

• Qualification development of new waste/package con-

Facts and Issues of Direct Disposal of Spent Fuel 

uon moderators). Accident scenarios must consider 
flooding and othecevents that could alter the geometry 
(repository or individual canister). Criticality preven­
tion has not yet been a major repository issue, but may 
be a potenlial 'show stopper' when the issue is fmally 
addressed. 

4A Observations by Various DOE Personnel 
CODtacted by Harry Cbamberlain' 

• 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 cgmmercja! 
fuel. 

• 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. 

cepts will cost approximately $200 million and take • DOE-NR Position: 
five years. 

• Disposal of naval fuel would impact the repository ElS 
and complicate NRC licensing process. 

• Confidenlial fuel information would have to be pro­
videdtotbeNRCandmaybemadeavailabletocleared 
intervenors in the licensing process. 

4.3 Observations by Mr. Mike Valentine, Manager, 
Fuel Warranties aod 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. 

• Criticality safety analysis for repository disposal of 
commercial fuel must be based on BOL (beginning of 
life) U-23S enrichments (commercial fuel enrich­
ments now limited by license to less than S%). 

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

Navy fuel can meet all commercial fuel disposal 
crittria. 

Navy fuel conrains no RCRA or hazardous 
lll8terials. 

Objections to disposal of intact Navy fuel can be 
easily met. 

• DOE-RW Position: 

Eslablislting 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 inttusion, and impact of volcanism. 

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

• Section 8 of NWP A is silent on anything related to 
spent defense fuel. The required President's report 
deciding to put defense HL Win the civilian repository 
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only focused 011 vitrified defense waste. Presently, 
DOE program people are split on whether anothec 
report addressing defense spent fuel is needed. 

• The civilian fuel disposal program bas a criticality 
issue, also, that bas not been solved. 

• The NRC would Rquire confidential-restricted data 
details about Navy fuels before licensing their 
disposal. (Note: Yucca Mowuain Projects people 
indicated such information could be provided 1D 
interveners, by giving them clearance, in the licensing 
public review process.) 

• If the repository opens in 2010, it will be S to IOyears 
(2015 to 2020) before it could start receiving Navy 
fuel. 

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

• Iflltedecisionondisposaldependson lO,OOOynenus 
e.g.,lO'yr,DOE-RWshouldgetadetenninationfrom 
NRC of the applicable time. 

• A December 1990documentconsiders tbat, in a single 
repository concept, 17,000 canisters of defense waste 
and 100,000 M1HM commetcial fuel HLW would be 
received. Cos! $4 billion. All of defense waste may 
be 40,000-50,000 canisters. A second repository is 
inevitable. 

4.6 Summary of Observatioos 

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

• Dira:t disposal of HEU spent fuels was not specifically 
covered by NWPA-82 or its 1987 revision. An amend-
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ment to the act by Congress may be Rquired to allow 
disposal of HEU spent fuels at Yucca Mountain. 

• All space at Yucca Mountain is already 
reserved-62,000 M1HM forconunetcial spent fuel and 
8.000 M1HM equivalent for defense HL W. Even if the 
space available at Yucca MoiDltain proves to be larger 
than 70,000M1HM, thaewill belargeamoiDltsofHL W 
from future vitrification facilities and large amounts of 
conunetcial fuel still awaiting repository space. 

• Repository space for defense HEU would Rquire a 
second repository. which cannot be requested IDltil 
- 2007-2010. 

• Criticality would be considered a important issue for 
direct disposal of HEU spent fuel 

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

DOE-RW maintains • that aiticality may be 'show 
SUlppel'. NRC could demand that criticality control 
be maintained for up to 10' years. Public concern 
cwld easily ovemJie aa:eptance by NRC of 
criticality after llllX length or time. 

• Commercial spent fuels have a aiticality problem that is 
IDlreSOived 1D date. 

• DOE-RW is concerned about the damage to DOE's 
credtbility that might result from saying that a waste, not 
previously discusaed or disclosed, would be placed in lite 
first repository (Yucca Mountain). 

• Confidential information might have 1D be provided ID 
NRC in support of direct disposal or naval fuels and 
would possibly be made available to intctvenors 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 to the DOE-RW positions than to the DOE-NR on 
criticality. It is also noteworthy that none of the respondents 



lie would be grcady reduced. Mr. Gertz did not have 
any specific information on criticality calculations or 
specifiC concerns, such as time frame. ••. 

4.2 Observatioos of UaDIUIIed Penoos Ia tbe Yucca 
Mounlala Site CbaracterizatioD Project Office 
(YMSCPO)' 

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

• Reposirory space for Navy fuels will not be available 
until 2020 at the earliest, and it may be in a secood 
reposirory. Yucca Mounlain is fully committed to 
commercial spent fuel and HL W defense waste. 

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

• Qualificalion development of new waste/packagecoo­
cepts will cost approximately $200 million and take 
five years. 

• Disposal of naval fuel would impact thereposirory EIS 
and complicate NRC licensing process. 

• Confidential fuel information would have to be pro­
videdtotheNRCandmaybemadeavailabletocleared 
intervenors in the licensing process. 

4.3 Observatioos by Mr. Mike Valentine, Manager, 
Fuel Warraaties aad Site Services, Advaaced 
Nuclear Fuel Corporatioa, Richlaad, WA' 

• Industry is incorporating more storage capacity at 
reactor site because of uncertainty of repository stay­
ing on schedule or ever accepling commercial fuel 

• Criticality safety analysis for reposirory 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% ). 

• Criticality prevention in the reposirory for commercial 
fuel relies on safe geometry (repository and individual 
fuel positions) and dry operating cooditions (no neu-
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troo moderators). Accident scenarios must consider 
flooding and other events that could alter the geometry 
(reposirory or individual canister). Criticality preven­
tion has not yet been a majorreposirory issue, but may 
be a potential 'show stopper' when the issue is finally 
addressed. 

4.4 Observatioos by Varions DOE Penoaael 
Cootacted by Harry Chamberlaia' 

• Opinions on disposal of spent defense fuel differ 
greatly within DOE-RW. No agn:ement or position 
has been reached. 

• No full agn:ement has been reached between DOE­
RW and the NRC on disposal of spent cgmmen;jal 
fuel. 

• 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. 

• DOE-NR Position: 

Navy fuel can meet all commercial fuel disposal 
criteria. 

Navy fuel cootains no RCRA or hazardous 
materials. 

Objections to disposal of intact Navy fuel can be 
easily met. 

• 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 intrusioo, and impact of volcanism. 

4.5 Observatioos of Mr. Ralph SteiB, formerly 
Associate Director for Regulatioos, Systems aad 
Traasportatioo (OCRWM)' 

• Section 8 of NWP A is silent on anything related to 
spent defense fuel The required President's report 

deciding to put defense HL Win the civilian repository 
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quoted in Reference 3 seemed to consider it necessary to 
safeguard a reposiuwy just because it contained HEU spent 
fuels. Presumably, the "denaturing" of imldialed HEU that 
is caused by the prcsenc:e offtssion products and the build-in 
ofU-236andotherminoractinideswouldmakethematerial 
unsuirable for weapons usc or render it too diffacult 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. 

• Appendix A-40 CFR Part 191, "Environmental Radia­
tion Protection Standards for Management and Disposal 
of Spent Nuclear Fuel, High-Level and Transmanic Ra­
dioactive Wastes". 

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

• Appendix C-10 CFR Part 960, DOE's "General Guide­
linesfortheRecommendationofSitesforNuclearWaste 
Repositories". 

5.1 EPA Standards 

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

• Disposal systems ••. shall be designed to provide a reason­
able expectation. •• 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 quantities calculated according to Table 1 
(Appendix A); and 

IIU1IIJOJUIU 

Facts and Issues of Direct Disposal of Spent Fuel 

Table 1 
Release Limits for Cootalmnent Requirements 

(Cumulative releases to the accessible 
environment for 10 000 vean after dimooan 

Radionuclide 

Americium -241 or-243 · · 
Carbon-14 
Cesium-135 or -137 
1odine-129 
Neplllllium-237 
Plutonium-238, -239, 

-240, or -242 
Radium-226 
Strontium-90 
Technetium-99 
Thorium-230 or -232 
Tm-126 
Uranium-233, -234, -235, 

-236, or -238 
Any other alpha emiuing 

radionuclide with a half­
life greater than 20 years 

Any other alpha emiuing 
radionuclide with a half­
life greater than 20 years 
that does not emit alpha 
particles 

Release limit per 1,000 
MTHM or other unit of 
waste (see notes)(curies) 

100 
100 

1.000 
100 
100 

100 
100 

1,000 
10,000 

10 
1.000 

100 
100 

1.000 

2. Have a likelibood of less than one chance in 
1.000 of exceeding ten times the quantities 
calcnlarrd acaJrding to Table 1 (Appendix A) 
(see below). 

• Disposal systems ••• shall be designed to provide a reason­
able expectation that for 1000 years after disposal, undis­
IUrbed performance shall not cause the annual dose 
equivalenL .. toanymemberofthe public in the accessible 
environment to exceed 2S millirems to the whole body or 
75milliremstoanyaiticalorgan(assumingthatexposed 
individuals consume 2 liters per day of groundwater 
outside of the controlled area). 
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It may be that DOE is having some difficulty in meeting 
theseEPAstandardsorthepublicmaybehavingdiffJCulties 
in accepting them. The National Academy of Sciences 
{NAS) has been directed in the Energy Policy Actofl992 to 
conduct studies to dctennine whether an acceptable health­
based standard can be eslablished based on exposure to 
individuals. The effect of post-closure oversight of the 
repositoty 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 likelibood of breach of the repositoty by 
human inarusion for a 10,000-yearperiod. In tum, the EPA 
is directed to issue new Slandanls based on the NAS 
fmdings.• 

5.2 NRC Regulations 

The NRC Regulations are much more lengthy than the EPA 
srandanls. Mter 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 
repositoty. Of particular note is Section 60.21 that delails 
the content of application. Among other items, the follow­
ing statements appear: 

• The general information shall include ... : 

- A certification that DOE will provide to the geologic 
repositoty opecations area such safeguards as it 
requires at comparable surface facilities (ofDOE) to 
promote the common defense and security. 

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

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

• The following conditions are potentially adverse 
conditions .. : 

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

-Indications, based on correlation of earthquakes with 
tectonic processes and features, that either the 
frequencyofoccurrenceormagnitudeofearthquakes 
may increase. 

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

The earthquake requirements are particularly noteworthy in 
view of the fact that a 5.6 magnitude earthquake occumd on 
June 29, 1992, at a location only 12.5 miles southeast of 
the Yua:a Mounlain site. Several smface buildings were 
damaged at the site. 

The genera1 design criteria for the repositoty openltions area 
include: 

Crilicalily colltrol. All systems for processing, trans­
porting, handling, Slllrage, retrieval, emplacement. 
and isolation of llldioactive waste shall be designed to 
ensure that a nuclear criticality accident is not possible 
unless at least two unlikely, independent. and concur­
rent or sequential changes have occumd in the condi­
tions essential to nuclear criticality safety. Each 
system shall be designed for criticality safety under 
normal and accident conditions. The calculated effec­
tive multiplication faclllr (keft) must be sufficiently 
below unity to show at least a 5% margin, al'ta 
allowance for the bias in the method of calculation and 
the uncerlainty in the~ts 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 Slandanls. In the main, the 2S millin:m whole body limit 
would be reduced to 15 millirem, and the 1000-yearperiod of application would be increased to 10,000 years. 
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min tabular form, wbich is reproduced in this document as 
Table 2. The definitions of the numerical rating faclOrS are 
also reproduced. 

6.0 Spent Fuel Types and Inventories 

6.1 Commercial Reactor Fuel 

The amount of fuel already discbarged from commercial 
nuclear reactors and projections of future fuel discharges are 
given in Reference 4. Table 3 is taken direcdy from Table 
2-1 of Reference 4. An explanation of the assumptions 
behind the "end-of-reacror-Ufe" and the "upper reference" 
cases is given below. 

The DOE Office of Civilian Radioactive Waste Manage­
ment (OCRWM) decided to make the no-new-reacror 
orders scenario the primlll)' basis for its planning in 1988. 
The no-new-aders case is essentially based on nuclear 
plants opeming now or under active construction.ln effect, 
itasswnesthatthenuclearpoweremwillceasewhenthelast 
plant's license expires (-2037). This case is supported by 
the Genecal Accounting Office and a consensus developed 
by OCRWM with the utility induslry. Clearly, this case is 
the minimum bound for lite 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 tolal power 
generated in the U.S. The year 2020 is chosen arbilnlrily as 
the end-year of the OCRWM study. Clearly, the cumulative 
weight (M1HM) of the discbarged spent fuel will continue 
to grow beyond the 96,800 Ml1IM shown in Table 3. 

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

Facts and Issues of Direct Disposal of Spcot Fuel 

6.2 llaDfonl Irradiated Fuel 

The Hanford N Reactor was fueled with slighdy enriched 
uranium at< 1.3 wt% U-235. Wben irradiated to its normal 
exposure, the plutcnium produced during the enrichment 
had Pu-240 contents Ylll)'ing between 10 wt% and 16 wt% 
Pu-240, which characterized it as reacror-grade (or fuel­
grade). Significant quantities were also characterized as 
weapons-grade plutonium because of smallc-z exposures 
and, hence, smaller Pu-240 contents. 

Until Septembc-z 1990, the planned dispositioo of the spent 
N-Reactor fuel was to reprocess it in the Hanford Purex 
plant to =over the plutonium and uranium stocks. At that 
time, the Purex plant was ordered into shutdown. The 
amountofunprocessedN-Reacrorfuel remaining in the K-E 
and K-W disassembly basins totals to 2094 MT of 
uranium." The average enrichment of lite spent fuel is about 
0.77 wt% U-235.lnfonnation on the numbc-z of individual 
assemblies is not given in Reference 14. 

Except fm' the plutonium c;ontent of the fuel, lite 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 (FFIF) is cwrendy stored in the reacror support 
facilities in the 400 Area at Hanford. This fuel is comprised 
of test assemblies with a wide range of fuel typeS-Uillllium 
carbide, uranium nilride, uranium-plutonium-zin:onium 
alloy cladding. Approximalciy 2.9 metric tons ofpre-1972 
production reacror 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 miscellaneous fuel assemblies 
are in SIOillge at low-level burial grounds or in the Waste 
Technology Engineering Laboratory (324 Building). 

• Note: During review of this repon the aulhor's attention was drawn to a later source of commercial fuel data, 
OOEJRW-0006, Rev. 8. The numbc-zs for the no-new-orders case are only slighdy changed from lhose of 
Reference 4. The "upper reference case" was redefined. 
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Tablel 
FiDdiDg Result!i From lbe AppUcatioo or the Qualilyiog 8Dd Dlsqualiryiog 

CODdltioos or the Tecboical Guidelioes ror Major Sitiug Dec:isioos 

Sitinlr Decision 

Po~y Nomillllion md Repository Site 
Section Guideline Condition le Recommendation Selection 

4-1(a) System Qualifyins 3 4 

4-2-l(a) Geohydrolol)' do 3 4 
4-2-l(d) do Dilqualifyins 1 2 

4-2-l(a) Cleocbomimy Qualifyins 3 4 

4-2-3(a) Rock Charocteri.otic do 3 4 

4-~a) Ciimalic Chani• do 3 4 

4-2-S(a) Erooion do 3 4 
4-2-S(d) do Dilqualifyins 1 1 2 

4-2-6(&) Diuolution Qualifyins 3 4 

4-2-6(d) do Dilqualifyins 1 1 2 

4-2-7(&) Tectonics Qualifyins 3 4 

4-2-7(d) do Disqualifying 1 1 2 

4-2-8-1(&) NlbD'al Resoun:eo Qualifying 3 4 
4-2-8-1(d)(1) do Dilqualifyins 1 1 2 

4-2-8-1(d)(2) do do 1 2 

4-2-8-l(a) Site Ownership md Control Qualifyins 3 4 

S-1(a)(1) System do 3 4 

S-1(a)(2) do do 3 4 
S-1(a)(3) do do 3 4 
S-2-1(a) Populalion Demity md do 3 4 

Distribution 
S-2-1(d)(1) do Dilqualifyins 1 1 2 

S-2-1(d)(3) do do 1 1 2 

do do 1 2 

S-2-l(a) Site Ownership md Control Qualifyins 3 4 
S-2-3(a) Meb!mloJY do 3 .• 4 

S-2-4(a) Olliite lnmllalion do 3 4 
md Operations 

S-~d) do Disqualifying 1 1 2 

S-2-S(a) Envinmmenlal Quality Qualifying 3 4 

S-2-S(d)(1) do Disqualifying 1 2 

S-2-S(d)(2) do do 1 1 2 

5-2-5(d)(3) do do 1 1 2 

S-2-6(a) Socioeamomic Impacts Qualifyins 3 4 

5-2-6(d) do Disqualifying 1 2 

5-2-7(&) Transportation Qualifying 3 4 

5-2-8(&) Surf..:e Chararuristic:s do 3 4 

5-2-9(a) Rock Characteristics do 3 4 

S-2-9(d) do Disqualifying 1 2 

S-2-IO(a) H~lol)' Qualifyins 3 4 

5-2-10(d) do Disqualifying 1 2 

S-2-ll(a) Tectonics Qualifying 3 4 

5-2-ll(d) do Disqualifying 1 I 2 

"1" means t!ither of the followmg: 

(a) The evidence does 1101 support a finding !bat the site is disqualifiecL 

or 
(b) The evidence supports a fmding that the site is disqualifiecL 
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Table 2 (Contd) 
Finding Resnlt& From tbe AppUcation of tbe Qnalifying and Disqualifying 

Conditions of tbe Technical Gnidelines for MIIJor Siting Decisions 

''2" means eiJher of the following: 

(a) The evidence supports a fmding that the site is 1101 

disqualif"ICd on the basis of that evidence and is 1101 

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 applicatioo of a qualifying 
coodition fer 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 defmed as follows: 

"3" means eiJher of the following: 

(a) The evidence does not support a finding that the site 
is not likely to meet the qualifying conditioo. 

or 
(b) The evidence supports a fmding that the site is 1101 

likely to meet the qualifying coodition, and there­
fore the site is disqualified. 

IIIJXDOIUIIJI' 

"4" means eiJher of the following: 

(a) The evidence supports a finding that the site meets 
the qualifying condition and is likely to continue 10 
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 cooditioo, and therefore 
the site is disqualified. 
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Table3 
Projections or Nuclear Capacity aod Speot Fuel Discbarges' 

(TboiiSIIIlds or metric tons or heavy metal) 

No. new~ Eod:Df-aa;~m:-lir~ ~;~s llniEI BcC'iuau;c Cas 
Total net SPCDl-fiiCl discbaru~tt Total net S~~m&-fucl disctut"'~ 
capacity< capacity" 

Year (gigawaus) Annual Cumulative (gigawatts) Annual Cumulative 

1987 94 15.9 94 15.9 
1988 95 2.0 17.9 95 2.0 17.9 
1989 97 1.4 193 99 1.4 193 
1990 97 2.0 213 103 2.0 213 
1991 102 1.8 23.1 104 1.9 23.2 
1992 102 2.1 25.2 104 2.2 25.4 
1993 102 1.9 27.1 104 1.9 213 
1994 102 1.8 28.9 104 1.9 29.2 
1995 102 1.9 30.8 105 2.0 31.2 
1996 102 1.9 32.7 107 2.0 33.2 
1997 103 1.8 34.5 107 1.9 35.1 
1998 103 2.0 36.5 107 2.1 37.0 
1999 103 1.5 38.0 107 1.6 38.8 
2000 103 2.2 40.2 107 2.2 41.0 
2001 103 1.7 41.9 107 1.9 42.9 
2002 103 2.0 43.9 106 1.9 44.8 
2003 103 1.9 45.8 108 ,2.0 46.8 
2004 103 2.0 47.8 108 2.0 48.8 
2005 103 2.0 49.8 108 2.1 50.9 
2006 103 1.9 51.7 114 1.8 52.7 
2007 102 2.0 53.7 120 2.2 54.9 
2008 102 1.9 55.6 126 2.1 57.0 
2009 99 2.3 57.9 132 2.6 59.6 
2010 97 2.2 60.1 138 2.9 62.5 
2011 93 2.1 62.2 143 2.8 653 
2012 89 2.1 64.3 149 3.0 68.3 
2013 80 2.4 66.7 154 3.5 71.8 
2014 (I} 2.5 (1}.2 160 3.9 75.7 
2015 66 1.7 70.9 165 3.0 78.7 
2016 60 1.6 72.5 170 3.8 82.5 
2017 56 1.4 73.9 175 3.2 85.8 
2018 55 1.4 75.3 180 3.7 89.5 
2019 ss 1.0 763 185 3.6 93.1 
2020 51 1.1 77.4 189 3.7 96.8 
2021 1.3 78.7 
2022 1.5 80.2 
2023 1.0 81.2 
2024 1.2 82.4 
2025 1.2 83.6 
2026 0.9 84.5 
2027 1.0 85.5 
2028 03 85.8 
2029 0.4 86.2 
2030 0.1 86.3 
2031 0.4 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 
"U.S. Deponmentof&ergy, En«gy lnfomtation Adminislnlion, WorldNw:lmr Fwl Cyck Requiremen~s 1988, DOFJ 
ElA~36(88) (1988). 
"Spent fuel di!cluorae projections ue bued on an ISIUII10d 311% inaeue in fuel bumup by 2000. 
'Source: U.S. Deponment of Energy, En«gy lnfonnalion Adminislnlion, Convrwn:ial N~~elear Power. Prosp«Ufor the 
Uniled S-.r and IM World, DOE/EIA~36(88) (1988). 
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6.3 Reactor Fuels at SRS 

6.3.1 Prodlll:tion Fwl 

Practically all the fuel still awaiting reprocessing and stored 
in the P-, L-, and K-Reactor disassembly basins is in the 
form ofMarlc 16 fuel tubes (3 tubes per assembly) andMarlc 
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 tube inventory is 
given in Table 4. All of these fuels are uranium-aluminum 
alloys clad in aluminum at enrichments (post-irradiation) 
generally greater tban 60%. (An appreciable number of 
Marie 31 depleted uranium slugs with significant plutooium 
built in by irradiation are awaiting processing in F Canyon.) 

The present guidance from OOE-Headquarters calls for all 
of these assemblies to be processed through H Canyon and 
HB Line on a schedule to be completed by- 1997. However, 
no flllal decisions bave 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 wastdonn because it is clad in aluminum, has a 
metal core, and contains HEU. Signif1C811t pitting of the 

Table4 
ExistingProductioa Fuel Inventory at 

SaviiDIUlb River* 

No. of = Unprocessed 
Location Tubes 

P-Reactot Basin MK16B 53 0uter 
53 Middle 
531nnec 

MK22 3960uter 
3961nner 

L-Reactor Basin MK16B 5160uter 
516Middle 
5161nner 

K-Reactor Basin** MK22 13320uter 
13321nner 

• Excluding incidental pieces of additional charges still 
in inventory(< 10). 

•• Including one charge which is scheduled for irradia-
lion in early 1993. 
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cladding already has occmredor would occur before the fuel 
could be transferred to either dJy ~ or a more closely 
conlrolled wet storage facility. 

According to the present Program Execution Guidance from 
OOE-Headquarters, K Reactor is scheduled for entry into 
standby beginning October 1993. However, concerns about 
the ability to guarantee a subsequent restart of K Reactor 
within five years of sucb a decision bave prompted 
reconsidenuion of the Guidance. Reference 5 details options 
for various ways in which K Reactor could continue in 
opetation with minimum fuel usage. No decision has been 
announced on extended K-Reactor Opetlltion. No reports 
concerningreprocessingforextendedK-Reactorfuelinven­
uries bave been issued to date. (See f00010te on page 9.) 

The SRS production fuels were not designed for long-term 
storage in wet conditions (spent fuel pools) or dJy condi­
tions (mterim storage or geologic repository). No studies 
bave been performed on the suitability of the aluminum 
clad, uranium-aluminum fuel for dJy stotage. Reference 17 
reviews the history of aluminum fuels conusion in the 
production reacu.- disassembly positions. At least four 
cases of previous cladding penelration and fission product 
release are cited. Recommendations were made to improve 
the water chemistry conlrol in the basins and eliminate 
galvanic couples, wbicb can accelerate pilling corrosion. 

6.3.2 Receivillg Basin for Offsite Fwls 

The Receiving Basin for Offsite Fuels (RBOF) was built at 
SRS to m:cive misceUaneous spent reactor fuels from 
various research m~CtorS that are using DOE-owned fuel. 
1beinventoryasof0ctober 1,1991, isgiveninReference6. 
As mucb as 5 kg of U-235 stocks may bave been added 
within the last year. The inventory is given in Table 5, wbicb 
is a diRct copy of the information in Refenmce 6. 

As stated in Table 5, a significant portion or the irradiated 
fuel in RBOF is scheduled for reprocessing in either H 
Canyon or F Canyon. However, the majority or the fuel 
forms are not processable unless additional steps are 1llken 
to add capability to H Canyon. Reference 7 recommends 
restoring the electrolytic dissolver capability to H Canyon at 
a cost of $5-$10 million. This step should allow processing 
or all or the non-processable fuels witb 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 
eleclrolytic dissolver at this time. 
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Table 5 
SRSNaaproductioo FueiiDveotory' (as or October 1, 1991) 

Pen:eot 
U·235 AvaDable for Procas-

Bt:adm: Eads:b Descriptigg 1!-ZJS CKG> ElllllmiiiiD (b) ProceM1111 &bilittUl 

Alwnioum ~t. 
Sterling FoRSt Oxide 93.19 UO..AICAN 98.760 1990,221-H B 
Sterling Forest Fuel 77.48 UAI,AICLAD 2.343 1990,221-H A 
Nereide 19.79 UAI·Sir AL CLAD 7.015 Not Scbed111ed E2 
HFIR 86.10 UAI,AICLAD 0.000 1990,221-H A 
RHF 81.97 UAI,AICLAD 20.775 1990,221-H A 
TRR 0.60 U METAL, AI CLAD 88.368 11.706 1990,221-F A 
EBR·ll 0.19 U METAL, AI CAN 42.000 76.135 Not Scbed11led A 
HFR 76.34 UAI.AICLAD 0.000 1990,221-H A 
JMTR.JRR 88.17 UAI,AICLAD 14.795 1990,221-H A 
ESSOR 83.19 UAI.AICLAD 0.000 1990.221-H A 
ORR 82.20 UAI.AICLAD 16.932 1990,221-H A 
DR·3 76.30 UAI,AICLAD 0.000 1990,221-H A 
ORR-LEU 15.15 U.SU. AI CLAD 14.960 N;ot Scheduled E2 
WPI 93.40 UAI,AICLAD 3.784 1990,221-H A 
osu 93.19 UAI,AICLAD 0.394 1991,221-H A 

SS Fuels 
Carolina Virgioia 0.95 UO..ZrOR 0.640 Not Scheduled E2 

Tube Reactor SSCLAD 

High Tempt:~Bt~R 92.57 UO..BeO, 3.423 NotScbeduled c 
RX Experiment NICHROME CLAD 

Saxron Pa. Reactor 0.54 UO..Pu<h. 1.411 15.408 Not Scbeduled E1 
Zr&SSCLAD 

10.14 UO..Zr 6.866 0.233 Not Scheduled E2 

Experimental Boiling 93.29 UO..SSCLAD 1.612 Not Scheduled c 
Water Reactor 5.95 UO..ZrCLAD 9S.4S6 Not Scheduled E2 

1.47 U·Zr,ZrCLAD 73.967 9.092 Not Scheduled E2 
92.12 UO..ZrOa 26.651 Not Scheduled E2 

CaO,ZrCLAD 
0.23 UO.. Pu0.. Zr CLAD 2.087 13.940 Not Scheduled E2 

Gas Cooled Rx 92.28 UO. or UO..BeO S6.SS9 Not Scheduled c 
EXP(GCRE) HASTELLOY CLAD 

Mobile Low Power 93.01 UO. &: UO..BeO 54.478 Not Scheduled c 
Reactor (ML-1) 

Babcock&: Wilcox 52.00 UO..Pu<h. 0.013 0.048 Not Scheduled E1 
Scrap SSCLAD 
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Table 5 (Part 2) 
SRS Nonproduction Fuel Inventory' (115 or October 1, 1!191) 

Percent 
U·235 Available ror Process-

Bt:atlm: Ead,ll. JlscrigSiQII 11-ZJS!KGl lllllilllilllll lkll Pr~illl al!iliii m 
Heavy Water 0.96 U&UO. 9.470 0.565 NotScbeduled E2 

Components Test ZrCLAD 
85.00 U-Zr, Zr CLAD 31.590 Not Scheduled E2 

Dresden Power 5.49 UO.. Tho., SS CLAD 37.545 1.879 Not Scheduled E2 
Reactor 

ElkRiverReaaor(ERR)83.00 UO.. Tho., SS CLAD 186.159 Not Scheduled E2 
Oak Ridge National 92.93 U·ZrCLAD 0.171 Not Scheduled E2 

l.ab(ORNL) 
Canadian Deuterium RX 0.46 UO..ZrCLAD 0.231 Not Scheduled E2 
Special Powec 4.77 UO..ZrCLAD 0.603 Not Scheduled E2 

Excursion RX Test 
Vallecitos Boiling 24.72 UO.,ZrCLAD 1.243 0.003 NotScbeduled E2 

WaterRX 
Robinson Fuel 0.72 UO.,PuO., ZR CLAD, 0.004 0.003 NotScbeduled E2 

SSCasing 
ORNL Mixed Oxide 7.90 UO.. Puo., ZR, SS CLAD 0.030 0.094 NotScbeduled E2 
EBR-2 (HEDL) 79.73 UO.. PuO., SS CLAD 1.624 0.680 Not Scheduled E2 
EBR·2(ANL) 85.84 UO.. Puo., SS CLAD 0.376 0.114 Not Scheduled E2 
SRE 9.16 UC,SSCLAD 4.344 0.016 Not Scheduled D 
SRE 92.38 . UO., Tho., SS CLAD 143.410 Not Scheduled E2 
LWRSamp1es 1.52 UO.,PuO.,SS& 0.192 0.109 Not Scheduled E2 

ZrCLAD 
Shipping pon 0.14 UO.,ZrCLAD 0.023 0.108 SioreOnly NA 
EPR·1 0.00 PuO..SSCLAD 0.022 Not Scheduled E2 

Total SS Fuels 740.178 42.514 

Total AI Fuels 310.126 87.841 

Totals 1050.304 130.355 

Change From Last lnv. 2.594 .547 

(1) Processability codes are as follows: 
A. Processing authorized in existing facilities 
B. Processable in existing facilities pending test authorization approval 
C. Processable with modification of existing facilities (capital expenditures required for specifically defined 

modification) 
D. Processable in existing facilities, pending satisfact.ory resolution of II:Chnical and/or safety questions 
E. Not processable in existing facilities 

(1) Processing requires new facility (major capilal expenditure) 
(2) Processing scheme undefmed (development effon required) 
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6.4 DOE Reador Fuel at the ldabo Site and Elsewhere 

Table 6 shows lhe 1989 inventory of stcred fuels at all sites 
except Hanford (N Reactor) and SRS. 16 Tbe 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 burning it in light-waler 
reactors. In Reference 8, lhe use of MOX fuel in advanced 
L WR is proposed. A poswlated SO MT of excess plutonium 
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 pet year. This 
translates, at 3.3% enrichment (plutonium vs. U-238), to 
about a 19 MlliM throughput pet year. Tbus, with three 
600-MW. reactors, the discharge rate could be as high as 
57 MlliM per year. Howev«, DOE has rendered no 
decision on lhe proposal. It and other such proposals for 
disposal of excess plutonium are currently und« study in 
DOE-NE and the National Academy of Sciences. 

7.0 Criticality Studies and Proposed Solutions 

Tbe half-life ofU-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. Opinions cliff«, but observers quoted in Section 4 
seem to agree that criticality will have to be prevented for a 
long time, perhaps 1-2 million years. This is far beyond lhe 
1,000-10,000 year requirements mentioned in the NRC 
regulations for canis!« integrity. No decision by regulators 
has been reached concerning theaceeplability of a criticality 
event in a scaled repository. 

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

The only way that natural uranium can Mgo critical" is for a 
light moderator such as graphite or beryllium to intersperse 
itself through lhe core. Heavy wat« of the concentration 
required for a natural uranium concentration to yield a 
critical event docs not exist in nature. The odds of such an 
arrangement of moderator and natural uranium must be 
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extremely low. It is Inconceivable that a redudion of the 
U-235 enrichment to that of natural uranium 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
klry. This appraisal has been reproduced in whole as 
Appendix D of this repon. 

The following discussion presentS the criticality analyses 
that have been performed to 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 speclrum of criticality risks that can exist in spent 
fuel. 

7.1 Commercial Spent Fuel 

Several sets of criticality calculations have been performed 
for various waste canist« designs with various amounts and 
configurations of comm«cial spent fuel. Three are known 
tolheauthorand listed in References 11-13. The last of these 
three reports (Reference 13) covers the most varied of the 
"pre-closure" scenarios that could be possible. The fint of 
the three (Referalcc 11) has some "post-closure" as well as 
~ acenarios. 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 scenarios for which criticality is possible. 

Reference 11 makes the claim that while lhe use of 
beginning-of-life (BOL) isotopic contents will result in 
several critical scenarios (defmed when t..r>0.95, including 
biases and uncerlainties), the use of actual depleted isotopic 
contents will prevent criticality. This statement is refuted 
by the wider studies of Reference 13 wh«e instances of 
criticality (k..r >0.95) w= demonstrated even with end-of­
life isotopics. The leachability of fission product poisons 
could raise t..r in time even higher. 

7 J .1 Pre.CloSIU'e Results 

Figure 6 shows the t..r values calculated for 14 specific 
water flooded acenarios." All of these cases assumed iniBCt 
containm and canist«s as would be the case prior to 
closure. All of the dry cases were known to be subcritical by 
large margins because lhe enrichment was always less than 
5%. With these low enrichments, an unmoderated 
criticality is not possible. A t..r value of >0.95 is exceeded 



8 ~ @® I m ~ 

! 
~ 

fi! 2 

I; ~- . • 

I 
il 

~ ft I I i I 
I I 

-i 
"I I F ~~ ~~ ·r H I! I I~ rr 

I I I h 
I~ J j jl II H 

8 

I s 5 5 i 5 
ii 

• I I I i I f 

l 
i i i i i I 

~@-$ !eD®$ I 
~ 

li 
• . ~ 

•• a .. . 
I !F I n f I I I I 

I I I n I • 

t I 11 u n n n n il I~ I I t lP I( II II I( 

• • • Si i ;; .. 
h 

, , , n 
ii i Ji i ll li -, !i 

"' j! 

I s 
b ~ p ~ 

i § ii ill m ! ! i ii ~ 



"' I IW "' !;! 
Table6 I! Inventory or Stored Fuels" (Ocloller 1989, Excludlna Naval Fuels) (I or S) 

Estimated 1.! Cntt:nl. lu: Total Pu Total Th r 
burnup coo tent content 5l, 

Source or Material Composition' Description (MWdiMTHM) Total "'U "'U (kg) (kB) i DOFlDere.,.. nlus other oovemmentooenn material stored atlCPP ONELl ~ 

S! 

~ 
GCRE (Gas-Cooled Reactor UO..BeO, Hastclloy One SS tube, 5 in. x 0.984 0.918 t 

Experiment) X clad 25.5 in. 5l, ;: LWBR (ShippinJ!POII Light· Ceramic pellets, 65units 982.173 10.349 826.016 0.117 56,167.0 "' ,.. Water Breeder Reactor) Zr-c:lad, Tb blanket I 
5' Misc. fuels and scrnp Scrap Stored in 92 SS and AI cans 168.195 137.330 0.119 0.079 36.0 

j PWR Core 2 (Shippingport UO.pellets, 28Wlils 392.026 305.802 [ 
Pressurized W~r Reactor) Zr-c:lad 

SM-IA (Stationary Media) UO., SS-c:lad Stored in 93 SS cans 65.159 56.648 
5l, TORY-IIA UO., BcO crushed to Stored in 147 AI cans 48.645 45.325 

"' 0.25 in. X 0.06 in. 3.25 in. X 1.5 in. 

i TORY-IIC UO.. Y .0.-Zro..BcO Stored in three AI 59.065 55.022 

~ 
ceramic cans 2.68 in. x 52.5 in. 

Subtotal 1,716.847 611.394 826.135 0.256 56.203.0 

i DOFJCivltian Denloomont~ materiaUIOHd atlCPJ' !!NELl 

EBR Scrap (Experimental Scrap 1.618 0.839 .. .., Breeder Reactor) 
00 .., Fermi I 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. 
SS-<:Iad or 61 in. 

FSVR (Fort SL Vrain U-Tb carbide and 732 hexagonal graphite 299.758 164.431 87.013 0.752 8,124.0 
Reactor) Tb carbide pyrolytlc blocks 14.2 in. across 

carbon coated psrtlcles Oats X 31.2 in. 
in graphite matrix 

Pathfinder UO.-B.C pellets, SS-c:lad 417 rods in 17 cans; each 53.406 49.242 
can is 9-in. diam x 80 in. 

I 

I 
~ 
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Table 6 
Inventory or Stored Fuels" (October 1989, Excluding Naval Fuels) (1 or 5) 

Composition' Dtserlpdon 

Estlmaltd 
burn up 

(MWd/MTHM) 

U Content. ko 

Total "'U 

DOEJCIDilan Dnclopmcnt Prwra• material sfomlat ICPP <continuull 

U-Th carbide, 1,603 graphite blocb >I' 332.420 223.540 
Pyrolytic: carbon<0111ed 3.5-in. diam" 12 n 
panicles in paphite 
malrix 
uo. pellets in Sto"'d in 24 SS cans, 251.431 12.083 
Zr-clad pins 3 in. x 3 in. X 35.5 in. 

1RIOA (Training Reactor, Isotopes, AI· cr SS-clad elements 852 units stored in 121 160.974 33.839 
ae-..1 Atomic) cans 

VBWR (Oenevo) (Vallecitos uo. and uo.-r.o.. 142 rods stored in four 8' 12.383 2.606 
Boiling-Water Reactor) SS-e lad 6-in.-diam x 36-in. AI cans 

Subtotal 35,276.990 606.580 

DOE mala:ialstorM at l!fB~ 

ShippinJ11011 PWR Co... I uo. pellets, Zr-clad Seed and blanket fuel 11,100 570.02 1.63 
assemblies 

ShlppinJ11011 PWR Co... 2 UO. wafers, Zr-clad Seed and blanket fuel 14,273 1,260.92 164.45 
assemblies ---

Subtotal 1,830.94 . 166.08 

DOE}Ciylllag llculcmmcnt Prom,ms matglal stored aliNf;l. lpthcr than ICPP and NRfl 

CANDU (Canadian Deuterium uo. pellets, Zr-clad Spins 5,000 2.660 0.261 
Reoctor 

Connec:tic:ut Yankee UO, Zr-clad I assembly 378.485 5.204 
lmsden uo.. Zr-clad 54 pins (depleltd U) 165.0 Unknown 
EMAD' (Engine Maintenance UO. pellets, Zr-clad 18 assemblies 25,000-30,000 7,831.273 58.103 

Assembly & Disassembly) 
OAP CON (Gap Conductance) UO. pellets, Zr-dad 20pins 42-115 12.838 1.285 

'"U 

46.310 

133.323 

Total Pu Total Th 
content 

(kR) 

0.970 

0.793 

9.037 

3.4 

8.9 

---
12.3 

3.774 
1.064 

65.255 

content 
(kg) 

2,620.0 

10,744.0 

if 
&t 

! 
i' 
~ 
a. 

~ 
f 
a. 
"' 1 
"11 

1!!. 
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Table6 '" ln ... l"'1 or Stored Fuels" (October 1989, Exdading Naval Fuels) (J or 5) ~ c. 

Estimated Jl iAJI~D&. k1 TotaiPu TotaJTh f burnup eon tent content 
Soarce otMaterlal Composition• Des<rlptlon (MWd/MTHM) Tolal "'U "'U (kg) (kl) ~ 

r OOlliChlllaa O..oloDmOIIl Pmoram material stored at lNEL.IOther than ICPP nd NRF\ l..,.linuedl 

~ GE (Gcnenl Eleclric) uo. pellets. Zr-clad Pins 18.644 0.394 0.071 t II#' Haldell Assay uo. pelleiS,Zr-clad spins 4.000 2.313 0.233 o.oos 
II' Halden 226 and 239 AJsy UO..PuO. pellets, Zr-clad 12 pins 0.324 ~ "' IE (Jmldiatlon Effects) uo. pellets. Zr-clad Pins 27-17.600 7.833 0.867 0.012 "' 5' lLR (LOfT Lead Rod) uo. pelleiS. Zr-clad ?pins 36-ISO 3.510 0.327 ! g LOC (Loss or Coolant) uo. pel leiS, Zr-clad 60pins 16-ISO 7.777 0.816 0.010 ;p ,g LOfT (Loss ot Fluid Test) uo. pellels, Zr-clad IS' assemblies 0-I,OSO 2,201.696 89.371 2.029 !!. 
~ MAP! (MiiSubishl AIDmic: Power uo. pelleiS, Zr-clad 43pins 2,990-8,770 22.499 1.267 0.032 

"' lnduSiries) 

i Miocellaneous fuel pins uo. pel leiS, Zr-clad Pins Varies 173.3S4 1.7S8 2.626 
MioceUaneous rods and scnp Scrap Stored in 8 cans Varies 13.SS3 1.197 

~ OPTRAN (Opemional Transient) uo. pellets, Zr-clad Pins 0-IS,OOO 19.669 0.472 0.087 
PBF (Power-8- Facility) uo..zro..cao: Zr 12S.690 132.890 

i slee..._ SS-clad 
PCM (Power Coolant Mismalcll) uo. pelleiS, Zr-clad 30 pins <70 18.828 6.SS1 
l'achBotlom uo. pelleiS, Zr-clad I assembly and pieces 364.1 2.SI2 1.878 - RIA (Reactivity Initialed Aa:ideol) UO. pel leiS, Zr-clad 23 pins 0-6,090 8.989 O.S04 0.013 

~ H. B. Robinson uo. pelleiS, Zr-clad Pins 28,000 263.916 1.890 2.1S3 
~ SlllUOII uo. pelleiS, Zr-clad 21 Pins 10,40().18,S30 7.607 0.660 0.02S 

I SFD (Sevm Fuel Dllnap) uo. pelleiS, Zr-clad 143 pins S0.867 2.711 O.ISO 

!;· TC (Thermocouple) uo. pellels, Zr-clad Pins 0-<20 6.186 0.683 

g TMI-Unit2 Rubble (Quantities unknown until enllle core roceived) 
VEPCO (VirJinia Electric: l'owa' Co.) 69usemblies 30.207 295 24lAll .l1l.W.S 

Sublotll 42Jt4 m lSUl2 2lUlU 
TotaiMINEL 81,339.3S9 1,936.473 9S9.4S8 273.796 66.947.0 

'See nfL 10.11. MIIIJ of 1he tuell 111NEL hiYe lower unnium enrichment than is found in lhose f'uels lhal IR'I normally JQCessed. These fuels could be reprocessed in a special campaiJR. 
il required. 

I I 
"b-clld-Zin:laloy-cled. 
-o.11 e~prened in peree:nuae. 

i 
"l'urltey Poina Foet. 
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I Table6 

I 
Jn .. ntory or Stored Fuels" (October 1989, Excluding Naval Fuels) (4 of 5) 

Estimated ll !:Dntcnt. kl Total Pu TolaiTh 
burn up content content 

Source or Material Composition• Description (MWd!MTHM) Tolal "'U "'U (kg) (kg) 

Mlsullaamus BadiDIItliu Materials Sla[fd allm Alamos Mal. Lab n~"· J2B2l 

EBR-2 U-Pu oxide, carbide or 0.3-in. diam x 13.5 in.' 26.08 17.71 0.134 6.35 
nilride SS-clad fuel rod 

ooj segments 

=- B.t:W (Lynchburg, VA) UO. spent fuel elements Stored in racks ~ ..4.H IS' 
~ Total 31.68" 22.45 0.134 6.35 

5' 
-No information reaardinJihe bunaJp of thit: fuel is available. g 

s 'lncluda0.348.., .r .. u. 

0 .... 
Estimated ll CDDitDI. kl Total Pu TotaiTh "' I burn up content content 

Sount or Material C0111poslllon' Deserlpllon (MWd/MTHM) Tolal "'U "'U (kg) (kg) 

l 
f); Mt.cellanoous Radloacllve Materials Stored at Oak RkiH Nat. Lab IDee. 19891 

i CEU (Consolidaled Edison U,O..CdO solid cake Stored in 401 3.5-in.- b 1.044.38 797.70 101.32 
Uranium) 00 x 24-in. SS cans . 

Dresden- I UO.,Zr-clad Sheared fuel pins -24,000 s.oo 0.024 0.020 if .... 
stored in two 1-qt pnint cans s "' 00 [ .:9 9/16-in . .<Jiam x 8-ln. fuel rod 20,000 0.930 o.oos 0.006 

i sectioos plus short lengtbs 

I GETR (General Electric UO..Zr-clad 9/16-in.-diam x 8-ln. 1,000-2.000 0.399 0.022 
§'· Test Reaclllr) fuel test capsules 

g MondceUo UO.,Zr-clad 1/2-in.-diam x 6-in. fuel rod 40,000 1.00 0.004 0.008 
e, 

sectioos plus short lengtbs [ MSRE' (Molren Salt Reactor LiFz-BeF,-ZrFz-UF• -S x 10' Ci IOial 36.95 0.940 31.01 0.743 
Experiment) i Oconee· I UO..Zr-clad 1/2-in.-diam x 6-in. fuel rod 38,000 1.00 o.oos 0.005 

scctioos plus shnrt lengths 
Peach Bouom-2 UO.,Zr-cl.ad 9/16-in.-diam x 8-in. fuel rod 10,000 0.324 0.001 0.001 e, 

sectioos plus short lengths "' 1 
.... I I~ ID 
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Table6 ~ 

Inventory of Stored Fuels" (October 1989, El<cludlna Naval Fuels)(S of 5) R 
Estimated ll C~mtmt. kl Total Pu TotaiTh I[ burn up content content 

Sour .. of Material Composition' Description (MWdiMTIIM) Total "'U "'U (kg) (kg) 

DOFJCI•Uian D .. etooment Pro2ram material stored at INEL.IOther than ICPP and NRFlh:onlinuedl I[ 
Quad City· I UO..Zr-clad l/2-in.-diam x 6-in. fuel rod 40,000 1.00 0.004 O.OOR t sections plus short lengtbs 
H. B. Robinson UO..Zr-clad l/2-in.-diam >< 12-in. fuel rod 30,000 1.00 0.005 0.004 a, sections plus short lengtbs 

"' BR-3 (Belgium) UO..Zr-clad 3/8-in.-diam >< 6-in. fuel rod 42,000 0.837 0.020 0.006 ii 
lengths a 

()RNL lnveniOry Item Nos. ;p 
AUA-67/AUA-70 from LANL U metal chunks Stored in two 3.75-in.· b 6.02 5.89 !!. 

OD x 18-in. SS cans 
CZA-91 from ANL UO.powder Stored in two 3.5-in.· b 0.881 0.856 

00 >< 13-in. SS cans 
HUA-2A from HEOL UO.powder Stored in fi-.e 3.75-in.· b 0.317 0.307 

00 >< 7-in. SS cans 
LAE-03 Metal Stored in one 3-in. 00 • b O.ot O.ot 

10-in. SS can 
RCP-02 from SRO UO.powder Stored in thirty-two b 11.14 10.72 

3.5-in.-00 x 24-in. SS cans 
RCP-03 from SRO UO.powder Stored in 140 3.88-in.· b 67.41 61.61 

00 x 10-in. SS cans 
RCP-04 from SRO UF•·LiF, powder Stored in six 3.5-in.· b 3.19 2.92 

converted from UO. 00 x 24-in. SS cans 
RCP-06 u.o..cdO solid cake Stored in twenty-seven b 65.55 60.60 

3.5-in.-00 >< 24-in. SS cans 
RCP-20/JZBL from LANL U metal chunks Stored in five 3.5-in.· b 5.15 5.05 

00 x 24-in. SS cans 
Total . 1,252.92 798.7 280.29 0.801 

7.r-ci.J- Zircaloy..clad. 
'No information reJardinJ the bumup of this fuel is available. 
%e Molten Sail Reaclor Ellperimenl was concluded in 1969, and the fuel has never been removed from lhe f.:ility. A surveillance and monitoring program has been in force since shutdown. 

Decommissioning of the MSRE facility is an environmental restoration activity. 



for9 out of the 14 flooded cases. Clearly,theamountoffuel 
in the canisrers will have to be limited, or neutron poisons 
will have to be added to each canister, to avoid criticality 
under all pre-closure scenarios. 

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

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

• 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 bumup of spent fuel. This issue 
should be evaluared in future studies. 

• 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 necessitare the reevaluation of the k-effec­
tive. 

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

• As the repository design evolves and more informa­
tion becomes available, the major assumptions 
adopred in this study should be reexamined. In addi­
tion to the fully flooded containers considered in this 
report, other possible water densities and assumed 
paramerers should be evaluared in more detail. 

• Criticality safety analyses for the post-<:losure period 
should be performed to evaluare potential effects of 
warer inttusion and degradation of the container and 
spent fuel SbUCtures. 

7.1.2 Post-Closure Results 

Under post-<:losure conditions, the canisrer 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 mays of such disordered marerial could 
occur with a suffiCiently large seismic event or from 
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opening of a shaft to a surface warer supply. No effon was 
made to justify any of the events postulared above in 
Reference 11 or 13. 

The reference fuel in Reference 11 was uninadiared fuel 
rods (BOL)from six WestinghousePWR standard 17 x 17 
fuel assemblies containing UO. fuel pelleiS 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. 

• Configuration 1-Nominal-dry 

• Configuration 2-Nominal-flooded 

• Configuration 6--Container and canisrer partially 
gone-flooded 

• Configuration 11}-C)ad and disinregrared pelleas 
(powder) optimally mixed-flooded 

The enrichments for configurations 6 and 10 were varied to 

Tube for lihir~Q~'hanclling 

LContainer -
carbon steel 

Fuel rods 
(dose-packed 
triangular 
pitch I 

Yagun 7. Spent Fuel Container Cross Section 
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18 em 

433.5 em ~ 11--57 em di&--RI'< 
I 

Pintle 

Canister 
304L 
stainl­
stael 

Tuff 

Figure 8. Reference Spent Fuel Was!e Package 

anive at the total of seven calculations. 1be geometry of 
Configuration 10 is shown in Figure 9. The results of the 
seven calculations are shown in Table 7. 

Table7 

Kc Calculations from Refereace 11 

Fuel 
Emicbment Total 

CDDfi1111:1liml (21!} .11.1! Ilarertaiaitt 
1 4.5 0371 O.oi5 
2 4.5 0.685 0.017 
6 4.5 1.179 0.016 
6 2.0 0.998 0.021 
6 1.0 0.788 0.020 
10 4.5 1.160 O.oi5 
10 1.6 0.952 0.019 
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Figure 9. KENO Geometry for Configumtion 10 

7 J .3 Conclusions Concerning Commercial Fuel 

For many configurations of fuel, container, and canister, 
criticality would be a distinct possibility. One can get into 
long discnssions about limiting the amount of material per 
CCJOtainer, about adding neutron poisons, or about taking 
cn:dlt for bumup, eu:. 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 fOI' bumup requires foolproof 
admillisuativecontrols. The fact that no decisions bave been 
reached concerning the criticality issue is indicative of this 
situation. 

One certainty does exist in this area. Highly enriched 
Ulllllium fuels will bave 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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e;q>ensive. Whatever savings that may be realized from 
stopping repnx:essing may be offset by the costs of dealing 
wilh the criticality issue of direct disposal. 

7.2 ICPP Proposed Solutions lor Defense Fuel 

As shown in Tables 3 through 6, there are numerous forms 
of inadiated fuel that would be candidates for direct 
disposal. The delails of waste packages for each type of fuel 
would necessarily be differenL 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 Packllge Optio11S and Risks from Unpoisoned 
Fuel-Direct Disposal of Naval Fuel 

The naval fuel assemblies are clad such that if plates were 
welded 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 canisterperrqJOSitory 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, watec must entct the 
borehole and the welds must break down to allow the 
assemblies to reammge to a more reactive side-by-side 
ammgemenL Thisisanexampleofthetwo-barrierapproach 
10 criticality prevention. 

ICPP considers the risk of a criticality event OVct one 
million or so years for such an assemblage to be high.' An 
earlhquake 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 produciS could 
prevent contamination of the groundwatct supplies, but a 
large earlhquake is likely to provide rapid pathways to the 
surface. 

Poisoned Fuel 

This option would be performed by inserting neutron poison 
elemeniS into the fuel coolant channels of the fuel. The three 
assemblies would then be welded into the pencil shape wilh 
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welded on end plates. The canister with !he three assemblies 
inserted would be filled wilh molten copper 10 enhance its 
physical integrity. 

ICPP considers the criticality risk for this ammgement to be 
low.' It is not zero because the earlhquake could again break 
down the assemblies into a side-by-side configuration. 
Prolonged exposure to watec could leach out the poisons. 
Clearly, !he copper Slrengthener would work 10 prevent 
these untoward CYCDts, but there is no assurance that they 
could not occur over geologic time periotls. 

DibuedFuel 

In this option, the naval fuel would be dissolved and mixed 
wilh depleted uranium and perilaps other low-enriched fuel 
to obtain a mixture with an enrichment of 0. 7% or less, the 
same as for natural uranium. The liquid mixture would then 
be contained and convctted to 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 uranium ore poeket, near zero but not truly 
zero.' Nevertheless, it is difficult to imagine this solution 
not being accep1Bble to regulators as a solution to the 
criticality problem. The number of spent fuel canistcts 
created for ICPP invenraies is given in Table 8 for each of 
the three criticality control measures. 

7.2.2 Waste Package Costs 

ICPP made cost estimates for each 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 foUowing liSL 

1. The study period was set from FY 1991-2038 (48 
years) to help assure a representative life cycle for 
each 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. 
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TableS 

Canister Production Required to 
Dispose of Spent Fuel at ICPP'" 

Unpoisoned Fuel 
Poisoned Fuel 
Diluted Fuel 

Number or Canisters 

8,939 
1,SU, 

12,390 

• A furthel- 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 fuel are disposi­
tioned in each scenario and resources to assure 
continued fuel receipt are assumed to be made 
available in a timely manner. 

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

4. Costs in tbe analyses are in FY 1991 dollars in 
1991,1992dollarsforFY 1992,andbeyond. 

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

6. A $400,000/canister cost is used for cransportation 
and storage in a federal repository. This cost is 
used for both intmobilized waste and fuel canis­
ters. This is based on the Federal Register for two 

repositories adding esc•l•tion 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. 

7. Repository costs are incwred in the year the canis­
ters are shipped. 

8. A commercial fuel canister is used for disposal of 
waste and fuel. The canisters are U.* in diameter 
and IS' long. This is about twice the size of a 
DWPF (Defense Waste Processing Facility) canis­
ter. 

9. The decontamination and decommissioning 
(D&D) costs for the cases will be approximately 
equal since tbe ovetall number of facilities to be 
decontaminated is about the same. (However, the 
implementation oftbe D&:D program would occur 
much sooner for tbe direct disposal cases and the 
funding for this program could be great enough to 
be a discriminatory issue. No estimates for D&D 
costs wete used, since tbe speculative nsture of 
these costs was amsidered to be too great.) 

10. To bound cost differences, it is assumed that the 
federal repository will be available for receipt of 
immobilized ICPP fuel in FY 2012 and intmobi­
lized waste in FY 2014. (The intmobilized waste 
generated during thCperiod 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 allocated for 
17,750 canisters of defense waste. Those wastes 
will come from SRS, WVDP,Hanford,and ICPP, 
which will bave 8840 canister positions. The pos­
sibility is amsidered that the first repository will 
fill with other defense waste before ICPP immobi­
lized fuel or waste ill ready to ship.) 

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

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

7.3 NPR Proposed Solutions 

'lbeNPRGroupatSRSproposedsolutionsforthecriticality 
problem, posed by direct disposal of NPR-HWR fuel, that 
are quite similar to those proposed by ICPP for their fuel.·~· 



Table9 
Geologic Dlspoul Llfecycle Cost 

IOO'lll HWR Jl'lll HWR 
Lwr Plot &.. C.. Optloa G 
n.ooo MWcl !Nqrmal-Bgml me.~ 

-
Basis 1mil/KWeHr Planning Eat Planning Eat 
No. Spent Fuel 

Aaembliea 
Life cycle Coat", 

1990$M 

2.400 29.120 4,160 

270 2.909 

Unit Coat", 0-'6 canister 0.60 
SM/canilll!r 

•Does not include life cycle coat fer interim Will« pool 
stonge facility for LWR and HWR plana. 

719 

1.114 

One of the NPR options involved chemical partitioning of 
the HEU. That option wiD not be included in this discussion 
but was summarized in the Summary. The remaining duee 
oplions were: 

1. Unpoisoned Fuel-Use a low numbec of IDI· 

poisoned fuel assemblies (2) per canis!«, spaced 
suffJCiendy widely in the rqJOSitory 10 assure no 
concenbations pennitling crilicality. 

2. PoisonedFuci-Useupto6(typically)fuelassem­
blies per container wilh nuclear poisons ID preveDt 

criticality. 

3. Diluted Fuci-Meh the fuel of up ID 30 spent fuel 
assemblies and mix in depleted uranium ID an iso­
ropic concenlralion approximaling nawral ura­
nium. 

The following facililies would be needed: 

• discharged fuel pool for cooling the assemblies foc 5-10 
years 

• inrennediate dry-renn storage pending availability of a 
second rqJOSitory 

• packaging facility for repository 

• llll!lSporl facililies. 
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Relercnce 10 implicidy assumes that the last two facililies 
would be charged against the NPR. A more likely assump­
tion is that these facililies would be common 10 all users of 
the second rqJOSirory. 

NoneoftheNPR studies IIIICmpled roeslimate the criticality 
risk associated with the spent fuel In principle, the 
qualitaliveestimates should be about the same as were made 
by IO>P foc their spent fuels, Cl<cepl that the unpoisoned 
NPR fuel risk should be near zero, not high, when a mass 
limitation per canis!« is imposed. 

The numbec or spent fuel assemblies, and, hence. the costs 
for disposal. depends on the size of the NPR. Table 9 
compares two options 1D a typical1.000 MW,LWR. Nine 
different point reactor designs were costed in terms of the 
interim storage cost, spent fuel condilioning costs,lllll!Spor­
tation costs, and rqJOSirory fees. Aside from the size of the 
reactor, the costs are affected Dlainly by the length of the 
reacror irradiation. In Table 10,the spent fuel costs for eight 
designs (A-H) are given for both a low-bum (1 fuel batch) 
and a deep-bum (2 fuel batches) cycle. 

8. Safeguards 

Commercial reactor fuels are limited ID enricbmeniS of less 
than 5'lll U-235. Howe-, aome HEU spent fuels have 
enricluneniS that could range up ID >90% foUowing low 
exposure irradiations. This raises the safeguards issue for 
the geologic rqJOSirory and any monitored rettievable 
storage facililies that might lJ!I consttucted foc HEU spent 
fuels. 

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

• A cc:rtificalion that DOE will provide at the geologic 
repository operations area such safeguards as it 
requires at comparable surface facilities (of DOE) ID 
promo1e the common defense and security. 

• A description of the pbysical security plan for protec­
tion against radiological sabolage. Since the radiation 
hazards associated wilh high-level wasres make them 
inbmndy unatlniClive as a target for theft or diver­
sion, no detailed informalion need be submitted on 
protection against theft and diversion. 
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Table 10 
Total Life Cycle Costs, Year 1990 Constant $M• 

Unpoisoned Poisoned Diluted w/U-238 in 
Canister Canister Unpoisoned Canister 

HWB Point Desjp CFlowsheet n lflowsheet Zl mowsheet 3> 

100!2 HWR Wasc Cascl 
1-Batch 7,981 4,556 3,166 
2-Batch 4,807 2,823 2,233 

50% HWR (Option A) 
1-Batch 3,842 2,292 1,915 
2-Batch 2,318 1,485 1,440 

50% HWR (Option B) 
1-Batch 3,842 2,292 1,915 
2-Batch 2,318 1,485 1,440 

25% HWR 1-C (Option C) 
1-Batch 4,012 2,383 1,968 
2-Batcb 1,699 1,154 1,235 

25% HWR (Option D) 
1-Batch 2,955 1,816 1,632 
2-Batch 1,791 1,192 1,251 

2 x 25% HWRs (Option E) 
1-Batch 6,768 3,882 2,809 
2-Batch 2,813 1,776 1,639 

37.5% HWR (Option F) 

1-Batch 4,012 2,383 1,968 
2-Batch 2,213 1,430 1,408 

31% HWR (Option G) 
1-Batch 4,599 2,698 2,149 
2-Batch 1,929 1,284 1,322 

37.5% HWR (Option G-Sprint) 
1-Batch na na na 
2-Batch 2,022 1,354 1,380 
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In the Construction Authorization section of I 0 CFR Pan 
60, NRC will authorize construction of the repository if it 
determines (among Olhec items) •.. 

• That there is reasonable 8SSUiliiiCe that the activities 
proposed in the application will not be inimical to the 
common defense and security. A OOE certification 
that it will provide at the geologic repository opera­
tions area such safeguards as it requires at comparable 
OOE surface facilities will c:onstiwre a rebuttable pre­
sumption of noninimicality 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 OOE must 
provide safeguards to the repository, at least during the first 
50 years of operation. No requirement to provide safeguards 
specifically during the post-closure period appears in 
I 0 CFR Pan 60. The starement that theft and diversion need 
not be prolecled against implies that buried spent fuel is not 
considered a viable sourceofU-235 for non-weapons stares 
or terrorist organizations. 

One should bear in mind that 10 CFR Pan 60 was written in 
connection with the Nuclear Waste Policy Act of 1982, 
which speciflcally restricted the first repository to defense 
m. W (containing lillie, if any, fissile material) and to spent 
commercial fuels (with <5% U-235). Under these condi­
tions, it would appear reasonable to 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 targers 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 
auemprs. 

Admittedly, 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 seems 
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 
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need for safeguards for a repository containing HEU spent 
fuels threalens to become a conrentious issue that could 
embroil the second repository in political conttoversy. 

9. Classification 

The classilication issue affecrs the different sire fuels in 
various ways, ranging from no application for commercial 
spent fuels to a significant issue for naval fuel. 

Commercial Fuel 

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

Defense Production Fuels at SRS 

At SRS, all topicsofHEU fuel tube composition (before and 
aftec inadialion) are normaiiy Unclassified or Unclassified 
Nuclear Information (UCNI). This includes such details as: 

• U-235 conrent 

• shapes and dimensions 

e other uranium isotopic COII\CDI 

• minor actinide isotopic content 

• fission poduct conrent 

• 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 poduction 
spent fuel details. If the facility has safeguards, the details 
are likely to be unclassified once the fuel has arrived. 
Without safeguards, classifJcation could be imposed. Dis­
tinctions may be necessary for pre-closure and post-closure 
conditions. 
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The rules already establisbed for !be Yucca Mountain 
Repository bave !be spent fuel dcWis trealed as unclassi­
fied. However, this should not be interpreted as !be probable 
fmding for !be second repository. 

Naval Fuel 

The details of naval fuels are bigbly classified, even aftecthe 
imldiation in !be naval propulsion n:actors. Thus, certain 
people involved with !be disposal of naval fuel at the second 
repository will bave to be cleared to !be approprialc Navy 
levels. Transmission of such infonnation to licensing 
authorities. oversight groups (state and fcdcral), and to 
outside intervenors will bave to be carefully regulated. 
Similar problems bave arisen in otber programs, and the 
administrative c:osl8 of providing an administrative solution 
to the naval fuel problem can probably be estimated on !be 
basis of these otber program experiences. 

Special Fuels 

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

Summary 

Classif1C81ion is not likely to become a contentious issue for 
!be second repository. There will be an administrative cost 
for the adopted classification systems that will bave to be 
taken into account for the estimations of !be second 
repository c:osiS. 

1 0. 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 future DOE 
policy regarding HEU. In June of 1991, that Task Fon:c 
recommended that OOE cease production of HEU at !be 
Portsmouth Gaseous Diffusion PlanL Sufficient stocks of 
HEU were identified to meet all defense needs, including a 
strategic reserve, well into the next cenwry. Tbat policy bas 
since been put into effecL 
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At that time, !be Task Fon:c bad not completed its 
examination of !be questions conceming reprocessing of 
defense fuels and naval fuels to recover the unbmned HEU. 
By spring of 1992, those smdies were completed and the 
following actions were undertaken:,. 

• Reprocessing at ICPP was to be curtailed immediately 
beginning with an orderly deactivation of the reprocess­
ing facilities. Repiuccssing at Hanford bad already been 
cunailcdin 1990-91. Both the Hanford and ICPPreproc­
essing facilities were to be turned over to OOE-EM. 

• 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 !be 
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 OOE puts 
these recommendations into effect. 

Long-term decisions on !be matter of spent fuel manage­
ment will constitute a major Fcdcral Action as defined by 
NEPA. Preparation of an Environmental Impact Sratemcnt 
(ElS) with an aaendant Record of Decision (ROD) was 
recommended at the secrewial level but the outcome of 
these deliberations is unknown to the author.,. It was furthec 
recommended that DOE-EM be given the responsibility for 
preparing the EIS and gathering information to suppon the 
ROD. In the meantime, the.zecommendations envisaged 
ownenbip of the spent fuel and reprocessing facilities 
passing from OOE-DP to OOE-EMasrapidly as possible.,. 

Long-term decisions on the disposition of spent fuel will 
bave to await guidance from !be current programs concern­
ing commercial spent fuel to be disposed of in the geologic 
W8SIC repository at Yucca Mountain. The principal issue to 
be decided ben: is !be criticality issue. The adequacy of any 
particular sttatcgy adopted for Yucca Mountain by DOE­
RW will not be tested until the licensing process begins 
(- 2001-2007). At that time, NRC will decide the issue. 

DOE-EM believes suongly that the existing reprocessing 
facilities will not be used, even if continued reprocessing of 
the spent fuel proves to be necessary by virtue of the failure 



of a direct disposal policy in lhe future." In effect. DOE-EM 
is counting on being able 10 build new reprocessing facilities 
as pan of Complex 21, if needed. However, it should be 
noted that no reprocessing facilities are included in lhe 
present Complex 21 planning. 
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11190.01 40 CFR Ch. I (7-1-91 Edition) 

SUBCHAPTER F-RADIATION PROTECTION PROGRAMS 

PAIT 190-INVIRONMENTAL RADI­
AnON PIOTEcnON STANDARDS 
POl NUCLEAI I'OWEI OPEI­
AnONS 

Sec. 
1110.01 AppUcabWt)'. 
1110.02 DetlnltloDL 

S..pM I lnvlla_.,n,.II1Utl1.,.., fw the --Cyde 
1110.10 lltandardlo for DOID1&loperatloDI. 
1110.11 v- for UD1>0\IaloperatiODL 
1110.12 Effeetlve -· 

A11THoarn: A-c --Act of 1114. u 
amended; ReorlraldZatlon Plan No. 3, of 
111'10. 

Souacz C2 PR :1810, JOD. u. 11'11, unl­
otllerwtoe DOCed. 

Subpart A--GeMnll l'rovlalona 

I lto.Ol Appii..WUI7. 
The provlaloDa of tiWI part apply to 

radiation doaea received by memben 
of the pubUc In the pneral environ­
ment and to radioactive materials In­
troduced Into the pneraJ environment 
u the reault of operatlODa which are 
part of a nuclear fuel cycle. 

I 1to.02 Dellnltlona. 
<a> Nll<llear lvd CJICle me&Da tbe OP­

erations defined to be uooctated with 
the production of elec:trtcal power for 
publlc use by an:v fuel cycle throucb 
utlllzatlon of nuclear enel'l)'. 

<bl Uruntum lvd CJICle me&Da the 
operations of ml11lnlr of uranium ore, 
chemical convenlon of uranium, lao­
topic enrichment of uranium, fabrica­
tion of uranium fuel, pneratlon ot 
electricity bY a lltrbt--ter-cooled DU• 
clear power plant ua1n1 uran1um fuel, 
and reprocaaJnc of apent uran1um 
fuel, to the extent that theee directly 
aupport the production of electrical 
power tor pubUc use utlllzlna nuclear 
enei'IIJ', but excludes JD1nJns oper­
ations. operatloDa at -.te ell-' 
sites, traDaportatlon of an:v radioactive 
material In aupport of theee oper­
ations, and the reuse of recovered non-

R 

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

<c> GenertJl enmronment me&Da the 
total terreatrlal, atmospheric and 
aquatic environments outside sites 
upon which any operation whicb Ill 
part of a nuclear fuel eycle Ill 
conducted. 

<d> Stte me&Da the area contained 
within the boundary of a location 
under the control of peraoDa -­
Ina or ualna radioactive material on 
whicb Ill conduCted one or more oper­
ations covered by thiS part. 

<e> Rczdt..Uon meana an:v or all of 
the toUowtnc: AlPha. beta, pmma, or 
X-ra:vs: neutrons; and blcb-enerc:v 
electrons, protoDa, or, other atomic 
partlcles; but not BOund or radio 
-ves. nor vlalble, Infrared, or Ultra­
violet llcbt. 

(f) Rczdtoc.cttve material me&Da any 
material whicb apontaneouaJ:v. emlta 
ndtatfon 

<c> Curle <Cil me&Da that quantity of 
radioactive material producJnc 37 bll· 
Uon nuclear traDatormatlODa per 
second <One mUJJcurle <mCJ>-0.001 
CL> 

<b> DMe eoutvalent me&Da the prod­
uct of absorbed doae and appropriate 
tacton to account tor differences 1n bl· 
oloctcal etfectlveneu due to the qual­
Ity of radiation and Ita -tlal dlltrlbu­
tion In the body. The unit of dose 
eqUivalent Ill the "rem." <One mU11rem 
<mrem>- 0.001 rem.> 

<1> 0!1Jczn me&Da an:v human orcan 
exclusive of the dermlll, the epidermis, 
or the cornea. 

<J> OW41DCtt-~~Ur reten to the quan­
tity of electrical enel'l)' produced at 
the buabar of a pneratlnc atatlon. A 
lflp-tt Ill equal to one blUlon -ttl. 
A lflp-tt-:vear Ill eqUivalent to tbe 
amount of enel'l)' output repreeented 
by an averace electric power level of 
one lflp-tt 8Uitalned tor one :vear. 

<ltl Member Q/ tM J>Ubltc me&Da any 
lndlvtdual that can receive a radiation 
dose In the PDera1 environment. 
whether be ma:v or ma:v not &110 be ez­
poaed to radlation In an oceupatlon aa­
IOctated with a nuclear fuel cycle. 
However, an lndlvtdual Ill not consid­
ered a member of the public durlnlf 
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any period In which he Is enpeed In 
C&lT)'Inc out any operation which Is 
part of a nuclear fuel eycle. 

(I) Begul4tort/ ClgeiiCII means the lfOV· 
ernment qency responsible for Jaau1ntr 
recu~&tlons covernlnlf the 111e of 
sources of radiation or !'&dloactlve ma­
terials or emlsolons therefrom and car­
rylnlf out lnBpectlon and enforcement 
aet!VItles to assure compllance with 
auch relllllatlona. 

Subpart a-Environmental Stanclanla 
fer the Uranium Fuel Cycle 

1110.10 llludanla for aonaal oporalloaa. 
Operations covered by this subpart 

ahall be conducted In auch a manner 
u to proVIde reasonable auurance 
that: 

<a> The annual dose equivalent does 
not ezceed 25 mliJlrems to the whole 
body, '15 mliJlrems to the thyroid, and 
25 mliJlrems to any other orcan of any 
m-ber of the publlc u the result of 
e]IJIOeUrea to planned dlacharps of ra­
dloaetlve materials, radon and Ita 
daUIIhten ezcepted, to the ceneral en­
VIronment from uranium fuel eycle op.. 
eratlons and to radiation from these 
operations. 

<b> The total Quantity of radioactive 
materials entertnc the ceneral enVI­
ronment from the entire uranium fuel 
cycle, per II!Pwatt-year of electrical 
enercy produced by the fuel eycle, 
contains 1- than 50,000 curies of 
trypton-85, a mDUcurles of locllne-129, 
and o.a mllllcurles combined of pluto­
nlum-239 and other alpha-emlttlnll 
transuranlc radlonuclldes with half· 
lives creater than one year. 

D 110.11 Vlll'ianca for aauaoal oporalloaa. 
The standards specified In 1190.10 

may be ezceeded If: 
<a> The recul&tory qency baa crant­

ed a ....-l.ance baaed UPOn Ita determi­
nation that a temparary and unusual 
operattnc condition ezJata and contln· 
ued operation Is In the public Interest. 
and 

<b> Information Is promptly made a 
matter of publlc record dellnestlnll the 
nature of unuaual operattnc condl· 
tiona, the decree to which this oper­
ation Is ezpected to result In levels In 
ez~ of the standards, the bulB of 
the ....-tance, and the schedule for 
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achlev!nlf conformance with the stand· 
ards. 

1110.12 Elfectl•e date. 
<a> The standards In 1190.10<al ahall 

be effective December 1, 11'18, ezcept 
that for doses ar1s1n11 from operations 
aaaoc:lated with the mllllnll of uranium 
ore the effective date ahall be Decem­
ber 1, 11180. 

<b> The standards In 1190.10<bl ahall 
be effective December 1, 11'111, ezcept 
that the standards for trypton-85 and 
locllne-129 shall be effective .January 1, 
1883, for any auch radioactive matert­
ala cenerated by the flsllon, ~ 
after these dates. 

PART 191-ENVIRONMENl'AL RADI­
ATION PROTECTION STANDARDS 
FOR MANAGEMENT AND DISPOS. 
AL OF SPENT NUCLEAR FUEL, 
HIGH-LEVEL AND TRANSURANIC 
RADIOACTIVE WASTES 

..,._. A-lavlr1 Wltu-.. fw ...................... 
Sec. 
181.01 AppUcabWty. 
111.02 DeftnltJons. 
181.03 Btaodardl. 
181M Alternative ataDcl&rda. 
181.06 J:t1octlve date. 

...... I--Envll1 n I HI .. SIG...._. fw ....... 
181.11 AIJpllcabWty. 
181.12 DelkdtiOJIL 
181.11 Containment requlremeDII. 
181.1t Auurance requlremenll. 
181.1& Individual protectloD requlremeDta. 
181.11 GroUDd water protectloD requJre. 

meall. 
181.11 Alternative proVIsloos1or ~-
181.18 J:t1ectlve date. 

APrDI>o: A-T.....,I'OJl BIIIIP.urr B 
AftoaDJ::z 8--0DIIWICI JOa IIIPI.alar.t'I'IOII 

ariJIIIIP....,B 

AlmiOIIft'r. The Atomic lllDerar Act o1 
1t1H, u •meDded: 1teorpDlatlon PIIID No. 
I of 11'10; UUI tbe Nudear Wule PollcJ" Act 
of 11182. 

lionel:: 110 PR 18084, Sept. 18, 188&, 
ume. othenrlle noted. 
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Subpart A-Envlranmantal Standards 
far Mana1amant and Stara1• 

lltl.OI AppUcahUity. 
Thl& subpart applles to: 
<al Radiation doses received by 

members of the publlc as a result of 
the tnanaeement <ezcept for trallapor­
tationl and otorqe of opent nuclear 
fuel or hlch·level or t.rcouranlc radio­
active wutes at any facUlty regu)ated 
by the Nuclear RelrUlatory Commla. 
Ilion or by Allreement States, to the 
extent that auch tnanaeement and 
atorqe operationa are not aubJect to 
the provllllono of Part 180 of Title 40; 
and 

<b> Radiation doaeo received by 
members of the publlc as a result of 
the tnanaeement and atorqe of opent 
nuclear fuel or hlch·level or tranau­
ranlc wutes at any dlapoaal facUlty 
that Ia operated by the Department of 
Eneru and that Ia not retrUI&ted by 
the Commlalllon or by Ailreement 
States. 

• 111.02 Delbdtloaa. 
Unl- othenriae Indicated In thla 

aubpart, all terma lhall have the aame 
meaniJia as In Subpart A of Part 180. 

<a> AlleftCI! meana the Environmental 
Protection Apney. 

<bl AdmtAutn.tor meana the Admin· 
latrator of the Environmental Protec­
tion .Aaency. 

<cl Commtutcm meana the Nuclear 
RelrUlatory Commlalllon. 

(d) Dep~&rtmeftt meana the Depart.. 
ment of EneriiY. 

<e> NWPA meana the Nuclear Waste 
Polley Act of 1882 <Pub. L.ll'l-425>. 

(f) Agreemeat Btllte meana any State 
with which the Commlalllon or the 
Atomic EneriiY CommiMion has en­
tered Into an effective acreement 
under aublectlon 2'1'b of the Atomic 
Eller.,. Act of 111M. as amended <88 
Stat. IIIII>. 

<c> Bllftlt Auclellr J'ul meana fuel 
that has been withdrawn from a nucle­
ar reactor followtnc Irradiation, the 
conatituent elementl of which have 
not been aeparated by repro a•utnc, 

<h> Htrlh-lftel nzdtoacUw waat.. as 
1Med In thla part, meana hlch·level ra­
dioactive waste as defined In the Nu­
clear Waste Polley Act of 11182 <Pub. L. 
11'1-425). 

40 CFI Ch. I (7-1-91 Edltlan) 

<ll TrruuuroAtc TIZdto~~eUve tout.. as 
used In thla part, means waste contain­
Inc more than 100 nanocurles of 
alpha-emlttlnc transuranlc laotopeo, 
with half-Uvea creater than twenty 
yearo, per cram of waste, u:cept for: 
<1> Hlch-level radioactive wastes; <2> 
wastes that the Department has deter­
mined, With the concurrence of the 
Admlnlatrator, do not need the decree 
of laolatlon required by thla part; or 
<3> wastes that the Comm•u•on has 
approved for dlapoaal on a case-by-case 
basla In accordance with 10 CJ'R Part 
81. 

(j) BIZdtOIZCUW waat.. as used In thla 
part, means the hlch-level and tranau­
ranlc radioactive waste covered by thla 
part. 

<kl Btorv.ge meana retention of opent 
nuclear fuel or radioactive wutes with 
the Intent and capabWty "' readf1y re­
trieve IUch fuel or waste for aubae­
QUent uae, proceulnc. or dlaPOIIl. 

m DUJroalll meana permanent laola­
tlon of opent nuclear fuel or radioac­
tive waste from the &ccellllble environ­
ment with no Intent of recovery, 
whether or not IUch laolatlon permftl 
the recovery of IUch fuel or waste. Por 
example, dlapoaal of. waste In a mined 
ceoloctc repollltory occurs when all of 
the ahaftl to the rePOIIItory are back­
trued andaealed. 

<m> J111-t meana any activity, 
operation, or proceu <except for trans­
POrtation> conducted to prepare opent 
nuclear fuel or radioactive waste for 
atorace or cliapolal. or the actlvttles u­
!IOClatecl With p1aclnc auch fuel or 
waste In a dlapoall)'ltem. 

<n> Btu meana an area contained 
within the boundary of a location 
under the eUectlve control of penona 
POll rtnr or 11.11nc opent nuclear fuel 
or radioactive waste that are Involved 
In any actlvtty, operation, or proceu 
covered by thla aubpart, 

<o> GeAerlll eal>fnmmeat meana the 
total terreatrla1. atmCIIPherlc. and 
aquatic envlronmentl outlllde llltes 
within which any actlvtty, operation, 
or proceu 11!10Ciated with the manace­
ment and atorace of opent nuclear fuel 
or radioactive waste Ia conducted. 
· <Pl Member of tM J>U6lfc meana any 
lndlvtdual except durlnc the time 
when that lndlvtdual Ia a worker en­
C&Ced In any actlvtty, operation, or 
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proeeu that II covered by the Atomic 
Enl!rlrY Act of 11154, as amended. 

(q) Critical 01PCII means the most 
expoaed human oriPLil or tlaaue exclu­
sive of the lnteJWDentary system 
latin> and the cornea. 

I 111.03 StaDduda. 

<a> 1\lanacement and atoraae of 
spent nuclear fuel or hlah-level or 
transuranlc radioactive wastea at all 
facilities reiiJ]ated by the Com.ml.ulon 
or by Aareement States shall be con­
ducted In IUCh a manner as to provide 
reasonable BB8ur&nee that the com­
bined annual doae equivalent to any 
member of the public In the ceneral 
environment reaulttnc from: 11 l Dil­
charpa of radioactive material and 
direct radiation from such 111&11118e­
ment and atoraae and 12> all oper­
ations covered by Part 180; shall not 
exceed 25 ml1llremB to the whole body, 
111 ml1llremB to the thyroid, and 25 
ml1llremB to any other critical orpn. 

lbl 1\lanacement and atoraae of 
spent nuclear fuel or hlah-level or 
tranauranlc radioactive wastes at all 
facilities to•· the diiPosa1 of such fuel 
or waste that are operated by the De­
partment and that are not reiUlated 
by the Commiuion or Aareement 
States llball be conducted In such a 
manner as to provide reasonable 888Ur· 
ance that the combined annual doae 
equivalent to any member of the 
public In the pneral environment re­
lultlnc from di8charaeB of radioactive 
material and direct radiation from 
IUCh III&IUICeDleDt and ltorap llball 
not exceed 25 ml1llremB to the Whole 
body and 76 ml1llremB to any critical 
orpn. 

I 1t1.1N Allemalln llaDduda. 
Ia> The Administrator may llaue al­

ternative standards from thoae stand­
ards establllhed In 11111.03<b> for 
waste lll&ll&PIIlent and sto11111e activi­
ties at facilities that are not reiiJ]ated 
by the Com.ml.ulon or Aareement 
States If, uPOD review of an applica­
tion for sucb alternative standards: 

I 1 > The Admlnlltrator determines 
that IUCh alternative standards . will 
prevent any member of the public 
from receivtnc a continuous exposure 
of more than 100 ml1llremB per year 
doae equivalent and an Infrequent ex-
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poaure or more than 500 ml1llremB 
doae equivalent In a year from all 
aourcea, excludinll natural ba.cQround 
and medical procedures; and 

12> The Admlnlltrator promptly 
makes a matter of public record the 
decree to which continued operation 
of the facility II expected to result In 
levels In excess of the standards speci­
fied In 1191.03(b). 

lbl An application for alternative 
standards shall be submitted as BOOn 
as pouible after the Department de­
termines that continued operation of a 
facility will exceed the levels specified 
In 11111.03!bl and aha1l Include all In­
formation necessary for the Mmini•­
trator to make the determinations 
called for In 11111.041al. 

lcl Requests for alternative stand­
ards aha1l be submitted to the Admln­
lltrator, U.S. Environmental Protec­
tion Acency, ol01 M Street, sw .. Wash-
tncton. DC 20480. ' 

I 191.86 ElfectiYO date. 
The standards In this subpart shall 

be effective on November 18, 11185. 

Subport 1-Envlronmontal Standards 
for Dlapoaol 

1191.11 Appllcablllly. 

Ia> Thllsubpart applies to: 
Ill Radioactive materlala released 

Into the accessible environment as a 
result of the diiPosa1 of spent nuclear 
fuel or hlah·level or transuranlc radio­
active wastes; 

<2> Radiation doaea received by 
memben of the public as a result of 
aucb cllapoaal; and 

<3> Radioactive contamination of 
certain aourcea of lrDund water In the 
vtclnlty of dllpoaal syatema for IUCh 
fuel or wastes. 

<bl However, this subpart does not 
apply to cllapoaa1 directly Into the 
oceans or ocean aedlmenta Thll sub­
part a1ao does not apply to waatea dil­
poaed of before the effective date of 
this rule. 

t 111.12 Dellnltlou. 

Unleu otherwlle Indicated In this 
subpart, all terma aha1l have the aame 
meantnc as In SuJ)part A of this part. 
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!al Diapcn.U qotem means any com­
bination of engineered and natural 
barriers that Isolate spent nuclear fuel 
or radioactive waste after disposal. 

!bl w ... te. as used In thls subpart, 
means any spent nuclear fuel or radio­
active waste Isolated In a disposal 
system. 

!cl w ... te torm means the materials 
comprlslnc the radioactive compo­
nents of waste and any encaPSUlating 
or stabDizlnc matrix. 

!dl Barrier means any material or 
structure that prevents or substantial­
ly delays movement of water or ra­
dionuclldes toward the accessible envi­
ronment. For example, a barrier may 
be a ceologlc structure, a cantster. a 
waste form with physical and chemical 
characteristics that alanlflcantly de­
crease the mobWty of radionuclldes, 
or a material placed over and around 
waste, provided that the material or 
structure substantially delays move­
ment of water or radionuclldea. 

!el PauiH «mUtutioncll control 
means: !1 l Permanent markers placed 
at a disposal alte. !2l public records 
and archives, !3) tJOVernment owner­
ship and reJUiatlona reJ&rdlnlland or 
resource use, and !4) other methods of 
preserving l<nowledce about the loca­
tion, design, and contents of a disposal 
system. 

(fl ActiH imtitutioncll control 
means: ( 1 l Controlling access to a clla­
posal site by any means other than 
paaalve Institutional controls; (2l per­
forming maintenance operations or re­
medial actions at a alte, C3l controlling 
or cleaning up releases from a alte. or 
! 4 l monitoring parameters related to 
dJsposalsyatem performance. 

(If) Controlle4 area means: !1 l A sur­
face location, to be Identified by pas­
alve Institutional controls, that encom­
paaaea no more than 100 square l<Uo­
meters and extends horizontally no 
more than five l<Uometers In any direc­
tion from the outer boundary of the 
orl&"tnal location of the radioactive 
waatea In a dJsposal ayatem; and C2l 
the subsurface underl:vlnll" such a sur­
face location. 

Chl Ground UH~ter means -ter 
below the land surface In a zone of 
saturation. 

Ul Aqutfer means an underground 
ceolotllcal formation. group of forma-

40 CFR Ch. I (7-1-91 Eclltlon) 

tiona, or part of a formation that Is ca­
pable of yielding a sii(Diflcant amount 
of water to a well or spring. 

(j) LithoiPhere means the solid part 
of the Earth below the surface, lnclud­
ln&" any ground water contained within 
lt. 

<Jr.> Acceuible environment means: 
Cll The atmcnphere; C2l land surfaces; 
(3) surface ~; C4l oceans; and (5) 
all of the Uthosphere that Is beyond 
the controlled area. 

(!) Tnlllllllfllil>tty means the hy­
draulic conductivity lnte~:Bted over 
the saturated thlcl<neas of an under­
ground formation. The transmissivity 
of a aeries of formations Is the sum of 
the Individual transmlsalvltles of each 
formation comprising the aeries. 

Cml Communfty UH~ter 81/Stem means 
a system for the provlalon to the 
public of piped water for human con­
sumption, If such system baa at least 
15 service connections used• by year­
round residents or reJUiarly serves at 
least 25 year-round residents. 

Cnl Silm1/1Ctlnt oource 0/ ground 
UH~ter, as used In thls part, means: { 1 l 
An aquifer that: (I) Ia saturated with 
-ter having leas than 10,000 mWt­
l(r&ml per liter of total dlaaolved 
solids; (Ill Is within 2,500 feet of the 
land surface; CWl baa a tranamlaslvlty 
-ter than 200 l(allona per day per 
foot. l'rol>tlUd. That any formation or 
part of a formation Included within 
the source of ground -ter baa a hy­
draulic conductivity -tef than 2 
l(allona per day per square foot; and 
Uvl Is capable of continuously yielding 
at least 10,000 l(allona per day to a 
pumped or flowing well for a period of 
at least a year; or C2l an aquifer that 
provides the primary source of -ter 
for a community -ter system as of 
the effective date of thls subpart. 

Col Special •ource 0/ ground ..,..ter, 
as used In thla part, means those Claaa 
I l(round waters Identified In accord­
ance with the Al(ency•a Ground-Water 
Protection Strategy published In 
AUI:Uift 1184 that: Ul Are within the 
controlled area encoJDII88IInlf a ~ 
&I ayatem or are leu than five l<Uome­
tera beyond the controlled area; <2> 
are supplying clrlnldn&" -ter for thou­
~ of persona as of the date that 
the Department chooses a location 
within that area for detailed charac-

10 
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terlzatlon as a POtential site tor a dla­
poaal s:votem <e.w .• In aeeordance with 
aectlon 1121b)(ll1Bl of the NWPA>; 
and <3> are Irreplaceable In that no 
reasonable alternative source of drlnl<· 
Ina water Ia available to that POPula· 
tlon. 

(pl Unlfuturi>ed pnformance means 
the predleted behavior of a dlaPO&al 
system. lncludlna conalderatlon of the 
uncertainties In predleted behavior, If 
the dlaPOaal a:votem Ia not disruPted by 
human lntrualon or the occurrence of 
unllkel:v natural events. 

(q) l'eTformance ~t means 
an anaJ:vola that: < 1l Identifies the 
proc e•es and events that milrht affect 
the dlaPOBal s:votem; (2) examines the 
effects of these proc cues and events 
on the performance of the dlaPOaal 
s:votem; and <3> eatlmatea the cumula­
tive releases of radlonuclldea, consider· 
Ina the aaaocl&ted uncertainties, 
caused by all ailrnlflcant proceaaes and 
events. These estimates shall be lncor· 
POr&ted Into an overall probability dla­
trlbutlon of cumulative release to the 
extent practicable. 

<r> Het~f111 ""'tal meana all uranium, 
plutonium, or thorium placed Into a 
nuclear reactor. 

(8) l~ting ~ • .. used In 
thla subpart, means the Commlaalon 
for spent nuclear fuel or hilrh·level or 
tranauranlc waatea to be dlaPOaed of In 
facllltles Ucenaed b:v the Commlulon 
In aeeordance with the Enero Reor­
pnlzatlon Act of 197t and the Nuclear 
Waste Polley Act of 11182, and It means 
the Department for all other radi<NM> 
tlve waatea covered by thla part. 

1191.11 Conlalnment nqlliremeniL 
<a> DiaPOaal s:votema for spent nucle­

ar fuel or hilrh·level or tranauranlc ra· 
dloactlve waatea shall be desllrnecl to 
provide a reasonable expectation. 
baaed UPOD performance .. menta. 
that the cumulative releases of radlon­
uclldea to the acceulble environment 
for 10,000 yean after dlaPOBal from all 
ailrnlflcant Jll'(lteaoes and events that 
ma:v affect the dlaPOBala:votem 8hall: 

<1> Have a likelihood of 1e11 than 
one cbance In 10 of exceecllnw the 
quantities calculated aeeordlnl to 
Table 1 (Appendix Al; and 

<2J Have a llkeUhood of 1e11 than 
one cbance In 1,000 of exceecllnlr ten 
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times the quantities calculated aeeord­
lna to Table 1 (Appendix Al. 

(b) Performance usn=enta need 
not provide complete &l811rallCe that 
the requirements of 11111.111al will be 
met. Becauoe of the 1o01r time period 
Involved and the nature of the events 
and proce•ea of Interest, there wlllln­
evttabl:v be aubatantlal uncertainties In 
proJectlnlr dlaPOaal s:votem perform­
ance. Proof of the future performance 
of a dlaPOaal s:votem Ia not to be had In 
the ordinary aenae of the word In altu· 
attona that deal with much shorter 
time tramea. Inatead, what Ia required 
Ia a reasonable expectation, on the 
bula of the record before the, lmple­
mentiQir &lreDC:V. that compliance with 
I 1111.13 <al will be achieved. 

1111.14 Auunnee nqulremeniL 

To provide the confidence needed 
for IOQir·term compUance with the re­
quirements of f 1111.13, dlaPOaal of 
spent nuclear fuel or hllrh·level or 
tranauranlc waatea ahal1 be condueted 
In aeeordance with the followiDir pro­
vlalona, except that these provlalona 
do not apply to facilities relrulated by 
the Comm•ulon <see 10 CPR Part 80 
for comparable provlalona appUcable 
to facilities relrulated by the Commis­
alonl: 

<a> Active Institutional controla over 
dlaPOBal altea should be ma1ntt.lned for 
as IODir a period of time as Ia practica­
ble after dlapoaal; however, perform· 
ance a10 m,omts that ...... laolatlon 
of the wastes from the acce~~lble envi­
ronment ahal1 not conalder an:v contri­
butions from active lnatltutlonal con­
trola for more than 100 yean after dla­
poaal. 

(b) DiaPOaal a:votema ahal1 be moDI· 
tored after dlaPO&al to detect substan­
tial and detrimental deviations from 
expected performance. Thla monitor· 
Ina ahal1 be done with techniques that 
do not Jeopardize the Isolation of the 
wastes and ahal1 be condueted until 
there are no ailrnlflcant concerns to be 
addreaaecl by further monltortna. 

(C) DiaPOaal altea 11!1&11 be deaipated 
by the IIICIBt permanent marken, 
recorda. and other IIU!IIve lnatltutlonal 
controls practicable to Indicate the 
clanaen of the wastes and their loca· 
tlon. 
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public hearlnp In affected areas of 
the country hu been provided; and 

(c) The public commenta received 
have been full)' C0118Iderecl In develop­
Inc the final vemon of auch altema­
tlve provlalons. 

I 191.18 ElrecUn dale. 
The atanclarda In thla subpart aha!! 

be effective on November 18, 11185. 
1110 PR liiOM, Sept. 18, 11811; 110 PR 4000ll, 
Oct. 1. 118111 

APPI:IniD< A-TABU: POR SIIRPART B 

TABU 1--REI.EAIIE LIMITS FOR CONTAINMENT 
REQUIREMENTS 

(~ ....... IOI'w ........ UioOiUI&ilfar 
10.000 ,... ..., dllpoMI) 

Mwll&lw 141 or -143 
~1· 
~1••·117 -1· -~-111,440,or --TIICfW4 ..... . __, .. ..... 
Tln-1. 
~ . .a., 411. .... .... ,., ............... ~ .... ..... 
.. --·--------! ,., ........................ ...... 
hniO,_.. ............. .... -

Arru:e&'I'IO. or TABS 1 

-"l".o&r 
IIITHiolrr _..,. .,_ 

= 1011 
1011 

1.000 
1011 
1011 
1011 
1011 

1.000 
10.000 

10 
1.000 

1011 

1011 

!lou 1: U11lll Q/ Wute. Tbo Rel­
LIIIIIIa In Table 1 apply to the amount of 
- In UIJ' one of the foll010'1Dc. 

(a) All IIIDOUDt of _.,t Duclar fuel COD· 
taiDIDa 1,000 metric toni of b•YJ' metal 
lll'l'BIIl ~ to a bumuP between 
:11,000 -~ per metric ton of 
_.,. metal (llWd/llTIDil &ad 40,000 
llWcllllTBII; 

lbl Tbe blah·lovol ndloectlve- PD· 
eratecl from re......-,.- 1,000 IITIDI 
~to a bumuP between :11,000 llWdl 
11T1D1 &ad 40,000 llWcllllTBII; 

<cl ll:acb 100,000,000 cur1u of -- or 
be--. ndloGucUdu with half·IIVU 
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- tban 20 yean but ]011 tban 100 
yean <for uae u clllcuuediD Note lor with 
- tb&t ..... Identified by tbe Com-
--blab-levelndloectlvewuteiD..,_ 
oordallco with ~ B of tbe defiDJtloD of 
blah-level wuteiD tbe JIWPAI; 

<dl ll:acb 1,000,000 curlu of other ndloou­
Cildu<Le .. -or-wlth 
half-llveo ..-eater tban 100 yean or UIJ' 
alpb&oeadtten with half·llveo - tban 
20 yean) <for..,.. u -In Note I or 
with mater1a1a t.bat ...., lcleDtlfled by the 
Comml"'cm U hl8b·level ndloectlve wute 
In acoordiDco with ~ B of tbe deflDJ&Iaa 
of blab·levelwuteiD tbe JIWPAt. or 

<el All amount of lraDmraDJc <TROl 
wutee CODtalDlDa one ml1lJoD curlu of 
alpb&oeadttiD&' lraDmraDJc ndlmmc11"" 

with half·ll-- tban 20-
Jlcm: :1: .Relalu Ltmtii/Or s-c!fc.DUpol• 

fll Bl/0,_._ To clevelop --Umlla for a 
~ ~ ·-tbe QU&OtltleiiD Table 11h&ll be adJUited for the omount of 
wute lllcludecl In tho ~ ·-com­
pand to tbe .......... unlla of - -In Note 1. Por ez•mple: ~ 

<al U a~ cl'-1 .- COD· 

- tbe hl8b·lovol - from 10.000 
MTIDI. the Rei- Llllllla for t.bat -
would be tbe auaotltlel In Table 1 mUlti· 
pllecl by 10 (110,000 llTBII - by 1.000 
ll'l'BIIl. 

<bl U a~ cl'-1.- COD· -three ml1lJoD- of alpb&oead-. 
lraDmraDJc -teo. the -- Llllllla for 
t.bat - would be tbe QU&Otltlel In 
Table 1 mUltlpllecl by tiUeo lthleo ml1lJoD 
- cll'flcled by ODe ml1lJoD curl-~ 

(C) U a partlcu]ar cl'-1 - COD• 
C&IDed Doth tbe blah·lovol - nom 
110,000 llTBII ud I ml1lJoD cur1e1o of &lpb&-eml-. lraDmraDJc - the -­LIIIIIIa for t.bat .-would be tbe QWIDtl· 
u. an Table 1 ·."'•'pUed" aa: 

10,000 llTBII 

1.000 llTBII 

1.000.000 curleo TRO 
+ -II 

1,000,000curlu'l'RO 

Non 1: A-lmei1U lor Beoctor IWlo 
1Dtlll Dtl1em&t B1<m1QI. Pur cl'-1._. 
CODtaiDIDa reactor fuell lor the blah-level --reactor tuelll ezpooed to an av­
erqe bumuP of 1011 than :11,000 llWd/ 
liiTID( or IN&ter tban 40,000 llWd/ 
MTIDI. tbe unlla of wute defiDecl In l&l 
&ad lbl of Note 11h&ll be adJUited. Tbe unit 
lh&ll be mUltiiiUod bJ' tbe ratio of 10,000 
llWd!liiTID( - by the fuel'l oetual 
•-bumuP • .._t t.bat a value of 1,000 
llWdlllTIDI may be- - the ·-­..... fuel bumUP II below 1,000 llWdl 
11T1D1 &ad a value of 100,000 llWd/ 
IITIDIIh&ll be Ulecl wben tbe ·-fuel 
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bumup 1o above 100,000 MWdf¥TIDI. Tblo 
adJuoled Wilt of waste ob&ll then be uoec1 In 
dete1"1111nlnc the Releue Llmlto for the 1111-
"-'•-Pur eumple. u • pUtleular dloP-' 
l)'atem CODtaiDed Oab' hlah·level wutea 
With an •venae bumup of 3.000 MWd/ 
MTBM. the unit of - for that dloP-' 
11711emwouldbe: 

1.000 IITIDI X 
(10,0001 

ca.OOOI 

IO,OOOIITIDI 

1,000 11T1D1 

- 1.000 MTBII 

X • 

NOD t: 2'noltiJaeftt Qf ,_Uon4ted llf#h­
Lel>el Wutea. In IIODle -. a blah·leftl 
wute ltrMm fnlm --.,.opent nuel .. 
ar fuel may bave been lor wtl1 bel oeparaled 
Into two or more hlch·level - compo. 
nento - for dUferent dloP-' 171-
temo. In IUCh -. the lmplementlna 
apncy 111.17 an-te the Releue Limit mul· 
tlpUer ~- upon the orlllln&IIITIDI and 
the •venae fuel bumup of the blah-leftl 

- lti'Mml - the ftrloUI dloP-' 
antemo u It ~ provided that the 
total Releue UmU multlpller Uled for that 
..... ce .- at all of 1111 dloP-' ontemo 
may not exoeed the Releue Limit multlpUer 
that would be UMd U the entire -
ltrMm were ~ of In one dloP-' --NOD a: 'l'rntmenl Qf Wulel IDII/l Poori11 
Knoum Bumupo or Origlw ll'l'HII. In 
some-. the neordl aMOCI&Ied With par­
ticular blah-level - - may not be 
adequate to MCUI'atel7 determine the 01181· 
nal metric toni of heavy metal In the reae­
tor fuel that erealed the -· or to deter­
mine the •venae bumup that the fuel wu 
el<POIOCI to. u the UDOOI'talntl• are IUCb 
that the orlllln&l amount of beavy metal or 
the averaae fuel bumup for particular blah· 
level - - ........,t be quantwecl, 
the UDIIII of - derived fnlm Cal and lbl 
of Note 1 lb&ll no lonpr be uoed. lnltead, 
the unltl of - deflned In (C) and (d) of 
Note 1 lb&ll be UMd tor IUCb hlcb-level 
-- u the UDOOI'talnU. In IUCb 
Information allow ........ of val- to be ... 
- wtth the on.tna~ amount of beavy 
metal or the averaae fuel bumup, then the 
calculatlono -bed In prevlouo Noteo wtl1 
be conducted llllnc the valu• that ..Wt In 
the omall- Relealc Llmltl. ezcept that the 
Releue Umllll need not be omaller than 
- that would. be caleulatecl llllnc the 

40 CfR Ch. I (7 -1-91 Edition) 

U that dloP-' ayotem contained the 
hlch-level wuteo from 10,000 MTBII !With 
an averr.oe bumup of 3,000 MWd/IITIDII, 
then the Releue Umllll for that QOtem 
would be the Quantltleo In Table 1 multl­
.plled b:V ten: 

10,000 MTB11 

1,000 11T1D1 

wb1ch 18 tbe ume u: 

ca,ooo MWd/IITIDII 

130,000 MWd/IITIDII 

-10 

unlto of - defined In lcl and ldl of Note 
1. ' 

Non 1: u- Qf lleleue LlmU. to Deter­
mine CDmJ>IIa""" IDII/lflll.JI Onee reJeue 
Umllll for a particular dloP-' 11711em bave 
been determined In aecordanoe wtth Noteo 1 
~h a. tb- release llmlllllb&ll be uoec1 
to determine compUanee wttb the require­
menlo of I lt1.13 u follcnrL In - where 
a mlzture of radlonucU- 1o proJected to be 
releaoed to the -ble en'flnmment. the 
Umltlna val- lb&ll be determined .. !oi­
Jowo: Pur each radlonuellde In the mlzture. 
determUle tbe ratio between tbe cumul&Uve 
releue quantity projeeled over 10,000 -
&Del tbe Umlt for that ndionUCUde u deter­
mined from Table 1 and N- 1· throuch a. 
The oum of IUCh rat1o1 tor all the radlonu­
~ In the mlzture may not exoeed one 
wttb renn1 to 1 1tl.l8!all11 and may not ez- ten With renn1 to 111l.lll<allal. 

Por ezample, U -~ A. B. and C 
are proJeeted to be releaoed In amoun111 Q,. 
Q,. and Q,. and U the IIIPIIcab1e Releue 
Umllll are Rl.,, ~ and ~ then the cu­
mulative rei._ over 10,000 :vearo lb&ll be 
Umlled 10 that the foUowtno relatiODihiP -

Q. Q, Q. 
-+-+-s1 
Rl., Rl., Rl., . . 

[Ncm:; The oupplemental Information In 
thlo appenclll 1o not an 1ntetra1 part of to 
CPR Part 181. Therefore. the lmplementlna 
aaem:leo are not bound to foUow thlo lllld­
ance. Bo.,....., It lo InclUded -- It de-



Environmental Protection Agency 

acrlbea the Aaeney'a auumptlona rep.rdina 
the Implementation of Subpart B. Thla ap­
pendix wW appear 1n the Code of Federal 
Re8ui&Uooo.l 

The Apncy bellevea that the Implement­
Inc aaendea muat determine compliance 
with 11101.13, 101.15, and 101.18 of Subpart 
B by ev&Juatlnc IODII•tenn predlcUooa of dla-
_.t ·- perfol'III&DCe. DetermlDlllll 
compllaDce with 1181.13 will &loo Involve 
pred1ctilll' tbe UkeUbood of event. Uld proc­
..... thot mu clloturb tho dll_.t oyotem. 
1o m&kln8 theae varlouo predlcUooa, It will 
be appropriate for the lmplementlnc &PD· 
ctes to make use of rather colllJ)).ex COIIlPU· 
t&UOD&I modelo, &D&17t1eaJ theorlea, ODd 
prevalent expert Judament relevant to the 
numertcal precl1ctioDa. Suttst&nttal uncer· 
t&lnU.. ue likely to be encountered In 
mokllla theae predlcUODI. 1o foct, oole rell­
anoo on theae numerlc&l predlcUODO to de­
termine compll&nee mu not be appropriate; 
the lmJ>Iementlnc ... nc1 .. mu choooe to 
oupplement ouch predlcUono with quallt&· 
ttve Jucllmenta u well. Becauae the pzvce. 
dureo for determlDlllll complluloo with Sub­
part B have not been formulated and telted 
yet, thl8 appendix to the rule Indicates the 
Aftuey'o oaumpUODI reprdlna nert&ln 
ialuea that may ariH when 1mplementma 
11181.13, 181.1a, and 101.18. Moot of thl8 
11111d&Dce appu.. to any type of dll_.t 
IYBtem for tbe wutea covered b)' thla rule. 
However, R9enl ....U001 app)f on)f to dla­
_.t In miDocl -~- ~tori.. ODd 
would be IDopproprtate for other tftiOII of 
dll_.t-
~ Qf Total DUI>OIIII Syotem. 

When predlcUq dll_.t •- perform­ance, the Apney uaumes that reuon&ble 
proJectlonll of the protecUon ezpectecJ from 
&II of the Olllllneered ODd natural barrlen of 
a dll_.t .- will be conaldered. Par­
tiona of the dll_.t -- ohould not be 
dllrecuded. even U projected performanoe 
Ia uncertain. uoopt for portlona of the 
IYI- thot make nealllllble CODtrlbUUDDI 
to the over&JJ laolatlon provided by the dla­
pooal ontem. 

SCOJHI Qf Per.fo"""nce Au_,., Sec· 
tlon 101.13 requlrel the lmplementlnc aeen­
etea to evaluate compliance throUI'h per· 
formauce 11Ue81Dentl u defined In 
1101.12<Ql. The Apncy -umea thot ouch 
performaDCe eu enta need not COD8ider 
catecorlee of eventa or proceua tb&t are ea­
Umated to ·bave 1- than one ch&noo In 
10,000 of oceurriDC over 10,000 yean. Pur­
thermore. the perfOJ'IDUlCie •• n entl 
DMd not evaluate In detail the releuea from 
all eYeDtl Uld pre c ~••n .uma.&ed to bave a 
areater likelihood of oc:currence. Some of 
th- eoento ODd proooooeo may be omitted 
from the perfOI'DI&DCe ._ entl If there 
Ia a reuonable ~on thot the remain· 
q probabWty dlltrlbuUon of cumutaUve 
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releueo would not be lllplflcantly chanaed 
b;r aucb OID1al.ons. 

Compli4""" IDIIII f lll.lJ. The Aftncy U· 
aumea that, whenever praetteable. the im· 
plemenUnc aaODCY will -ble &II of the 
...Wtl of tbe perform&DCe rn • entl to 
determine complluloo with 1181.13 Into a 
"complementary cumutauve dlltrlbuUon 
funcUon" thot lndlcateo tbe probablllty of 
exceedlna vartoua Ieveli of cumulative re­
leue. When the uncert&lnU.. In parameters 
ue CODIIdered In a porformanoo -ent. 
the effecto of the uncert&lnUeo CODIIdered 
nan be Incorporated Into a olnale ouch dlltrl­
buUon funcllon for - dll_.t .­
CODBidered. The Apncy uaumeo thot a ella­

. _.t- nan be CODBiderecl to be In com­
plluloo with 1101.13 U thl8 olnale dlltrlbu­
tlon functton meets tbe requirements of 
1101.11ca). 

Compllcuace VJIIII H 111.15 cane! 111.11. 
When the uneert&lnUeo In unclloturbed per­
formanoe of a dllpoo&J - ue coDIIcl­
ered. the lmJ>Iementlnc aaencleo need not 
require that a very J&rp penlODtop of the 
ranee of eaUmated racllxtlon e-ur- or 
radkmucllde conoontraUODI f&IJ below llmlto 
eot&bllahecl ID t1101.U ODd 181.11, reopec. 
Uve)f. The Acency ~ thot complluloo 
can be determined baaed upon .. _ ..U­
mate•• predicttona (e.a •• the mean or the 
mecllxn of tbe appropriate dlltrlbuUon, 
wblchever Ia hl8her>. 

lnoUtutlcmCil Coral""'- To comp)f with 
1101.1tca>, the lmplementlnc aaODCY will 
uaume that none of tbe active m.tltutlonal 
controlll prevent or reduce racllonucllcle re­
- for more than 100 yean after ~ 
&1. However, the Pederal Government Ia 
--to- cnmerob1p of &II­
_.t lllteo for opent nuclear fuel IIDd hlch· 
le9el ODd tranouranlc radloacUve wuteo and 
will - appropriate marken and 
recorda, CODBiatent with l18l.ltccl. The 
Apney uaum .. that. u 101111 u ouch _. 
live lnoUtuUOD&I controla endure and ue 
underltood. they: Ul can be effecUve 1D de­
terrlllll --.uc or penlatent uplolt&Uon 
of theae dll_.t llteo; ODd 121 nan reduoo 
the likelihood of Inadvertent, Intermittent 
hum&D lntrullon to a decree to be deter­
mined by tbe lmplementlnc 1180DCJ'. Howev­
er, the Aaency beUeveo that pullve lnoUtu­
UOD&I controls nan never be uaumed to 
ellmlnpte the chance of ID&civerteDt and 
Intermittent human lntrullon Into theae dla­
_.tadteo. 

Cotulclenllfcm 0/ lr&G4vertonl Humczn lfl· 
tniOicm ltato G«<ioggc .fteJ>oiUorla, The 
- _.mt~ve potenU&I cllarupUODI of a 
mined aeoloale ~tory ue th ... aaoc~­
ated with Inadvertent human lntrullon. 
Some tftiOII of IDtrullon would bave virtual­
If no effect on a ~torT• cont&lnment of 
wute. On the other hand. It Ia ~ble to 
conceive of IDtrualonll clnvolvlna wldeopread 
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IOCletall- of ll:nowledp reoardlnlr radloac· 
Uve wuteol that could reault In major ella· 
rupUODI that DO re&IIOD&ble l'ePOBltoey .e­
lection or deal1111 precauttona could alleviate. 
The A8mcY beUevea that tbe moot produc­
tJve cona:lderatlon of inadvertent intruaJon 
CODCei'DI tba.e reau.tlc poutbllltlea that 
may be uoefully mltlnted by re-torr 
deal8n. aite Rlectlon. or uae of puaive CODa 
tro1a C&ltbou&b _..e IDitltutlontJ controls 
abould uot be auumecl to completely rule 
out t.be IICIUibWtr of lntrualoDl. Therefore, 
lnadverteDt Uld lntenultteut lntruolou b:v 
ezplorator;v drllllna for reaoiii'Cel Cotber 
thaD au:v provided b;v tbe cll8poo&l QOtem 
ltlelll caD be t.be moot ........ lntruolou­
uar1o - b:V tbe lmplemeatlua apu· 
cleo. Pllrtbermore, t.be lmplemeutlua IIPD· 
cleo cau IIIUIDe tb&t -ve IDatltuUou&l 
coutrola or t.be lntrudera' owu ozplorator;v 
proeeduno ore adequate for t.be lntruden to 
mou deteet, or be WUDecl of, t.be IDc:ompaU­
bWtr of t.be ona 'llltb tbelr octlviUM. 
'- and -.up Of Inad-t 

H"""'" lntnonon mto Geoto111e ~ 
Ia. The lmptemeutlua apuclel lbould ccm­
.._ t.be effecll of-~ cll8poo&l 
QOtem'a alte,-.., Uld -ve IDitltuUOD· 
&I controla In JudiiDa' t.be Ukelt- Uld 
-ofaucblnadverteut ezplorato. 
r:v drllliDa. However. t.be AaeDc:v -
tb&t tbe Ukellb- of aucb lnadverteut Uld 
ln-ttat drllllna Deed DOt be lakeD to be 

-thaD 10----ldloo meter of ~tor:v ona -10.000 :r-o for 
aeoiCIIIIc repaaltorlea In JII1IZimlt:v to aecll· 
IDell&&r;v .-f~ or more tbiD I 
boreboloa - aquore ldlometer- 10.000 
:van for ~- In otber PGlotllc for· 
--. t.be AaeDc:v-
tb&t t.be -"- of IIIICb -drllllna Deed DOt be - to be mote 
- tbiD: (1) Direct rei- to t.be laud 
--of &11 t.be-- -ter In t.be-
ltor:v - tb&t would 'prompt~;v flow 
tlu:oucb t.be uewl:v - - to t.be aurfoce due to D&tural Utbootatlc p,_,..._ 
or Clf J>tDDPlDa' would be nqtdred to raise 
-ter to t.be aurfocel rei- of 100 euble 
metera of ---pumped to t.be ..... 
foce If tb&t m.ucb water II readll;v anllable 
to be PIIIIIPed: Uld (2) ereaUOD of • -­
- flow patb 'llltb • ~ty typlo&l 
of a bonlu>le mlecl b;v t.be aoD or -vel tb&t 
would IIOftll&ll:v little Into au - bote 
.... time-DOt, tJae pel esMUtJ of & CU'e-tun:v--
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Nuclear Regulatory Commission 

< b l Any license may be revoked, sus· 
pended, or modified, in whole or in 
part: 

0 > 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. record, 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 condl· 
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-Enforcomont 

§ 55.71 Violations. 

<a> An InJunction or other court 
order may be obtained prohibiting any 
violation of any provision of: 

< ll The Atomic Energy Act of 19M, 
as amended; 

<2> Title II of the Energy Reoreanl· 
zatlon Act of 1974, as amended; or 

<3> Any regulation or order Issued 
under these Acts. 

<b) A court order may be obtatned 
for the payment of a civil penalty Im­
posed under section 234 of the Aomic 
Energy Act for violation of: 

<ll 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 l Any rule, regulation, or order 
Issued under these Acts; 

<4> Any tenn, 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. 

<cl Any person who willfully violates 
any provision of the Atomic Energy 
Act or any regulation Issued under the 
Act, Including the regulations In this 
part, may be guilty or a crtme 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-Gen•ral Proviaiona 

Sec. 
80.1 Purpose and scope. 
60.2 Definitions. 
60.3 Licensf' re-quired. 
60.4 Communications and records. 
60.5 Interpretations. 
60.6 Exemptions. 
60.'1 License not required for certain pre­

liminary activities. 
60.8 Reporting, recordkeeping, and applica­

tion requir('ment.s; OMB apptoval not 
required. 

60.9 Employment protection. 
60.10 Completeness and accuracy of infor­

mation. 

Sultplll'l 1--Ucenses 

PREAPPLlCA.TION REVIEW 

60.15 Site characterization. 
60.16 Site characterization plan required. 
80.1'1 Contents of site characterization 

plan. 
60.18 Review of site characterization activi­

ties. 

LICENSE APPLICATIONS 

60.21 Content of application. 
60.22 Filing and distribution of JLpplicatlon. 
60.23 Elimination of repetition. 
60.24 Updating of application and environ­

mental impact statement. 

CONSTRUCTION AUTHORIZATION 

80.31 Construction authorization. 
60.32 Conditions of construction authoriza­

tion. 
60.33 Amendment of construction authori­

zation. 

LICENSE ISSUANCE AND AMENDMENT 

60.41 Standards for issuance of a Hcense. 
60.42 Conditions of license. 
60.43 License specification. 
80.44 Chana:es, tests. and experiments. 
80.45 Amendment of license. 
80.46 Particular activities requlrinl Ucenae 

amendment. 

PaliiANEN'T CLOSURE 

60.51 License amendment for permanent 
closure. 

80.52 Termination of license. 

85 
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§ 60.1 

Subpart (-Participation by State 
Govem ... nta and Affeded Indian Tribes 

80.61 Provision or information. 
60.62 Sitf" revi<'W. 
60.63 Participation tn liccnst' f('View~. 
60.64 Nolie(' to States. 
60.85 Repm~entatlon. 

Sullpart D-lecords, leports, Tests, and 
IMpoctlono 

10.'11 Records &nd reports. 
80.'12 Construction records. 
80.73 Reports of deficiencies. 
10.74 Tests. 
80.15 Inapectlona. 

Sulopart l-Tocholcal Critorlo 

80.101 Purpose and nature of flndings, 
10.102 Concepts. 

PI:RFORIL\IICE OBJECTIVES 

80.111 Performance of the geolOKJc reposi· 
tory operations area throuch permanent 
closure. 
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011.141 <.:onfirmntinn of J!:f'Ot('('hniral and 
design J)aratnt•Lt·rs. 

60.142 Design tcsling. 
60.143 Monitoring and testing waste pack· 

ag<'s. 

Subpart G-Quolity Assuran« 

60.150 Scope. 
60.151 Applicability. 
60.152 Implementation. 

Subpart H-Tralning and Certification of ,......,.1 
60.160 General requirements. 
60.161 Training and certification program. 
60.162 Physical requirements. 

Subpart 1-EIIMrgetteY Pkanning Criteria 
[looo,.,od) 

AUTHORITY: Sees. 51, 53, 62, 63, 85, 81, 181, 
182. 183. 68 Stat. 929. 930. 932. 933. 935. 948. 
953. 954. as amended <42 u.s.c.~ 2071. 2073. 
2092. 2093. 2095. 2111. 2201. 2232. 2233); 
sees. 202. 206. 88 Stat. 1244. 1246 <42 U.S.C. 
5842. 5846>: sees. 10 and 14. Pub. L. 95-801. 
92 Stat. 2951 <42 U.S.C. 2021a and 5851); sec. 
102. Pub. L. 91-190. 83 Stat. 853 <42 U.S.C. 
4332l; sees. 114. 121. Pub. L. 97-425. 96 Stat. 
2213. 2228. as amended (42 U.S.C. 10134. 
10141). 

For the purposes or sec. 223, 68 Stat. 958. 
as amended <42 UB.C. 22"13>. §110.10. 10.71 
to 60.75 are issued under sec. 161o. 68 Stat. 
9110. as amended <42 UB.C. 220Uo». 

Souae<: 46 FR 13980. Feb. 25. 1981. unless 
otherwiae noted. 

Subpart A-General Pravlslons 

160.1 Purpooe and ocope. 

This part prescribes rules governing 
the licensing of the U.S. Department 
of Energy to receive and possess 
source. special nuclear. and byproduct 
material at a geologic repository oper· 
atlons area sited, constructed, or oper­
ated In accordance with the Nuclear 
Waste Polley Act of 1982. This part 
does not apply to any activity licensed 
under another part of this chapter. 
151 FR 2"1162. July 30. 19861 

I 80.2 Definitions. 
As uaed In this part: 
""Accessible environment•• means: Ill 

The atmosphere. 12) the land surface. 
13> surface water. 14) oceans. and 15) 
the portion of the lithosphere that Is 
outside the controlled area. 
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''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 
Conlri'I!SSionally ratified treaties or 
other Federal law may be substantial­
ly and adversely affected by the locat­
ing of such a facUlty; 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 proceases 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 clearin~r 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 investiption 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 
RelrUlatory 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, to be marked by suitable 
monuments, extending horizontally no 
more than 10 kilometers in any direc­
tion from the outer boundary of the 
underground facUlty, 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 
pennanent closure. 

"Director" means the Director of 
the Nuclear RelrUlatory Commission's 
Office of Nuclear Material Safety and 
SafelrUards. 

"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 ch&n~red 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 packqes and the under­
ground facility. 

"Geologic 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: < U The geologic repository op­
erations area. and <2l the portion of 
the geologic setting that provides iso­
lation of the radioactive waste. 

"Geologic repository operations 
area" means a high-level radioactive 
waste facility that is part of a ~reologic 
repository. includinlr both surface and 
subsurface areas, where waste han­
dling actiVIties are conducted. 

"Geologic setting'' means the geolog­
Ic, hydrologic, and geochemical sys­
tems of the region in which a aeologic 
repository operations area Is or may he 
located. 
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"Groundwater•· means all water 
which occurs below the land surface. 

""High-level radioactive waste•• or 
''HLW'' means: <ll Irradl&ted reactor 
fuel, <2> liquid wastes resulting from 
the operation of the first cycle solvent 
extraction system, or equivalent. and 
the concentrated wastes from subse­
quent extraction cycles. or equivalent. 
In a facUlty for reprocessing Irradiated 
reactor fuel. and <3> solids Into which 
such liquid wastes have been convert­
ed. 

"HLW facility" 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 
19,4 <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 essen­
tial to the prevention or mitigation of 
an accident that could result In a radl· 
atlon doae 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
scribed Jll:nlts. 

"Permanent closure" means final 
backfilling of the underground facility 
and the sealing of shafts and bore­
holes. 

"Performance confirmation" means 
the program of tests, experiments. and 
analyaes which Is conducted to evalu­
ate the accuracy and adequacy of the 
Information used to determine with 

1These are DOE ··racmues ~primarily 
for the reeetpt and atoraae of hilh·level ra­
dioactive wastes resulting from activities li­
censed under such Act [the At.omtc Enercy 
Act)" and "Retrievable Surface St.oraae Fa­
cilities and other facllitles authorized for 
the express purpose of subsequent long­
tenn st.oraee of high-level radioactive wastes 
eenerated bY lDOEl. which are not used 
for. or are part of, research and develop. 
ment acttvtties." 
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reasonable assurance that the per­
formance obJectives for the period 
after permanent closure will be met. 

"Public Document Room" means the 
plaee at 2120 L Street NW •• Washing­
ton. D.C.. at which records of the 
Commission will ordlnarUy be made 
available for public Inspection and any 
other Place, the location of which has 
been published In the F'EDEIIAL RECIIS· 
na. at which public records of the 
Commission pertaining to a particular 
IJeologic repository are made available 
for public Inspection. 

"Radioactive waste"" or "waste" 
means HLW and other radioactive ma­
terlala other than HLW that are re­
ceived for emplaeement In a geologic 
repository. 

''Restricted area'' means any area 
access to which Is controlled by the II· 
censee for purposes of protection of 
Individuals from exposure to radiation 
and radioactive materlala. ""Restricted 
area .. shall not Include 'llnY areas used 
as residential quarters. although a sep­
arate room or rooms In a residential 
building may be set apart as a restrict­
ed ares. 

"Retrieval" means the act of Inten­
tionally removing radioactive waste 
from the underground location at 
which the waste had been previously 
empJacedford~al. 

"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 eon­
trolled ares. 

""Site characterization" means the 
proiJI"&ID 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 e~eavations, excavation of explor· 
atory shafts, limited subsurface lateral 
excavations and borings, and In situ 
testing at depth needed to determine 
the suitability of the site for a geologic 
repositorY. but does not Include pre­
liminary borings and geophysical test­
Ing needed to decide whether site 
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characterization should be undertak­
en. 

··unanticipated processes and 
events•• means those processes and 
events affecting the geologic setting 
that are jud~red 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 Js assumed 
that: U l The monuments provided for 
by this part are sufficiently perma­
nent to serve their Intended purpose; 
(2) the vaJue to future generations of 
potential resources within the site can 
be assessed adequately 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 social 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 
years after permanent closure. 

"Underground facility" means the 
underground structure, Including 
openings and backfill materials, but 
excluding shafts, boreholes, and their 
seaJs. 

"Unrestricted area" means any area. 
access to which Is not controlled by 
the licensee for purposes of protection 
of Individuals from exposure to radi­
ation and radioactive materials, and 
any area used for residential quarters. 

"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 rases at 
atmospheric pressure. Beneath flood­
ed areas or In perched water bodies 
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the fluid pressure locaJiy 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 materiaJs 
Immediately surrounding an lndlvlduaJ 
waste container. 

"Water table" means that su"face In 
a groundwater body at which the 
water pressure is atmospheric. 
[48 FR 28217, June 21. 1983, as amended at 
50 FR 29647, July 22. 1985: 51 FR 27182. 
July 30. 1986; 53 FR 43421. Oct. 27. t988J 

§ 60.3 Lleenoe required. 

(al DOE shaJI not receive or possess 
source, speclaJ nuclear, or byproduct 
material at a geologic repository oper­
ations area except as authdrlzed by a 
license Issued by the Commission pur­
suant to this part. 

(bJ DOE shall not commence con­
struction of a geologic repository oper­
ations ares uniess It has filed an appli­
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. 

§ 60.4 Com.•unieations and recorda. 
(a) Except where otherwise speci­

fied, ail communications and reports 
concerning the reiiUiations 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 capable of producing a clear copy 
throughout the required retention 
period. The record may also be stored 
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in electronic media with the capabUity 
for produclne legible, accurate. and 
complete records during the required 
retention period. Records such as let· 
ters, drawinrs. specifications, must In· 
elude all pertinent Information such as 
stamps, Initials, and signatures. The II· 
cenaee shall maintain adequate safe~ 
guards against tampering with and 
loss of records. 
[53 FR 19251, May 27, 1988, as amended at 
53 FR 43421. Oct. 27. 19881 

~ &0.5 Interpretations. 
Except as specifically authorized by 

the Commission, 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 wUI be considered 
binding upon the Commission. 

~ 60.6 ExemptloiUI. 
The Commission may, upon appllca· 

tlon by DOE, any Interested person, or 
upon Its own Initiative, grant such ex· 
emptlons 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. 

f.i 60.7 Lleenae not required for certain 
preliminary activities. 

The requirement for a license set 
forth In I 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 characterlza· 
tion; or 

<b> For use, during site characterlza· 
tlon or construction, as components of 
radiographic, radiation monitoring, or 
similar equipment or Instrumentation. 

1 60.8 Reportinr. remnlkeepinr. and ap. 
plication requirements: OMB approval 
not required. 

The Information collection require­
ments contained In this part affect 
fewer than ten persons. Therefore, 
under section 3506<c><5> of the Paper· 
work Reduction Act of 1980 <Pub. L. 
96-511 >. OMB clearance Is not re-
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qulred for these Information collection 
requirements. 
!47 FR 13774, Apr. 1, 19821 

I 60.9 Employee protection. 
<a> Dlacrlmlnatlon 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 compenaation, terms, conditions, 
and privileges of employment. The 
protected activities are established In 
section 210 of the Energy Reorganlza. 
tlon 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. 

U > The protected activities Include 
but are not limited to: 

<ll Providing the Commission Infor­
mation about possible violations of re· 
qulrements Imposed under either of 
the above statutes; 

<Ill Requesting the Commission to 
Institute action against his or her em­
ployer for the administration or en­
forcement of these requirements; or 

<llll Testifying in any Commission 
proceeding. 

121 These activities are protected 
even If no formal proceeding is actual­
ly Initiated as a result of the employee 
assistance or participation: 

(31 This section has no applicaton to 
any employee alleging dlserlmlnatlon 
prohibited by this section who, acting 
without direction from his or her em­
ployer <or the employer's agent>, delib­
erately causes a 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. 

lbl Any employee who believes that 
he or she has been discharged or oth· 
erwlse discriminated against by any 
person for engaging In the protected 
activities specified In paragraph <a>U> 
of this section may seek a remedy for 
the discharge or discrimination 
through an administrative proceeding 
in the Department of Labor. The ad· 
minlstrative proceeding must be lnlti-
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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. 

Ccl A violation of paragraph Cal of 
this section by a Commission licensee, 
an applicant for a Commission license, 
or a contractor or subcontractor of a 
Commission licensee or applicant may 
be grounds for: 

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

C2l Imposition of a civil penalty on 
the licensee or applicant. 

C3l Other enforcement action. 
Cdl 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 occurs 
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 nonprohlblted con­
siderations. 

Cel Each licensee and each applicant 
shall 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 while the applica­
tion is pending before the Commis­
sion, during the term of the license, 
and for 30 daya following license ter­
mination. 

Norr. Copies of Form NRC-3 may be ob­
tained by wrltlnc to the RectonaJ Adminis­
trator of the appropriate U.S. Nuclear Ree­
ulatory Commission Recional Office listed 
in Appendix D, Part 20 of this chapter. 
147 FR 30456, July 14, 1982, as amended at 
52 FR 31&12. Aur. 21. 19871 

I 60.10 Completeneu and accuraey of In­
formation. 

Cal Information provided to the 
Commission by an applicant for a li­
cense or by a Ucensee or information 
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required by statute or by the Commis­
sion •s regulations. orders, or licensf 
conditions to be maintained by the ap­
plicant or the licensee shall be com­
plete and accurate In all material re­
spects. 

Cbl 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 falls 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 ot Identifying 
the tntormatlon. This requirement is 
not applicable to Information which li; 
already required to be provided to the 
Commission by other reporting or up­
dating requirements. 

152 FR 49372, Dec. 31, 19871 

Subpart 1-llcenses 

PIIEAPPLICATION REVIEW 

I 60.15 Site eharaeterization. 

Cal Prior to submittal or an applica­
tion for a license to be issued under 
this part DOE shall conduct a pro­
gram of site characterization with re­
spect to the site to be described In 
such application. 

Cbl 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 emplaced. 

Ccl The program of site charac: ,rtza. 
tion shall be conducted In accordance 
with the following: 

c 1l Investigations to obtain the re­
quired tnformatlon shall be conducted 
In such a manner as to ltmlt adverse 
effects on the long-term performance 
of the geologic repository to the 
extent practical. 
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C2J The number of exploratory bore· 
•oles and shafts shall be limited to the 
·xtent practical consistent with oiJ. 
alnlng the lnfonnatlon needed for 
ite characterization. 
(3) To the extent practical, explora­

ory boreholes and shafts In the lieD· 
ogle repository operations area shall 
>e located where shafts are planned 
or underground facility construction 
md operation or where large unexca­
·ated pillars are planned. 

c 4 l Subsurface exploratory drilling, 
'xcavatlon, and In situ testing before 
md during construction shall be 
olanned and coordinated with geologic 
!'l!posltory operations area design and 
:onstructlon. 
[46 FR 13980, Feb. 25, 1881, as amended at 
48 FR 28218, June 21, 1983. Redealanated 
'Uld amended at 51 FR 27162, July 30. 1986: 
54 FR 27871, July 3. 19891 

~ 60.16 Site characterization plan re· 
qulred. 

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. 
tunJty for Commission comments 
thereon to have been solicited and 
considered by DOE. 

[51 FR 27182. July 30, 19881 

I 60.17 Contents of alte characterization 
plan. 

The site characterization plan shall 
contain-

Cal A general plan for site character· 
lzatlon activities to be conducted at 
the area to be characterized, which 
general plan shall Include: 

Cl > A description of such area, In· 
eluding 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· 
terlzatlon activities, Including the fol· 
lowlng-

m The extent of planned excava· 
tiona; 

Facts and Issues of Direct Disposal of Spent Fuel 

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

ell> Plans for any onslte testing with 
radioactive material, Including radio­
active tracers, or nonradioactive mate­
rial; 

<Ill> Plans for any Investigation ac· 
tlvltleo that may affect the capability 
of such area to Isolate high-level radio· 
active waste; 

Clv> Plans to control any adverse lm· 
pacts from such site characterization 
activities that are Important to safety 
or that are Important to waste Isola· 
tlon;and 

<v> Plans to apply quality assurance 
to data collection, recording, and re· 
tentlon. 

<3> Plans for the decontamination 
and decommissioning of such area, 
and for the mitigation of any slgnlfl· 
cant adverse environmental Impacts 
caused by site characterlzat,lon actlvl· 
ties, If such area ls determined unsult. 
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 
Polley Act of 1982, to be used to deter· 
mine the suitability of such area for 
the location of a geologic repository; 
and 

C5> Any other Information which the 
Commission, by rule or order. requires. 

Cb> A description of the pOSSible 
waste form or waste packqe for the 
high-level radioactive waste to be em· 
placed In such ceologlc repository, a 
description cto the extent practicable> 
of the relationship between such 
waste form or waste package and the 
host rock at such area, and a descrip· 
tlon of the activities being conducted 
by DOE with respect to such possible 
waste form or waste package or their 
relationship; and 

<c> A conceptual design for the geo· 
logic repository operations area that 
takes Into account likely site-specific 
requirements. 

[51 FR 27183, July 30, 19861 
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160.18 Revie-w or aite ~hararterization 8('· 
tivltieR.2 

<a> The Director shall 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. 

<bJ 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· 
terlzed is located and to the governing 
body of any affected Indian Tribe. 
The Director shall provide an oppartu­
nlty, 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 suuestlons 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 
c haracterizatlon 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· 
lngs held by DOE. 

<d> The Director shall provide to 
DOE the s1te characterization analysis 

1 Jn addition to the review or site charac­
terization activities specified 1n this section, 
the Commission contemplates an ongoing 
review of other infonnatton on site investi­
gation and site characterization, Jn order to 
allow early Identification of potential licens­
ing issues for timely resolution. This activi­
ty w1ll include, for example, a review of the 
environmental assessments prepared by 
DOE at thf" time of site nomination, and 
review of Issues related to long lead time ex­
ploratory shaft planning and procurement 
actions by DOE prior to issuance of site 
characterization plans. 
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together with such additional com­
ments as may be warranted. These 
comments shall Include either a state· 
ment that the Director has no objec· 
tlon 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· 
tlon, the Director may make specific 
recommendations pertinent to DOE's 
site characterization program. 

< e J If DOE's planned site character· 
izatlon activities include onslte 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 ~ be sub­
mitted under f 60.22 of this part. 

<fl The Director shall publish In the 
FEDERAL REGISTER a notice of availabil­
Ity of the site characterization anayJ. 
sis and a request for public comment. 
A reasonable period, not less than 90 
days, shall be allowed for comment. 
Copies of the site characterization 
analysts and of the comments received 
shall be made available at the Public 
Document Room. 

<g> During the conduct of site char­
acterization activities, DOE shall 
renort 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· 
uies 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 unon the results of site charac­
terization will be established. Other 
topics related to site characterization 
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shall also be covered If requested by 
the Director. 

(h) During the conduct of site char· 
acterlzatlon activities, NRC starr shall 
be permitted to visit and Inspect the 
locations at which such activities are 
carried out and to observe excavations, 
borings, and In situ tests as they are 
done. 

Cl> 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 site characterlza· 
tlon program. The Director shall 
Invite public comment on any com­
ments which the Director makes to 
DOE upon review of the DOE semian· 
nual reports or on a.ny other com­
ments which the Director makes to 
DOE on site characterization. 

<J> The Director shall transmit 
copies or 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· 
acterlzed Is located and to the govern­
Ing body of any affected Indian Tribe. 
When transmitting the site character· 
lzation 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· 
eluding the reports described In para­
graph <g>, shall be placed In the Public 
Document Room. 

(I) The activities described In para­
graphs (a) through (k) or this section 
constitute informal conference be­
tween a prospective applicant and the 
starr. as described In 1 2.10l<a><l> or 
this chapter, and are not part of a pro­
ceeding under the Atomic Energy Act 
of 1954, as amended. Accordingly, nel· 
ther the Issuance or a site character· 
lzatlon analysis nor any other com­
ments or the Director made under this 
section constitutes a commitment to 
Issue any authorization or license or In 
any way affect the authority of the 
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Commission, the Atomic Safety and 
Licensing Appeal Board, Atomic 
Safety and Licensing Boards, other 
presiding officers, or the Director, In 
any such proceeding. 
(51 FR 27183. July 30. 1988) 

LICENSE APPLICATIONS 

160.21 Content of application. 

<a> An application shall consist of 
general Information and a Safety 
Analysts 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· 
elude: , 

U > 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 emplace­
ment of wastes at the proposed geolog­
Ic repository operations orea. 

<3> A certification that DOE will 
provide at the geologic repository op­
erations area such safeguards as it re­
quires at comparable surface facilities 
lof DOE> to promote the common de­
fense and security. 

< 4 > A description of the physical se­
curity plan for protection against radl· 
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 characterlza· 
tlon work actually conducted by DOE 
at all sites considered In the appllca· 
tlon and, as appropriate, explanations 
or why such work differed from the 
description or 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 l 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 or 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 Inform&· 
tion with respect to subsurface condi· 
tiona outside the controlled area to 
the extent such Information Is rele· 
vant and material. The detailed lnfor· 
matlon referred to In this paragraph 
shall include: 

<Al The orientation, distribution, ap­
erture In-filling and origin of frac· 
tures, discontinuities, and heterogene­
Ities: 

<Bl The presence and characteristics 
of other potential pathwaya such as 
solution features, breccia pipes, or 
other potentially permeable features: 

<Cl The geomechanlcal properties 
and conditions, Including pore pres· 
sure and ambient stress conditions: 

<Ol The hydrogeologic properties 
and conditions: 

<El The geochemical properties; and 
<Fl The anticipated response of the 

geomechanical, hydrogeologic, and 
geochemical syatems to the maxtmum 
design thermal loading, given the pat­
tern of fractures and other discontinu­
Ities and the heat transfer properties 
of the rock mass and groundwater. 

<Ill The assessment shall contain: 
<Al An analysis or the geology, geo­

physics, hydrogeology, geochemistry, 
climatology, and meteorology of the 
site, 

<Bl 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 
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or detracts from Isolation. For the pur­
pose of determining the presence of 
the potentially adverse conditions, In· 
vestigatlons shall extend from the sur· 
face to a depth sufficient to determine 
critical pathwaya for radlonucllde ml· 
gration from the underground facility 
to the accessible environment. Poten· 
tlally adverse conditions shall be inves· 
tigated outside of the controlled area 
If they affect Isolation within the con­
trolled area. 

<Cl An evaluation of the perform· 
ance of the proposed geologic reposl· 
tory for the period after permanent 
closure, assuming anticipated process­
es and events, giving the rates and 
quantities of releases of radionuclldes 
to the accessible environment as a 
function of time: and a similar evaJua· 
tlon which assumes the occurrence of 
unanticipated processes and events. 

(Ol The effectiveness of t!ngineered 
and natural barriers, Including bar· 
rlers 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 tm· 
portant to waste Isolation, with par· 
tlcular attention to the alternatives 
that would provide longer radlonucllde 
containment and Isolation. 

<El An analyals of the performance 
of the major design structures, sys­
tems, and components. both surface 
and subsurface, to Identify those that 
are tmportant to safety. For the pur· 
poses of this analyals, It shall be as· 
sumed that operations at the geologic 
repository operations area will be car· 
rled out at the maximum capacity and 
rate of receipt of radioactive waste 
stated In the application. 

<Fl An explanation of measures used 
to support the models used to perform 
the assessments required in para· 
graphs <Al through <Ol. Analyses and 
models thai 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 desillll. both surface and subsur· 
face, of the geologie repository oper· 
ations area Including: (I) the principal 
desillll criteria and their relationship 
to any general performance obJectives 
promulgated by the CommiSsion, <Ill 
the deslllll bases and the relation of 
the deslllll bases to the principal 
deslllll criteria, <Ill> Information rela· 
tlve to materials of construction <In· 
eluding geologie media, general ar· 
rangement, and approximate dimen­
sions>. and <lvl codes and standards 
that DOE proposes to apply to the 
desillll and construction of the geolog. 
le repository operations area. 

<3> A description and analysis of the 
deslllll and performance requirements 
for structures, systems, and compo­
nents of the geologic repository which 
are Important to safety. This analysis 
shall conslder-<ll The marlins of 
safety under normal conditions and 
under conditions that may result from 
anticipated operational occurrences, 
Including those of natural origin; and 
<II l the adequacy of structures, BYI· 
terns, and components provided for 
the prevention of accidents and mlti· 
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. 

<S> A description of the kind, 
amount. and specifications of the ra· 
dloactlve material proposed to be re­
ceived and possessed at the geologie 
repository operations area. 

< 6 > An Identification and Justlflca· 
tlon 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 slllllificantly Influence the final 
desillll. 

<7> A description of the program for 
control and monitoring of radioactive 
effluents and occupational radiation 
exposures to maintain such effluents 
and exposures in accordance with the 
requirements of Part 20 of this chap· 
ter. 
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<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 desillll 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 accountlne program. 

< 11 l A description of desillll consider· 
ations that are Intended to facilitate 
pennanent closure and decontamina­
tion or dismantlement of surface fa· 
eilltles. · 

<12> A description of plans for re· 
trleval and alternate storage of the ra­
dioactive wastes should the geologie 
repository prove to be unsuitable for 
disposal of radioactive wastes. 

<13> An Identification and evaluation 
of the natural resources of the geolog. 
le setting, Including estimates as to un· 
discovered deposits, the exploitation 
of which could affeel the ability of the 
eeologlc repository to isolate radioac­
tive wastes. Undiscovered deposits of 
resources characteristic of the area 
shall be esttmated by reasonable Infer­
ence based on geological and geophysl· 
cal evidence. This evaluation of re· 
sources, including undlseoverd depos­
Its, shall be conducted for the site and 
for areas of similar size that are repre· 
sentative of and are within the geolog· 
le 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 development, extraction and 
marketing costs. For natural resources 
without current markets, but which 
would be marketable given credible 
proJected changes In economic or tech· 
nologlcaJ factors, the resources shall 
be described by physical factors such 
as tonnage or other amount. grade, 
and quality. 

<14 l An Identification of those struc· 
tures. systems. and components of the 
geologie repository, both surface and 
subsurface, which require research 
and development to confirm the ade· 
quacy of design. For structures. sys. 
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terns, 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 
schedule Indicating when these ques­
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. 

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

CliO Personnel qualifications and 
training requirements. 

ClvJ Plans for startup activities and 
startup testing. 

Cv> Plans for conduct of normal ac­
tivities, Including maintenance, sur­
veillance. and periodic testing of struc­
tures. systems, and components of the 
geologic repository operation area. 

Cvll Plans for permanent closure and 
plans for the decontamination or dis­
mantlement of surface facilities. 

Cvlll 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 struc­
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 28219, June 21, 1983; 54 FR 27871, 
July 3. 19891 

I 60.%2 Filinr and distribution of applica­
tion. 

Cal 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 
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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 Dl 
rector. 

Cbl Each portion of such application 
and any amendments, and each envi­
ronmental Impact statement and an~ 
supplements, shall be accompanied b~ 
30 additional copies. Another 120 
copies shall be retained by DOE for 
distribution In accordance with writ· 
ten instructions from the Director or 
the Director's designee. 

Ccl DOE shall, upon notification of 
the appointment of an Atomic Safety 
and Licensing Board, update the appJi. 
cation, eliminating all superseded In· 
formation. and supplement the envi· 
ronmental Impact statement If neces­
sary, and serve the updated applica­
tion and environmental impact state­
ment Cas 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. 

CdJ At the time of flltng 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 Cwhlch 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. 

Cel 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 Ccl and Cdl 
of this section, contain the current 
contents of such documents submitted 
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m accordance with the requirements 
>f this part. 
54 FR 27871. July 3. 19891 

i 60.23 Elimination or repetition. 

In Its application, environmental 
report. or Site Characterization 
Report, the DOE may Incorporate by 
reference Information contained in 
orevlous applications, statements, or 
reports flied with the Commission: 
Provided, That such references are 
·;lear and specific and that copies of 
the Information so Incorporated are 
wallable In the public document room 
1 ocated near the site of the proposed 
'<eologlc repository. 

i 60.24 Updatin1 or application and envi· 
ron mental impact atatemenL 

<a> The application shall be as com­
plete as possible In the light of lnfor· 
matlon that Is reasonably available at 
'he time or docketing. 

<b> The DOE shall update Its appli· 
oatlon In a timely manner so as to 
oermlt the Commission to review, 
orlor to Issuance of a license: 

<1 I Additional geologic. geophysical, 
geochemical, hydrologic, meteorologic 
and other data obtained during con· 
'itructton. 

< 2 I 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 Commission's issuance of a license 
that was not available at the time a 
construction authorization was Issued. 

<c> The DOE shall supplement Its 
environmental Impact statement In a 
timely manner so as to take Into &c· 
count the environmental Impacts of 
any substantial changes In Its pro· 
posed actions or any signlfieant 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 
•• FR 27872, July 3, 19891 
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CONSTRUCTION AUTHORIZATION 

§ 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 illt detennfnes: 

Cal Sa,tet!/. That there Is reasonable 
assurance that the types and amounts 
or radioactive materials described In 
the application can be received, pos­
sessed, and disposed or 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 determlna· 
tion, the Commission shall consider 
whether: 

<1 J DOE has described the proposed 
geologic repository Including but not 
limited to: (f) The geologic, geophysf. 
cal, geochemical and hydrologic char­
acteristics of the site; <Ill tloe kinds 
and quantities or radioactive waste to 
be received. possessed, stored, and dis­
posed of In the geologic repository OP· 
eratlons area: <Uil the principal archi­
tectural and engineering criteria for 
the design of the geologic repository 
operations area; !lv> construction pro­
cedures which may affect the capabil­
Ity of the geologic repository to serve 
Its intended function: and !vi features 
or components Incorporated In the 
design for the protection or the health 
and safety of the public. 

121 The site and design comply with 
the performance obJectives and crlte· 
ria contained In Subpart E of this 
part. 

<3 I The DOE's quality assurance 
program complies with the require­
ments or Subpart 0 or this part. 

( 4 I The DOE's personnel training 
program complies with the criteria 
contained In Subpart H or this part. 

<51 The DOE's emergency plan com­
plies with the criteria contained In 
Subpart I of this part. 

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

<b> Common de/eme and •ecuritJI. 
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 nonlnlmlcallty to the 
common defense and security. 

<c> EnvironmentaL 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 13980, Feb. 25. 1981. as amended at 
48 FR 28220, June 21, 1983; 54 FR 27872, 
July 3, 19891 

§ 60.32 Conditions of construdion author­
ization. 

<a> A construction authorization 
shall Include such conditions as the 
Commission finds to be necessary to 
protect the health and safety of the 
public, 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; <I> 
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
cies 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. 

<c> The construction authorization 
will Include restrictions on subsequent 
changes to the features of the geologie 
repository and the procedures author­
Ized. The restrictions that may be lm· 
posed under this paragraph can In· 
elude measures to prevent adverse ef­
fects on the geologic setting as well as 
measures related to the design and 
construction of the geologie 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-

99 

§ 60.41 

cedures which may not be changed 
without: <il 60 days prior notice to the 
Commission <it> 30 days notice of op. 
portunlty for a prior hearing, and <Ill> 
prior Commission approval; <2> those 
features and procedures which may 
not be changed without Cil 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 
<c><3> 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 
a license to receive and possess source, 
special nuclear, or byproduct material 
at the geologie 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. 

I 46 FR 13980. Feb. 25, 1981, as amended at 
48 FR 28221, June 21, 19831 

I 60.33 Antendment of con•truetion au­
thorlzaUon. 

<a> An application for amendment of 
a construction authorization shall be 
flied with the Commission fully -de­
scribing any changes desired-and fol­
lowing as far as applicable the fonnat 
prescribed In § 60.21. 

<b> In detennln!ng whether an 
amendment of a construction author!· 
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 A11D AMENDMENT 

I 60.41 Standard• for iuuanu of a II· 
cense. 

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

<a> Construction of the geologic re­
pository operations area has been sub­
stantially completed In confonnlty 
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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 substantially complete 
for the purpoaes of this paragraph If 
the construction of C 1 > surface and 
Interconnecting structures, systems, 
and components, and C2l any under­
ground storage space required for Ini­
tial operation are substantially com· 
plete. 

Cbl The activities to be conducted at 
the ~reolollle repository operations area 
will be In conformity with the appllca· 
tlon as amended, the provisions of the 
Atomic EneriiY Act and the EnefiiY 
Reorganization Act, and the rules and 
regulations of the Commission. 

c e > The Issuance of the license will 
not be Inimical to the common defense 
and security and will not constitute an 
unreasonable risk to the health and 
safety of the public. A DOE certifica­
tion that It will provide at the geologie 
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-lnlml­
callty to the common defense and se­
curity. 

Cdl All applicable requirements of 
Part 51 have been satisfied. 

160.42 Condition• or licenle. 

Cal A license Issued pursuant to this 
part shall Include such conditions, Jn. 
eluding 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. 

c b > Whether stated therein or not, 
the following shall be deemed condl· 
tlons In every license Issued: 

c 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. 

C 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 Com­
mission to determine whether or not 
the license should be modified, sus­
pended or revoked. 
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C3l The license shall be subJect to 
the provisions of the Atomic EnefiiY 
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. 

Ce> Each license shall be deemed to 
contain the provisions set forth In See· 
tlon 183 b-d, Inclusive, of the Atomic 
EnefiiY Act, whether or not these pro­
visions are expressly set forth In the II· 
cense. 

160.43 License apeclncation. 
Cal A license Issued under this part 

shall Include license conditions derived 
from the analyses and evalul'tions In· 
eluded In the application, Including 
amendments made before a license Is 
Issued, together with such additional 
conditions as the Commission finds ap­
propriate. 

Cbl License conditions shall Include 
Items In the following categories: 

C 1 > Restrictions as to the physical 
and chemical form and radioisotopic 
content of radioactive waste. 

C2> Restrictions as to size, shape, and 
materials and methods of construction 
of radioactive waste packaging. 

C3> Restrictions as to the amount of 
waste permitted per unit volume of 
stor&~re apace consldertng the physical 
characteristics of both the waste and 
the host rock. 

C4> Requirements relating to test, 
calibration, or Inspection to assure 
that the foregoing restrictions are ob­
served. 

C5> 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 Isolation within the 
controlled area. 

C6> Administrative controls, which 
are the provisions relating to organiza­
tion and management, procedures, ree­
ordkeeplng, review and audit, and re­
porting necessary to assure that activi­
ties at the facUlty 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. 19831 

§ 60.44 Chanr ... lelia. and exporlmenta. 
<aJ<l J Following authorization to re­

ceive and possess source, special nucle­
ar, or byproduct material at a geologic 
repository operations area, the DOE 
may <I) make changes In the geologic 
repository operations area as described 
In the application, <Ill make changes 
In the procedures as described In the 
application, and <Ill) 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. 

<2J A proposed change, test. or ex­
periment shall be deemed to Involve 
an unreviewed safety question If <U 
the likelihood of occurrence or the 
consequences of an accident or mal­
function of equipment important to 
safety previoualy evaluated in the ap­
Plication Is Increased, <Ill the possibili­
ty of an accident or malfunction of a 
different type than any previously 
evaluated In the application Is created, 
or <Ill J the margin of safety as defined 
In the basis for any license condition Is 
reduced. 

<bJ The DOE shall maintain records 
of chan~res 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 
unrevlewed 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 

§ 60.41 

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 li 
censlng proceedings. 
£46 FR 13980, Feb. 25, 1981, as amended a~ 
52 FR 31612. Aug. 21, 1987) 

§ 60.45 Amendment or license. 
<aJ An application for amendment o! 

a license may be filed with the Com· 
mission fully describing the change> 
desired and following as far as applica 
ble the format prescribed for licensr 
applications. 

<bJ In determining whether an 
amendment of a license will be ap­
proved, the Commission will be IIUided 
by the considerations that govern thr 
issuance of the Initial license, to th• 
extent applicable. 

§ 60.46 Particular activities requlrln• li· 
ftnae amendment. 

Ia) Unless expressly authorized In 
the license, an amendment of the li­
cense shall be required with respect to 
any of the following activities: 

<1 J Any action which would make 
emplaced hl~rh-level radioactive wute 
Irretrievable or which would subatan· 
tially Increase the difficulty of retriev­
Ing such emplaced waste. 

<2J Dismantling of structures. 
!3J Removal or reduction of-controls 

applied to restrict access to or avoid 
disturbance of the controlled area and 
to areas outside 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. 

<5J Any substantial change to the 
design or operating procedures from 
that specified In the license. 

< 6 J Permanent closure. 
<7J Any other activity Involving an 

unreviewed safety question. 
<bl 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. 19831 
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§ 60.51 

PERMANENT CLOSURE 

I 60.51 LJeenH amendment ror permanent 
cloaure. 

<a> DOE shall submit an application 
to amend the license prior to perma­
nent closure. The submission shall 
consist or an update or the license ap­
plication submitted under It 60.21 and 
60.22. Including: 

<1 l A description of the program for 
post-permanent closure monitoring of 
the geologic repository. 

<2> A detailed 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 or emplaced waste within the 
geologic repository and to assure that 
relevant Information will be preserved 
for the use or future generations. As a 
minimum, such measures shall In­
clude: 

<ll 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 

<Ill 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 or the controlled area, and 
the nature and hazard or the waste. 

<3 l Geologic, geophysical, geochemi­
cal, hydrologic, and other site data 
that are obtained during the oper­
ational period pertinent to the long­
term Isolation or emplaced radioactive 
wastes. 

< 4 > The results or tests, experiments, 
and any other analyses relating to 
backfill or 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. 
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<6> Other information bearing upon 
permanent closure that was not avail­
able at the time a license was issued. 

<bl If necessary, so as to take into ac­
count the environmental Impact or 
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. 

C46 FR 13980, Feb. 25. 1981, as amended at 
48 FR 28221. June 21. 1983: 54 FR 27872. 
July 3. 19891 

I 60.52 Termination or license. 

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

<b l Such application shall be filed, 
and will be reviewed. In accordance 
with the provisions of I 60.45 and this 
section. 

<c> A license shall be terminated 
only when the Commission finds with 
respect to the geologic repository: 

n l 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 plans for the de­
contamination or dismantlement or 
surface facUlties, as amended and ap­
proved as part or the license. 

<3> That the termination of the li­
cense Is authorized by law, Including 
sections 57. 62, and 81 or the Atomic 
Energy Act. as amended. 

(46 FR 13980, Feb. 25, 1981. as amended at 
48 FR. 28222, June 21, 19831 

Subport C-Partlcipatlon 
Governments and 
lndion Tribes 

by Stoto 
AHected 

Souacr. 51 FR 27184. July 30, 1986, unless 
otherwise noted. 
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160.61 Provi1ion 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. 

<c> 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
cluded 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· 
nlshed 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. 

<c> 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~ 

<3> Cooperation In development o1 
propossls for State and Tribe partlcl 
patlon In license reviews. 

§ 60.63 Participation in lieen1e reviews. 

<a> State and local governments ano 
affected Indian Tribes may partlclpat< 
In license reviews as provided In Sub­
Part G of Part 2 of this chapter. J. 
State In which a repository for high 
level radioactive waste Is propOSed t< 
be located and any affected Indlar 
Tribe shall have an unquestJonabh 
legal right to participate as a party lr 
such proceedings. 

<b> In addition, whenever an are• 
has been approved by the President 
for site characterization, a State or ar 
affected Indian Tribe may submit to 
the Director a proposal to facilitate llf 
Participation In the review of a sit. 
characterization plan and/or licellSf 
application. The proposal may be sub­
mitted at any time and shall contain a 
description and schedule of how th• 
State or affected Indian Tribe wishes 
to participate In the review, or what 
services or activities the State or af. 
fected Indian Tribe wlahes NRC to 
carry out. and how the services or ac­
tivities propased 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 fttabllsh­
lng additional public document rooms 
or employment or exchange of State 
personnel under the Intergovernmen­
tal Personnel Act. 

<c> 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. 
lng any modifications that may con­
tribute to the effective participation 
by such State or Tribe. 

<d> SubJect to the availability 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 matmltude 
of Impacts which the State or affected 
Indian Tribe may bear; 
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<2> The proposed activities: 
m Wlll enhance communications be· 

tween NRC and the State or affected 
Indian Tribe; 

<II> Wlll make a productive and 
timely contribution to the review; and 

<Ill> Are authorized by law. 
< e > The Director wlll 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. 

<f> Proposals submitted under this 
section. and responses thereto. shall 
be made available at the Public Docu· 
mentRoom. 

I 60.64 Notice to States. 
If the Governor and legislature or a 

State have jointly designated on their 
behalf a single person or entity to re­
ceive notice and lnfonnation from the 
Commission under this part. the Com· 
mission wlll provide such notice and 
Information to the jointly designated 
person or entity Instead or the Gover· 
nor and legislature separately. 

I 60.65 Repreoentatlon. 
Any person who acts under this sub­

part as a representative for a State <or 
for the Governor or Jeclslature there­
of> or for an affected Indian Tribe 
shall Include In the request or other 
submission, or at the request of the 
Commission, a statement of the basis 
or his or her authority to act In such 
representative capacity. 

Subpart D-Records, Reports, Tests, 
and Inspections 

Souaa: 48 FR 28222. June 21. 1983, unless 
otherwlae noted. 

§ 60.71 Record• and reportl. 

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

< b > Records or the receipt, handling, 
and disposition of radioactive waste at 
a geologic repository operations area 
shall contain sufficient Information to 
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provide a complete history of the 
movement of the waste from the ship· 
per through all phases or storage and 
disposal. DOE shall retain these 
records in a manner that ensures their 
useability for future generations In ac· 
cordance with § 60.5l<a><2>. 
(48 FR 28222 .June 21. 1983, ·as amended at 
53 FR 19251, May 27, 19881 

160.72 Construction recorda. 

<a> DOE shall maintain records or 
construction of the geologic repository 
operations area In a manner that en· 
sures their useability for future gen· 
erations In accordance with 
I 60.51<a><2>. 

<b> The records required under para. 
graph <a> shall Include at least the fol· 
Jowlnc: 

U >Surveys or the undercround facll· 
lty excavations, shafts, and boreholes 
referenced to readily Identifiable sur· 
face features or monuments; 

<2> A description or the materials en· 
countered; 

<3> Geologic maps and geologic cross 
sections; 

<4> Locations and amount or seep. 
age; 

<5> Details of equipment, methods, 
progress, and sequence of work: 

<6> Construction problems; 
<7> Anomalous conditions encoun­

tered; 
<8> Instrument locations, readin&'s. 

and analysis; · 
<9> Location and deSCription or struc· 

tural support systems: 
(10) Location and description or 

dewaterlna systems: and 
< 11 > Details, methods of emplace­

ment, and location or seals used. 
(48 FR 28222 .June 21, 1983, as amended at 
53 FR 19251. May 27, 1988) 

§ 60.73 Reportl of denciend ... 

DOE shall promptly notify the Com. 
mission or each deficiency round In 
the characteristics of the site, and 
design and construction or the geolog. 
lc repository operations area which, 
were It to remain uncorrected, could: 
<a> Be a substantial safety hazard, (b) 
represent a significant deviation from 
the design criteria and design bases 
stated In the application, or <c> repre­
sent a deviation from the conditions 
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stated In the terms of a 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
gional Office listed In Appendix D of 
Part 20 of this chapter. 

160.7 4 THts. 
<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. 

!bl The tests required under this sec­
tion shall Include a performance con­
firmation program carried out In ac­
cordance with Subpart F of this part. 

160.75 lnopectlona. 

<a> DOE shall allow the Commission 
to Inspect the premises of the 11eoloclc 
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
sonable notice, records kept by DOE 
pertaining to activities under this part. 

<clUJ 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, alr-eondltionlnc. Iicht, 
electrical outlets and janltortal serv­
Ices shall be furnished by DOE. The 
office shall be convenient to and have 
full access to the facility and shall pro­
vide the Inspector both visual and 
acoustic privacy. 

!2J 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 
cenerally 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 trailer or other 
onstte space at the geologic repository 
operations area Is suuested 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 wUI be 
furnished by the Commission. · 

!31 DOE shall afford any NRC resi­
dent Inspector asslcned to that loca­
tion, or other NRC inspectors Identi­
fied by the Regional Administrator as 
likely to Inspect the facility, lmmedl· 
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, 1983, as unended at 
52 FR 31812. Auc. 21, 19871 

Subpart E-T ochnleol Crltorlo 

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

160.101 Pu.,..... and nature of findlnp. 

!B)(lJ Subpart B of this part pre­
scribes the standards for Issuance of a 
license to receive and possess source, 
special nuclear, or byproduct material 
at a geologic repository operations 
area. In particular, f 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 deslcn criteria which, If satis­
fied, wtll support such a flndinc of no 
unreasonable risk. 

!2l While these performance objec­
tives and criterta are generally stated 
In unqualified terms, It Is not expected 
that complete assurance that they wUI 
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 
I 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
stratton 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. 

<bl 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, I 60.31<al 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 criterta con­
tained In this subpart. Once again, 
while the criteria may be written In 
unqualified terms, the demonstration 
of compliance may take uncertainties 
and gaps in knowledge into account. 
provided that the Commission can 
make the specified finding of reasona­
ble assurance as specified In para­
graph <al of this section. 

160.102 Concopta. 

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

<a> The HL W Jacilitv. NRC exercises 
licensing and related regulatory au­
thority over those facilities described 
In section 202 (3l and <4J of the 
Energy Reorganization Act of 19'14. 
Any of these facilities Is designated a 
HL W JaciWv. 

<bl The geologic repo.itorv oper­
ations area:. U l This part deals with 
the exercise of authority with respect 
to a particular class of HLW facility­
namely a geologic repositoTJI oper· 
ations area. 

<2> A geologic repositorv operations 
area consists of those surface and sub­
surface areas that are part of a 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 
Jacilitv. 

<3> The exercise of Commission au­
thority requires that the geologic re­
pository operations area be used for 
storage <which includes di&poaall of 
hiflh-level radioactive waste• <HLWJ. 

<4l HLW Includes irradiated reactor 
fuel as well as reprocessing wastes. 
However. If DOE proposes to use the 
geologic repository operations area for 
storage of radioactive waste other 
than HLW, the storage of this radioac­
tive waste Is subject to the require­
ments of this pari. 

<cl Areas related to i&olation. Al­
though the activities subject to regula­
tion under this Pari are those to be 
carried out at the geologic repository 
operations area. the licensing process 
aJao considers characteristics of adja­
cent areas that are defined In other 
wayg. There is to be an area surround­
Ing the underground facility referred 
to above, which Is designated the con­
troUed area, within which DOE Is to 
exercise specified controls to prevent 
adverse human actions following per­
manent closure. The location of the 
controlled area Is the site. The acces.n­
ble environment Is the atmosphere, 
land surface. surf&.ce water. oceans. 
and the portion of the lithosphere 
that Is outside the controlled area. 
There Is an area, designated the geo­
logic •etting, which includes the geo-
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logic, hydrologic, and geochemical sys­
tems of the region In which a geologic 
repository operations area Ia or may be 
located. The geologic repository oper­
ations area plus the portion of the 
geologic aetting that proVides isolation 
of the radioactive waste make up the 
geologic repo.sitoT'If. 

<d> Stages in the licensing process. 
There are aeveral stages In the Ucens­
Jng process. The site characterization 
stage, though begun before submission 
of a Ucenae application, may result in 
consequences requiring evaluation ln 
the Ucense review. The construction 
atage would follow, after issuance of a 
construction authorization. A period 
of operations follows the issuance of a 
Ucenae 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 aealtng 
of shafts. Permanent closure repre­
sents the end of active human Inter­
vention With respect to the engineered 
barrier system. 

<e> Isolation of waste. <1> During the 
first several hundred years following 
pennanent closure of a geologic reposi­
tory. when radiation and thermal 
levels are high and the uncertainties 
in asaessing repository performance 
are large, special emphasis Ia placed 
upon the ablltty to contain the wastes 
by waste packages within an engi­
neered barrier BI/Stem. This Ia known 
as the containment period. The engi­
neered barrier system includes the 
waste packages and the underground 
facility. 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 /aclltty means the under­
ground structure, including openings 
and backfill materials, but excluding, 
shafts, boreholes, and their seals. 

<2> Following the containment 
period special emphasis is placed upon 
the ablltty to achieve Isolation of the 
wastes by virtue of the characteristics 
or the geologic repository. The engl. 
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 c 
radioactive material to the accesstbl 
environment. Iaola.tion means inhibit 
ing the transport of radioactive matt 
rial so that amounts and concentrr 
tions of the matertals entering the a< 
cessible environment will be ke~ 
within prescribed limits. 

PERFORMANCE OBJECTIVES 

§ 60.111 Performance of the pok»cic rt 
poaitory operations area throul'h per 
manent closure. 

<a> Protection against radiation "" 
posures and releases of radioactit· 
material. The geologic repository or 
erations area shalt be designed so tha 
until permanent closure has been com 
pleted, radiation exposures and radi 
atlon levels, and releases of radioactlv· 
materials to unrestricted area, wJJI a 
all times be maintained within th• 
limits specified In Part 20 of this chap 
ter and such generally appltcable envi 
ronmentai standards for radioactlvit~ 
as may have been established by th• 
Environmental Protection Agency. 

<b> Retrievability of waste. <1 l Th• 
geologic repository operations are: 
shall be designed to preserve th• 
option of waste retrieval throughou · 
the period during which wastes ar• 
belns; emplaced and, thereafter. untl 
the completion of a preformance con 
firmation program and Commisslol 
review of the Information obtalne< 
from such a program, To satisfy thh 
objective, the geologic repository oper 
ations area shall be designed so thai 
any or all of the emplaced waste caul< 
be retrieved on a reasonable schedul< 
starting at any time up to 50 yean 
after waste emplacement operation> 
are Initiated, unless a different ttmr 
period is approved or specified by thr 
Commission. This different tim•· 
period may be established on a case· 
by-case basts consistent with the em­
placement schedule and the planned 
performance confirmation program. 

<2> This requirement shall not pre­
clude decisions by the Commission to 
allow baclcfililng part or all of, or per­
manent closure of, the geologic reposi­
tory operations area prior to the end 
or the period of design for retrlevabi· 
Jity. 
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C 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 reposl· 
tory operations area and the emplace­
ment of wastes. 

a 60.112 Overall 11ystem peorformanre ob­
jective for the treolol(ic repository after 
permanent cloeure. 

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 Envlronmen· 
tal Protection Agency with respect to 
both anticipated processes and events 
and unanticipated processes and 
events. 

If 611.113 Performance of particular bar­
rien after permanent closure. 

Ca> General provi.!ions-Cl> Enl/l· 
neered barrier svstem. m The engl· 
neered barrier system shall be de· 
signed so that assuming anticipated 
processes and events: CA> Containment 
of HLW will be substantially complete 
during the period when radiation and 
thermal conditions In the engineered 
barrier system are dominated by fls· 
slon product decay; and CB> any re· 
lease of radlonuclldes from the engJ. · 
neered barrier system shall be a gradu· 
al process which results In small frac· 
tiona! 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. 

c II> In satisfying the preceding re· 
quirement, the engineered barrier 
system shall be designed. assuming an· 
ticipated processes and events. so that: 

CA> Containment of HLW within the 
waste packages will be substantially 
complete for a period to be determined 
by the Commission taking Into ac· 
count the factors specified In 
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§ 60.113Cb> provided, that such period 
shall be not less than 300 years nor 
more than 1,000 years after penna· 
nent closure of the geologic repository; 
and 

<B> The release rate of any radlonu· 
elide 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 radlonuclide which Is re­
leased at a rate Jess 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. 

C2> Geolol/lc setting. The geologic re· 
pository shall be located so that pre· 
waste-emplacement groundwater 
travel time along the fastest path or 
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. 
proved or specified by the Commls· 
slon. 

Cb> On a case·by-case basis, the Com· 
mission may approve or specify some 
other radlonuclide release rate, de· 
signed containment period or pre­
waste-emplacement groundwater 
travel time, provided that the overall 
system performance objective, as It re· 
Jates 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· 
tabllshed by the Environmental Pro­
tection Agency; 

C2> The age and nature of the waste, 
and the design of the underground fa­
cility, particularly as these factors 
bear upon the time during which the 
thermal pulse Is dominated by the 
decay heat from the fission products; 

C3 > The geochemical characteristics 
of the host roek, surrounding strata 
and groundwater; and 
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C4l Particular sources of uncertainty 
in predicting the performance of the 
geologic repository. 

Ccl Additional requirements may be 
found to be necessary to satisfy the 
overall system perfonnance obJective 
as it relates to unanticipated processes 
and events. 

LAND OWNERSHIP AND CONTROL 

160.121 Requirements for ownenhip and 
eontrol or interutl in land. 

<al Ownership of land. Cll 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 reaerved for its 
use. 

C2l These lands shall be held free 
and clear of all encumbrances, if sig­
nificant, such as: Cil Rights arising 
under the general mining laws; Ciil 
easements for right-of-way; and Cilll 
all other rights arising under lease, 
rights of entry, deed, patent, mort­
gage, appropriation, prescription, or 
otherwise. 

Cbl Additional control& Appropriate 
controls shall be established outside of 
the controlled area. DOE shall exer· 
clse 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 een­
eral mining laws. 

Ccl Water right.. Cll DOE shall also 
have obtained such water rights as 
may be needed to accomplish the pur­
pose of the geologic repository oper­
ations area. 

C2l Water rights are Included in the 
additional controls to be established 
under paragraph C b l of this section. 

StTINC CRITERIA 

160.122 Sitin~ criteria. 
CalC I l A geologic setting shall exhibit 

an appropriate combination of the 
conditions specified In paragraph Cbl 
of this section so that, together with 
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the engineered barriers system, the I 
vorable conditions present are suf 
cient to provide reasonable assuran 
that the performance objectives rei• 
ing to Isolation of the waste will I 
met. 

C2l If any of the potentially adver 
conditions specified In paragraph < 
of this section Is preaent, It may co• 
promise the ability of the geologic 1 
posltory to meet the perfonnance o 
Jectlves relating to Isolation of tJ 
waste. In order to show that a pot<> 
tially adverse condition does not 
compromise the perfonnance of tl 
geologic repository the following mu 
be demo-rated: 

Cil The potentially adverse hum: 
activity or natural condition has be• 
adequately investigated, inchlding tJ 
extent to which the condition may 1 
present and still be undetected takb 
Into account the degree of resoluti< 
achieved by the investigatiqns; and 

Ciil The effect of the potentially a 
verse human activity or natural con< 
tion on the site has been adequat<> 
evaluated using analyses which a 
sensitive to the potentially adver' 
human activity or natural condltic 
and assumptions which are not like 
to underestimate Its effect; and 

CllllCA> The potentially adver: 
human activity or natural condition 
shown by analysis pursuant to par 
graph CaJC2lCIIl of this section not < 
affect significantly the ablllt:r of tl 
geologic repository to meet the pe 
formance objectives relating to lsol 
tion of the waste, or 

CB> The effect of the potentially a• 
verse human activity or natural cone 
tion is compensated by the presence • 
a combtnation of the favorable chara 
terlstics so that the perfonnance ol 
jectives relating to isolation of tl 
waste are met. or 

CCl The potentially adverse hums 
activity or natural condition can t 
remedied. 

Cbl Favorable conditions. C1 l Tr 
nature and rates of tectonic. hydrogel 
logic, geochemical, and geomorph 
processes <or any of such processe: 
operating within the geologic settln 
during the Quaternary Period. whe 
projected, would not affect or woul 
favorably affect the abUity of the ge• 
logic repository to Isolate the waste. 
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c 2 l For disposal In the saturated 
zone. hydrogeologic conditions that 
provide: 

{I) A host rock with low horizontal 
and vertical permeability; 

CID Downward or dominantly horl· 
zontal hydraulic gradient In the host 
rock and Immediately surrounding hY· 
drogeologlc units; and 

CUD Low vertical permeability and 
low hydraulic gradient between the 
host rock and the surrounding hydro· 
geologic units. 

C3l Geochemical conditions that: 
CD Promote precipitation or sorption 

of radionucltdes; 
<Ill Inhibit the formation of partlcu· 

lates, colloids, and inorganic and or· 
ganic complexes that increase the mo­
bility of radlonuclides; or 

<till Inhibit the transport of radlonu· 
elides by particulates. colloids. and 
complexes. 

c 4) Mineral assemblages that. when 
subjected to anticipated thermal load· 
lng. will remain unaltered or alter to 
mineral assemblages having equal or 
Increased capacity to Inhibit radlonu· 
elide 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.> 

<6> 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 radlonuclide travel from 
the disturbed zone to the accessible 
environment that substantially ex­
ceeds 1.000 years. 

c 8 > For disposal In the unsaturated 
zone. hydrogeologic conditions that 
provlde-

<i> Low moisture nux in the host 
rock and In the overlying and underly· 
lng hydrogeologic units; 

C Ill A water table sufficiently below 
the underground facility such that 
fully saturated voids contiguous with 
the water table do not encounter the 
underground facility; 

<Ill> A laterally extensive low-perme· 
ability hydrogeologic unit above the 
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host rock that would Inhibit the down· 
ward movement of water or divert 
downward moving water to a location 
beyond the limits or the underground 
facility; 

Clv> A host roek that provides for 
free drainage; or 

cv> A climatic regime In which the 
average annual historic precipitation 
Is a small percentage or the average 
annual potential evapotranspiration. 

(C) Potentially adverse conditiom. 
The following conditions are potential· 
ly adverse conditions If they are char· 
acterlstic of the controlled area or 
may affect Isolation within the con· 
trolled area. 

C 1> Potential for flooding of the Un· 
derground facility. whether resulting 
from the occupancy and modification 
of floodplains or from the failure or 
existing or planned man-made surface 
water Impoundments. 

<2> Potential for foreseeable lluman 
activity to adversely affect the ground· 
water now system, such as groundwat­
er withdrawal. extensive Irrigation. 
subsurfiU:e InJection of fluids. under· 
ground pumped storage. military actlv· 
lty or construction of large scale sur· 
race water Impoundments. 

<3> Potential for natural phenomena 
such as landslides. subsidence. or vol· 
canlc activity or such a magnitude 
that large-scale surface water lm· 
poundments could be created that 
could change the regional groundwat· 
er flow system and thereby adversely 
affect the performance of the geologic 
repository. 

C4> 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 or radlonuclides to the ac· 
cessible environment. such as changes 
In hydraulic gradient. average lnterstl· 
tial velocity. storage coefficient. hY· 
draullc conductivity. natural recharge. 
potentiometric levels. and discharge 
points. 

<6> Potential for changes In hydro· 
logic conditions resulting from reason· 
ably foreseeable climatic changes. 

C7> Groundwater conditions In the 
host rock. Including chemical composi· 
tlon. high Ionic strength or ranges of 
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Eh-pH, that could lncreaae the solubil­
Ity or chemical reactivity of the engi­
neered barrier system. 

< 8 > Geochemical processes that 
would reduce sorption of radlonu­
clldes, result In degradation or 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 dissolutlonlng such 
as breccia pipes, dissolution cavities, or 
brine pockets. 

<lll 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 lncreue. 

<14 > More frequent occurrence of 
earthquakes or earthquakes of higher 
magnitude than Is typical or the area 
In which the geologic setting Is locat­
ed. 

<15> Evidence of Igneous activity 
since the start or the Quaternary 
Period. 

<16> 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 

<Ill 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 aettlng. 

<18> Evidence of subsurface mining 
for resources within the site. 

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

( 20 > Rock or groundwater conditions 
that would require complex engineer­
Ing measures In the design and con­
struction of the underground facility 
or In the sealing of boreholes and 
shafts. 
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<21> Geomechanlcal properties that 
do not permit design of underground 
opening that will remain stable 
through permanent closure. 

<22> Potential for the water table to 
rise sufficiently so as to cause satura­
tion of an underground facility located 
In the unsaturated zone. 

<23> Potential for existing or future 
perched water bodies that may satu­
rate portions of the underground facil­
Ity or provide a faster flow path from 
an underground facility located In the 
unsaturated zone to the accessible en­
vironment. 

<24> Potential for the movement of 
radlonuclldes In a gaseous state 
through air-filled pore spaces of an 
unsaturated geologic medium to the 
accessible environment. 
[ 48 FR 28222. June 21, 1983, as amended at 
50 FR 29647, July 22. 19851 

DEsiGN Clun:RIA POR THE GEbLOGIC 
REPOSITORY OPERATIONS AREA 

I 60.130 S<opt of deolcn erltoria for the 
~loric repository operaUons 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 U 60.131 through 60.134 
do not relieve DOE from any obliga­
tion to provide such safety features 1n 
a specific facility needed to -achieve 
the performance objectives. All design 
bases must be consistent with the re­
sults of site characterization activities. 

§ 60.131 General desip criteria for the 
poloaic repository operatlonR area. 

<a> Rad.tological 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 
include: 

<ll Means to limit concentrations of 
radioactive material In air; 

<2> Means to limit the time required 
to perform work In the vicinity of ra­
dioactive materials, Including, as ap­
propriate, designing equipment for 
ease of repair and replacement and 
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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 

< 6 l A radiation alarm system to warn 
of significant Increases In radiation 
levels. concentrations of radioactive 
material In air, and of Increased radio­
activity released In effluents. The 
alarm system shall be designed with 
provisions for calibration and for test­
Ing Its operabutty. 

<bl Structure•. 111•terru, and compo­
nenta important to •a.tet11-<ll Protec­
tion againot natural phenomena and 
environmental condition.. The struc­
tures. systems, and components Impor­
tant to aafety shall be designed so that 
natural phenomena and environmen­
tal conditions anticipated at the &eo­
logic repository operations area will 
not Interfere with necessary aafety 
functions. 

<2> Protectton againot dlfftamic ef­
tecta 0/ equipment failure and similar 
eventl. The structures, systems. and 
components Important to aafety shall 
be designed to withstand dynamic ef­
fects such as missile Impacts. that 
could result from equipment failure. 
and similar events and conditions that 
could lead to loss of their safety func­
tions. 

<3> Protection againot fire• and u­
ploaiono. (() The structures, systems, 
and components Important to aarety 
shall be designed to perform their 
aarety ructions during and after credi­
ble fires or explosions In the geologic 
repository operations area. 

<Ill To the extent practicable, the 
geologic repository operations area 
shall be designed to Incorporate the 
use of noncombustible and heat resist­
ant materials. 

<llll 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. 
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<lvl The geologic repository oper­
ations area shall be designed to In­
clude means to protect systems, struc­
tures, and components Important to 
aarety against the adverse effects of 
either the operation or failure of the 
fire suppression systems. 

14) Emergency capabilltv. (f) The 
structures, systems, and components 
Important to aafety 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. 

<Ill The geologic repository oper­
ations area shall be designed to In­
clude onslte facilities and services that 
ensure a aare and timely response to 
emergency conditions and that facili­
tate the use of available offslte serv­
Ices (such as fire, pollee, medical and 
ambulance service> that may aid In re­
covery from emei'Jencies.1 

(5) Utilit11 oervice1- (J) Each utility 
service system that Is Important to 
aafety ahall be designed so that essen­
tial safety functions can be performed 
under both normal and accident condi­
tions. 

<Ill The utility services Important to 
aafety shall include redundant systems 
to the extent necessary to maintain, 
with adequate capacity, the ability to 
perform their aafety functions. 

<Ill> 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 
aarety. 

<6> Impection, telLing, and mainte­
nance. The structures. systems, and 
components Important to safety shall 
be designed to permit periodic Inspec­
tion, testing, and maintenance, as nee· 
essary. to ensure their continued func­
tioning and ~&c!inf"~. 

l"l J Crificatuy control. AU systerns 
for processing, transporting. handling, 
storage, retrieval, emplacement, 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 

i occurred in the conditions essential to 
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nuclear criticality safety. Each system 
shall be designed for criticalitY safety 
under normal and accident conditions 
The calculated effective multiplication 
factor <k..l must be sufficiently below 
unity to show at least a 5% margin, 
after allowance for the bias In th~ 
method of calculation and the uncer· 
talnty In the experiments used to vall-' 
d'Lte the method of calculation. 

- 1'ifi Tmu ame•ztatioa c..RU CuntFot: aj,a. 
tems. The design shall Include provl· 
slons for Instrumentation and control 
systems to monitor and control the be· 
havlor of systems Important to aatety 
over anticipated ranges for normal op. 
eratlon and for accident conditions. 

(9) Compliance wtth minincr reiiUla· 
tiom. To the extent that DOE Is not 
subject to the Federal Mine Safety 
and Health Act of 1977, as to the con· 
structlon and operation of the geologic 
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. 

<lOl Shaft convet~ances oued in nz. 
dioactive WtUte handling. <ll Hoists 
important to aafety shall be designed 
to preclude cage free fall. 

<Ill Hoists Important to safety shall 
be designed with 1. reliable cage loca· 
tlon system. 

<llll Loading and unloading systems 
for hoists important to aatety shall be 
designed with a reliable syStem of 
Interlocks that Will fall aately upon 
malfunction. 

<lvl Hoists Important to aatety shall 
be designed to Include two lndepend· 
ent Indicators to Indicate when waste 
packages are In place and ready for 
transfer. 

160.132 Additional dHip criteria for our­
face facllltiH in the ,eoi.,P. repooltory 
operations area. 

<al Facilitie• tor receipt and retriev­
<tl of IDaste. Surface facilities In the 
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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· 
clllty. 

<bl Surface tacililll ventilation. Sur· 
face facility ventilation systems sup. 
porting waste transfer, Inspection, de­
contamination. processing, or packag· 
lng shall be designed to provide pro­
tection against radiation exposures 
and offslte releases as provided In 
I 60.11l<al. 

<cl Radiation control and monitor· 
ing-<1 l E.flluent controL The surface 
facillties shall be designed to control 
the release of radioactive materials In 
effluents during normal operations so 
as to meet the performance objectives 
of I 60.111<al. 

< 2 l Effluent monitoring. The efflu. 
ent monitoring syStems shall be de­
signed to measure the amount and 
concentration of radlonuclides 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. 

<dl Waste treatment. Radioactive 
waste treatment facilities shall be de· 
signed to process any radioactive 
wastes generated at the geologic repos. 
ltory operations area Into a form suit&· 
ble to permit aate disposal at the geo­
logic repository operations area or to 
permit aate transportation and conver· 
slon to a form suitable for disposal at 
an alternative site In accordance with 
any regulations that are applicable. 

<el Comideration of decommt.aion· 
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 respect to equlva· 
lent activities licensed thereunder. 

I 60.133 Additional deolp eriterla for the 
undoqround facility. 

<al General criteria tor the under· 
ground facility. < 1l The orientation. 
geometry. layout. and depth of the un­
derground facility, and the design of 

113 

B-30 IIP1XIJOIUIPB 



MPJXIJD16JIM' 

§ 60.134 

any engineered barriers that are part 
of the underground faclltty shall con· 
tribute to the containment and Isola· 
tlon of radlonuclldes. 

<2> The underground faclllty shall be 
designed 80 that the effects of credible 
disruptive events during the period of 
operations. such as flooding, fires and 
explosions. will not spread through 
the faclllty. 

<b> Flezibilltll of deaign. The under· 
ground facility shall be designed with 
sufficient flexlblllty to allow adJust· 
ments where necessary to accommo­
date specific site conditions Identified 
through In situ monitoring, testing, or 
excavation. 

<c> Retrieval 0/ 1/XUte. The under· 
ground faclllty shall be designed to 
permit retrieval of waste In accordance 
with the performance objectives of 
I 60.111. 

<d> Control of water and guo. The 
design of the underground faclllty 
shall provide for control of water or 
gas Intrusion. 

<e> UndeiVround apeninga. U> ()pen· 
lngs In the underground facUlty shall 
be designed ao that operations can be 
carried out aafely and the retrievabl· 
Uty option maintained. 

<2> Openings In the underground fa· 
clllty shall be designed to reduce the 
potential for deleterious rock move­
ment or fracturing of overlying or sur~ 
rounding rock. 

<fl Rock ezcavation. The design of 
the underground facility shalllncorpo. 
rate excavation methods that will 
limit the potential for creating a pref· 
erentlal pathway for groundwater to 
contact the waste packages or radlonu· 
elide migration to the acc:esslble envl· 
ronment. 

<g> UndeiVround /acilitll ,.,tuation. 
The ventilation system shall be de­
signed to: 

U > Control the transport of radioac­
tive particulates and gases within and 
releases from the underground facility 
In accordance with the performance 
objectives of I 60.1ll<a>. 

<2> Assure continued function during 
normal operations and under accident 
conditions; and 

<3> Separate the ventilation of exca· 
vatton and waste emplacement areas. 

<h> Engineered burrtera. Engineered 
barriers shall be designed to assist the 
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geologic setting In meeting the per· 
formance obJectives for the period fol· 
lowing permanent closure. 

<ll Th.ennal loada. The underground 
faclllty shall be designed ao that the 
performance objectives wlll be met 
taking Into account the predicted ther· 
mal and thermomechanlcal response 
of the host rock. and surrounding 
strata, groundwater system. 
£48 FR 28222, June 21, 1983. as amended at 
50 FR 29848. July 22. 19851 

160.134 De•irn or Hals for •hafb and 
boreholes. 

<a> Generul deaign criterion. Seals 
for shafts and boreholes shall be de· 
signed ao that following permanent 
closure they do not become pathways 
that compromise the geologic reposl· 
tory's abUity to meet the performance 
objectives or the period following per­
manent closure. 

(bl Selection 0/ mD.teriul# and place­
ment metlloda. Materials and place· 
ment methods for seals shall be select· 
ed to reduce, to the extent practicable: 

Ul The potential for creating a pref· 
erentlal pathway for groundwater to 
contact the waste packages or 

<2> For radlonuc!Jde migration 
through existing pathways. 
(48 FR 28222, June 21. 1983, as amended at 
50 FR 29648, July 22, t9851 

DESIGN CRJTEJUA POR THE WASTE 
PACKAGE 

160.135 Criteria for the wsste pa<k ... 
and ita eomponenta. 

<a> High-level·IDUOte puck4ge deaign 
in generaL <ll Packages for HLW shall 
be designed 80 that the In situ cheml· 
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 or the fol· 
lowing factors: solubility, oxidation/ 
reduction reactions, corrosion. hydrld· 
lng, gas generation, thermal effects, 
mechanics! strength, mechanical 
stress. radlolysis, radiation damage, ra­
dlonucllde retardation, leaching, fire 
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and explosion hazards, thermal loads, 
and synergistic Interactions. 

!b) Specific criteria tor HL W pack· 
age design-! ll E%1Jiosive, :P!ITOJ>horic, 
and chemicaUv reactive material!. 
The waste pack&Ke shall not contain 
explosive or pyrophorlc materials or 
chemically reactive materials In an 
amount that could compromise the 
abUity of the underground facility to 
contribute to waste Isolation or the 
ability of the geologic repository to 
satisfy the performance obJectives. 

12> Free llqui<U. The waste packue 
shall not contain free liquid$ In an 
amount that could compromise the 
ability or the waste packues 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 splll&lle and spread of contsmJna­
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 identiflcation. A label or 
other means of Identification shall be 
provided for each waste package. The 
Identification shall not Impair the In· 
tegrlty of the waste package and shall 
be applied in such a way that the in­
formation shall be legible at least to 
the end of the period of retrlevablllty. 
Each waste packue Identification 
shall be consistent with the waste 
package's permanent written records. 

cc> 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: 

c 1 > Solidification. All such radioac­
tive wastes shall be In solid form and 
placed In sealed containers. 

12> Consolldatton. Particulate waste 
forms shall be consolidated !for exam­
ple, by Incorporation Into an encapsu­
lating matrix> to limit the availability 
and generation of particulates. 

13> Combuattbles. 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 abUity of the under- . 
ground facility to contribute to waste ·, 
Isolation. 

Cd> Design criteria /or other radioac­
tive 1D1Uieo. Design criteria for waste 
types other than HLW wUJ be ad­
dressed on an Individual basis If and 
when they are proposed for disposal in 
a geologic repository. 

PEaFORIIANC!: CONPIRIIATION 
REQUIRI!:MENTS 

§ 60.137 General requirement& 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 

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

160.140 General requirements. 
Ca> The performance confirmation 

program shall provide data whl~h Indi­
cates, where practicable, whether: 

U > ActuaJ subsurface conditions en­
countered and changes In those condi­
tions during construction and waste 
emplacement operations are within 
the llmlts assumed In the licensing 
review: and 

12> 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 durtng site characterization 
and It will continue until permanent 
closure. 

cc> The program shall Include In situ 
monitoring, laboratory and field test­
ing, and In situ experiments, as may be 
appropriate to accomplish the obJec­
tive as stated ·above. 

Cd> The program shall be Implement­
ed so that: 

u > It does not adversely affect the 
ability 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 analYZe& changes 
from the baseline condition of param· 
eters that could affect the perform· 
ance of a geologic repository. 

< 4 J It provides an established plan 
for feedback and analysis of data, and 
Implementation of appropriate action. 

I 60.141 Connrmatlon of pote<hnical and 
dnip parameten. 

<a> During repository construction 
and operation, a continuing program 
of surveillance, measurement, testing, 
and geologic mapping shall be con· 
dueled 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 accommo· 
date actual field conditions encoun­
tered. 

<b> Subsurface conditions shall be 
monitored and evaluated against 
design assumptions. 

<c> As a 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 along fractures and joints, and 
the thermal and thermomechanlcal 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 J In situ monitoring of the thermo­
mechanical response of the under­
ground facility shall be conducted 
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until permanent closure to ensure that 
the performance of the natural and 
engineering features are within design 
limits. 

I 60.142 Design tettting. 

<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. 

<bl The testing shall be Initiated as 
early as Is practicable. 

<cl A backfill test section shall be 
constructed to test the effectiveness of 
backfill placement and compaction 
procedures against design i'equtre­
ments before permanent backfill 
placement Is begun. 

<dl Test sections shall be established 
to test the effectiveness o£ borehole 
and shaft seals before full-scale oper­
ation proceeds to seal boreholes and 
shafts. 

160.143 Monitoring and testinr waste 
packaces. 

<al A program shall be established at 
the geologic repository operations area 
for monitoring 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. 

<bl Consistent with safe operation at 
the aeoloalc repository operations 
area, the environment of the waste 
packages selected for the waste pack­
age monitoring program shall be rep· 
resentatlve of the environment in 
which the wastes are to be emplaced. 

(cJ The waste package monitoring 
program shall Include laboratory ex· 
perlments 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 fa· 
clllty during the waste package monl· 
loring program shall be duplicated In 
the laboratory exlJl!riments. 

<dl 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 A11uranco 

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

I 60.150 Scope. 
As used In this part, "quality a.ssur· 

ance·· comprises all those planned and 
systematic actions necessary to pro­
vide adequate confidence that the geo. 
lo&1c repository and Its subsystems or 
components will perform satisfactorily 
In service. Quality a.ssurance Includes 
quality control, which comprises those 
quality a.ssurance actions related to 
the physical characteristics of a mate­
rial, structure, component, or system 
which provide a means to control the 
quality of the material, structure, 
component, or syatem to pred.eter· 
mined requirements. 

l60.t51 Applicability. 
The quality assurance program ap. 

plies to all systems. structures and 
components Important to safety, to 
design and characterization of barriers 
Important to waste Isolation and to ac­
tivities related thereto. These actlvl· 
ties Include: site characterization, fa· 
clllty and equipment construction, fa. 
clllty operation, performance conflr· 
matlon, permanent closure, and decon· 
tamlnatlon and dismantling of surface 
facilities. 

160.162 lntplementatJon. 
DOE shall Implement a q-::allty 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 I 60.151. 

Subpart H-Tralnlng and Cortlflcatlon 
of Penannel 

SoUlier. 48 PR 28229, .June 21. 1983, unless 
otherwise noted. 

§ 60.160 General requirernentl. 
Operations of systems and compo­

nents that have been Identified as lm· 
portsnt to safety In the Safety AnalY· 
sis Report and In the license shall be 
performed only by trained and certl· 
fled personnel or by personnel under 
the direct visual supervision of an lndl· 
vidual with training and certification 
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tn such operation. Supervisory person­
nel who direct operations that are lm· 
portant to safety must also be certified 
in such operations. 

ff 60.161 Traininc and Hrtlneauon pro­
pam. 

DOE shall establish a program for 
training, proficiency testing, certlflca· 
tlon and requaltflcation of operating 
and supervisory personnel. 

160.162 Phyolcal requiremenll. 
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 lm· 
paired Judgment 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, so long as appropriate provi­
sions are made to accommodate such 
conditions. 

Subpart 1--Emergency Planning 
Criteria [Resorvod] 

PART 61-UCENSING REQUIREMENTS 
FOR LAND DISPOSAL OF RADIO. 
ACIIVEWASTE 

Sec. 
81.1 Purpose and scope. 
81.2 Definitions. 
81.3 License required. 
61.4 Communications. 
81.5 Interpretations. 
81.6 ExempUons. 
81.7 Concepto. 
81.8 Reportlne. recordkeepine. and appUca­

tion requirements: OMB approval not 
required. 

61.9 Employee protection. 
61.9a COmpleteness and accuracy of lnfor· 

matton. 

Suloparti-Uftn ... 

61.10 Content of application. 
61.11 General information. 
61.12 Specific technicallnfonnatton. 
61.13 Technical analyses. 
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American Arbitration Association. The 
two arbitrators thus selected shall 
name a 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 Cammer~ 
clal 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· 
aoclation. The arbitration shall be lim· 
lted to the ia&ue 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 !80> 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. 

1904.14 Future ftiUiatlons. 

<a> Western may from time to time 
promulgate such additional or amend· 
atory regulations as deemed necessary 
for the admlni&tration of the ProJect 
In accordance with applicable Jaw; Pro· 
t>tded. That no right under any Con­
tract shall be impaired or oblip.tion 
thereunder be extended thereby. 

<b> Any modification. extension, or 
waiver of any provision of these Oen· 
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· 
mlnate, modify, or extend these regu. 
lations, either partially or In their en· 
tirety, to the extent permitted bY law 
or exlstin& contract. 

PART 960-GENERAL GUIDELINES 
FOR THE RECOMMENDAnON OF 
sms FOR NUCLEAR WASTE RE· 
POSITORIES 

Wtp.rt AAiane,.l "-"''lons 

Bee. 
1160.t ApplicabWty. 
1160.2 Definitions. 

10 CFR Ch. Ill (1-1·90 Edition) 

Bee. 
Subpart l--lmplementatlon Guidelines 

960.3 Implementation rutdelines. 
860.3-1 Siting provisions. 
960.3-1-1 Diversity of geohydroloelc set-

tings. 
960.3-1-2 Diversity of rock types. 
880.3-1-3 Regionality. 
880.3-1-4 Evidence of sittnc decisions. 
9CI0.3-1-f-l Site identJflcatton as potential· 

ly acceptable. 
960.3-1-4-2 Site nomination for character­

ization. 
960.3-1-4-3 Site recommendation for char· 

actertzatlon. 
960.3-1-4-4 Site recommendation for repoa· 

ttory development. 
980.3-1-5 Basis for site evaluations. 
1160.3-2 Sitlnc proc:eaa. 
980.3-2-1 Site screening for JXitentlallY ac­

ceptable sites. 
860.3-2-2 Nomination of sites as suitable 

for characterization. 
1160.3-2-2·1 Evaluation of all potentially 

acceptable sites. " 
1160.3-2-2·2 Selection of sites within &eohY· 

drololic settings. 
980.3-2-2-3 Comparative evaluation of all 

sites proposed for nomination. 
960.3-2-2-4 The environmental useament. 
960.3-2-2-5 Fonnal stte nomination. 
960.3-2-3 Recommenclatlon of altes for 

characterization. 
960.3-2·-4 Recommendation of attes tor the 

development of repositories. 
1160.3-3 COnsultation. 
1160.3-4 Envin>nmentallmpacts. 

Sulot-tC-1' ........... --. 
860.4 Poltclosure cutdellnes. 
1160.4-1 System IIUidellne. 
180.4-2 Technical cutdelines. 
960.4-2-1 GeohydroloiY. 
180.4-2-2 Geochemistry. 
1160.4-2-3 Rock characterlatle&. 
960.4-2-4 Climatic chances. 
860.4-2-& Erosion. 
960.4-2-6 Dlssolutlon. 
1160.4-2-7 Tectonics. 
180.4-2-8 Human interference. 
960.4-2-8-1 Natural resources. 
960.4-2-8-2 Site ownenhip and control. 

Sullpart D-Pr.cloaure Guhlelinea 

1160.5 Precloaure IIUidellnes. 
1160.5-t System auldellnes. 
1160.5-2 Technical IIUidelinea. 

PuCI.oSUJU: RADIOLOGICAL 8An:rY 

1160.5-2-1 Popul&tlon density and dlstrlbu· 
lion. 

960.5-2-2 Site ownenhlp and control. 
980.5-2-3 MeteorolOIY. 
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960.5-2-4 Offslte installations and oper­
ationa. 

EJfVI:RONIIEIIT, SociOECONOMICS, AND 
TRAttSPORTATlON 

980.5-2-5 Environmental quality. 
H0.5-2-6 SOCioeconomic impacts. 
960.5-2-7 Transportation. 

EAsE AND CosT or Sttntc. COJcsnucnoN, 
0PJ:RATJOfl AND CLOSUHE 

980.5-2-8 Surface characteristics. 
960.5-2-9 Rock characteristics. 
980.5-2-10 HydroloCY. 
HO.Ii-2-11 Tectonics. 

APPDDIX I-NRC .um EPA R&QUIUIIEKTS 
POR POSTCLOBUBE REPOSITORY PDPoRII· 

"""" Arrami:Z: II-NRC AJID EPA REQUIR&IIJ:JIITS 
POR PftacLOSURE REPOSITORY PI:RroRII· 

"""" APPam1x III-APPLICATION or THE SYSTJX 
Aim TSCimJCAL O'D'IDILINES DUB.IJIG no: 
SITIIfG PROCDS 

Arramtx IV-'I'YPI:s OF IKPOIUIATIOH POR 
THE NOIIJIIATIOH OP SITU AS SUttABLE 
POR CRAAAcrl:luZATION 

AUTHORITY: The Atomic Eneru Act of 
1954. as amended <42 U.S.C. 2011 et oeq.l; 
EnercY Reorcanizatlon Act of 19'14 <t2 
U.S.C. 5801 et RQ.J; Department of Energy 
Orp.nlzatton Act of 1977 <42 U.S.C. 7101 et 
aeq.); Nucle&r Waste Polley Act of 1982 
<Pub. L. 97-425. 96 Stat. 220ll. 

SoU11CE: 49 FR 47752, Dee. 6, 1984, unleu 
otherwise noted. 

Subpart A-General Provisions 

I HO.I Applicability. 
These guidelines were developed In 

accordance with the requirements of 
Section 112<al of the Nuclear Waste 
Polley Act of 1982 for use by the Sec­
retary of Energy In evaluating the 
sultabUity of sites for the development 
of repositories. The guidelines will be 
used for suitability evaluations and de­
tennlnatlons made pursuant to Sec­
tion ll2<bl and any preliminary suit· 
ability detennlnatlons required by 
Section ll4<!l. 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· 
rlsdlctlon for the resolution of differ­
ences between the guidelines and 10 
CFR Part 60. The guidelines have re­
ceived the concurrence of the NRC. 
The DOE contemplates revising the 
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guidelines from time to time. as per­
mitted by the Act, to take Into account 
revisions 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 
Polley Act of 1982. 

"Active fault" means a fault along 
which there Is recurrent movement, 
which Is usually Indicated by small, 
periodic displacements or seismic ac-
tivity, ' 

"Affected area" means either the 
area of socioeconomic impact or the 
area of environmental impact, each of 
which will vary In size among poten­
tial repository sites. 

"'Affected Indian tribe" means any 
Indian tribe < 1 l within whose reserva· 
tlon boundaries a repository for radio· 
active waste Is proPOSed to be located 
or <2l whose federally defined posses· 
sory or usage rights to other lands out· 
side the reservation's boundaries arls· 
lng out of congressionally ratified 
treaties may be substantially and ad· 
verseJy affected by the locating of 
such a facility: Provided, That th• 
Secretary of the Interior flncls, 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 <11 has been notified by the DOE 
In accordance with Section 116<al 01 
the Act as containing a potentially ac 
ceptable site; <2l contains a candldat• 
site for site characterization or reposi 
tory development; or <3l contains 1 
site selected for repository develop 
ment. 

"Application" means the act o. 
making a finding of compliance 01 
noncompliance with the qualifying 01 
disqualifying conditions specified h 
the guidelines of Subparts C and D. h 
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accordance with the types of findings 
specified In Appendix III. 

.. Aquifer•• means a formation, a 
croup 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 
and sprlnp. 

""Barrier"" means any material or 
structure that prevents or substantial­
ly delays the movement of water or ra­
dlonuclldes. 

.. Candidate site"" means an area, 
within a geohydrologlc 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 characterization. or undergo­
Ing site characterization under Section 
113 of the Act. 

""Closure"" means final backfllllng of 
the remaining open operational areas 
of the underground faclllty and bore­
holes after the termination of waste 
emplacement. culmlnatlng In the seal­
Ing of shafts. 

""Confining unit" means a body of 
Impermeable or dlstlnetly less permea­
ble material stn.tlgraphlcally adjacent 
to one or more aquifers. 

""Containment"" means the confine­
ment of radloaetlve waste within a des­
Ignated boundary. 

""Controlled area" means a surface 
location. to be marked by suitable 
monuments, extending horizontally no 
more than 10 kllometers In any direc­
tion from the outer boundary of the 
undercround facUlty, and the underly­
Ing subsurface. which area has been 
committed to use as a eeologlc reposi­
tory and from which Incompatible ac­
tivities would be prohibited before and 
after pennanent closure. 

""CUmulative releases of radlonu­
clldes" means the total number of 
curies of radlonuclldes entering the ac­
cessible environment In any 10,000-
year period, normalized on the basis of 
radlotoxlclty In accordance with 40 
CFR Part 191. The peak cumulative 
release of radlonuclldes refers to the 
10,000-year period durlnr 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-
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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 a re­
pository, consistent with applications 
of the guidelines of Subparts c and D 
In accordance with the provisions set 
forth In Subpart B. 

""Disposal"" means the emplacement 
In a repository of high-level radioac­
tive waste, spent nuclear fuel, or other 
hlehly radioactive material with no 
foreseeable Intent of recovery, wheth­
er or not such emplacement 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 ellmlnate 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 facUlty 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 avallable 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 radlonuclides from the under­
ground fac1llty or Into the geohydrolo­
glc St!tt!ng. Such term Includes the ra­
dioactive-waste form. radioactive­
waste canisters, materials placed over 
and around such canisters, anY other 
components of the waste package. and 
barriers used to seal penetrations In 
and Into the undercround facility. 
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"Environmental assessment" means 
the document required by Section 
112<bJ<l J(EJ of the Nuclear Waste 
Polley Act of 1982. 

"Environmental Impact statement" 
means the document required by Sec· 
tlon 102<2J<CJ of the National Envl· 
ronmental Polley Act of 1969. Sections 
1H<aJ and 114<!! of the Nuclear Waste 
Polley Act of 1982 Include certain llml· 
tatlons on the National Environmental 
Polley 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 examlnlna the characteristics of 
a site In relation to the requirements 
of the qualifying or dlsquaii!Yina con­
ditions specified In the guidelines of 
Subparts C and D. Evaluation Includes 
the consideration of favorable and po. 
tentially adverse conditions. 

"Excepted" 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. 
ltory Is predicted to function. consider­
ation those conditions. processes, and 
events that are likely to prevail or may 
occur durlne the time period of Inter­
est. 

"'Facility"' means anY structure, 
system, or system component. Includ­
Ing enelneered 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 necesaary to 
qualify a site, Is presumed, I! preaent, 
to enhance confidence that the quali­
fying condition of a particular guide­
line can be met. 

"'Finding"' means a conclusion that Is 
reached after evaluation. 
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"'Geohydrologlc 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, Including anY recharge, dis­
charge, Interconnections between 
units. and anY natural or man-Induced 
processes or events that could affect 
ground-water now within or among 
those units. 

"'Oeohydrologic unit" means an aq­
uifer, a confining unit, or a combina­
tion of aquifers and confining units 
comprising a framework for a reason­
ably distinct geohydrologic system. 

"'Geologic repository" means a 
system, requiring llcenslna by the 
NRC, that Is Intended to be used, or 
may be used, for the disposal of radio­
active waste In excava'ed eeologic 
media. A geologic repository Includes 
< U the geologic-repository operations 
area and (2) the portion of the eeolog­
lc setting that provides Isolation of the 
radioactive waste and Is located within 
the controlled area. 

"Geologic-repository operations 
area" means a radioactive-waste facill· 
ty that Is part of the geologic reposi­
tory, Including both surface and sub­
surface areas and facilities where 
waste-handline activities are conduct-
ed. . 

"'Geologic setting" means the geolog­
Ic. hydrologic, and geochemical sys. 
terns of the rellion In which a ceologic­
reposltory operations area Is or may 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 structures, 
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. 

"'Ground-water nux"' means the rate 
of ground-water now per unit area of 
porous or fractured media measured 
perpendicular to the direction of now. 

"'Ground-water sources" means 
aquifers that have been or could be 
economicallY and technolollically 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 travel time Is the -length 
of the flow path divided by the velocl· 
ty, where velocity is the average 
ground-water flux passing through the 
cross-sectional area of the geologic 
medium through which now occurs, 
perpendicular to the flow direction, dl· 
vlded 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, dlsquall· 
fytng, favorable, or potentially adverse 
conditions as specified In the "guide­
tines." 

"Guidelines" means Part 960 of Title 
10 of the Code of Federal Regula­
tions-General Guidelines for the Rec­
ommendation of Sites for Nuclear 
Waste Repositories. 

"High-level radioactive waste" 
means Cl > 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 products In sufficient concen­
trations and < 2 > other highly radloac· 
tive material that the NRC, consistent 
with existing law, determines by rule 
requires permanent Isolation. 

"Highly populated area" means any 
lncoporated place <recognized by the 
decennial reports of the U.S. 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-
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rials that directly encompass and are 
in close proximity to the underground 
facility. 

"Hydraulic conductivity•· means the 
volume of water that will move 
through a medium in a unit of time 
under a unit hydraulic gradient 
through a unit area measured perpen­
dicular to 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 dlrec· 
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 
hold, transmit, and deliver water, such 
as porosity, effective porosity, specific 
retention, permeability, and the direc­
tions of maximum and minimum per­
meablllties. 

"Igneous activity" means the em­
placement <Intrusion> of molten rock 
material lmagma) Into material in the 
Earth's crust or the expulsion <extru­
sion> of such material onto 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. 

"IJkely" means processing or dis· 
playing the qualities, characteristics, 
or attributes that provide a reasonable 
basts for confidence that What Is ex­
pected Indeed exists or will occur. 

"IJthosphere" 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 radioactive 
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 m&llllitude of the action and 
Its Implementation; <3> rectifying the 
Impact by repairing, rehabilitating, or 
restoring the affected environment; 
< 4 > reducing or eliminating the Impact 
over time by preservation and mainte· 
nance operations during the life of the 
action; or (5) compensatinl! for the 
Impact by replacing or providing sub­
stitute resources or environments. 

".Model" means a conceptual descrlp. 
tlon and the associated mathematical 
representation of a system, subsystem. 
companent, or condition that Is used 
to predict chances from a baseline 
state as a function of Internal and/ or 
external stimuli and as a function of 
time and space. 

"NRC" means the U.S. Nuclear Reg. 
ulatory Commission or Its duly au­
thorized representatives. 

"Perched cround water" means un­
confined ground water separated from 
an underlying body of ground water 
by an unsaturated zone. Its water 
table Is a perched water table. Perched 
ground water Is held up by a perching 
bed whose permeability Is so low that 
water percolatinc downward through 
It Is not able to brine water In the un­
derlying unsaturated zone above at­
mospheric pressure. 

''Performance assessment'' means 
any analysis that predicts the behav­
ior 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 sl te at which, after geologic stud­
Ies and field mapping but before de­
tailed geoloclc data catherlng, the 
DOE undertakes preliminary drilling 
and ceophyslcal testlnc for the deflnl· 
tion of site location. 

"Potentially adverse condition" 
means a 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 
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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 geoloeic 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. beginnlnc 2 to 3 
million years ago and extendlnc 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 llcenslnc and re­
lated regulatory authority of the NRC 
pursuant to Sections 202<3> and 202<4> 
of the Energy Reorganization Act of 
1974 <BB Stat. 1244>. 

"Radlonuclide retardation" means 
the process or processes that cause the 
time required for a given radlonucllde 
to move between two locations to be 
greater than the cround-wa~r travel 
time, because of physical and chemical 
Interactions between the radlonucllde 
and the geohydrologic unit through 
which the radlonucllde travels. 

"Reasonably available technoloCY" 
means technoloCY which exists and 
has been demonstrated or for which 
the results of any requisite develop­
ment, demonstration, or confirmatory 
testing efforts before application will 
be available within the required time 
period. 

"Repository" Is synonymous with 
"ceoloclc rePOSitory." 

"RePOSitory closure" Is synonymous 
with "closure ... 

"Repository construction" means all 
excavation and mining activities asso­
ciated with the construction of ahsfts. 
shaft stations, rooms, and necessary 
openlncs In the undercround facility, 
preparatory to radioactive-waste em· 
placement, as well as the construction 
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of necessary surface facilities. but ex­
cludtng site-characterization activities. 

"Repository operation" means all of 
the functions at the site leading to and 
involving radioactive-waste emplace­
ment tn the underground facility, in­
cludtng receiving, transportation, han­
dling, emplacement, and, If necessary, 
retrieval. 

"Repository support facilities" 
means all permanent facUlties con­
structed In support of site-character­
Ization activities and repository con­
struction. operation. and closure ac­
tivities, tncluding surface structures. 
utilitY lines, roads, railroads. and simi­
lar facUlties, but excluding the under­
ground facility. 

"Restricted area" means any area 
access to which Is controlled by the 
DOE for purposes of protecting tndi­
vlduals 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 tn a residen­
tial building may be set apart as a re­
stricted area. 

"Retrieval" means the act of tnten­
tlonally removing radioactive waste 
before repository closure from the un­
derground location at which the waste 
had been previously emplaced for dis­
posal. 

··saturated zone" means that part of 
the Earth's crust beneath the water 
table tn which all voids, large and 
small, are Ideally filled with water 
under pressure greater than atmos­
pheric. 

"Secretary" means the Secretary of 
Energy, 

"Site" means a 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 tn 
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, 
tncludtng borings, surface excavations, 
excavations of exploratory shafts, lim­
Ited subsurface lateral excavations and 
borings, and tn situ testtng needed to 
evaluate the suitability of a candidate 
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site for the location of a repository, 
but not tncludlng preliminary borings 
and geophysics! testing needed to 
assess whether site characterization 
should be undertaken. 

"Siting" means the collection of ex­
ploration, testtng, evaluation, and decl­
slon-maklng 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 ktnds and 
amounts of radlonuclides 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 followtng Irradiation, the 
constituent elements of which have 
not been separated by reprocesstng. 

"Surface facilities" means repository 
support facilities within the restricted 
area . 

.. Surface water"' means any waters 
on the surface of the Earth, tncluding 
fresh and salt water, lee, and snow. 

"System" means the geologic setting 
at the site, the waste package, and the 
repository, all acttng together to con­
tatn and Isolate the waste. 

"System performance" means the 
complete behavior of a repository 
system In response to the conditions, 
processes, and events that may affect 
lt. 

''Tectonic" means of. or pertaining 
to, the forces Involved ln. 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 practlcsble" means 
the degree to which an Intended 
course of action Is capable of being ef­
fected tn a manner that Is reasonable 
and feasible wlthtn a framework of 
constraints. 

"Underground facility" means the 
underground structure and the rock 
required for support, lncludtng 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 Jess than atmospheric 
pressure, and some of the voids may 
contain air 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 
tmmedlately surrounding an Individual 
waste container. 

"Water table" means that surface In 
a body or ground water at which the 
water pressure Is atmospheric. 

Subpart 11-lmplementation 
Guidelines 

1960.3 Implementation ruidelines. 
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
ability of sites for tbe development of 
repositories. As may be appropriate 
during the siting process, tbls proce­
dure requires consideration of a varie­
ty of geohydrologlc settings and rock 
types, reglonallty, and environmental 
Impacts and consultation with affected 
States, affected Indian tribes, and Fed­
eral agencies. 

I 160.3-1 Sitinc provioions. 
The siting provisions establish the 

framework for the Implementation of 
the siting process specified In I 960.3-
2. Sections 960.3-1-1 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 requlrlng 
consideration of a variety of geologic 
conditions and media, and thereby en­
hance confidence In the technleal suit­
ability of sites selected for the devel­
opment of repositories. As required by 
the Act, I 960.3-1-3 specifies consider­
ation of a regional distribution of re-
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positories after recommendation of a 
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 precio­
sure guidelines of Subparts C and D 
during the various phases of the siting 
process. 

• 960.3-1-1 Divenlty of ceohydroiocic .. ,. 
tinp. 

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. 

I 160.3-1-2 Diven!ly of rock lypa. 

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 tbe circumstances apply, sites 
recommended as candidate sites for 
characterization shall have different 
types of host rock. 

I 160.3-1-3 Regionailty. 

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 tbe siting of subsequent reposi­
tories. Such consideration shall talte 
Into account tbe proximity of sites to 
locations at which waste Is generated 
or temporarily stored and at which 
other repositories have been or are 
being developed. 

I 960.3-1-4 Evidence for lilinl' decillionL 

The siting process Involves a se­
quence of four decisions: The Identifi­
cation or potentially acceptable sites; 
tbe 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
loglc data gathering, the recommends· 
tion of a candidate site for the devel· 
opment of a repository. Each of these 
decisions will be supported by the evi­
dence specified below. 

§ 960.3-J-4-1 Site identJOcation u poten­
tially acceptable. 

The evidence for the Identification 
of a potentially acceptable site shall 
be the types of lnf ormation 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 rela­
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 offslte 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. 

1960.3-1-4-2 Site nomination for charac-
terization. 

The evidence required to support 
the nomination of a site as suitable for 
characterization shall include the 
types of Information specified in Ap. 
pendlx IV of this part and shall be 
contained or referenced in the envi­
ronmental 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 
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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 
areas, underground ex-.vatlons, 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 aite-specif· 
lc 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. 
tentlal for a site to 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 qualifying 
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
ronmental assessment for such site. 
unless the Secretary certifies that 
such infonnatlon. in the absence of 
additional preliminary borinls or ex­
cavations, will not be adequate to sat­
Isfy applicable requirements of the 
Act. 

I 960.a...J-t-f Site recommendation for re-­
pooltory developmenL 

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 lnfonnatlon specified In 
Section 114(al of the Act for the com­
prehensive statement of the basis for 
such recommendation and Section 
114(fl 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(bl 
of the Act and In 10 CFR 60.11. and by 
nongeologlc data gathering. 

§ 960.3-1-5 Bui• for aite evaluationL 
Evaluations of Individual sites and 

comparisons between and among sites 
shall be based on the postclosure and 
preclosure guidelines specified In Sub­
parts C and D. respectively. Except for 
screening for potentially acceptable 
sites as specified In 1960.3-2-1, such 
evaluations shall place primo.TJI aig­
ni.ficance on the postclosure guide­
lines and aeconda'11' .rign(ftcance on 
the preclosure guidelines, with each 
set of guidelines considered collective­
ly for such purposes. Both the postclo­
sure and the preclosure guidelines con­
alst of a system guideline or guidelines 
and corresponding groups of technical 
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 
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into three groups that represent, in 
decreruing order 0/ importance, pre­
closure radiological safety; environ­
ment. socioeconomics, and transporta­
tion; and ease and cost of siting, con­
struction. 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, 
considertng on balance the favorable 
conditions and the potentially adverse 
conditions ldentlfied.at a site. Similar­
ly, for each system guideline, such 
evaluation shall be made In the con­
text of the group of technical guide­
lines and the evidence related to that 
system guideline. For purposes of rec­
ommending sites for development as 
respositorles, such evidence shall In­
clude analyses of expeeted respository 
perfonnance to assess the likelihood 
of demonstrating compliance with 40 
CFR Part 191 and 10 CFR P8rt 60, In 
accordance with I 960."-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
cal 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 Identify 
Innate deficiencies that could jeopard­
ize compliance with such require­
ments. If the evidence for the sites Is 
not adequate to substantiate such 
comparisons, 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. engtneered 
barriers shall be considered only to 
the extent necessary to obtain realistic 
source terms for comparative site eval· 
uations baaed on the sensitivity of the 
natural barriers 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 tn the per­
formance of the engineered barriers. 
That range of performance levels shall 
vary by at leaat a factor of 10 above 
and below the engineered-barrier per­
formance requirements set forth tn 10 
CFR 60.ll3. 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 tn the geologic 
medts. Furthermore, engineered bar­
riers shall not be used to compensate 
for an Inadequate site; mask the 
tnnate 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 I 960.3-2-4 shall evaluate pre­
dicted releaaes -of radtonucltdes 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 lithosphere that are situ­
ated more than 10 kilometers in a hor­
Izontal direction from the outer 
boundary of the original location of 
the waate emplacement In the geologic 
repository. Releaaes of different ra­
dtonuclides shall be combtned bY the 
methods specified ·tn Appendix A of 40 
CFR Part 191. The comparisons speci­
fied above shall consist of two compar­
ative evaluations that predict radtonu­
clide releaaes for 100,000 years after 
repository closure and ·shall be con­
ducted aa follows. First, the sites shall 

10 CFR Ch. Ill (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 
baaed on the expected performance of 
waate packages and waate forms, In 
compliance with the requirements of 
10 CFR 60.113, 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 sites for the de.velopment of 
repositories. The first of the two com­
parative evaluations specified tn the 
preceding paragraph shall take prece­
dence unless the aecond 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 isola­
tion capabilities that differ by Jess 
than a factor of 10, with similar uncer­
tainties, may be assumed to provide 
equivalent isolation. 

I 960.3-2 Siting process. 

The slttng process begins with site 
screening for the Identification of po­
tentially acceptable sites. This process 

·-waa completed for purposes of the 
first repository before the enactment 
of the Act, and the Identification of 
such sites waa made after enactment 
tn accordance with the provisions of 
section 116(al 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 tn 1 960.3-
2-1 of this Subpart. The nomination of 
any site aa suitable for characteriza­
tion shall follow the process specified 
tn 1 960.3-2-2, and such nomlnatton 
shall be accompanied by an environ­
mental aasessment aa specified tn sec­
tion ll2(bJ(ll(El of the Act. The rec­
ommendation of sites as 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 
11960.3-2-3 and 960.3-2-4. respectively. 

1960.3-2-1 Site acreening ror potentially 
acceptable sites. 

To Identify potentially acceptable 
sites for the development of other 
than the first repository, the process 
shall 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
Ic, 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 
disqualifying conditions to eliminate 
land units on the basts of the evidence 
spectfted In 1 960.3-1-4-1 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 
potentially 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 favorabtuty of 
each land unit. Land units that, in the 
aggregrate, exhibit potentially adverse 
conditions shall be deferred tn favor of 
land units that exhibit favorable con­
ditions. The siting provtatons that re­
quire diversity of geohydrologtc set­
tings and rock types and consideration 
of rectonaltty, as specified in t1 960.3-
1-1, 960.3-1-2, and 960.3-1-3, respec­
tively, may be used to dtscrtmlnate be­
tween land units and to establtah the 
range of options in site screening. To 
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Identify a site as potentially accepta 
ble, the evidence shall support a find 
tng that the site Is not disqualified il 
accordance with the application re 
qutrements set forth in Appendix IIi 
of this Part and shall support the deci 
ston by the DOE to proceed the con 
tinued Investigation of the site on tho 
basts of the favorable and potential)) 
adverse conditions Identified to date 
In continuation of the screening proc 
ess after such Identification an~ 
before site nomination, the DOE mal 
defer from further consideration lane: 
units or potentiallY acceptable sites 01 
portions thereof on the basts of addi 
tional Information or by the applica 
tion of the siting provisions for dtversi 
ty of geohydroloctc settings, dtversitl 
of rock types, and regtonalltl 
<11960.3-1-1, 960.3-1-2, and 960.3-1-3 
respectively). The defeiTal of paten 
tiallY acceptable sites will be describe~ 
in the environmental assessments thai 
accompany the nomination of at leas! 
five sites as suitable for characteriza 
tton. In order to Identify potential)) 
acceptable sites tor the second anc 
subsequent repositories, the SecretarJ 
shall /irat Identify the State wtthtr. 
which the site Is located in a decision 
basts document that describes tho 
process and the considerations thai 
led to the tdenttftcatton of such sit< 
and that has been Issued previously tr. 
draft for review and comment by suet 
State. Second, when such document 1: 
final. the Secretary shall notifY th< 
Governor and the legislature of thai 
State and the tribal council of anY af 
fected Indian tribe of the potential)) 
acceptable site. 

I 960.3-2--2 Nomination of aites u auitabh 
for characterization. 

From the sites identified as poten 
ttally acceptable, the Secretary shal, 
nominate at least fl\'e sites determineo 
suitable for site characterization fo1 
the selection of each repository site 
For the second repository, at leas! 
three of the sites shall not have been 
nominated previously. Any site nomi· 
nated as suitable tor characterization 
for the first repository, but not recom· 
mended as a candidate site for charac 
tertzatton, may not be nominated "' 
suitable for characterization for tht 
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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<b><ll<E> of the Act. Such 
nomination shall be based on evalua· 
tions tn 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 1 960.3-1-4-2. 

1960.3-2-2-1 Evaluation of all potentially 
•cceptahle •iln. 

Fin~ In considering sites for nomi· 
nation. each of the potentially accept· 
able sites shall be evaluated on the 
basis of the disqualifying conditions 
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 eva!· 
uation shall support a finding by the 
DOE that such sites is not dlsquall· 
fled. 

1960.3-2-2-2 Selection of altea within reo­
hydroloaic eettinp. 

Second. the siting provision requlr· 
ing diversity of geohydroloeic settings. 
as specified in I 960.3-1-1. shall be ap. 
plied to group all potentiallY accept&· 
ble sites according to their geohydrolo­
gic settings. Tllird. for those geohydro­
Iogic 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 
ahall be selected primarily on the basis 
of the kinds of evidence among sites 
tor which distinguishing characteris­
tics can be identified. Such compara· 
tlve evaluation shall be made on the 
basis of the qualifying conditions for 
those guidelines. considertng. on baJ. 
ance. the favorable conditions and po­
tentially adverse conditions identified 
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at each site. Due consideration shall 
also be given to the siting provisions 
specifying the basis for site evalua­
tions in I 960.3-1-5. to the extent prac· 
ticable. and diversity of rock types in 
I 960.3-1-2. if the circumstances so 
apply. If less than five geohydrologlc 
settings are available for consider· 
ation. the above process shall be used 
to select two or more preferred sites 
from those settings 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 subsequent repositories. due con· 
sideration ahall also be given to the 
siting provision for regionalltY' as spec· 
lfied in I 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 quail· 
tying condition of each guideline spec· 
lfied in Subparts C and D that does 
not require site 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 
1 960.2. Although the final application 
of these guidelines. in accordance with 
the provisions set forth in Appendix 
III 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· 
elude those specified in 1 960.<1-2-8-2 
<Site OwnershiP and Controll of Sub­
part C; 11960.5-l<a>U> and 960.5-
Ha><2> of Subpart D <preclosure 
system guidelines for radiological 
safety and environmental quality, so­
cioeconomics. and transportation>; and 
II 960.5-2-1 throuch 960.5-2-' of Sub­
part D <Population Density and Distri· 
bution. Site Ownership and Control. 
Meteorology. Off site Installations and 
Operations. Environmental Quality. 
Socioeconomic Impacts. and Transpor· 
tationl. 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 throu&h decom­
missioning and shall support a findtn& 
by the DOE In accordance with the 
application requirements set forth In 
Appendix III of this part. Nth. each 
preferred site within a geohydrologjc 
setting shall be evaluated as to wheth· 
er such site Is suitable for site charac· 
terization under the qualifying condl· 
tions of those guidelines specified tn 
Subparts C and D that require charac· 
terization Ct.e., subsurface geologic, hy· 
droloetc, and geochemical data gather­
ing). Such guidelines Include those 
specified In I 960.4-l<al Cpostclosure 
system guideline!; 1§960.4-2-1 
through 860.4-2-8-1 of Subpart C 
<Geohydrolo&Y. Geochemistry, Rock 
Characteristics, Climatic Changes, 
Erosion, Dissolution, Tectonics, 
Human Interference, and Natural Re· 
sources!; 1960.5-l<alC3l Cpreclosure 
system guideline for ease and cost of 
siting, construction, operation, and 
closure>; and 1 960.5-2-8 throueh 
960.5-2-11 of Subpart D <Surface 
Characteristics, Rock Characteristics, 
Hydroloey, and Tectonics>. This eval­
uation shall consider on balance the 
favorable conditions and potentially 
adverse condltioiL• identified as such 
at a preferred site In relation to the 
qualifying condition of each such 
guideline. For each •uch 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 tn Appen­
dix III of this part. 

§ 960.3-2-2-3 Comparative evaluation of 
all •ites propoaed for nomination. 

Suth. for those potentially accepta­
ble sites to be proposed for nomina­
tion, as determined by the process 
specified In 1 980.3-2-2-2, a reasonable 
comparative eValuation of each such 
site with aJJ 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 flndtnp specified under 
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I 960.3-2-2-1 and under the fourth 
and fifth provisions or I 960.3-2-2-2. 
Each such summary shall allow com­
parisons to be made among sites on 
this basts of each guideline. 

I 960.3-2-2-4 The environmental aue•s· 
ment. 

To document the process specified 
above, and In compliance with section 
112CblCllCEl of the Act, an environ· 
mental assessment shall be prepared 
for each site proposed for nomination 
as suitable for characterization. Each 
such environmental assessment shall 
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 1 960.3-
1-4-2 and Appendix IV of this part. As 
specified In the Act, each environmen­
tal assessment shaJJ Include an evalua­
tion of the effects of the sl~harac­
terization activities at the site on 
public health and aarety 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· 

:0"=~ fo~:~~~J~r ase":~~~~: 
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. 

1960.3-2-2-5 Formal site nomination. 

After the final environmental assess­
ments have been prepared, the Secre­
tary shall nominate at least five sites 
that he determines suitable for site 
characterization for the selection of a 
repasltory site. and, In so doing, he 
shall cause to have published In the 
F'I:DERAL RI:GISTER a notice specifying 
the sites so nominated and announc­
Ing the availability of the final envi­
ronmental assessments for such sites. 
This determination by the Secretary 
shaJJ 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 aitea 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 
requirements 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 reglonallty In 
n 960.3-1-1. 960.3-1-2. and 960.3-1-3. 
respectively, shall be considered to de­
termine a final order or preference for 
the characterization or such sites. 
Considering this order of preference 
together with the available 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 
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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 aitea for 
the development of repo~itoriea. 

After completion of site character­
ization and nongeologlc 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. Tl\is 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 th~ 
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><U of the Act. including an envi­
ronmental impact statement prepared 
In accordance with the provisions of 
rections 114<a><ll<D> and 114<fl 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 respeot 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 
legtslature 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. 

I 960.3-4 Environmental impaeta. 

Environmental Impacts shall be con­
sidered by the DOE throughout the 
site characterization, site selection. 
and repository development process. 
The DOE shall mltipte significant ad­
verse environmental impacts. to the 
extent practicable, during site charac­
terization and repository construction, 
operation, closure, and decommission­
Ing. 

Subpart C-Postdooure Guidelines 

1960.4 Poatcloaure ruidelinea. 

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, 
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which provide the primary means for 
waste isolation. 

§ 960.4-1 System guideline. 

(a) Qualtf!ling Condition. The geo­
logic setting at the site shall allow for 
the physical separation of radioactive 
waste from the accessible 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 pidelines. 

The technical guidelines In this sub­
part set forth qualifying, favorable, 
potentially adverse, and. In five guide­
lines, disqualifying conditions on the 
characteristics, processes, and events 
that may Influence the performance 
of a 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 Importance. 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 GeohydroloiY-
<a> Qualifl/ing Condition. The 

present and expected geohydrologlc 
setting of a site shall be compatible 
with waste containment and Isolation. 
The geohydroloelc setting, considering 
the characteristics of and the process­
es operating within the geologic set­
tina. shall permit compliance with <I> 
the requirements specified In I 960.4-1 
for radlonuclide 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. 0 > 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 stratigraphic, 
structural. and hydrologic features 
such that the geohydrologlc 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: 

m 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. 

<ill> A low hydraulic gradient In and 
between the host rock and the imme· 
dlately surrounding geohydrologic 
units. 

Uv> 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· 
drolol(ic 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. 

<ill> 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. Ill (1-1-90 Edition) 

Civ> A host rock that provides for 
free drainage. 

Cv) A climatic regime in which the 
average annual historical precipitation 
is a small fraction of the average 
annua1 potentia] evapotranspiration. 

Non: The DOE will, in accordance with 
the general principles set forth in I 960.1 of 
these regulations. revise the guidelines as 
neeessary. to ensure eonsistency with the 
final NRC regulations on the unsaturated 
zone. which were published as a proposed 
rule on February 16, 1984, in 49 FR 5934. 

<c> Potentially Adverse Conditions. 
<1 J Expected changes In geohydrologic 
conditions-such as changes In the hY· 
draulic gradient, the hydraulic con· 
ductivlty, the effective porOsity. and 
the ground-water nux through the 
host rock and the surrounding geohY· 
drologic units-sufficient to signlfl· 
cantly Increase the tratU~port of ra· 
dionuclides to the accessible environ· 
ment as compared with pre-waste-em· 
placement conditions. 

<21 The presence of ground-water 
sources, suitable for crop Irrigation or 
human consumption without treat· 
ment. along ground-water now paths 
from the host rock to the accessible 
environment. 

(3! The presence in the geologic set· 
tlng 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 dlfficul· 
ty of characterizing or modeling the 
geohydrologic system. 

<d> Disqualv!linll Condition. A site 
shall be disqualified if the pre-waste­
emplacement ground-water travel time 
from the disturbed zone to the access!· 
ble environment Is expected to be less 
than 1.000 years along any pathway of 
likely and significant radionuclide 
travel. 

I 960.4-2-2 Geochemialry. 

<a> Qualif!ling Condition. The 
present and expected geochemical 
characteristics of a site shall be com· 
patlble with waste containment and 
tsolatlon. Considerlnll the likely chem· 
leal Interactions among radlonuclides. 
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 J 
the requirements specified In I 960.4-1 
for radionuclide releases to the acces­
sible environment and C2> 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. 
lc setting during the Quaternary 
Period would, If continued Into the 
future, not affect or would favorably 
affect the ability of the geologic repos· 
!tory to Isolate the waste during the 
next 100,000 years. 

< 2 J 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 radlonuclldes; or Inhib­
It the transport of radlonuclldes by 
Particulates, colloids, or complexes. 

< 3 J Mineral assemblages that, when 
subjected to expected repository con· 
dltions, would remain unaltered or 
would alter to mineral assemblages 
with equal or Increased capability to 
retard radlonucllde transport. 

< 4 l A combination of expected geo­
chemical conditions and a volumetric 
now rate of water In the host rock 
that would allow less than 0.001 per. 
cent per year of the total radlonucllde 
Inventory In the repository at 1,000 
years to be dissolved. 

<5J Any combination of geochemical 
and physical retardation processes 
that would decrease the predicted 
peak cumulative releases of radlonu· 
elides to the accessible environment by 
a factor of 10 as compared to those 
predicted on the basis of ground-water 
travel time without such retardation. 

<cl PotentiaUv Adveroe Conditiom. 
<l J Ground-water conditions In the 
host rock that could affect the solubll· 
lty or the chemical reactivity of the 
engineered-barrier system to the 
extent that the expected repository 
performance could be compromised. 

<2J Geochemical processes or condl· 
tions that could reduce the sorption of 
radlonuclldes or degrade the rock 
strength. 
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<3J Pre-waste-emplacement ground· 
water conditions In the host rock that 
are chemically oxidizing. 

§ 960.4-2-3 Rock chal'1lCteristics. 

<a> Qualif:ving conditton. The 
present and expected characteristics 
of the host rock and surrounding units 
shall be capable of accommodating the 
thermal, chemical, mechanical, and ra· 
dlation stresses expected to be Induced 
by repository construction, operation, 
and closure and bY expected Interac­
tions among the waste, host rock, 
ground water, and engineered comP?­
nents. The characteristics of and the 
processes operating within the geolog­
Ic setting shall permit compliance with 
< 1J the requirements specified In 
I 960.4-1 for radlonucllde releases to 
the accessible environment and (2J the 
requirements set forth fn, 10 CFR 
60.113 fm: radlonuclide releases from 
the engtneered·barrler system using 
reasonably available technology. 

(bl Favort1.ble Conditions. UJ A host 
rock that is sufficiently thick and lat· 
erally extensive to allow sillnlflcant 
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 l:OPO&Itory 
construction, operation. or closure or 
by Interactions among the waste, host 
rock, ground water, and engineered 
components. 

<cl Potentially Adverse Conditions. 
U J 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. 

(2J Potential for such phenomena as 
thermallY Induced fractures, the hY· 
dration or dehydration of mineral 
components, brine migration, or other 
physical, chemical, or radlation·relat· 
ed phenomena that could be expected 
to affect waste containment or Isola· 
tlon. 

<3 J A combination of geologie strue· 
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 chan,... 
<al .. Quali!Jring Condition. The site 

shall be located where future cllmatic 
conditions will not be Ukely to lead to 
radionuclide releases greater than 
those allowable under the require­
ments specified In § 960.4-1. In predict­
Ing the llkely future cllmatic condi­
tions at a site, the DOE will consider 
the global. regional. and site cllmatic 
patterns during the Quaternary 
Period, considering the geomorphic 
evidence of the cllmatic condl tions In 
the geologic setting. 

<bl Favorable Conditions. <1 l A sur­
face-water system such that expected 
climatic cycles over the next 100,000 
years would not adversely affect waste 
Isolation. 

<2l A geologic aetting In which cll­
matic changes have had little effect on 
the hydrologic system throughout the 

· Quaternary Period. 
<cl Potentiallll Adverse Conditions. 

n l Evidence that the water table 
could rise sufficiently over the next 
10,000 years to saturate the under­
ground faclllty in a previously unsatu­
rated host rock. 

< 2 l 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 
nux through the host rock and the 
surroundlnggeohydrologlc units, suffi­
cient to significantly increaae the 
transport of radionuclides to the ac­
cessible environment. 

§ 960.4-2-5 Eroaion. 

<al Qualiflling Condition. The site 
shall allow the underground facillty to 
be placed at a depth such that ero­
sional processes acting upon the sur­
face will not be likely to lead to radio­
nucllde releaaes greater than those aJ. 
lowable under the requirements speci­
fied In § 960.4-1. In predicting the like­
lihood of potentially disruptive ero­
sional processes. the DOE will consid­
er the climatic. tectonic, and geomor-
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phic evidence of rates and patterns of 
erosion in the geologic setting during 
the Quaternary Period. 

<bl Favorable Conditions. <ll Site 
conditions that pennit the emplace­
ment of waste at a depth of at least 
300 meters below the directly overly­
Ing ground surface. 

!2l A geologic setting where the 
nature and rates of the erosional proc­
esses that have been operating during 
the Quaternary Period are predicted 
to have Jess than one chance In 10,000 
over the next 10,000 years of leading 
to releases of radionuclldes to the ac­
cessible environment. 

<3l Site conditions such that waste 
exhumation would not be expected to 
occur during the first one million 
years after repository closure. 

<cl PotentiaU11 Adverse C6nditions. 
<1 l 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 proc­
esses that have been operating during 
the· Quaternary Period could, during 
the first 10,000 years after closure, ad­
versely affect the ability of the geolog­
ic repository to Isolate the waste. 

<dl Disqualifl!ing Condition. The 
site shall be di&quall!ied if site condi· 
tions do not allow all portions of the 
underground faclllty to be situated at 
least 200 meters below the directly 
overlying ground surface. 

I 960.4-2-G Diuolution. 
(al Qualiflling Condition. The site 

shall be located such that any subsur­
face rock dissolution wUJ 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 wlll 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. 

(bl 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 
isolation could occur. 

<dl Disqualifying 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 Joss of waste 
isolation. 

I 960.4-2-7 Tectonics. 
<a> Qualiflfing Condition. The site 

shall be located In a geologic setting 
where future tectonic processes or 
events .will not be likely to lead to radi­
onuclide releases greater than those 

..allowable under the requirements 
specified in I 960.4-1. In predicting the 
likelihood 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. 

<c> Potentiallv Adverse Conditions. 
<1 l 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 either the frequen­
cy of occurrence or the magnitude of 
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earthquakes within the geologic se1 
ting may increase. 

<4> More-frequent occurrences o 
earthquakes or earthquakes of highe 
magnitude than are representative o 
the region in which the geologic 5el 
ting is located. 

<5> Potential for natural phenomen. 
such as landslides, subsidence, or vol 
canlc activity of such magnitudes tha 
they could create large-scale surface 
water impoundments that coulc 
change the regional ground-water flo" 
system. 

(6) Potential for tectonic deforma 
tions-such as uplift. subsidence, fold 
ing, or faulting-that could adverse!: 
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 raul 
movement or other ground motion ar, 
expected to be such that a loss o 
waste isolation is likely to occur. 

I 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 affe< 
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• 
specific factors. as stated in U 960.4-2 
8-1 and 960.4-2-8-2. that could con 
promise their continued effectiveness. 

§ 960.4-2-8-1 Natural resources. 

<a> Qualillfing Condition. This sit 
shall be located such that-conside• 
ing pennanent markers and recor<i 
and reasonable proJections of valut 
scarcity, and technology-the natur: 
resources. including ground water suit 
able for crop irrigation or human COJ 
sumptlon without treatment, preser. 
at or near the site will not be likely t 
give rise to Interference activities th:. 
would lead to radionuclide releas< 
greater than those allowable und• 
the reqdlrements specified In §960.4-

<b> Favorable Conditions. Ul 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> Potentiallll Adverse Condition&. 
0 l Indications that the site contains 
naturally occurring materials. whether 
or not actually Identified In such form 
that <ll economic extraction is poten­
tially feasible during the foreseeable 
future or <U> such materials have a 
greater gross value. net value. or com~ 
mercia! 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 Irrigation, subsur­
face injection of fluids, underground 
pumped storage, military activities, or 
the construction of large-scale surface­
water Impoundments-that could ad· 
versely change portions of the ground­
water flow system Important to waste 
Isolation. 

(dl Dilqualtfl/ing Conditio..._ A site 
shall be disqualified lf-

0 l Previous exploration, mining, or 
extraction activities for resources of 
commercial Importance at the site 
have created significant pathways be­
tween the projected undercround fa· 
clllty 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 Joss of waste Isola­
tion. 

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

§ 960.4-2-8-2 Site ownership and control. 

<a> Qualifl/ing 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 control 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 I 960.4-1. 

<b> Favorable Condition. Present 
ownership and control of land and all 
surface and subsurface rights bY the 
DOE. 

<cl Potentialll/ 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-Predosure Guidelines 

1960.5 Preelooure pidellnes. 
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 precJosure 
guidelines are separated Into three 
system guidelines and eleven technical 
guidelines. 

§ 960.5-J Sy1tem pidelines. 

<a> Qualtfl/inll Conditions-<!> Pre­
closure RadlolOflical Sa.tet11. Any pro­
jected radiological exPOSures of the 
general public and any projected re­
leases of radioactive materials to re­
stricted and unrestricted areas durtng 
rePOSitory operation and closure shall 
meet the applicable safety require­
ments set forth In 10 CFR Part 20, 10 
CFR Part 6C, and 40 CFR 191, Subpart 
A <see Appendix II of this partl. 

<2> Enllironment. Soctoeconomtco, 
and Tnzmportation. During rePOSI­
tory sltlnll, 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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(31 Ease and Cost of Siting, Con­
struction, Operation. and Closure. Re· 
pository siting, construction, oper­
ation, and closure shall be demonstrat­
ed to be technically feasible on the 
basis of reasonably available technolo­
gy, and the associated costs shall be 
demonstrated to be reasonable relative 
to other available and comparable 
siting options. 

A 960.5-2 Technical ruidelinea. 

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: Preelo­
sure radiological safety; environment, 
socioeconomics, and transportation; 
and ease and cost of siting, construc­
tion, operation, and closure. The first 
group Includes conditions on popub•­
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 guidelines within each 
group, as well as the favorable condi­
tions and the potentially 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. 
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PftECLOSURE RADIOLOGICAL SAFETY 

§ 960.5-2-J Population Density and Distri­
bution. 

<al Qualiflling Condition. The sit<· 
shall be located such that, during re· 
pository operation and closure, <11 thr 
expected average radiation dose to 
members of the public within an~ 
highly populated area wUI not br 
likely to exceed a small fraction of thr 
limits allowable under the require· 
ments specified In § 960.5-l<al<ll, and 
< 2 J the expected radiation dose to an~ 
member of the public in an unrestrict 
ed area will not be likely to exceed tht 
limit allowable under the require 
ments specified In § 960.5-l<al<ll. 

<bl Favorable Conditions. <11 A lo" 
population density in the general 
region of the site. 

<21 Remoteness of site from highll 
populated areas. 

<cl Potentiallv Adverse Conditions 
<1 1 High residential, seasonal, or day 
time population density within th• 
projected site boundaries. 

<21 Proximity of the site to high!) 
populated areas. or to areas having &i 

least 1,000 Individuals In an area 1 
mile by 1 mile as defined bY the mos• 
recent decennial count of the U.S 
census. 

Cd> Disqualifying Condttions. A sit1 
shall be di.aquali,fied lf-

<1 I Any surface facility of a reposi 
tory would be located in a highlY pop 
ulated area; or 

<21 Any surface facility of a reposi 
tory would be located adjacent to a1 
area 1 mile bY 1 mile having a populo 
tion of not Jess than 1,000 individual 
as enumerated by the most recent U.f­
census:or 

<31 The DOE could not develop a, 
emergency preparedness prograr1 
which meets the requirements spec• 
fled In DOE Order 5500.3 <Reaeto 
and Non-Reactor Facility Emergenc. 
Planning, Preparedness, and Respons. 
Program for Department of Energ 
Operations! and related guides o• 
when Issued by the NRC, In 10 CFl 
Part 60, Subpart I. "Emergency Plar 
nlng Criteria. .. 
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§ 960.5-2-2 Site Ownership and Control. 

Cal Qualifying Condition. The site 
shall be located on land for which the 
DOE can obtain. In accordance with 
the reQuirements 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
eration and closure wlll not be likely 
to Jead to radionucllde releases to an 
unrestricted area greater than those 
allowable under the requirements 
specified In I 960.5-I<al(ll. 

Cbl Favorable Condition. Present 
ownership and control of land and all 
surface and subsurface mineral and 
water rlghts by the DOE. 

Ccl Potentlallll Advene Condition. 
Projected land-ownership confilcts 
that cannot be successfully resolved 
through voluntary purchase-sell agree. 
menta. nondtsputed agency-to-agency 
transfers of title. or Federal condem­
nation proceedings. 

I 960.5-2-3 Meteorolol)'. 
Cal Qualifl/ing Condition. The site 

shall be located such that expected 
meteorological conditions during re­
l>Osltory operation and closure will not 
be likely to lead to radlonuclide re­
leases to an unrestricted area greater 
than those allowable under the re­
quirements specified In 1 960.5-I<a>Cll. 

Cbl Favorable Condition. Prevailing 
meteorological conclltlons such that 
any radioactive releases to the atmos­
phere during rel>OSitory operation and 
closure would be effectively dispersed. 
thereby reduclnll Slltllflcantly the 
likelihood of unacceptable ex1>05ure to 
any member of the public In the vicini­
ty of the repository. 

Ccl Potentiall!l Adverse Condition~. 
c 1 l Prevailing meteorological 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 l>OPulation den­
sities than are the average for the 
region. 

C2l History of extreme weather phe­
nomena-such as hurricanes, torna­
does, severe floods, or severe and fre-. 
quent winter storms-that could sig­
nificantly affect repository operation 
or closure. 

10 CFR Ch. Ill (1-1·90 Edition) 

§ 960.5-2-4 Off1ite installation• 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, < U 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
cllonuclide releases to an unrestricted 
area greater than those allowable 
under the requirements specified In 
I 960.5-HaiCll. 

Cbl Favorable Condition. Absence of 
contributing raclloactlve releases from 
other nuclear Installations and oper­
ations that must be considered under 
the requirements of 40 CFR 191. Sub­
pari A. 

Ccl Potentiall!l Adveroe Conditio,... 
C 1l The presence of nearby l>Otentlally 
hazardous Installations or operations 
that could adversely affect repository 
operation or closure. 

C2l Presence of other nuclear Instal­
lations and operations. subJect to the 
requirements of 40 CFR Part 190 or 40 
CFR 191. Subparl A. with .actual or 
projected releases near the maximum 
Value permissible under those stand­
ards. 

Cdl DUqualifying 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. construc­
tion. operation. closure. or decommis­
sioning. 

ElfviRONIIENT, SOCIOECONOIIICS, AND 
TRANSPORTATION 

§ 960.5-2-5 Environmental quality. 

Cal Qualifying Condition. The site 
shall be located such that Cl l the qual­
Ity of the environment In the affected 
area during this and future genera­
tions will be adequately protected 
during rel>Osltory siting. construction. 
operation. closure. and decommission­
Ing. and projected environmental Im­
pacts In the affected area can be mlti-
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gated to an acceptable degree, taking 
Into account programmatic, technical, 
social, economic, and environmental 
factors; and (2) the requirements spec­
Ified In 1 960.5-Hal(2) can be met. 

(bl Favorable Conditions. Ul Pro­
jected ablllty 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. 

(cl Potentiallv Adverse Conditions. 
( 1 > Projected major conflict with ap­
plicable Federal, State, or local envi­
ronmental requirements. 

(21 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 faclllties 
on. a 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 or the repository or Its support 
Caclllties on, a significant State or re­
gional protected resource area, such as 
a State park, a 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. 

(61 Presence or critical habitats for 
threatened or endangered species that 
may be compromised by the repository 
or its support faclllties. 

(dl Disqualifl/ing Conditions. Any of 
the following conditions shall dis­
qualifll a site: 

(1 > During repository siting, con­
struction, operation, closure, or de· 
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commissioning the quality 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
nomic, and environmental factors. 

( 2 > Any part or the restricted area or 
repository support facilities would be 
located within the boundaries or 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 facili­
ties would conflict Irreconcilably with 
the previously designated resource­
preservation use of a co~ponent or 
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. 

§ 960.5-2-6 Socioeeonomic impacts. 

(a) Qualifying Condition. The site 
shall be located such that n > any sig­
nificant adverse social and7or 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-Hal(2l 
can bernet. 

(b) Favorable Conditions. (1 > Ability 
of an affected area to absorb the 
project-related population changes 
without significant disruptions or 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. 

<c> Potentiallll 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 agencles 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. 

<d> DUqual(Mng 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 !rom major sources of offsite 
supplies presently suitable for human 
consumption or crop Irrigation and 
such Impacts cannot be compensated 
for, or mitigated by, reasonable meas­
ures. 

1960.5-2-7 Tranoportation. 
<a> Qual(Mnl/ Condition. The site 

shall be located such that < 1> the 
access routes constructed from exist­
Ing local highwaY& and railroads to the 
site m will not conflict lrreconcllabh• 
with the previously designated use of 
any resource listed In I 960.5-2-5<dl <2> 
and <3>; <Ill can be designed and con­
structed using reasonably available 
technology; <llll will not require trans­
portation system components to meet 
perfonnance standards more stringent 
than those specl!led In the applicable 
DOT and NRC regulations. nor re­
quire the development of new packag­
Ing containment technology; <tv> 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 1 960.5-l<a><2> can be met. 

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

<bl Favorable Conditions. <ll Avail­
ability of access routes from local ex­
Isting highways and railroads to the 
site which have any of the following 
characteristics: 

m Such routes are relatively short 
and economical to construct as com­
pared to access routes for other com­
parable siting options. 

<Ill Federal condemnation Is not re­
quired to acquire rights-of-way for the 
access routes. 

<llll CUts, !Ills, tunnels, or bridges 
are not required. 

<tv> 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 hlgl;lwayS and 
railroads that provide access to region­
al highwayS and railroads and are ade­
quate 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> Availability of a regional railroad 
sY&tem with a minimum number of 
Interchange points at which train crew 
and equipment changes would be re­
quired. 

<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 rePGBitor­
les. 

<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. 

<B> Plans, procedures. and capabili­
ties for response to radioactive waste 
transportation accidents In the affect­
ed State that are completed or being 
developed. 
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C9l A regional meteorological history 
Indicating that significant transporta­
tion disruptions would not be routine 
seasonal occurrences. 

Ccl Potentiallll Advent Conditions. 
c ll Access routes to existing local 
highways and railroads that are ex­
pensive to construct relative to compa­
rable siting options. 

C2l Terrain between the alte and ex­
isting local highways and railroads 
such that steep grades, sharp swlteh­
bscks, rivers, lakes, landslides, rock 
slides. or potential sources of hazard 
to lncomlnc waste shipments will be 
encountered alone access routes to the 
site. 

<3> Existing local hlchways and rail­
roads that could require significant re­
construction or UP~rr&dlng to provide 
adequate routes to the rectonal and 
national transportation system. 

C4l AnY local condition that C<ould 
cause the transportation-related costs, 
environmental Impacts, or risk to 
public health and safety from waste 
transportation operations to be signifi­
cantly creater than those proJected 
for other comparable sf tine options. 

EAsE AND COST OP SITING, CONSTRUC-
TION, 0PERATIOII. AND Cl.oSURI: 

I 980.5-2-8 Surface ehancterlotin. 
Cal QIUilif!ling Conditio"- The site 

shall be located such that. considering 
the surface characteristics and condi­
tions of the site and surrounding area, 
Including surface-water systems and 
the terrain, the requirements specified 
In §960.5-l<al<3l can be met durlnc re­
pository sltlnc. construction, oper­
ation, and closure. 

Cbl Favorable Conditiou. <ll Gener­
ally nat terrain. 

<2> Generally well-drained terrain. 
Ccl Potentiallll Advene Conditio1L 

Surface characteristics that could lead 
to the noodlnc of surface or under­
ground faclllties by the occupancy and 
modification of flood plains, the fail­
ure of exlstlnc or planned man-made 
surface-water Impoundments, or the 
failure of enctneered components of 
the repoaltory. 

I 860.5-2-t Rock ehanu:teriltia-
(al QIUilif!ling Conditio"- The site 

shall be located such that < ll the 
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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 C3l the re­
quirements specified In 1 960.5-1Ca>C3l 
can be met. 

Cbl Favorable Conditiou. (1 l 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 faclllty_ 

C2l A host rock with characteristics 
that would require minimal or no arti­
ficial support for underground open­
lnp to ensure sate repoaltory con­
struction, operation, and closure. 

<cl Potentiallll Advene Conditions. 
Cl l A host rock that Is suitable for re­
poaitory construction, operation, and 
closure, but is so thin or laterally re­
stricted that little nexiblllty is avail­
able for selecting the depth, configura­
tion, or location of an underground fa­
clllty_ 

C2l In situ characteristics and condi­
tions that could require enctneerlng 
measures beyond reasonably available 
technology In the construction of the 
shafts and underground facllitY-

C3l Geomechanlcal properties that 
could necessitate extensive mainte­
nance of the underground Openings 
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 lead to safety hazards or 
cllfflculty in retrieval during reposi­
tory operation. 

(5) Existing faults, shear zones, pres­
surized brine pockets, dlssolutlon ef­
fects, or other strati~rr&phlc or struc­
tural features that could compromise 
the safety of repository personnel be­
cause of water Inflow or construction 
problems. . 

Cdl Disqualif!ling Conditio"- The 
site shall be rluqiUiljfied U the rock 
characteristics are such that the ac­
tivities associated with repoaJtory 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 t11at use reasonably available 
technology. 

0 960.5-2-10 llydrolngy. 

Cal Qualifying Condition. The site 
shall be located such that the geohy­
drologic seu mg of the site will < 1) be 
compatible with the activities required 
for repository construction. operation, 
and closure; <2> not compromise the 
intended functions of the shaft liners 
and seals; and C3l permit the require· 
ments specified in I 960.5-l<alC3l to be 
met. 

Cbl Favorable Conditions. Ul Ab· 
sence of aquifers between the host 
rock and the land surface. 

(2) Absence of surface-water systems 
that could P•>tentially cause flooding 
of the repository. 

C3l AvailabilitY of the water required 
for repository construction, operation, 
and closure. 

Ccl Potentiallll Adverse Condition. 
Ground-water conditions that could 
require complex engtneerinc measures 
that are beyond reasonably available 
technology r or repository construe· 
tion. operation, and closure. 

Cdl Dirqualijying Condition. A site 
shall be disqualified if. based on ex· 
pected ground-water conditions, it is 
likely that engineering measures that 
are beyond reasonably available tech· 
nology will be required for explorato· 
ry-shaft construction or for repository 
construction. operation. or closure. 

1960.5-2-11 Tcctonia. 

Cal Qualifying Condition&. The site 
shall be located in a geologic setting in 
which any projected effects of expect· 
ed tecl.onic phenomena or Igneous ac­
tivity on repository construction, oper· 
ation, or closure will be such that the 
requirements specified in 1 960.5-
l<a><3l can be met. 

Cbl Favorable Condition. The nature 
and rates of faultinc. If any, within 
the geoloclc settlnc are such that the 
magnitude and Intensity of the associ­
ated seismicity are slcnlficantly less 
than those generally allowable for the 
construction and operation of nuclear 
facUlties. 

I 0 CFR Ch. Ill ( 1-1-90 Edition) 

(C) PolenliallJJ Adverse Conditions. 
U l Evidence of active faulting within 
the geologic setting. 

C2l Historical earthquakes or past 
man-induced seismicity that, if either 
were to 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, ce.g., faults> within the 
ceolocic setting, that the magnitude of 
earthquakes at the site during reposi· 
tory construcUon, operation, and clo­
sure may be larger then predicted 
from historical seismicity. 

Cdl Disqualifying Condition. A site 
shall be disqualified If. based on the 
expected nature and rates of fault 
movement or other eround motion, It 
is likely that encineering measures 
that are beyond reasonltbly available 
technology will be required for explor­
atory-shaft construction or for rePDSI· 
tory construction, operation, or clo· 
sure. 

APPENDIX I-NRC AND EPA REQUIRE· 
IIDfTS f'OR POSTCLOSURE REPOSI­
TORY PERFORMANCE 

Under proposed 40 CPR Part 191, Subpart 
B-Environmental Standard& for DUpoaa.l. 
1111.13. ·•containment Requirements", 
specifies that for 10.000 years. after disposal 
<a) releases of radioactive materials to the 
accessible environment that arc estimated 
to have more than one chance in 100 of oc­
cun1r.g over a 10,000 year period ("'reason· 
ably foreseeable releases .. , shall be project­
ed to be less than the quantities permitted 
by Table 2 of that reeulatlon'l APPt:ndlx; 
and (bJ for "very unlikely releases .. U.e .. 
those eatJmated 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 multiplied by 10. 
The basis for Table 2 is an upper limit on 
lone term risks of 1,000 health effect.& over 
10,000 yeara for a repository contalnine 
wastes eenerated rrom 100,000 metric tons 
of heavy metal or reactor fuel. Por releases 
lnvolvlne more than one radlonucllde, the 
allowed releue for each radtonucllde Is re­
duced to the lraotion or its limit that In· 
sures that the overall limit on harm Is not 
exceeded. AddlLtonaUy, to provide confl· 
dence needt!'d for compliance with the con· 
talnment requirement.& specified above. 
t 181.14. ''Aaurance Requirements", apect­
fies the disposal of radioactive waste in ac­
cordance with seven requlrements, relaUne 
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to prompt disposal or waste; selection and 
design of dispos&l systems to keep releases 
to the accessible environment as small as 
reasonably achievable: engineered and natu­
ral barriers: nonreUance on active Institu­
tional controls after closure; passive con­
trols alter <elosure; natural resouree areas; 
and desten of disposal systems to aiJow 
future recovery of wastes. 

The auldelines will be rl•vi.sed A£ necessary 
after the adoption of final rea:ulations by 
the EPA. 

The implementation of 40 CFR Part 191, 
Subpart B is reQuired by 10 CFR 60.112. 10 
CFR 60.113 establishes mmlmum conditions 
to be met for eneineered components and 
l(round-water flow; specUically: < 1 J COntain­
ment of radloacttve waste within the waste 
packages will be subslantially complete for 
a period to be determined by the NRC 
ta.kina into account the factors specified In 
10 CPR 60.113<b> provided that such period 
•hall be not le.ss than 300 yean nor more 
than 1,000 yean after permanent closure of 
the aeolocic repoaiLory; <2J the releue rate 
of any radionucUde from the enctneered 
barrier sYstem followlnc the containment 
period shall not exceed one part In 100.000 
per year of the Inventory of that radlonu­
clide calculated t.o be present at 1.000 years 
followlna pennanent closure, or such other 
fraction of the Inventory as may be ap­
proved or specified by the NRC. provided 
that this reQuirement does not apply to any 
radionucllde which is released at a rate less 
than 0.1% of the calculated total release 
rate limit. The calculated total release rate 
Jlmlt shall be takt-n to be one part In 100,000 
per year of the Inventory of radioactive 
wute orh~tnally emplaced in the under­
lround facility that remains after 1.000 
years of radioactive decay; and (3) the aeo­
lOIIC repository shall be located so that pre­
waste-emplacement Kround.water travel 
time alona the fastest path of likely radio­
nuclide travel from the disturbed zone to 
the accessible environment shall be at leaat 
1.000 yean or such other travel Ume as may 
be approved or specified by the NRC. 

The 1uideHnes will be revised as necessary 
to ensure consistency with J 0 CFR Part 80. 

APPENDIX II-NRC AND EPA REQUIRE· 
M.ElfTS FOR PRECLOSURE REPOSITORY 
PERFORMANCE 

Under proposed 40 CPR Part 191. Subpart 
A-Envlronm£ntal Standantl for Jlanczge­
mrnt and Stonzge, Section UU.03 ... Stand­
ards for Nonnal Operations", specltle.: (J) 
That operaUons should be conducted ao as 
to reduce exposure to memben of the public 
to the extent reasonably achievable. takln& 
Into account technical, rwcial. and economic 
considerations; and (2) that. except for var­
Iances pennltLed for unusual operations 
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under Section 191.04 a::; an upper limit. 
normal operations shall be conducted in 
such a manner as to provide reasonable as· 
surance that the combined annual dosl' 
eQuivalent to any member of the public du£" 
to: (j) operations covered by 40 CFR Pari 
190, (ij) planned discharges or radioactive 
material to the general environment from 
operations covered by this Subpart, and ( IU) 
direct radiation from these operations; shall 
not exceed 25 miiUrems to the whole body. 
75 mlllirems to the thyroid, or 25 mHHrem:. 
to any other oraan. 

The auidelines will be revised as necessary 
after the adoption of final reaulations by 
the EPA. 

The Implementation of 40 CFR Part 191. 
Subpart A and 10 CFR Part 20 ls required 
by 10 CFR 60.111. 10 CFR 60.111 also speci­
fies requirements for waste retrieval, If nee· 
essary, lncludina considerations of design. 
bac:ktlllinc. and schedule. 10 CPR Part 20 
establishes <a> exposure limits for operating 
penonnel and Cb) permissible concentra­
tions of radionuclides in unconLYoJJed area.s 
for air and water. The latter are aenerally 
less restrictive than 40 CFR 181. Subpart A. 
but may be limiting under certain condl· 
tions <i.e .. If used as a maximum for sho_rt 
durations rather than annualaveraces). 

The IUidellnes will be revised as nec:essan 
to ensure consistency with 10 CFR Part 60 

APPENDIX III-APPLICATION OF THt 
SYSTEM AND TEcHNICAL GUIDELINES 
DURING THE SITING PROCESS 

1. This appendix presents a table thai 
specifies how the guidelines of Subparts C 
and D are to be applied at the principal de 
clslon points af the siting process. The deci 
slon points. wo referenced in the table. ar• 
defined as follows: 

"'Potentially acceptablt~" means the deci 
sion point at which a sJLe is Identified as po 
tentially acceptable. 

··Nomination and recommendation' 
means the decision point at which a sUe J.:. 
nominated as suitable for charac:terizatior, 
or recommended as a candidate site to• 
characterization. 

"Repository site selection" means the de 
cision point at which a site is recommendet: 
for the development of a rePGHltory. 

2. The findings resulting from the applica 
lion of a disqualifying condition for any par 
Ucular cuideline at a clven decision polnl 
are denoted in the table by the numeral 1 or 
2. The numerals 1 and 2 signify the types ol 
findings that are required and are deflne(l 
as follows: 

"1" means e1th~rof the following: 
<a) The evidence does not support a find 

ing that the site Is diSQualified. 
or 
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• Qeochemical properties ol minerals as 
related to radionuclide transport. 

Section 960.4-2-J Rock chara.clerUttcs. 

Descrtotion of the reologtc and geome­
chanleal characteristics of the site, In con­
text with the aeoloalc 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
&tneered components of the repository 
aystem. The types of Information to support 
this description should Include-

• Approximate eeolo&'Y and stratigraphy 
of the site, lncludtna the depth, thickness, 
and lateral extent of the host rock and sur­
roundlnlt rock units. 

• Approximate structural framework of 
the rock units and any maJor discontinuities 
Identified from core samples. 

• Approximate thennal. mechanical, and 
thermomechanlcal properties or the rocks, 
with consideration of the effects of time, 
stress, temperature, dimensional scale, and 
any ma.tor Identified structural discontinu­
Ities. 

• Estimates of the maanltude and direc­
tion of In situ stress and of temperature tn 
the host rock and surroundin& rock units. 

&ction 960.4-2-4 Climatic ehanga. 

Description of the climatic conditions of 
the site rerlon. in context with alobal and 
regional patterns of climatic chances during 
the Quaternary Period, ln order to project 
likely future ChUll'es ln climate such that 
potential Impacts on the repository can be 
estimated. The types of information to sup. 
port this description should include-

• Expected climatic conditions and cycles, 
based on extrapolation of climates during 
the Quaternary Period. 

• GeomorpholOKY of the site reeion and 
evidence of chanees due to climatic changes. 

• Estimated effects of expected climatic 
cycles on the surface-water and the I'I'OUDd· 
water systems. 

Section 960.4-2-S Ero.tion. 

Description of the structure, stratJ.eraphy, 
and eeomorpholo&Y of the site, tn context 
with the 1eoloetc setting, In order to esti­
mate the depth of waste emplacement and 
the llkellhood for erosional processes to un­
cover the waste tn leas than one million 
years. The types of information to support 
this description should include-

• Depth. thickness, and lateral extent of 
the host rock and the overlyfnl rock units. 

• Lithology of the stratigraphic units 
above the host rock. 

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

• Nature and rates of geomorphic process­
es during the Quaternary Period. 

Sectton 960.4-2-6 Dissolution. 

Description or the stratigraphy. structure, 
hydrolo&Y, and geochemistry or the site, in 
context with the geologic setting, to delin· 
eate the approximate limits or subsurface 
rock dissolution, 1f any. This description 
should include such Information as the fol­
lowing: 

• The stratigraphy of the site. lncludine 
rock units largely comprised of wat.er-solu· 
ble minerals. 

• The approximate extent and confteura­
tlon of features Indicative of dissolution 
within the ceolO&ic setttn1. 

Section 960.4-2-7 Tectontca. 

Description of the tectonic setting of the 
site, In context with Its eeologtc setttne, in 
order to proJect the tectonic s\abillty of the 
atte over the next 10,000 years and to ldentl· 
fy tectonic 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 descrtptton should include-

• The tectonic history and framework of 
the eeolOidc settinc and the site. 

• Quaternary faults in the 1eologic aet· 
tina. lncludln1 their length. displacement. 
and any information regardllll the ace of 
latest movement. 

• Active tectonic processes, such as uplift, 
dlaptrtsm, ttltlnc. subsidence. faulttnc. and 
volcanism. · 

• Estimate of the geothermal cradient. 
• Esttmate of the rectonal in situ stress 

field. 
• The historical seismicity of the 1eoloclc 

aettlnl. 

Section 160.4-2-B Human interference. 

Sectton 960.4-2-1-1 Natural raources. 

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
acrtptlon should Include-

• Known occurrences of enerey and min­
eral reaourees. includlnc ITOUDd water. 

• Estimates of the present and proJected 
value of these resources compared with re­
sources contained in other areu of similar 
alze In the ceologlc settlne. 

• Past and present drillinc and minlnc op. 
erattons in the vicinity of the aite. 
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s~ction 960.4-2-8-2 Site ownenhip and 
controL 

Description of the ownership of land for 
the reologtc-reposltory operations area and 
the controlled area, Jn order to evaluate 
whether the DOE can obtain ownership of. 
and control access t.o, the site. The types of 
lnfonnation to support this description 
should include-

• Present land ownership. 

Section 960.5-2-1 Population lknntJJ and 
dtstribulion. 

Description of the population densitY and 
distribution of the site region, in order to 
ldenttfy hl&hly populated areas and the 
nearest 1 mHe by 1 mlle area having a popu­
lation creater than 1.000 persons. The types 
of lnfonnation to support this description 
should Include-

• The most-recent U.S. census. includlne 
population composition. distribution, and 
density. 

Section 960.5-2-2 Site oumenhtp and 
controL 

Description of current ownership of land, 
lncludine surface and subaurtace mineral 
and water rl&hta. In order to evaluate 
whether the DOE can obtain control of land 
within the projected restricted area. The 
types of Information to aupport this descriP­
tion should include-

• Present land ownership. 

Section 16D.S-Z-J JleleorolOVJI. 

The meteorolocicaJ settlne. as determined 
from the closest recordlne station. In order 
to proJect meteoroloctcal conditions dUrilll' 
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 0/faile inatallations and 
operatlon.t. 

Description of offsUe 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 industri­
al, transportation. and mUltary installations 
and operations. lncludinc atomic enercY de­
fense activities. 

Section 960.5-2-5 Environmental qualit,-. 
Description of environmental condUlons 

in order to estimate potential impacts on 
public health and welfare and on environ-

Facts and Issues of Direct Disposal of Spent Fuel 
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mental quality. The types of Information to 
support this description should Include-

• Applicable Federal, State, and local pro­
cedural and substantive environmental re­
quirements. 

• Existing air Quality and trends. 
• Existing surface--water and RJ'OUnd-wate1 

Quality and quantity. 
• Existing land resources and uses. 
• Existing terrestrial and aquatic vegeta­

tion and wildlife. 
• Location of any Identified crttlcal habi­

tats tor threatened or endangered species. 
• Existing aesthetic characteristics. 
• Location of components of the National 

Park System. the National WJJclllfe Refuge 
System. the National Wild and Scenic 
Rivers System, the National WtJdeme& 
Preservation System, or National Fores1 
Land. 

• Location of stenlficant State or regional 
protected resource areas, such as State 
parks. wildlife areas. or historical areas. 

• 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 impacta. 
Description of the socioeconomic condl 

tiona of the site, Including population densi 
ty and distribution. economics. communit) 
services and facUlties, soeta1 conditions, and 
f11c:al and covernment structure, ln order t£, 
estimate the Impacts that mleht result from 
atte characterization and from the develop 
ment of a repository at that site. The typet 
of information to support this description 
should include-

• Population composition, density, am: 
distribution. 

• Economic base and economic activity, in 
cludinc major sectors of local economy. 

• Employment distribution and trends bl 
economic sector. 

• Resource uaace. 
• Community services and Infrastructure 

Including trends In use and current capacit~ 
utilization. 

• Housing supply and demand. 
• IJfe style and indicators of the quaUt~ 

of life. 
• Existlnc social problems. 
• Sourcs of, and trends In, local eovem 

ment expenditures and revenues. 

Section 960.5-2-7 Transportation. 

Description of the transportation facllttie! 
in the victnitY of the atte In order to evalu 
ate existing or required acceu routes or tm 
provements. The types of information t1 
support this description should Include-

• Estimates of the overall cost and risk o j 
transporting waste to the site. 
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• Deacrlptton of the road and raJJ network 
between the site and the nearest Interstate 
hl&hwaya and maJor n.U linea; also. descrip­
Uon of the waterway system. if any. 

• Analyses of the adequacy of the existin& 
reelonal 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 anttcJpated to be re­
quired in the transportation network and 
their feaslbJllty, cost, and environmental 1m· 
pacts. 

• Compatibility of the required transpor­
tation network Improvements with the local 
and reeJonal transportation and land-use 
plans. 

• Analysis of weather impaets on trans­
portation. 

• Analysla of emer&"ency respome require­
menta and capabJUtJes related to transporta­
tion. 

Sect-ion 960.5-2-1 Sur/ace chara.cUTUtia. 

Delertptlon of the surface eharactertstics 
of the site. In order to evaluate whether re­
pository construction, operation, and clo­
sure are feasible on the basis of site charac­
terlatlcs that tnfiuence thoae activities. The 
types of Information to support this descriP­
tion should include-

• Topolfl'&phy of the site. 
• Exlltln& 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 paten· 
tlal. 

Section 960.5-2-9 Rock characteri6tic&. 

Description of the geolortc and Reome­
chanlcal characteristics of the alte, ln con­
text with the geologic aetttnc. In order to 
project the capablUty of the hoat rock and 
the surrounding rock units to provide the 
space required for the underground faclllty 
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 ha&t rock and adJacent rock 
units. 

• Thermal. meehanlc:al, and thermome­
chanical properties and construetlbtllty 
characteristics of the rocta, with consider· 
ation of the effects of time, atress, tempera­
ture, dimensional scale, and any major iden­
tified structural dlacontinultles. 

• FlUid inclusions and ps content In the 
host rock. 

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

• Estimates of the magnitude and direc­
tion of in situ stress and of temperature In 
the host rock. 

Section 960.5-2~10 HJI(I.roloflll. 

De.scrlptlon of the hydrology of the site, 
ln context with Its aeologic aettine. In order 
to project compatibility with repository con­
struction, operation, and closure. The types 
of infonnatton to support this description 
should Include-

• Surface-water systems, includtne re­
charge and runoff cbaractertsttcs, and po­
tential for fiooclinc of the repository. 

• Nature and location of aquifers, confin­
ine units. and aquitards. 

• Potentiometric surfaces of aquifers. 
• Hydraulic properties of aeohydrologlc 

units. 

Section 960.5-2-11 Tectonic& 

Description of the tectonic aetttne of the 
site, Jn context wtth the reCional settlna'. in 
order to estlmate any expected effects of 
tectonic activity on repository construction. 
operation, or closure. The types of Inform&· 
tton to support this descrtptton should In· 
c:lude-

• Quaternary faulta. 
• Active tectonic processes. 
• Preliminary estlmates of expected 

around motion caused by the maximum po­
tential earthquake within the 1eoloatc set­
una. 
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Neb-03-91 
''"'" R. L. Nebeker 
"•"• 6-3578 
""'• October 22, 1991 s.-. Criticality Implications of Direct D1spo511 of Fuel 

'" N. A. Chipman, Fellow Engineer 
New Business and Special Studies 

cc: G. B. Frandsen 
R. N. Henry 
G. W. Hogg 

V. C. Maio 
B. R. Wheeler 
R. L. Nebeker • 2 

As you requested, I have reviewed various regulations ~nd 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 general 
restrictions shown in these regulations. 

Attachment 2 summarizes the requirements of these regulations as well as other 
regulations concerning fuel disposition in 1 repositorY. ( .. lnly concerning the 
stability of the repository package) which Indirectly Impact criticality 
control. 

For direct disposal of fuel, two time periods are of concern: "short,• 
corresponding roughly to the length of time a canister aust 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 tl .. periods for which the criticality control 
requirements must be met. The NRC staff has identified this as an 
"uncertainty•, and the issue Is presently being studied by NRC personnel. 

Rick Weller of the High-Level Waste Progr .. for the NRC was contacted 
regarding the time periods for which criticality control require .. nts in 
lOCFR60 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. Host likely, the guidance will requlre·that criticality control be 
considered in both the preclosure and post closure periods. Analyses must be 
completed to evaluate criticality impacts in .. eting performance criteria for 
the duration of the period of interest, which Is assumed to be 10,000 years, 
based on EPA requirements in 40CFR191. 

@ Westinghouse Idaho NUClear 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 111terlal 
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: 

I. Each "package• must be assured to be critically safe. For YEU 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 subcrltlcal (or 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 tl .. periods would 
adversely affect the fuel reactivity and would have to be considered In 
all criticality analyses. 

4. Over long periods, move .. nts through faulting or other earth shifting 
methods might change the geometry of the fuel array or damage the 
package and reduce Its llfetl .. , making It more reactive. 

5. Over long periods, nuclear poisons could conceivably be· selectively 
leached fro. 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 uranlu. Is conceivable over the long term If the 
uranlu. Is dissolved and repreclpltated. This also might Increase the 
reactivity within the repository. 

7. Typically, Inspections are required to verify that any nuclear poisons 
used for criticality control reaaln In place and are not removed. 
Inspection to assure canister arrays and the Integrity of the canister 
may also be an Issue. Inspection after plac..ent In a repository alght 
be impossible or would require extensive fuel handling. 

8. Intrusion to prevent diversion of HEU Is not addressed In existing 
regulations but would be a logical safeguard Issue 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 fission products via 
engineered barriers (canister and repository) Is feasible, but assurance of 
criticality safety cannot be demonstrated for geologic tt ... 

In addition to these criticality Issues there are other Issues concerning fuel 
configuration that Indirectly affect criticality control that must be resolved 
ff fuel Is disposed of directly. ~ng these are: 

I. Elimination of combustibles/reacttves will be required of fuels 
containing graphite or carbides before they can meet today's 
requirements. This could require extensive pretreatment prior to 
disposal. 

Z. Solidification of particulate matter would be required for any powdered 
fuel or fuel residue, again requiring a type of pretreat .. nt. 

3. Fuels would have to be characterized to demonstrate their abtltty 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), thts would require an 
extensive amount of time and money (probably over a billion dollars 
over many years). 

It ts doubtful that these Issues can be analyzed tn 1 .. nner that"would 
convince the public that HEU type fuel or even ca..erclal LEU fuel can be 
disposed of directly to a repository without generating 1 cr1Jica11ty safety 
risk. Whether or not the issues are really probl..s aay be l ... terlal; If 
they are perceived as proble., by the public, it will be l~sslble or 
difficult to get public acceptance. While It aay be technically acceptable to 
say that the risk of a criticality deep underground in a geological repository 
Is acceptable and can be analyzed based on data froa the Oklo Natural Reactor, 
It is doubtful that the general public would accept such a risk. Furthen10re, 
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 wtll have to be developed further over a period of time. 
If I can be of any further help, or supply further information, let me know. 

/(..1./Wt-~ 
R. L. Nebeker 
Fellow Engineer 
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Document 

10CFR60 

10CFR60.113 

10CFR60 .131 

1 OCFR&O .135 
I 

40CFR191 

' 

40CFR191.03 

40CFR191.13 
' 

-

Attachment 1 

Summary of Guidance Documents-Pertaining to Criticality and Fuel Storage 

Tttle Sumary of Contents 

Disposal of High-Level This regulation lists general provisions for disposal of 
Radioactive Wastes in HLW and describes license application requirements. It 
Geologic Repositories contains performance obJectives and design criteria. 

Performance of Particular Requires HLW containment during fission product decay time. 
Barriers After Per.anent Requires gradual release of radlonuclides from barrier 
Closure system. Re~uires containment for 300-1000 years. 

General Design Criteria Requires radiation doses, levels and concentrations to be 
for the Geologic within established levels. lists design criteria for 
Repository Operations Area repository. Requires steps to minimize possibility of a 

criticality. 
Criteria for the Waste Requires package for HLW to be able to withstand 
Package and Its Co•ponents environmental attacks. Lists criteria to be met by waste 

foms. ' 

Environmental Radiation Lists standards for radiation doses received by public as a 
Protection Standards for result of management and disposal activities. Discusses 
Management and Disposal of radioactive material releases as a result of disposal. 
Spent Nuclear Fuel, High-
Level and Transuranic 
Radioactive Waste 
Standards Gives dose limits to public for disposal activities. 

Containment Requirements Provides standards for design of containment and lists 
release likelihoods to be obtained. 
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Document 

40CFR191.14 

40CFR191 Appendix A 

DOE Order 5480.5 

NRC Regulatory Guide 1.13 

NRC Regulatory Guide 3.4 

NRC Regulatory Guide 3.33 

NRC Regulatory Guide 3.34 

- --------

Title 

Assurance Requirements 

Table for Subpart 13 

Safety of Nuclear 
Facilities 

Spent Fuel Storage 
Facility Design Basis 

Nuclear Criticality Safety 
in Operations with 
Fissionable Materials at 
Fuels and Materials 
Facilities 

Assumptions used for 
Evaluating the Potential 
Radiological Consequences 
of Accidental Nuclear 
Criticality in a Fuel 
Reprocessing Plant 

Assumptions used f9r 
Evaluating the Potential 
Radiological Consequences 
of Accidental Nuclear 
Criticality In a Uranium 
Fuel Fabrication Plant 

Summary of Contents 

Discusses institutional controls, monitoring, 
markinq, barriers, mining, and waste removal. 

Lists cumulative releases to the accessible 
environment for 10,000 years after disposal for 
specific nuclides and qroups. 

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. 

Presents methods for assuring that fuel storage 
and handling system are designed for adequate 
safety under normal and postulated accident 
condl Uons. 

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. 

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. 

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 

NRC Regulatory Guide 
3.43 

I 

1 NRC Regula tory Guide 
I 3. 57 

NRC Regulatory Guide 
3.58 

NRC Regulatory Guide 
3.60 

NRC Regulatdry Guide 
8.12 

ANSI/ANS-8.1-1983 

ANSI/ANS-8.3-1986 

Tttle 

Nuclear Criticality 
Safety in the Storage of 
Fissile Materials 

Administrative Practices 
for Nuclear Criticality 
Safety at Fuels and 
Materials Facilities 

Critical Safety for 
Handling, Storing, and 
Transporting LWR Fuel at 
Fuels and Materials 
Facilities 
Design of an Independent 
Spent Fuel Storage 
Installation (Dry 
StoraQe} 

Criticality Accident 
4hna Systems 
I 

American National 
Standard for Nuclear 
Criticality Safety In 
Operations with 
Fissionable Materials 
Outside Reactors 

Criticality Accident· 
Alam System 

Summary of Contents 

Provides guidance for procedures to avoid accidental 
criticality during storage of fissile materials. 
Refers to ANSI N16.5·1975. 

Provides guidance for safety procedures which are 
part of a nuclear safety program. Refers to ANSl/ANS 
8.19·1984. 

Provides guidance for preventing criticality 
accidents during handling, storage, and transporting 
of LWR fuel outside of nuclear reactors. Refers to 
ANSI/ANS-8.17-1984. 

This document provide guidance for use In the design 
of a dry storage Independent spent fuel storage 
Install at l.on. It refers to ANSI/ANS-57.9-1984. 

This guide describes a system for meeting 
requlrenaents for liJ criticality accident alarm system. 1 

It refers to ANSI ANS-8.3-1986. 1 

This standard provides guidance for the prevention of I 
criticality accidents In the handling, storing, 
processing, and transporting of fissionable material. : 

' 

This standard provides guidance for the establishment 
and malfltenance of an alarm system to Initiate 
personnel evacuation in the event of inadvertent 
criticality. 
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Document 

ANS-8.7/ANSI Nl6.5-1975 

ANSI/ANS-8.17-1984 

ANSI/ANS 8.19-1984 

ANSI/ANS-5.79-1984 

Title 

Guide for Nuclear 
Criticality Safety tn 
the Storage of Ftsstle 
Materials 

~ertcan National 
Standard, Criticality 
Safety Criteria for the 
Handltng, Storage, and 
Transportation of LNR 
Fuel Outstde Reactors 

' Amertcan National 
!Standard -
Adatntstrattve Practices 
for Nuclear Crtttcaltty 
Safety 
Amertcan National 
Standard - Destgn 
Crt terta for an 
Independent Spent Fuel 
Storage Installation 
(Dry Storage Type) 

Summary of Contents 

This guide provides orientation and direction to 
nuclear safety practices. 

This standard provides baste requirements that 
address the crtttcaltty safety aspects of a facility 
or operation that can be referenced or used tn 
conjunction with other safety standards or 
regulations. 

Thts standard presents a codtftcatton of certain 
common safety elements related to crtttcaltty 
safety. 

' 

Thts standard provides design criteria for an 
Independent Spent Fuel Storage Installation for LWR 
spent fuel whtch Incorporates one or more of the dry 
storage concepts. 
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I Attachment 2 

• Criticality and Other Requirements for Spent Fuel Disposal 

Assumption/ Reference Impact Proposed Comments/long Term 
Requirements Resolution Implications 
Containment until IOCFR60.113 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 IOCFR60 .113 Must de.onstrate for Characterize Probably obtainable 
radlonuclides fuel inventory as fuel, perforlll for many fue 1s . 
(1/100,000 per year) well as crittcaltty 

ftsston products. 
analyses. 

Must show slow 
release of gaseous 
ftsston products 
fr011 crtticalth. 

Maintain air 10CFR60.131 Retention of fission Canister should Release of gaseous 
concentrations below products required. be adequate If It fission products from 
10CFR20 1 l•tts re•alns Intact. criticality must be 

analyzed. . 

Double contingency to 10CRF60.131(7) May require Various solutions Unable to demonstrate 
1 

prevent criticality DOE 5480.5, extensive spacing, possible for compliance In long 
ANSI/ANS-8.1· use of polson, or short term. tent. 
1983 other reQuirements. 

if ,.. 
& 

f 
g, 

l . 
Keff to have a 51 10CFR60.131 (7} May lt•lt spacing/· Spacing, poisons, Unable to demonstrate 
•argtn ' packaging of fuel. disassembly or compliance In long 

other methods. term. i 
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Assumption/ 
Requirements 

In-situ chemical 
reactions do not 
compromise package 

In-situ physical 
properties do not 
compromise package 

In-situ nuclear 
properties do not 
compromise package 

Consider solubility 

Consider oxidation/ 
reduction reactions 

Consider corrosion 

Consider hydrldlng 

Reference 

IOCFR60. 
135 

IOCFR60. 
135 

IOCFR60. 
135 

10CRF60. 
135 

10CFR60. 
135 

10CFR60. 
135 

IOCFR60. 
135 

Impact 

Hust show that poisons 
remain In place; that 
uranlu11 Is not 
concentrated by chemical 
action. 

Physical movement of 
fuel leading to 
criticality must be 
prevented. 

High radiation, 
crttlcaltty must not 
Impact package. 

Poisons could be lost or 
uranium concentrated by 
solubility. 

Poisons could be lost or 
uranlu11 concentrated by 
Redox reactions. 

Poisons could be lost or 
uranium concentrated by 
corrosion of container 
and fuel. . 
Hay result In more 
reactivity of fuel, 
exce~slve corroslg~. 

Proposed Resolution 

Canister will provide 
protection during 
"short" term. 

Repository geology will 
demonstrate short-term 
comp llance. 

Short term compliance 
by spacing, poisons, 
etc. 

Container will provide 
protection In short 
ter11. 

Containers will provide 
protection In short 
tem 
Containers will provide 
protection In short 
tem. 

Containers wtll provide 
protection In short 
term. 

-~ 

Comments/long Term 
Implications 

long term 
compliance will be 
difficult to 
demonstrate. 

long-term 
stability will be 
dl fflcult to 
demonstrate. 

long-term 
demonstration of 
lack of damage 
from criticality 
difficult to 
demonstrate. 

Cannot demonstrate 
compliance In long 
term. 

Cannot demonstrate 
compliance In long 
term. 
Cannot demonstrate 
compliance In long 
term. 

Cannot demonstrate 
compliance In long 
term. 
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Assumption/ 
Requirements 

Consider gas 
generation 

Consider thermal 
effects/loads 

Consider mechanical 
strength 

Consider mechanical 
stress 

Consider radtolysts 

Consider radtatton 
damage 

Reference 

10CFR60 .135 

10CFR60.135 

IOCFR60.135 

IOCRF60.135 

IOCFR60.135 

lOCFR60.135 

Impact 

Cr1t1cal1ty, reactive 
fuels can create gas. 

Overheating will 
Increase f1ss1on 
product re 1 ease 
migration. 

Mechanical failure 
could position fuel 1n 
more reactivity 
geometry. 

Mechanical stress may 
deform fuel Into more 
reactive configuration: 

Hay result 1n gas 
generation. 

Could result tn higher 
radtonucllde release. 

Proposed Resolution 

Pretreat reactive 
fuels, fuels will be 
protected against 
cr1t1cal1ty tn short 
term. 

Spac l ng, fue 1 
disassembly can 
11m1t thermal 
effects. 
Containers will be 
mechanically stable 
In short time. 

CanIster will 
provide protection 
tn short term. 

Short term 
compliance built 
Into destqn. 

Package will be 
designed for 
calculated radiation 
dose. 

Comments/Long Term 
lmpl1cat1ons 

Long term 
compliance 
difficult to 
demonstrate. 

Criteria can 
probably be met. 

Cannot demonstrate 
compliance in long 
term. 

Long term 
compliance may be 
difficult to 
demonstrate. 

Evaluate effect of 
long-term radiation 
exposure. 

Must show that fuel 
1s not 
slgntftcantly 
different from 
waste tn terms of 
radtologtcal source 
form. Alpha 
activity wtll last 
for long term. 
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Assumption/ 
Requirements 
Consider 
radionuclide 
retardation 

Consider leaching 

Consider fire and 
explosion hazards 

Consider 
synergistic 
interaction 

No pyrophoric 
•aterials 

Reference 

IOCFR60.135 

IOCFR60.135 

10CFR60.135 

10CRF60.135 

10CFR60 .135 
DOE 5480.5 

Impact 

Fuel must be as good 
as waste form for 
fission product 
acceleration. 

Leaching may remove 
poison or concentrate 
uranium. Water will 
increase fuel 
reacttvity. Fuel 
must be as resistant 
as waste for11. 
Some fuels may be 
combustible/reactive. 

Criticality control 
requires added 
dimension of 
requirellll!nts. 
Pyrophoric fuel would 
have to be 
j)r~treated ._ 

-

Proposed Resolution 

Characterize fuel to 
demonstrate ability to 
retain radionuclides. 

Short term compliance will 
be provided by package. 

Pretreat combustible/ 
reactive fuels prior to 
dhii_0$11. 

Adequate plans, 
calculations and methods 
can be prepared. 

Pretreat required fuel. 

Comments/Long Term 
In1p 1 i cations 
Characterization 
will be expensive, 
time consuming; 
must retain 
radionuclides from 
a criticality. 

Long-term 
compliance will be 
difficult to 
demonstrate. 

Pretreatment will 
require extensive 
facilities. 

Increased time and I 
effort wtll be I 
required. 

I 

Pretreatment 
facility would be 
costly. 
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Assumption/Requirements 

No chemically reactive 
materials 

Consolidate Particulates 

Reduce to noncombustible 
fona 
Maintatn dose to public 
below 25 mr whole body 

Releases to have less 
than 1/1000 chance of 
exceeding release liMits 

Monitor disposal systems 

Do not preclude removal 
of waste 

Reference Impact 

IOCFR60. Conblned fuels would 
135 require pretreatment. 

10CFR60. Powdered fuel or 
135 residue would have to 

be consolidated. 
IOCFR60. Certain fuels would 
135 require pretreatment. 

40CRFI91. None for short term. 
03 

40CFR191. Fuel must be as good 
13 a fona as waste. 

40CFR191. Install monitoring 
13 systeM. 

40CFR191. Design for removal. 
14 

Proposed Resolution 

Pretreat fuel as 
necessary. 

Pretreat fuel as 
necessary. 

Pretreat fuels as 
necessary. 
·Provide adequate 
packaging/ shielding. 

.• 
Characterize fuel; 
preprocess tf required 

Monitoring practical in 
short tena. 

Repository/package 
. design in short term. 

Comments/Long 
Term 
IIIIJ)ltcat Ions 
Pretreatment 
fact11ty would 
be costly. 

Pretreatment 
factltty would 
be costly. 
Pretreatment 
would be costly. 

Dl fficult to 
demonstrate for 
long term • 
Long-term 
compliance 
difficult to 
orove. 
Cannot verffy 
compliance In 
long term. 
Cannot verify in 
long term. 
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Assumption/ 
Requirements 

Consider all 
potential 
crt ttca 11 ty 
hazards 

Ensure process Is 
subcrtttcal under 
both normal and 
abnormal 
operating/credible 
conditions 
Avoid entry of 
water Into storage 
area 

Pot sons can be 
used If available 
data assures 
presence and 
rel tabtl ttY 
Assure prescribed 
extent of 
moderation remains 
unchal!!led 
Reflection based 
on result of 
credible accident 

Reference Impact 

DOE 5480.5 Crtttcaltty 
prevention adds 
additional 
requirements and 
care. 

DOE 5480.5 Extra care required 
ANSI/ANS In handling/storage. 
8.1-1983 
ANSI/ANS 
8.19-1984 

DOE 5480.5 Fuel reactivity will 
be Increased In wet 
envtron11ent 

DOE 5480.5 Loss of polson will 
result In Increased 
fuel reactivity. 

DOE 5480.5 Increased moderation 
will Increase fuel 
react! vtty. 

DOE 5480.5 Increased refl ectt on 
will Increase fuel 
react tv tty. 

Proposed Resolution 

Repository design, 
fuel stze. 

Spacing, poisoning, 
etc. may be required 
In package. . 

Repository 
construction will 
provide compliance 
for short tem. 

' Container will 
provide assurance In 
short term but 
cannot Inspect to 
assure presence. 

Container/repository 
design will provide 
assurance In short 
tena. 
Repository design 
wt 11 provide · 
assurance In short 
tel'll. 

Comments/Long Term 
Implications 

Cannot verify In long 
term. 

Long term compliance 
cannot be guaranteed. 

Difficult to demonstrate 
for long ten1. 

Long-term presence of 
polson cannot be 
demonstrated. Cannot 
Inspect to guarantee 
presence. 

Long term changes are 
likely but cannot be 
specified. 

Long-term geological 
events may change 
dimensions/spacing. 
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Assumptlon/Requlre.ents 

Maintain all dimensions 
and nuclear properties 
relied on for geo.etry 
control 

Perfodfc Inspections, 
fnsltu tests, and 
preventive •alntenance 
needed for criticality 
control 
Control spacf.ng, ~~ass, 
density and geo.etry 
under nor.al and 
abnor.l conditions 

Spent fuel storage 
factlfty to .aet 
Category I sels•lc 
requlre.ants 
Obviate concern for 
crftlcalfty fn event of 
ffre, flood, earthquake, 
or othet natural 
cah11fUes. 

Reference Impact 

DOE 5480.5 Change In 
geo111etry 11ay 
Increase fuel 
react tv f ty. 

DOE 5480.5 Inspect ton 
cannot easfly 
be 11ade after 
Installation fn .. 
re]l_os ftol"}. 

ANSI/ANS-8 .19 Control fs lost 
1984 after place1111nt 

In repository. 

RG 1.13 Sefs11lc events 
could rearrange 
fuel, resulting 
In crftfcal tty. 

ANS-8.7/ANSJ Natural 
N16.5-1975 phenomena •ay · 

result fn 
increased fue 1 

----------- -- -~ Je~ctfvfty. -

Proposed Resolution 

Original spacing can 
be relied on for short 
tem. 

None 

None 

Repository design will 
provide protection In 
the short tem. 

Repository destgn 
should meet standard 
f n short term. 

·-- ----- -· 

Coments/long 
Tem 
Implications 
long-tem 
geological 
events 11ay 
change 
dimensions/ 
$pacfn~. 

Inspection, etc. 
f11possfble tn 
long tem.. 

Physical changes 
to repository, 
fuels, etc. 
possible fn long 
term. 
Demonstration of 
long terti 
comp 1t ance f s 

I difficult. 
Demonstration of I 

long tem 
compl lance ts 
difficult. 
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