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ABSTRACT

This report describes the major parameters for management of spent
nuclear fuel and high-level radiocactive wastes in selected foreign countries
as of December 1989 and compares them with those in the United States. The
foreign countries included in this study are Belgium, Canada, france, the Fed-
eral Republic of Germany, Japan, Sweden, Switzerland, and the United Kingdom.
A17 the countries are planning for disposal of spent fuel and/or high-level
wastes in deep geoloegic repositeries. Most countries {except Carada and
Sweden} plan to reprocess their spent fuel and vitrify the resultant high-
level liquid wastes; in comparison, the U.S. plans direct disposal of spent
fuel. The U.S. is planning to use a container for spent fuel as the primary
engineered barrier. Use of other barriers such as matrix materiais, over-
packs, or buffers, common in foreign dispesal concepts, is not presentiy
ptanned in the U.S. The U.S. has the most developed repository concept and
has one of the earliest scheduled repository startup dates. The repository
environment presently being considered in the U.S. is unique, being located in
tuff above the water tabie. The U.S. also has the most prescriptive regula-
tions and performance requirements for the repository system and its
components,
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SUMMARY

This report describes the major parameters for management of spent
nuclear fuel and high-level radicactive waste in selected foreign countries
and compares them with those in the United States. The foreign countries
included in this study are Belgium, Canada, France, the Federal Republic of
Germany (FRG), Japan, Sweden, Switzerland, and the United Kingdom (U.K.). The
major waste management parameters in foreign countries and the United States
(U.S) are summarized in this section and discussed in subsequent sections for
each country.

LEGISLATIVE/INSTITUTIONAL BASES

The institutional aspects of spent fuel and high-level waste management
are summarized in Table S$.1. The current percentage of electricity produced
by nuclear power ranges from a tow of about 20% in Canada, the U.K. and the
U.S. to highs of 65% and 70% in Belgium and France, respectively. France and
Japan have aggressive nuclear power programs. Belgium, Canada, the FRG, and
the U.K. are experiencing a slowdown in growth and growth of nuclear power has
essentially stopped in Switzerland and the U.S. Sweden plans to phase out all
nuclear power by 2010, and a phase-out referendum is scheduied to be held in
Switzertand in 1991. In the FRG, Japan, Sweden, and Switzerland, development
or operation of nuciear power plants hinges on finding a solution to manage-
ment of the spent fuel and high-level radioactive wastes.

Local opposition to the development of repositories for disposal of spent
fuel and high-level radioactive wastes is common and appears to be growing.
During the repository siting process, public hearings are held in most coun-
tries. In some cases, the Tocal governments have some authority over reposi-
tory development, and in others they provide only opinions, but local and
public opinions are taken into consideration in all cases. In mosi countries,
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TABLE S.1.

Nuc lear Power Waste

HLW
Management

State/Local Role In

Institutional Aspects of Spent fuel and High-Level Waste Management

Country Current Nuclear Power Policy Stipulation Law Organization Repository Development Waste Fun; | apaces
Belgtum 85% of electricity; no growth in 199@s No Government Review anly and anintors Govarnmor!
{ONDRAF )
Canada 0% of electricity; slow growth Ho Government Review only and opiniuns GoyvernTers
{AECL)
France 79% of electricity; continuing growth No Government Public ‘nnuiry and Mo fund, uesvern-
{ANDRA) opinions went o sunn et il
Fed. Republic 5% of electricity; growth has siowed Yes{a} Government Public hearing; ‘tocal Hoyermmet
of Germany (BfS] B approval; state - licensing
Industry decision
Japan 32% of electricity; continuing growth Yes(a] Government Public hearing, Goverawesi
{SThA) cansensus appreach
Sweden 5% of electricity; phase-out by 2818 Yes Industry County siting veto; Governme: .
{SKB) public comments
Switzer land 464 of electricity; phase-out referendum to Yes Industry Consultative only Industrey
be held in 1831 {NAGRA)
United 2@8% of electricity; Magnox phase-out, PWR No Government - Public inguiry, local veto Government
Kingdom phase-in palicy; {can be overridden)
Industry-
implementation
United 28% of electricity; no new orders since 13978 No Government State siting veto; publiic Goverrme:t
States {DOE} comments and hearings:

£62.-INd

{a] Applies tc management or storage of spent fuel.

state monitors programs;
review comittees



tocal vetoes of repository siting may be overruled by the federal government,
but Japan and the FRG would prefer to attain acceptance by the local
institutions.

The federal government is primarily responsible for Tong-term management
of spent fuel and high-level wastes in all countries except for Sweden and
Switzerland, where industry has this responsibility. In all cases, inciuding
the U.S., the waste producers pay waste disposal costs. In Canada and France,
the major waste producers, the utilities, are government-owned. The federal
governments manage a waste fund to pay for long-term management of the wastes
in most countries, including the U.S.

Table S.2 summarizes the regulatory aspects of spent fuel and high-level
waste management facilities. The federal governments in nearly all countries
are responsible for repository licensing. In several countries, local govern-
ment permits are required, and in the FRG the states have major licensing
responsibility (although the federal government can override decisions). In
all countries, public and local government input is considered in the licen-
5ing process.

Most countries, unlike the U.S., have established only general perform-
ance requirements for repesitories; some of these currently do not believe
that detailed performance requirements and reguiations for waste repositories
are necessary, and do not plan on developing them. Al} believe that a combi-
nation of engineered and natural barriers should be used to achieve safe dis-

posal, and that the overail safety of the disposal system as a whole should be
considered.

OVERALL WASTE MANAGEMENT SYSTEM

The overall spent fuel and high-leve] waste management systems of the
countries are summarized in Tabie $.3. All the countries reviewed except the
U.S., Canada, and Sweden plan to reprocess spent fuel and vitrify the resul-
tant high-level liquid wastes. Canada, however, has not completely ruled out
reprocessing, although its CANDU fuel cycle does not encourage recycling.
Sweden plans to phase out nuclear power by 2010, and therefore, has elected to

PNL-7263 Xvii Summary
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TABLE S.2. Regulatory Aspects of Spent Fuel and High-Level Waste Management Facilities

Licensing Required

by Federal/Local

Repasitory
Performance

Country Approval Steps for Repository Licensing Agencies Public Bole in |icensing Requirements Stavus of Fooglations
Belgium Local and regional review; yes/no Review and comment only General only Details to be deveiopay
Ministry approval; Government decree
Canada Expert and public review; ministry approval yes/no Review and comment only General only  Under develepment
France Public inguiry, safety review; yes/no Public ingquiry; local vete General only inder development
Government degree (may be overruled)}
Fed. Republic Initial - local; site specific - federal, yes/yes Public hearing; local veta General for Regulations car:lote
of Germany state, expert review;, public hearing; state total system
licensing decision
Japan Agency reviews; public hearing: local consensus yes/na Public hearing: local Hot wet Wot vet estahlisked
desired consensus desired established
Sweden Siting {local and federal); construction yes/yes Public hearing; local veta  General for kegulietions com: e
{lacal and federal); R&D plan (federal}; total system
operation (federal)
Switzeriand Federal approval; cantgn-nonnuclear yes/yes Consultative Total system  Regulations comp'cte
licensing objectives
United Not yet defined yes/no Lacal veto on siting General onty  [Defined for spent fued
K ingdom {goverament can override] management; defer-md ¢
repository
Urited Siting [state and federal}; construction yes/yes Public hearings; state veto Specific for Complete, although soue
States {federal, permits - states); operation and on siting; regulatory system and are undergoing revisian
closure {federal) advisory committee individual
components
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TABLE S.3.

Extended

Overall Spent Fuel and High-Level Waste Management Systems

Fuel Interim Storage of Geologit Disposal and
Lountry Interim Storage of Spent Fuel Reprocessing HLW or Spent Fuel Transport to Repository Waste Aqe at Disposal
fle i AR orly until reprocessing Yes; in France H.w 38-58 yr in dry AFR Ratl offsite; truck onsite Yes, HLW; ~5@ yr
and UK.
Carada AR only until disposal No Spent fuel in water and Truck Yes, spent fuel; ~58 yr
air ~5@ yr
Frarce | yr AR; 2-3 yr at Yes HLW 28-38 yr in dry AFR Rail; truck for short hauls; Yes, HLW; ~38 yr

Fed. Republic
af Hermany

Switzerland

inited
ingodom

reprocessing plant

1-18 yr AR; AFR planned

2-3 ¥ .»'\Q'

1-5 yr AR/3E-48 yr AFR

~18 yr AR; dry AFR planned

AR and AFR for Magnox and
AGR - short term: LWR - AR

AR {wet] and extended AR [dry):
pre sma: ) wet AFR until disposat;
dry fed=ral AFR proposed

hotn

AFR =

AR = At-deactar
fway-from-fractor

fes; recent
redirection
to foreign
suppliers
{France and
N

Yes. in Japan,
France and
JK

MNane {earTy
contracts
being traded}

Yes; in France
and .K_; direct
disposal option
apen

Yes: U.K. and
foreign fuel
fU. K. PWR
deferred)

Hone {small
amcunt done
hefare 1972)

or at disposal site

Spent fuel - wet AR, dry
AFR; HLW - dry AFR

HLW 38-58 yr in dry AFRs
at reprocessing plants

Spent fuel wet AR and AFR

HLW 4@ yr in dry AFR

HLW - dry AFR;
LWR spent fuel - 1B yr AR

Spent fuel up to ~38 yr AR;
some dry storage AR and at
proposed AFR; small amount
of HLW in dry AFR

ship from other continents

Rail; truck

Ship: truck over land

Ship; truck over tand

Rail;, truck

Rail and truck - U.K. fuel;
Ship - foreign fuel

Rail and truck: possibly some

barge

Yes, HLW angd spent
fuel; ~2@ yr

Yes, HLW; 3@-5@ yr

tes, spent fuel; ~4@ yr

Yes, HLW and spent fue)
~4@ yr

Yes, HLW; 52-12@¢ yr

Yes, spent fuel
and HLW; 5-48 yr



trade its =ari - contracts for rew.cocessing a small amount of spent fuei with
other countries. However, some codnirics {Switzerland and the FRG) ave re-

examining the direct disposal option.

The spent fuel or solidified high-level waste will be 20 to 100 years old
before disposal (although it could be as young as 5 years in the U.S.), and
thus, extended interim storage for decades will be needed. Most of the coun-
tries that intend t¢ reprocess are planning for interim storage of their spent
fuel in the reactor storage pools (typically for up to 10 years) until the
fuel is shipped to the reprocessing plant, which will also provide some
interim storage {all in storage pools). Canada plans to interim store its
spent fuel at reactors {using both wet and dry storage facilities) until dis-
posal. Sweden is storing its spent fuel at reactors for a few years, followed
by interim storage in its central away-from-reactor wet storage facility.
Switzeriand and the FRG are planning for some dry interim storage of spent
fuel at one or more central locations {i.e., at away-from-reactor facilities)
to supplement their at-reactor storage.

Because no repository is planned to be operating for at Jeast the next 20
years, even those countries that are having their spent fuel reprocessed are
planning to interim store their solidified high-level waste for 10 to 50
years. In the U.K., repository development is being deferred in favor of
long-term interim storage, which may continue for as tlong as 100 years. All
interim storage of solidified high-level waste in the countries reviewed in
this document will use dry storage concepts.

Transport of spent fuel to reprocessing piants and transport of spent
fuel and solidified high-level waste to disposal facilities will generally be
done using truck or rail. Transport of spent fuel and solidified high-level
waste by ship will be carried out for transport between continents or when the
facilities are near sea ports {(for example, in Sweden and Japan).

Most countries use single-purpose casks for spent fuel and high-level
waste transportation. Interest in dry storage is increasing and some coun-
tries {the FRG and Switzerland) are using dual-purpose (transportation and
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storage) casks. Triple-purpose (transportation and storage and disposal)
casks are being developed in the FRG and Canada.

Some supporting spent fuel and high-level waste management system con-
siderations are shown in Table S.4, Most countries plan to dispose of certain
intermediate-Tevel wastes and a1pha-bear1ng {or transuranic [TRU]) wastes in
geotogic repositories. The FRG, Sweden, and Switzerland will dispose of all
radioactive wastes (including low-level waste) in geologic repositories.

Japan is the only country seriously evaluating the feasibility of fractiona-
tion of high-level waste and transmutation of long-lived radionuclides to non-
radioactive nuclides or to short-lived radionuclides. Japan is pursuing a
major research and development program on this approach in parallel with its
plans for geologic disposal. Several couniries have participated in studies
of seabed disposal, including Canada, the FRG, Japan, the U.K., and the U.S.
{as a remote option), and several countries retain interest in seabed dis-
posal. Switzerland would prefer to dispose of its high-level waste in a
foreign or multinational repository, and Belgium and Canada have also
expressed interest in this concept.

GEOLOGIC WASTE REPOSITORY

Table S.5 provides summary information on the geologic dispesal system
planned in each country; all countries are presently planning for disposal in
deep geologic repositories. The U.S. concept is the most advanced, having a
preliminary design. The FRG, Sweden, and Switzerland have well-developed con-
cepts, and Belgium and Canada have developed concepts. Of the countries dis-
cussed here, France, Japan, and the U.K. currently have the least-defined con-
cepts, but they are following the progress of repository development in other
countries. The U.K. does not pian to pursue repository development for a
number of years and has carried out only preliminary conceptual studies.

Three of the eight foreign countries have determined the host rock for
their repositories (Canada, granite; Belgium, clay; and the FRG, sait}); the
others have yet to narrow their choice from several candidates. Candidate
host rocks in other countries are granite, gabbro, gneiss, schist, salt,
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TABLE S.4. Supporting Spent Fuel and High-Level Waste Management System Considerations
Other Wastes Interest in Interest in
Country in Geologic Dispasal Transport Cask Tvpe Other Disposal Cancepts Multi-National Repositary
Belgium ILW; alpha wastes Single-purpose Nore identified Yes
Canada Uncertain Triple-purpase ¥Yes - seabed Yes
France Alpha wastes Single-purpose Poussibly seahed No infarmatian

Fed. Republic
of Germany

Japan

Sweden

Switzerland

United
Kingdom

United
States

LEW/TLW

TBO - alpha wastes
LW/ LW

LLW/ILW - Type B
HLW/TRU - Type C

ILW; some Liw

Defense HLW; ILW

TEBD = To be determined

Cual- and triple-purpose

Singlie-purpose

Singie-purpose

Bual-purpase

Single-purpese

Single-purpose

Mane identified

Partitioning/transmutation
ant seabed

Hone ‘dentafied

None

fes - seahed

None: seahed is remote
alternative

Mone ident ified

None

Norme identfied

fes

MNone identified

None
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TABLE $.5.

Geologic Disposal Systems

Approximate
Year of
Host Rock and Repository Package Post-Clasure
e Atalus Reposizsry Congept Watpr Environmant Startup Retrievability Planned Monitaring
Comnoptuald 12 canisters in each herehole Clay; dry 2830 Ne Ho
in flegr of drifts; alternate
‘s emplacemert in drifts
Conert.a® 1 canister o¥ /2 assemblies Granite; saturated 2930 Ho No
in barghoie in floor of
drifts
Y8 canisters in casled Sranite [(first £01a@ TBD ~398 yr
boreho es or 1 canister in choice}, sa’t, clay
u~cccled hele in flears or schist; T80
of orifts
irferente gonoept HLW stacked verticalily in Salt dome; dry 2088 No Hone identified
bareholes; SF horizontally
indrifts
Yo infeormation Crystalline or after 2836  THBD TBD
sedimentary; TBC
Single packages in noreholes  Granite, gneiss or 2820 None required but Not reguired techni-
crranged since E52 ir floors of d-ifts gahbro; saturated possible with concept  cally but TBD
Sefaroese conoept Sirgle packages horizontally  f{iranite, arnnydrite ar 2028 No No
Y nodrifts clay, saturated
1 cisposal, Precorceptua’; packages n Granite preferren; after 2348  Strong public support  TBD
storage pursved vertica® borenoles or TBD for retrievability
horizontal drafts
rrminary desige 3inn’e packages in bareholes  Tuff; unsaty-oted 2ty Retrievability for 58 HNone planned

Adelwung

Ta he determined

‘n fiocrs {o- multipie
packages in walls) of drifts

years after start of
emp lacement



anhydrite,.or clay. The U.S. is the only country presently considering tuff

and disposal above the water table.

The most popular repository arrangement is for emplacement of waste con-
tainers in boreholes in the floors of mined tunnels (drifts). Other concepts
include emplacement in boreholes in the tunnel walls or directly in the mined

tunnels.

Most of the countries plan to begin repository operations between the
years 2010 and 2040. The FRG and the U.S. are planning for the nearest-term
startups, about 2010. None of the countries, other than the U.S., is cur-
rently planning to include provisions for retrievability of the waste package
after emplacement in the repository. Post-closure repository monitoring
requirements are yet to be determined in most cases but are being considered

in some countries.

Information on the development and safety of the repository is summarized
in Table S.6. Most countries will perform detailed site characterization for
confirmation of site suitability of one site only, unless that site proves
unacceptable. Japan and Sweden plan to characterize at least two sites prior
to making the final site selection. Underground research taborateries (URLs)
exist or are planned in all countries except for the U.K., which is presently
deferring repository development. These laboratories will provide for
detailed research and development of earth science technologies and measure-

ment techniques, which are necessary for repository development.

The barriers for prevention of radionuclide escape from the reposilory
include the repository host rock as a major harrier in all countries except
Sweden (where it is considered to be a back-up to the engineered barriers).
The disposal concept in Sweden is based on a jong-1ife (up to about 1,000,000
years), thick-walled copper canister for waste isolation and radionuclide
retention. The Canadian titanium canister is also considered to be a major
engineered barrijer. The borosilicate glass waste form is considered a major
barrier in all countries planning for reprocessing rather than disposal of
spent fuel.
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TABLE S.6. Repository Development and Safety
Mo, of Major Use
Sites fo pe Lnderground Majar of Ratural Peer or Foreign
Lruntrey Characterized Researzh Laberatory [URIL Safety Barriers Proving Safety Analogues Review of Progress

o yium i LURL exists at the site Hos< rock Jeterministic and stochastic Mo Yes, indirectly
Uamanla Uncecicded LURL exists Hnst rock, canister Jeterministic and stochastic Yes Yes, indirectly
Bt 1 iRl exists; [SVL to he Host rack, waste Detorministic Some use Katignal advisors; no

constructed at the site farm fareign reviews
- Tic 1 {eroning) LRl ex‘st Waste form, geologic Derermrinistic; conservative Some use Some, through licensing

! format ion ErOcess
N 7 LEL planned Hast rock and Stochastic Some use No informatian
engineered harriers
{waste form, canister)

Serediny &3 UL planred near the Canister and mat«ix Covservative; deterministic, Some use National peers; TALA and N4

site some stochastic
Qe Leeriang | 'Rl ex‘sts [not at site); Host rock, bentonite Jetermiristic; conservative Some Use None identifiecd

LRL to be construzted st ove-pack, waste farm

the siie
vt TBL Hone Waste farm, others TBD Conservative; deterministic,  Some use Nane to date

and stachastic; time-
gependent simulation modeliing
1 URLs have heen used; URL  Canister, host rock Stochastic and deterministic; Some use Several national peer groups;

-
-1

o
)

olanned at the proposed
revpsitory site

Leodelormiead

detailed; extensive model
validation

no foreign reviews



The methods being used to evaluate repository safety in most foreign
countries are both deterministic and stochastic. Most countries are partici-
pating to some degree in naturail analogue studies. Sweden uses extensive
international and national peer review of its repository program, while most
other countries receive international peer reviews indirectly through partic-
ipation in multinational activities. The countries with the more developed
programs generally have specific processes for internal peer review.

Table S.7 summarizes the overall spent fuel and high-level waste package
systems planned for geologic disposal. All countries that are reprocessing
spent fuel are planning to vitrify their high-level waste as monolithic boro-
stlicate gtass. Of those countries planning for direct disposal of spent
fuel, Canada and Sweden are planning to incorporate their spent fuel within a
matrix material of sand and copper or lead, respectively; the FRG and U.S. are
not planning to use matrix materials. Belgium, France, Japan, the FRG,
Switzerland, and the U.K. all plan to use the French-type canister for their
borosilicate glass (stainless steel, with 5 mm wall thickness). The stain-
less steel canister planned for use in the U.S. has a slightly thicker wall
(1 cm). Thick-walled canister concepts include the Swedish 10-cm-thick copper
canister and the FRG steel Pollux cask for spent fuel disposal. The FRG is
planning to use a triple-purpose package for spent fuel disposal, which
includes a disposable transportation overpack. For solidified high-level
waste, Switzerland and the U.S. are planning to use overpacks, and the U.K.
will consider overpacks in the future. Most of the countries, although not
the U.S., are also planning to utilize a buffer material {typically a clay
such as bentonite or cement) surrounding the disposal package in the
repository.

COMPARISONS OF FOREIGN PLANS WITH U.S. PLANS

A summary of some of the comparisons between foreign and U.S. plans is
given in Table S.8. The FRG and the U.S. have the most developed repository
concepts and are planning the earliest repository startup dates (about 2010},
A1l other countries are planning to start up their repositories at least one
decade later.
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TABLE S.7. Spent Fuel and High-Level Waste Package Systems
Nisposal
il atatus Waste Form Matrix Canisters Container Buffer {o- packing) Material
Belgium Referorce concent Borositicate glass  None 5 ommowals Z15 N 24-13 55 Hone Possibly clay or cement
ppfinard by Sraecch {Frerch camister)
canisIie”
Canzos sefercnoe concept Intact spent fuel Sand 4,756 m wall titanium None Clay-sand mixture
Froane Canistors iv ouwse; ather Borosilizale alass None 5 owail cylinder Tab Possibly clay
cohoonents are 715 CN 24-13 S5
conceptual
Senuhlic Rafernnce corcent Bargsilicate glass: None French design for HUW (55); None for HLW; Hone
af GarTany w1 -iave foned some spent fuel Pollux for spent fuel (steel Pollux and
{may be intact, and hastel’cy coating) avarpack for
sonso | idated ar spent fuel
shopped]
Janan fLonceptua’ Borosilicate glass  None 3241 55 far Japan vitrifi- THD Poszibly clay or cement
cation; French-type canister
far French or If.K.
vitrification
Swedon Aeference concent; Tntact spent fue! Lean ar 12 cm-thick copper; pravides MNone Pressed benteonite
achers corsidered capper long-life up tec 1,820,828 yr
Switzorland Referonce concept Boresilicate glass  Mane Smmowall 715 CN 24-13 S§ Yes, cast Compacted bentonite
{Fremch and U.K. canisters) steel
- HLW alass in French- Boresilicate glass  None Frerch-type canister Overpack of thin  Bentonite or cement hackfill
tvpe carmister; otber titanium or thick
comocne~ts TBR cast iren or
steel will he
cans idered
Je Preimirary design for  Irtact or corscli-  Hone 1-cm-thick 55 far HLW; l-cm-thick 55 for Wone presently: cansifering

site characterization,;
others considered

T3 To be determired
55 = 3tainless steel

datec spent fuel;
some borgsilicate
glass

ro "canister” far spent
fuel ([container oniy}

spent fue?; l-cm-
thick S5 for HLW
{both may charge}

clay
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TABLE S.8.

Comparison of Major Waste Management Parameters

fpprox.
Repositary Aepository Waste
Sta-tup Host Rock Management fequlation Approach ta Wastie Package and
Country Timn and Environment Organization  and ®erformance Requirements Proving Long-Term Safety tagnee-ed Barriers
Balgium 2833 Dry clay, helow Government Ceneral reguirements only to  Deterministic and Glass in $5 canister;
groundwatar {ONDRAF) date; specific reguirements stochastic clay or cement buffer
1589
Carada 203@ Granite; below Government General oqly Deterministic and Spent fuel in titanium;
groundwater [AECLY stochastic canister fiiled with
sand; clay-sand huffer
France 2818 Granite {first Government General requirements only, feterministic Glass *n 35 canister,
choise}, clay, {ANDRA) specific recuirements under pnssible clay huffer
salt or schist deve lopment
“ed. Repuklic 2048 Satt dote; dry Government. General for total system Conservative: Rtass in 8% caniste-;
of Germany [BFE) & determiristic spenr fuel on stenld
Industry hastelioy and overnank
Jzpan After Sedimentary or Gavernmert Not yet estahblished Stachastic Glass in 55 cavister,
038 crystalline TSTAY passinle ¢lay ar ~ovest
buffer
Swerdnn 2328 Grarnite, greiss cr industry someral for tatal system Conseruvative; ~1, 300,020 vr copper
gahhiro, saturated [Swl) deterministig: canister; hentan’te
some stochastic buffer
Swrtzeriand 2028 Granite, anhydrite, Irdustry Total system shiectives Deterministic; Glass in 5% zanister,
or clay, saturated  (KAGRA) conservat ive cast stoel overpank,
heatonite huf fer
dnited 2h4d Granite greferrnd;  Goverrment - General anly Deterministic and Glass i Franch-tyoe
Kingdem T8 policy; stochastic codes; canister; cther dotal’s
industry - time-dependent simulation  TBD
imptementat 1on medeling; conservative
United Qig Tuff in mountain; Government Highly prescriptive for Stochastic and Spent fuel 1r 8% or other
States unsaturated {DOE) system and components detarministic; detailed, corrosicgn-resistant container;
extensive rrodel evaluation Glass in 55 canister and $% ar
other corrosign-resistant
overpack container
TBO = To be deter-mined

55 =

Stainless stee’




The preferred host rocks for most other countries are granite (or other
crystalline rock}, salt or clay, and all are below the water table. The site
presently being considered for the U.S. repesitory is unigue, in that it is
located in welded tuff in a mountain in an unsaturated zone above the water
table.

The primary engineered barrier in the reference U.S. design is planned to
be a container inio which the spent fuel or the canister of vitrified high-
level waste will be placed. The U.S. is also planning to use stainless steel
canisters for the small quantity of vitrified civilian high-jevel waste, sim-
ilar to the canister planned in most other countries. However, use of other
barriers, such as matrix materials and overpacks for spent fuel, or buffers,
is not presently planned in the U.S. Matrix materials will be used in the
containers of spent fuel in two other countries, and buffer materials around

the emplaced containers are planned in most other countries.

The U.S. has the most prescriptive regulations and detailed repository
performance requirements. These require both deterministic and stochastic
modeling approaches to evaluate the performance of the major repository com-

ponents as well as the total repository system.
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1.0 INTRODUCTION

Radioactive waste management is a sensitive issue throughout the world,
particularly in countries with nuclear-generated power. Management of spent
fuel and high-level wastes, especially the disposal of these wastes, is
particularly sensitive. No country is yet disposing of these wastes, but most
countries with nuclear power, including the United States (U.S.), are pursuing
disposal in deep geologic formations.

Policies, strategies, institutional structures, public participation, and
technical considerations in radicactive waste management in one or more coun-
tries can affect those of other countries. An international consensus has
developed within the technical waste management community that deep geologic
disposal is the preferred concept for disposal of spent fuel and high-level
radioactive wastes. In addition, a general consensus on the approach to man-
aging these wastes is developing. However, differences in specific aspects
can have a significant influence upon the public response, timing, costs, and
specific design of a waste management system.

Trends in foreign plans and activities have the potential to impact the
U.S. civilian spent fuel and high-level waste (HLW) management program. Such
impacts could result from national public and/or international community
pressures,

This report describes the major parameters for management of spent
nuclear fuel and HLW in selected foreign countries and the U.S as of December
1989. A comparison of the major parameters with those in the U.S. civilian

spent fuel and high-level waste management program is also presented.

This study is intended to help provide a basis for the U.S. Department of
Energy’s Office of Civilian Radioactive Waste Management (OCRWM) to compare
foreign practices with those of the U.S. to identify possible impacts that
trends in foreign programs may have on the U.S. program. The study will aiso
be used by OCRWM as a basis to improve or support the U.S. selection of major
program parameters,
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The major parameters are discussed under the following general categories
of information:

« primary legisiative bases and institutional/organizational approach
for managing and funding the waste management program

o overall waste management system strategy, description and plans,
including interim storage, reprocessing, transportation, and
disposal

o description, status and rationale for spent fuel and HLW storage and
transportation subsystem activities

+ description, status and rationale for spent fuel and HLW disposal
subsystem activities.

Included in the study are non-Communist countries that have been rela-
tively active in developing a spent fuel and/or HLW management program. These
countries are Belgium, Canada, France, the federal Republic of Germany (FRG},
Japan, Sweden, Switzeriand, the United Kingdom {U.K.), and the U.S.

Much of the information presented was supplied by the respective coun-
tries to the Organization for Economic Cooperation and Development’s Nuclear
Energy Agency (OECD/NEA) for use by its Radiocactive Waste Management Commit-
tee. Other information was obtained from the files of Pacific Northwest
Laboratory’s International Program Support Office. There is some inconsis-
tency in the level of information included among the various countries because
of the variations in the level of information available. Where no information
on a particular subject is available, that fact is so noted.

The report is divided intc four sections: 1) an abstract; 2} a summary,
with summary tables of the major parameters; 3) this introduction; and
4) specific information for the foreign countries, with a subsection for each
foreign country and the U.S. References are given at the end of the text for
each country. The headings and subheadings for each country are identical to
assure that information on the same subjects is provided.
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2.0 BELGIUM

2.1 LEGISLATIVE/INSTITUTIONAL BASES

2.1.1 Nuclear Power Policy (Detilleux et al. 1989; Leigh 1989;
Schneider et al. 1988; NEI 1989)

Belgium, with a dense population (10,000,000} and a highly industrialized
economy, relies heavily on nuclear energy; its seven pressurized water reac-
tors {PWRs) produced 65% of its electric power needs in 1988. Nuclear power
growth has slowed recently, with cancellation of the proposed DOEL 5 PWR
reactor and withdrawal from participation in European breeder reactor pro-
grams. Belgium’s fragile ruling party coalition is dependent upon support by
the anti-nuclear Fiemish Socialists, leading to a decision by the Belgian
Cabinet to opt exclusively for non-nuclear energy. sources through the 1990s
(NUKEM 1989).

Belgium has a well-rounded capability in the nuclear fuel cycle. In
addition to operating its power reactors, Belgium is a shareholder in the
Eurodif enrichment operations, fabricates Tight water reactor {LWR) and mixed
{plutonium-uranium) oxide (MOX) nuclear fuel, has its spent fuel reprocessed
in France and the United Kingdom (U.K.), and supports considerable nuclear
research at the Nuclear Energy Research Center {CEN/SCK) at Mol, Belgium.

2.1.2 Major Legislation (IEAL 1985, 1987; OECD/NEA 1988b)

Under the Act of March 29, 19%8, the federal government was given author-
ity to impose conditions to protect the public and environment from ionizing
radiation. The government was alsc authorized to regulate the disposal of
radioactive materials and establish levies to cover the costs of implementa-
tion. The Act alsoc gave the government authority to undertake measures to
protect the public and environment frem unforeseen events and to prescribe
corrective action in the event of accidental contamination.

This authority was implemented by the Royal Decree of February 28, 1963,
and subsequent addenda. The Royal Decree established general regulations for
the protection of the public and workers from damage by jonizing radiation,

PNL-7293 2.1 Belgium



for transporting radiocactive materials, for licensing nuclear installations,
and for releasing radicactive materials. In 19€1, a department was estab-
1ished within the Ministry of Employment and Labor (Service for the Technicai
Safety of Nuclear Installations} and another within the Ministry of Public
Heaith (Service for Protection Against Ionizing Radiation). The former
department is concerned with worker safety and health, the latter, with
licensing of facilities and monitering of compliance with regulations.

Also in 1981, an independent federal agency was established under the
Ministry of Economic Affairs to manage all radiocactive wastes. This agency,
called the National Organization for Radioactive Waste and Fissile Materials
(ONDRAF/NIRAS), is financed by the power utilities and other producers of
radioactive waste.

2.1.3 Linkaae Between Nuclear Power and Waste Management

There are no legislative acts linking the development or operation of
nuclear power to assurance that radicactive wastes can be managed
satisfactorily.

2.1.4 Policy on Spent Fuel and Waste Management (QECD/NEA 19880)

Presently, Belgian utilities are sending spent fuel to France and the
U.K. for reprocessing. The high-level waste (HLW} will be returned from
reprocessing and will be interim stored, then disposed of along with trans-
uranic (TRU) waste in a geologic repository being developed at the Mol site.
Alternative concepts for disposing of non-HLW are under study. To provide the
long-term storage required for alil wastes before disposal facilities become
available, engineered storage facilities will be built at a central Jocation.

2.1.5 Orgapnization/Responsibilities for Waste Management (Leigh 1989;
Schneider et al. 1988; OECD/NEA 1988b; IEAL 1987)

ONDRAF/NIRAS reports to the federal Ministry of Eccnomic Affairs and is
the principal organization responsible for definition and imptementation of
policies for managing radiocactive wastes and fissile materials. This respon-
sibility includes enforcement of regulations and conduct of research and dev-
etopment (R&D). The technical tasks are carried out either by ONDRAF staff or
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by subcontractors. ONDRAF/NIRAS is also authorized to create or assume inter-
est in subsidiary companies. One of these is Belgoprocess, a company in
charge of the waste management operations at the Mol site and 100% owned by
ONDRAF/NIRAS.

The Nuclear Energy Research Center {CEN/SCK) at Mol is a federal organi-
zation reporting to the Ministry of Economic Affairs and has the responsi-
bility for performing basic and applied R& in the nuclear energy field.
CEN/SCK alse had responsibility for the waste management operations and
related R&D at the Mol facility until the recent (1989) transfer of all waste
management responsibilities to ONDRAF/NIRAS.

The Belgian Nuclear Fuel Company, SYNATOM, manages the supply of enriched
uranium for Belgian utilities and the reprocessing of spent fuel in foreign
facilities. It is jointly owned by the Belgian utilities and the government
through the Ministry of Economic Affairs.

Engineering services related to radioactive waste management are provided
by Belgonucleaire, an organization jointly owned by the utilities and the
government through the Ministry of Economic Affairs.

Transportation of radioactive materials is the responsibility of
TRANSNUBEL, a subsidiary of Belgonucleaire and the French firm, Transnucieaire
S.A. of Paris. TRANSNUBEL also represents Britain’s Nuclear Transport, Ltd.,
in Belgium.

The Radiation Protection Service, which forms part of the Public Health
Department in the federal Ministry of Pubiic Health, prepares and enforces
regulations for the protection of the public and workers against ionizing
radiation. Applications for Ticenses to handle radiocactive materials are
reviewed by the Radiation Protection Service, as well as the Technical Safety
Service for Nuclear Installations within the Ministry of Empioyment and Labor.

The following advisory bodies operate under the auspices of the Belgian
government regarding nuclear matters.

o The National Council for Science Policy makes recommendations on
behalf of the scientific research and academic community.
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e The Interministerial Commission for Nuciear Safety and State Secur-
ity in the Nuclear Field serves as a coordinating vehicle for
nuciear activities of the departments within the Ministries of
Employment and Labor, Public Health, Justice, Foreign Relations,
Interior and National Defense.

o« The Higher Council for Public Health is an advisory body under the
Minister of Public Health that submits its opinions regarding the
protection of the public from jonizing radiation to the appropriate
authorities.

2.1.6 Repository lLicensing Process, Requlation Status, Major Requlatijons,

Safety Bases

ONDRAF/NIRAS is responsible for developing the criteria for handling,
treating, transporting, and disposing of all radioactive wastes. These cri-
teria must be consistent with the public health criteria established by the
Ministry of Public Health (IEAL 1987).

For regulatory and administrative purposes, Belgian nuclear facilities
are classified into four categories, depending on the nature of the installa-
tion, the characteristics of the operating equipment, the presence of nuclear
materials, and the quantity and radiotoxicity of the isotopes in the material.

Facitities handling HLW are expected to be considered Class I, along with
power reactors (IFAL 1987). The licensing procedure for Class 1 facilities in
Belgium requires that a general review and opinion be obtained from Tocal and
regional authorities before conducting any technical reviews. Licensing
requests are filed with the governor of the local province. After local
review, the request is passed on to the Provincial Council for its opinion.

It is then passed on to a federal ministerial-level Special Commission for a
detaiied technical review. This body issues a provisional opinion, together
with the proposed rules and conditions for operation. A license is granted in
the form of a royal decree signed by both the Federal Minister of Employment
and Labor and the Federal Minister for Health and Environment. Licenses may
be granted for a fixed or an unlimited period (IEAL 1987).

The final approval for operation and the continuing regulation of Class I
facilities is in the hands of experts approved by the ministries responsible
for licensing. The experts, selected from non-profit control and supervisory
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associations, assure that the installations and operations conform to the
description given in the safety reports prepared by the applicant or operator
{IEAL 1987).

The radiation exposure limits for waste storage and disposal facilities
in Belgium are identical to those required of all Belgian nuclear facilities
(IEAL 1987). These limits, specified in the Royal Decree of February 28,
1963, and subsequent amendments, are as follows:

« radiation workers: 5 rem/yr
« dose rate at building wail: 2.5 rem/yr
e population 1imit: 500 mrem/yr from all nuclear facilities combined.

A specific time period for application of these radiation protection
limits to a final repository has not been specified but wil} be before the
Yicensing procedure for disposal begins {IEAL 1987). (Time periods as long as
1,000,000 years have been considered [CEC 1988].)

No official radioactive waste classification has been adopted in Belgium.

However in practice, a distinction is made between "non-geclogical” and "geol-
ogical" waste. Wastes destined for a deep geologic repository, the "geol-
ogical” wastes, are those that arise essentially from fuel reprocessing and
MOX fuel fabrication. These include vitrified HLW, spent fuel cladding hulls
and spent fuel hardware, bituminized sludges, and other alpha-bearing (TRU}

wastes (IEAL 1987).

"Geological wastes" are categorized in terms of both surface dose rate
and heat release. They are considered to be low-, intermediate-, or high-
level wastes if the surface dose rates are less than 1 rad/h, less than
1000 rad/h, and greater than 1000 rad/h, respectively. Low- and high-heat
release waste packages are separated at the level of 5 watts per package {IEAL
1987).

2.1.7 Roles of the Public, local Organizations, Multinational Organizations

The Belgian pubiic approval process is characterized by a high degree of
centralism. The ultimate decision-making authority is at the national level,
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although a full range of opinions is solicited at the local and regional
ievels. These opinions are included with the siting request as it passes from
the Tocal to national level, as described previously. In addition, Belgium
uses close contact with the media to give the central decision-making process
wide public exposure {IEAL 1987).

Belgium is a member of the International Atomic Energy Agency (IAEA), the
Organization for Economic Cooperation and Development Nuciear Energy Agency
{OECD/NEA) and the Commission of European Communities (CEC) and actively par-
ticipates in their waste management programs. It has a cost-sharing contract
with the CEC for conducting the R&D work at the underground research labora-
tory (URL) located at Mol. It also has bilateral agreements with the French
Atomic Energy Commission (CEA} and Japan’s Power Reactor and Nuclear Fuel Dev-
elopment Corporation (PNC} on specific aspects of geologic disposal {OECD/NEA
1988b) .

Belgium has not requested multi-national peer review of its HLW manage-
ment plans or activities.

2.2 OVERALL WASTE MANAGEMENT SYSTEM (OECD/NEA 1988b; Detilleux et al. 1989)

The overall waste management plan for Belgium is to store all radiocactive
wastes until disposal in central engineered storage facilities on the Mol
site. The expected date for initiating geologic disposal of HLW and TRU waste
is about 2030, based on the assumption that the clay formation under the Mol
site will be acceptable for a geclogic repository. Alternatives for disposal
of low-level waste (LLW) are under study. The total volume of wastes to be
disposed of in the geologic reposiiory is presentiy estimated to be
30,000 cubic meters {5000 of HLW, including cladding hulls from spent fuel,
and 25,000 of intermediate-level waste [ILW] and alpha-bearing [TRU] wastes).
The total volume of LiW to be disposed of by other means is presently
estimated to be 150,000 cubic meters.

Presently, facilities exist on the Mol site for storage of LLW, ILW, and
HLW. These facilities are being expanded as needed.
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2.2.1 Reprocessing {OECD/NEA 1988b)

Currently, spent fuel assemblies are stored temporarily at the power
station sites prior to being shipped to fFrance or the U.K. for reprocessing.
The reprocessing contracts stipulate that all waste from the reprocessing of
spent fuel will be returned to Belgium after conditioning. Reprocessing con-
tinues to be the basic option for the back end of the nuclear fuel cycle,
based upon the premise that the recovered plutonium will eventually be
recycled for power generation.

2.2.2 Interim Storage Before and After Reprocessing (OECD/NEA 1988b)

Spent fuel assemblies are stored in fuel pools at the reactor sites until
shipment to France or the U.K. for reprocessing. Construction of a new stor-
age facility was started in 1987 for vitrified HLW to be returned from the
reprocessor beginning in the early 1990s. Its completion is expected in 1993.

Liquid HLW resulting from the past reprocessing activities of Eurochemic
on the Mol site are being vitrified in the PAMELA facility and stored in air-
cooled storage pits on the Eurochemic site, now operated by Belgoprocess.

2.2.3 Geologic Repository (OECD/NEA 1988b; Bonne and Detilleux 1989;
Manfroy et al. 1985)

Investigation of the geology under the Mol site has been underway since
1974, including construction of a URL in the clay media. Site confirmation
studies will continue for several years, with construction of the repository
to begin in 2025 and operations in 2030.

2.2.4 Other System Considerations

Belgium participated in the 1987 OECD/NEA study assessing the use of
international waste repositories, which concluded that there are no insur-
mountable safety, technical, economical, or institutional reasons why such a
concept could not be seriously considered (RWMC 1987). It is thus assumed
that Belgium would be interested in an international repository. Belgium also
participated in the OECD/NEA’s study on the feasibility of sub-seabed disposal
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of HLW. An interim report on the first eleven years of research on this topic
concluded that sub-seabed disposal couid be a very safe option in radiological
terms (OECD/NEA 1988a).

Nothing is known regarding Belgium’s interest in transmutation or parti-
tioning as a means of managing HLW.

2.3 WASTE STORAGE AND TRANSPORTATION

2.3.1 Spent Fuel Storage {Harmon and Johnson 1984)

The water pools, along with expansions, have been providing adequate
spent fuel storage capacity at the nuclear power station sites.

2.3.2 High-level Waste Storage (OECD/NEA 1988b)

Intermediate- and high-Tevel reprocessing wastes, which will be returned
from France and the U.K., will be stored in a facility to be built by ONDRAF/
NIRAS on the former Eurochemic site at Mol. The project, which started in
1987, will be ready for operation in 1993 and will accommodate all the waste
from existing reprocessing contracts. It can be expanded as new contracts are
conctuded. The facility incorporates the following features:

« a hall for receiving the incoming waste

+ a shielded cell for unleading the shipping casks and handling the
waste packages

« a transfer hall and storage cell for very radioactive HLW (80 cubic
meters)

» a transfer and storage cell for moderately radioactive HLW and ILW
(460 cubic meters).

Further information on the storage facilities could not be found.

Liquid HLW resulting from the former pilot-scale reprocessing activities
of Eurochemic are currently being vitrified in the PAMELA plant, and the
vitrified wastes are stored in air-cooled pits in a bunker building erected on
the Belgoprocess site at Mol.
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2.3.3 Transportation (OECD/NEA 1988b)

Truck, rail, and ship transport are used for moving spent fuel to reproc-
essing plants in France and the U.K. and to transport other wastes between
Belgium and other countries. Various types of casks are used for shipment of
spent fuel. Trucks are used for transport over short distances, and rail is
used for transport to the French reprocessing plant at La Hague. Truck and
rail transport are used to ship other wastes between Belgium and other coun-
tries. Ships are used for transport of research spent fuels abroad.

For off-site shipping, casks are provided and shipping is done by
TRANSNUBEL under contract to SYNATOM. In general, the IAEA regulations for
the safe transport of radicactive materials are followed, but the transport
lTicense may have special requirements, such as escorts for certain types of
shipments. The nuclear industry is free to select its transport system,
provided that relevant national and international regulations are satisfied.

2.4 GEOLOGIC WASTE REPOSITORY

2.4.1 Safetyvy Requirements and Approach

A1 nuclear activities are subject to the Royal Decree of February 28,
1963, related to the "General regulation for the protection of the population
and the workers against the hazards of ionizing radiation." This decree,
updated several times, does not include any specific performance requirements
for waste disposal. It is the responsibility of ONDRAF/NIRAS to propose new
regulations in this area to the competent authorities in due time. However,
the general licensing procedures as described in the decree (see Sec-
tion 2.1.6) are applicable to the waste repositories as well as other nuclear
facilities (OECD/NEA 1988b).

Pretiminary safety analyses of a geologic waste repository in clay have
been made by CEN/SCK {Dejonghe et al. 1986), and a general performance assess-
ment of a geologic repository in clay has been conducted as part of the CEC’s
Performance Assessment of Geologic Isolation System (PAGIS) effort (CEC 1988).
These analyses indicate that such a repository can provide adequate retention
of the radionuclides if properly sited, designed, and constructed.
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ONDRAF/NIRAS uses a quality assurance program in which standards and
requlations existing at the national level are strengthened by adding specific
requirements for the application under consideration. Implementation and
oversight of quality assurance on a specific project is delegated to the
project organization (OECD/NEA 1988b).

2.4.2 Siting (Bonne and Detilleux 1985, 1989; Manfroy et al. 1985;
OECD/NEA 1988b)

In 1975 when the first nuclear power plants were put into operation in
Belgium, the Nuclear Research Center began an inventory of deep geclogic for-
mations in Belgium that might be used for disposal of radicactive waste. Based
upon selection factors established in agreement with the National Geologic
Service and considering those suggested by working groups of the IAEA and the
CEC, a site in the tertiary clay formation (called Boom clay) in the Mol
region was selected. The Boom clay is part of the Oligocene clay formation
covering northern Europe and extending into the North Sea. Data available at
the time indicated the clay layer at the site had a minimum thickness of
100 meters and lay at an average depth of 230 meters. The Tayers above and
below the clay were water-bearing sand.

During the ensuing five years, deep drilling, borehole logging, aerial
photography, and seismic measurements were used to characterize the site. At
the same time, concepts of the facility design were developed and an initial
safety assessment was completed. This effort was followed by construction of
an underground laboratory at the site. Research and development is underway
at the site and will continue for several years to develop design features and
characterize the clay media.

2.4.3 Design Concept(s) {Bonne and Detilleux 1985; OECD/NEA 1988b;
INWAC 1989; Schneider et al. 1989; Heremans et al. 1989)

Current design bases for the repository conceptual designs and evaluation
studies are as follows:
« The waste to be disposed of in the repository originates from an

installed nuclear power generation of 5600 MW{e) over the next
30 years.
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s« The waste to be produced in this program amounts to:

850 cubic meters of vitrified HLW

2200 cubic meters of spent fuel hulls fixed in cement

6560 cubic meters of ILW in cement

5200 cubic meters of ILW in bitumen.
o The age of the waste at disposal is 50 years.

+ Maximum allowable temperatures are 500°C for the vitrified waste and
100°C for the clay.

Evaluations of various design concepts for the repository Tayout are
underway. Design studies for a repository in the horizontal formation have
resulted in two generic concepts using parallel disposal drifts in the mid-
piane of the formation. Two or more service galleries, to be sealed by the
clay after completion of disposal operations, will provide access from the
entrance shafts to a series of parallel disposal galleries located perpendic-
ular to the connecting service galleries.

In the "Radial Disposal Concept,” the bottom half of a disposal gallery
would be filled with canisters of ILW fixed in cement. After backfilling
around the ILW, HLW canisters with overpacks would be placed on the ILW. The
top half of the disposal drift would then be backfilled. Three of the dis-
posal galleries wouid be dedicated to ILW fixed in bitumen, and one gallery
would be dedicated to cladding huils. This concept is considered "non-
retrievabie.”

In the "Axial Disposal Concept,” waste packages would be placed in holes
drilled in the disposal drift floor at an angle of 45 degrees from the hor-
izontal. The holes for HLW would be 20 meters apart, and no liner between the
canister and hole wall is planned, though the space may be filled with sand.
tach hole would contain twelve canisters. This concept is considered
"retrievable.”

The overall area required by the repository is governed by the amount of
heat-generating waste (about 850 cubic meters of vitrified HLW} and the
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maximum thermal loading that can be accepted for that site. Present assess-

ments indicate thermal loadings up to 2.5 watts per sguare meter are accepta-
ble. The maximum temperature of the host rock and rock/canister interface is
100°C to prevent degradation of the clay. The maximum estimated Tithostatic

pressure on the waste package is 50 atmospheres.

2.4.4 Retrievability and Monitoring {IEAL 1987; Schneider et al. 1989)

No retrievability requirements have been established for waste placed in
a repository. Although it is not expected that any such requirements will be
established, a demonstration phase of operation with actual waste and several
years of observation will precede routine operation of the repository. Like-
wise, no monitoring provisions are pianned,.

2.4.5 MWaste Packaqe System {Schneider et al. 1989)

The waste package design under consideration is conceptual only and
includes the vitrified HLW and a French-type stainless steel canister, with no
buffer material other than a clay backfill in the drifts. Sand backfill of
disposal boreholes is being considered. No plans for a disposal container
{overpack) or a borehole sleeve have been developed. The French-type canister
is a stainless steel cylinder measuring 0.43 meters in diameter by 1.335
meters in height, including the filling neck and nozzle. The canister has a
reverse head on the bottom, which allows for a stacking height of 1.285
meters; the gross canister internal voiume is 170 liters; the net canister
volume, filled, is 150 Titers; and the total filled weight is 480 kilograms.

2.4.6 Research and Development (Bonne and Manfroy 1989; Manfroy et al. 1985)

Research and development has been underway for several years and is con-
tinuing. Studies not requiring in situ conditions are underway in surface
laboratories to characterize the clay and waste forms and to assess the
repository performance.

In the underground research facility near Mol, an ambitious study program
is being carried out on clay-related phenomena such as corrosion, migration,
heat dissipation, local hydrology, etc. These studies are in addition to
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those conducted to optimize placement and handling in the repository, such as
constructing, handiing, backfilling, and sealing methods.

2.4.7 Approach to Proving the Safety of the Repository {OECD/NEA 1988b;
TEAL 1987)

The safety of the repository will have been "proven" before an operating
license is granted. (See Section 2.1.6.}

The final approval will come in the form of a "Royal Decree" issued by
the government. This decree will be prepared by the Ministry of Economic
Affairs and have the approval of other involved ministries. 1In preparing the
decree, the Ministry will rely on a group of experts, selected from non-
profit contro} and supervisory associations, who will verify that the instal-
lation and operation conform to the description given in the safety analyses
prepared by the applicant. In addition, the Ministry (and experts) will have
access to the extensive data base prepared in the years of repository develop-
ment and the results of local, regional, national, and international reviews
of the proposed project.

Since the mid-1970s Belgian activities in repository research have been
centered on the Mol site, a clay formation in the northern part of Belgium
near the town of Boom, from which the clay derives its name. A preliminary
and generic total system performance assessment suggested that a repository in
undisturbed clay was likely to be very safe for very long time periods.
Another generic case in a previously disturbed formation was also evaluated
{i.e., a faulting scenario in which a preferential upward path of groundwater
to a well was created). A Monte Carlo simulation of the possible consequences
of this scenario resulted in estimated radiation doses to humans which ranged
over five orders of magnitude. It was concluded that site-specific evalua-
tions were needed. Performance assessment methodology development is being
pursued as an integral part of the in situ testing/demonstration project at
the underground research facility at Mol.

Belgium recently completed another comprehensive performance assessment,
including both deterministic and probabilistic calculations, as part of the
CEC’'s PAGIS exercise (CEC 1988). Calculations were carried out for millions
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of years. Perturbations from altered evolution scenarios were included. The
perturbing scenarios, selected by expert opinion, included another faulting
case and a drastic climatic change that invoived a long period of extreme
drought. The drought scenario proved to be the worst in terms of dose
increases, but those increases were on the order of four times the undisturbed
case doses and did not exceed 0.1 mrem/yr for individuals drinking water from
a well at the ctay/aquifer boundary.

Because of the sensitivity of performance assessment results to prop-
erties of the host clay rock, the Beigian plan is to continue to define and
refine the properties of the Boom clay formation. Radionuclide/host rock
interaction tests, percolation tests, and diffusion experiments are ongoing.

The next phase of the performance assessment for the potential Belgian
waste repository in clay is an important part of the Belgian research program.
In the new performance assessment, more attention will be given to human
intrusion scenarios and to scenarios in which the engineered barrier will mal-
function. The computer code used for performance assessment is LISA, which
was developed at the CEC’s research center at [spra, Italy.

2.4.8 Peer Review Activities (OECD/NEA 1988b)

Belgium has not specifically sought foreign peer reviews of its programs.
However, it obtains defacto peer reviews through open participation in the
activities of the OECD/NEA, the IAFA, and the CEC. Belgium’s CEN and ONDRAF/
NIRAS have implemented cost-sharing contracts with the CEC or various R&D
topics, such as waste characterization and safety analyses. Bilateral
research agreements on specific aspects of geologic disposal exist between the
CEN and both the French CEA and Japan’s PNC. The program also receives exten-
sive review through a process described in Section 2.1.6.
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3.1 LEGISLATIVE/INSTITUTIONAL BASES

Canada has an active nuclear power program supported by the public and
the major political parties. The program is built around the production of
uranium {Canada is a major supplier) and the use and export of the Canadian
deuterium uranium (CANDU} reactor system. Uranium mining is dominated by
private firms, while electricity is produced by provincial utilities, the
largest being Ontario Hydro. Development of nuclear technology, including
that for radiocactive waste management, is the responsibility of the quasi-
commercial federal agency, Atomic Energy of Canada Limited (AECL). The indus-
try is regqulated by the federal organization, Atomic Energy Control Board
(AECB}. Public input to the nuclear program is obtained through the ballot
box and through a federaliy-mandated public hearing process. Canada coop-
erates extensively with foreign entities through participation in the IAEA,
QECD/NEA, and CEC and through bilateral and multilateral agreements with other
countries.

3.1.1 MNuclear Power Policy

Beginning in 1962, Canada developed significant electricity generation
capacity using the natural-uranium, heavy-water CANDU reactor system. Canada
currently operates 18 heavy-water reactors providing about 20% of its elec-
tricity needs, with an additional four units scheduled to go on 1line between
1989 and 1992. Until recently, the nuclear option has enjoyed strong public
support, and export of the CANDU system has been encouraged. Because of dis-
appointing acceptance of the CANDU system in foreign markets, government sup-
port has waned, and efforts are underway to shift the development and market-
ing burden from the government to private sources. Despite this pressure,
both the federal and provincial governments {Ontario contains the bulk of
nuclear activities) want to maintain, and expand if possible, a viable nucliear
program (Leigh 1989; Nucleonics Week 1989a, 1989b; Nuclear Waste News 1988c).
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3.1.2 Major Legislaticn

Nuclear activities in Canada are guided by the Atomic Energy Control Act
of 1946 and subsequent amendments. These activities are controlled through
the federal Ministry of Energy, Mines, and Resources. Canada has no nuclear
weapons program. There is no national Tegislation specific to nuclear waste
management (IEAL 1987).

3.1.3 Linkage Between Nuclear Power and Waste Management

Canada has no Jlegal or regulatory stipulation that makes reactor licens-
ing contingent upon having a radioactive waste disposat plan. Ontario’s Royal
Commission on Eiectric Power Planning did recommend to the Ontario government
in 1980 that if R&D on HLW disposal does not make sufficient pregress by 199G,
a moratorium should be declared on building additional nuclear power plants in
the province; the recommendation was not clear as to the criteria for ascer-
taining whether progress had in fact been sufficient (IEAL 1987). In 1987,
Manitoba’s provincial legislature passed an act banning disposal of radio-
active waste in the province {Nuclear Waste News 1987}.

In early 1988, the Canadian government was asked to respond to a House of
Commons committee report calling for a moratorium on coenstruction of nuclear
power plants in Canada until the people of Canada have agreed on an acceptable
solution for the disposal of high-level radiocactive waste. The Canadian
Energy Minister rejected this recommendation but agreed to submit the entire
question of HLW management to a panel, referred to as the Environmental
Assessment and Review Panel (EARP).

To facilitate evaluation of the scientific and technical matters, a sub-
group of this panel, called the Scientific Review Group, was established. The
EARP panel will examine a broad range of topics, including social, economic
and environmental implications of long-term HLW management. The panel’s work
will guide AECL in determining what to include in its Concept Assessment
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Documentation, expected to go to the federal government in early 1991(3) {IEAL
1987; Nuclear Waste News 1988a, 1988b).

3.1.4 Policy on Spent Fuel and Waste Management

While no definitive policy decision has been made on reprocessing, there
are no plans to reprocess, and Canada has no significant reprocessing exper-
ience. Treatment followed by long-term interim storage of wastes, inciuding
spent fuel, is planned until disposal means become available (OECD/NEA 1988b}.

A generic research and development program, the Nuclear Fuel Waste Man-
agement Program (NFWMP), was initiated in 1978 to assess AECL's reference
concept of deep geologic disposal of nuclear fuel waste in a disposal vault
500 to 1000 meters deep, in plutonic rock of the Canadian Precambrian Shield.
The findings and recommendations of the NFWMP will be reviewed in depth by the
AECB and other regulatory and scientific bodies and the general public in a
concept assessment process expected to take place between 1991 and 1993. Site
sejection for the disposal vault and its construction will ]likely follow if
the proposed concept is found acceptable. Methodologies for safe transporta-
tion of the nuclear fuel waste are also being deveioped as part of the NFWMP
(OECD/NEA 1988b).

3.1.5 Organization/Responsibilities for Wastie Management

Under the federal Ministry of Energy, Mines and Resources, two organiza-
tions for implementing and regulating nuclear activities have been estab-
lished. The Atomic Energy of Canada timited (AECL)}, a Crown corporation, is
responsible for developing nuclear reactor and Waste management technology; it
functions as a commercial company. The Atomic Energy Control Board (AECB) is
responsible for regulating all stages of the nuclear fuel cycle.

Currently, AECL shares responsibility for managing spent fuel and high-
Tevel radioactive wastes with the provincial government of Ontario, where the
bulk of the spent fuel and HIW is located. According to an agreement

(a) "Nuclear Waste Disposal Concept and Waste Management Issues Referred for
Environmental Review." News Release from Canadian Ministry of Energy,
Mines and Resources, No. 88/217, September 28, 1988.
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negotiated in 1978, the government of Ontario, via the publicly-owned provin-
cial utility, Ontario Hydro, is responsible for interim spent fuel storage and
waste transportation. The federal government, via AECL, is responsible for
immobilization and disposal of HLW and for the NFWMP. Ontario Hydro provides
some technical support to AECL. Two other provincial utilities, Hydro-Quebec
and New Brunswick Electric Power Corporation, operate one nuclear station each
but to date have allowed Ontario Hydro to take the lead in cocperation with
the federal government on radioactive waste management matters (IEAL 1987).

Although the federal AECB is the lead agency in the disposal concept
assessment process for the HLW disposal program, the federal Department of
Environment and the Ontario Ministry of Environment assist it. Together the
three agencies constitute the Interagency Review Committee, the official gov-
ernment review group for the NFWMP. The sequential review process will be
tripartite, consisting of a safety and environmental review, a public hearing
process, and a final joint federal-provincial decision on concept acceptabil-
ity. AECL is to submit a Concept Assessment Document for approval by the
AECB, which is to take into account the advice of the federal and provincial
environmental authorities and prepare a report on the document in making its
recommendation.

AECL, shortly after initiating the NFWMP, established the Technical Advi-
sory Committee (TAC)}, a group of experts selected from major scientific and
engineering societies in Canada, to provide a continuing review of the program
{IEAL 1987; TAC-6 1985).

In addition to the IRC and TAC, there are several other federal/
provincial coordinating committees in the nuclear waste management area. The
Canada/Ontaric Nuciear Spent Fuel Management Policy Committee makes recom-
mendations on policy issues. The Canada/Ontario Nuclear Fuel Waste Management
Coordinating Committee coordinates activities invelving radioactive waste
management field research in Ontario. There is also a Canada/Ontario Program
Integration Working Party that identifies program objectives, assures requi-
site information flow, and ensures that the R&D program plan reflects program
objectives (I1EAL 1987).
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The provinces of Quebec and New Brunswick, having limited reactor capa-
cities, are not involved, other than to be kept informed, in the formal insti-
tutional framework managing the nuclear program.

3.1.6 Repository Licensing Process, Requlation Status. Major Requlations,
Safety Bases

A1l nuclear operations and facilities are regulated by the AECB under the
Canadian Atomic Energy Control Act of 1946. The AECB regqulations are based
upon recommendations of the International Commission of Radiological Protec-
tion (ICRP) and utilize the "ALARA" (As Low As Reasonably Achievable) princi-
ple. Regulations are issued as Regulatory Documents and cover all spent fuel
and waste management activities, including disposal.

Because repository development and site selection are in the early
stages, applicable requlations are general in nature. Current regulations
applicable to repository siting and development are provided in AECB’s regu-
latory documents R-72 and R-104.

The requirements for an acceptable site for geclogic disposal are spec-
ified in AECB’s regulatory document R-72. These are as follows: 1) the host
rock and geological system should have properties such that the release of
radioactive material from the disposal vauit and its subsequent transport is
retarded; 2) there should be Tittle Tikelihood that the host rock will be
exploited as a natural resource; 3) the geological system should be capabie of
withstanding stresses without significant structural deformation or fractur-
ing; and 4) the dimensions of the host rock should be such that the disposal
vault can be deep underground, as well as removed from major geological dis-
continuities (OECD/NEA 1988b).

AECB’s regulatory document R-104 deals with the long-term performance of
radicactive waste disposal. It specifies the acceptable radiological risk to
individuals in the most exposed group from a waste disposal facility and
states that the timeframe of concern for the repository is 10,000 years
{OECD/NEA 1988b).
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3.1.7 Roles of the Public, Local Organizations, Multinational Organizations

Other than through use of their voting power, the public and loca)
organizations generally have no direct input to the planning and regulation of
nuclear programs. The federal government, the provincial government of
Ontario, and AECL expend considerable effort, however, in providing informa-
tion to the public through dispiays, literature, films, tours, and public
speakers. Also, the review process for the Concept Assessment Documentation
for the repository program includes public hearings. AECL has established the
TAC, a group of experts selected from the major scientific and engineering
societies, to provide a continuing review of the waste management program
{Frech 1982; Burge 1988; Delbridge 1989; TAC-6 1985).

Similarly, Canada has not asked multinational organizations for direct
input to its nuclear program, but Canada participates actively in the nuclear
programs of the IAFA and the OECD/NEA. Canada also receives indirect input
through bilateral technology exchange agreements with the U.S., Sweden, and
the CEC and through contacts maintained with appropriate organizations in
Japan, the U.K., Switzerland, and the FRG {OECD/NEA 1988b).

3.2 OVERALL WASTE MANAGEMENT SYSTEM

The Canadian strategy has not included fuel reprocessing, though some
research has been conducted in anticipation of the possibility of eventual
reprocessing. All radioactive wastes are being placed in interim storage
pending future selection of disposal systems. Both wet and dry technologies

for storage of spent reactor fuel are being used.

Surface or near-surface structures are used for storage of LLW and ILW.
Extensive R&D is underway to improve ILW storage systems, to develop a deep
geologic disposal system for spent nuclear fuel and/or HLW, to develop a
transport system for safe handling of spent fuel waste, and to develop an
engineered structure for disposal of short-lived wastes (OECD/NEA 1988a).
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3.2.1 Reprocessing

No decision has been made as to reprocessing or direct disposal of spent
nuclear fuel. The decision, when made, will consider economics and the need
for recoverable byproducts. No time scale for the decision has been identi-
fied. Mini-scale reprocessing flowsheet studies, hot and cold, have been
conducted on the uranium-plutonium and uranium-thorium fuel cycles at AECL’s
Whiteshell Nuclear Research Center (Schneider et al. 1988).

3.2.2 Interim Storage Before and After Reprocessing

At-reactor storage, wet and dry, of spent nuclear fuel will be continued
until a decision is made in favor of reprocessing or until a disposal system
is commissioned. Assuming that the review of the NFWMP is favorable {comple-
tion expected in 1991-93), it is expected that a transportation and disposal
system will be in place about 2015-2025 (OECD/NEA 1988b).

3.2.3 Geologic Repository

The reference concept being assessed for disposal of spent fuel or HLW is
burial in a vault 500 to 1000 meters deep in plutenic rock of the Precambrian
Canadian Shield. It is expected that there wiil be one central disposal
facility located in Ontario, which will serve the nation’s needs for most of
the 21st century.

A muttiple-barrier approach, which includes both engineered and natural
barriers, is being developed for isolating the waste. The waste form, durable
containers, buffer, backfill, and the rock mass between the disposal vault and
the biosphere are the barriers.

3.2.4 0Other System Considerations

While generally moving toward a fuel cycle with no reprocessing but with
deep geolegic disposal of spent nuclear fuel, Canada has shown an openness to
other options. This is evidenced by its participation in the recent Nuclear
Energy Agency (NEA) evaluation of international waste repositories and in the
NEA’s study on the feasibility of disposal of HLW into the seabed. Canada is
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alsc a significant producer of radicisotopes for industrial and medical uses;
reprocessing would enlarge its supply of radioisotopes and byproducts for mar-
keting (OECD/NEA 1987, 1988a)

3.3 WASTE STORAGE AND _TRANSPORTATION

Canada is storing all radioactive waste, including spent fuel, at the
generation site. Most spent fuel is stored in water basins, but use of dry
storage is increasing. Transportation casks are under development for use
when transfer of spent fuel from the generation site to a repository begins.

3.3.1 Spent Fuel Storage

In Canada, spent fuel originates from the natural-uranium, heavy-water
CANDU reactor system developed by Canada. A CANDU fuel assembly (50 cm long,
10 cm in diameter) is made up of natural uranium dioxide pellets enclosed in
Zircatoy-4 tubes, 19 to 37 tubes per assembly. The average burnup is
7500 MWd/MTU, and average heat content at 10 years of age is 218 W/MTU. Spent
fuel arisings were about 12,400 MTU in 1987 and are expected to reach
100,000 MTU in 2025. The age at time of disposal will be at least 10 years
but is expected to be typically 50 to 75 years (Schneider et al. 1988;
OECD/NEA 1988b).

Most spent fuel is stored in water pools at the reactor sites. It is
stored horizontally in stacked racks. The water pools at a reactor are nor-
mally sized for 10 years of reactor operation {Schneider et al. 1988; OECD/NEA
1988b) .

Four dry-storage concepts have been under evaluation for incremental
interim storage of spent fuel: convection-cooled vaults, concrete casks,
concrete "integrated” casks {for storage, transportation, and disposal) and
metal casks. Presently, vertical, steel-lined concrete canisters are being
used to store WR-1, Gentilly-1, and Douglas Point spent fuel (Schneider et al.
1988). The New Brunswick Electric Power Commission has placed an order with
AECL for dry storage casks to be used at its Point Lepreau nuclear power sta-
tion (Nuciear News 1989). The first Ontario Hydro concrete integrated cask

was loaded in December 1988 in the Pickering Station storage pool and has been
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placed on an outdoor pad for a two-year demonstration. The concrete integ-
rated cask concept appears to be the choice for extended storage of Ontario
Hydro spent fuel. Its outer size is 2.6 meters in diameter and 3.6 meters
high, with a 1.64-meter inside diameter. It would contain nearly 400 fuel
bundles stacked horizontally on racks. The gross weight would be 70 MT
(Schneider et al. 1989).

3.3.2 High-Level Waste Storage

Canada has not yet decided whether or not to reprocess spent fuel, and it
has no HLW to immobilize and store.

3.3.3 Transportation

Except for small amounts used in R&D experimentation, all spent fuel is
currently stored in water pools at the generating station. It is anticipated
that the fuel will eventually be transported from the generating station to a
central disposal facility, when such a facility is commissioned in the distant
future {OECD/NEA 1988b).

Research has been carried out to investigate road, rail, and water trans-
port {on the Great Lakes) for distances up to 1,600 kilometers.

Transportation will comply with AECB regulations, which are generally
similar to the IAEA’s "Regulations for the Safe Transport of Radicactive Mate-
rials," Safety Series No. 6. The weight and size will comply with existing
federal and provincial transport requirements, inctuding the Transportation of
Dangerous Goods Regulations, AECB Transport Packaging Regulations, Spills Bill
Regutations, and the Canadian Transport Commission Regulations (OECD/NEA
1988b).

A rectangular cask for road transport, of monolithic stainless steel con-
struction, has been licensed by the AECB, and it meets the requirements for an
IAEA Type B{U) transport license. This cask is about 1.8 meters high, and the
dimensions of its base are 1.6 meters by 1.9 meters. The gross weight when
placed upon the transport trailer will be 34 MT. It wiil hold 192 fuel assem-
blies, or 3.8 MT of spent fuel (OECD/NEA 1988b; Schneider et al. 1988).
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Canada also has under development a rail cask similar to but larger than
the road cask and a concrete "integrated” cask for transport, storage, and
disposal of spent fuel (OECD/NEA 1988b; Schneider et al. 1988).

The wall thickness of these casks will be such that the dose rate from
the spent fuel will be well below regulatory limits. A 10-year cooling period
has been assumed for design of the reference cask. Overhead cranes will be
used for loading and unlocading casks (OECD/NEA 1988b; Schneider et al. 1988).

3.4 GEOLOGIC WASTE REPOSITORY

The concept being assessed for disposal of spent fuel is emplacement in a
vault 500 to 1000 meters deep in plutonic rock of the Canadian Precambrian
Shield. It is expected that there will be one central disposal facility loca-
ted in Ontario, which will serve the nation’s needs for most of the 21st Cen-
tury. The reference design envisions a vault holding 191,000 MT of uranium
(OECD/NEA 1988b).

3.4.1 Safety Requirements and Approach

A multiple-barrier safety approach, which includes both engineered and
natural barriers, is being developed for isolating the spent fuel. The waste
form, durable containers, buffer, backfill, and the rock mass between the dis-
posal vault and the biosphere are the barriers. The performance of the entire
disposal system is being assessed by predictive computer modeling and by a
study of uranium ore bodies, which represent large inventories of radioactive
materials in a natural setting similar to that proposed for the vault. Safety
requirements have been defined in AECB’s regulatory documents R-72 and R-104
{OECD/NEA 1988b; IEAL 1987), as follows:

o PRegulatory Document R-72. This guide applies to siting of an under-

ground repository and specifies that a successful disposal system
will:

- ijsolate and retain radicactive substances to allow for more complete
radicactive decay

Canada 3.10 PRL-7293



restrict the movement of radionuclides that may escape from the
repository, thus prolonging the time that passes prior to their
return to the accessible environment and during which further
radioactive decay can take place

restrict inadvertent or deliberate human contact with the
waste.

s+ Document R-72 also states five criteria for acceptable geological

characteristics:

The host rock and geologic system should have properties such
that their combined effect significantly retards the movement
or release of radioactive material in the waste. (This cri-
teria is affected by the groundwater chemistry.)

There should be Tittle likelihood that the host rock will be
exploited as a natural resource.

The repository site should be located in a region that is
geologically stable and Tikely to remain stable.

Both the host rock and the geologic system should be capable of
withstanding stresses without significant structural deformation,
fracturing, and breach of the natural barriers.

The dimensions of the host rock should be such that the repository
can be deep underground and well removed from structural boundaries.

« Requiatory Document R-104. This document provides the objectives,
requirements and guidelines for radioactive waste disposal, which
include the following:

The burden on future generations shall be minimized 1) select-
ing disposal options for radioactive wastes that, to the extent
reasonably achievable, do not rely on long-term institutional
controls as a necessary safety feature; 2} implementing these
disposal options at an appropriate time, taking into account
technical, social, and economic factors; and 3) ensuring that
there are no predicted future risks to human health and the
environment that would not be currently accepted.

Radioactive waste disposal options shall be implemented in a manner
such that there are no future impacts on the environment that would
not be currently accepted and such that the future use of natural
resources is not prevented by either radicactive or non-radicactive
contaminants.
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- The predicted radiolegical risk to individga1s from a waste
disposal facility shall not exceed 1 x 10~ fatal cancers and
serious genetic effects in a year, calculated without taking
advantage of long-term institutional controls as a safety
feature,

- The individual risk requirements in the long term should be
applied to a group of peopie that is assumed to be located at a
time and piace where the risks are likely to be the greatest,
irrespective ¢f national boundaries.

- The period for demonstrating compiiance with the individual risk
requirements using predictive mathematical models need not exceed
10,000 years. Where predicted risks do not peak before 10,000
years, there must be reasoned arqguments that beyond 10,000 years the
rate of radiconuclide reiease to the environment will not suddenly
and dramatically increase and acute radiological risks will not be
encountered by individuals.

- The probabilities of exposure scenarios should be assigned numerical
values either on the basis of relative frequency of occurrence or
through best estimates and engineering judgments.

- (Calcutations of individual risks should be made by using the risk
conversion factor of 0.0002 fatalities/rem and the probability of
the exposure scenario with either 1) the annual individual dose
cajculated as the ocutput from deterministic pathways analysis; or 2)
the arithmetic mean value of annual individual dose from the distri-
bution of individual doses in a year caiculated as the output from
probabilistic environmental pathways analysis.

3.4.2 Siting

The Geological Survey of Canada (GSC) was requested by the AECL in 1975
to evaluate the suitability of geclogical formations in Capada for disposal of
spent fuel. A primary consideration in this evaluation was that because the
province of Ontario was, and would continue to be, the principal region for
nuclear power development, the first disposal vauit would most likely be Joca-
ted there. Plutonic rock is the predomirant geologic formation in Ontario
{Dormuth et al. 1989}.

Geclogic procedures for characterization of a site for the disposal
facility, which would ensure that the above-listed AECB requirements are
satisfied, have been established by AECL as a result of scientific research
carried out under the NFWMP. It is expected that a very small number of sites
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will initially be selected for characterization and that each of these will be
centered around a pluton of approximately 1000 square kilometers. The initial "
characterization, which will consist of reconnaissance-scale geological and
geophysical surveys, will map the boundaries of the pluton, estimate its
depth, locate large-scale faults or fractures within it, and estimate the gen-
eral rock quality. The general groundwater regime of the areas will also be
determined at this stage. Site characterization will result in the selection
of smaller areas, up to 100 square kilometers in extent, for more detailed
site evaluation.

Detailed geological and geophysical mapping and drilling will be carried
out to determine the geometry of the natural groundwater pathways in the plu-
ton. Extensive hydrogeological testing in the boreholes will determine the
pattern of groundwater flow. As a result of this second phase of site char-
acterization and evaluation, a specific site technically suitable for the dis-
posal vault could be selected. No firm time schedule exists for the siting
process (OECD/NEA 1988b).

3.4.3 Design Concept{s)

A major study was conducted by the AECL between 1980 and 1990 to develop
a reference concept for a Used Fuel Disposal Center. Its main feature is an
underground disposal vault at a depth of 1000 meters in plutonic rock having a-
single-Tevel room and pillar configuration. This vault would have a plan area
of 4 square kilometers and be capable of accommodating 191,000 MT of uranium
in the form of spent fuel. In addition to the vault, the disposal center
would have facilities for receiving the spent fuel, containerization of the
fuel bundles, and transfer to the vault (OECD/NEA 1988b).

The incoming spent fuel would be off-loaded from transportation casks and
temporarily held in a receiving storage pool. It would then be placed in dis-
posal canisters in a facility on the disposal site and transferred to the sub-
surface vault in shielded transfer casks through a dedicated waste handling
shaft. The design throughput is 8100 canisters per year, and the filled
repository would accommodate 191,000 MTU (OECD/NEA 1988b).
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The spent fuel containers would be placed in vertical boreholes drilled
in the floors of rooms inside the disposal vault. The holes would be
1.2 meters in diameter and 5 meters long and spaced 2 meters from adjoining
boreholes. Prior to receipt of the container, a clay-buffer material would be
compacted into the hoie and then drilied to form a 4.2-meter-iong hole
0.7 meters in diameter in which the container would eventually be seated. The
annular gap between the canister and buffer material would be filled with
loose sand and the top of each hole filled with loose buffer material that is
compacted in place (OECD/NEA 1988b; Schneider et ai. 1989).

A rectangular array of 60 parallel disposal drifts would be constructed
in a total plan area of 2 kilometers by 2 kilometers; each disposal drift
would be about 250 meters long by 7.5 meters wide by 5.0 meters high; each
drift would accept 240 waste canisters. Backfill used in the emplacement
rooms would likely consist a mixture of lake-bottom clays and granitic aggre-
gate. Seals would be used to form gaskets around bulkheads and fill explora-
tion holes. Grouts would be used to 1imit water flow in naturally occurving
fracture zones and excavation damage zones (Schneider ef al. 1989:; QLCD/NLA
1988b).

The zone of rock overlying the vault, which undergoes extension due to
thermal expansion of the rock mass, must be no more than 100 meters from the
surface. The sustained long-term, far-field temperature must be no higher
than 75°C, while the maximum buffer temperature has been set at 100°C
{Schneider et al. 1989).

3.4.4 Retrievability and Monitoring

The AECB policy on retrievability is that capability for retrieval of the
waste must be maintained during repository operation. Presently, no plans
exist for post-closure retrievability. Requirements and procedures for post-
closure monitoring are now being formulated (IEAL 1987; OECD/NEA 1988b).

3.4.5 Waste Package System

In the present reference concept, components of the waste package system
include the spent fuel placed in a thin steel basket, a thin titanium shell
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with the void space filled with particulates, and a buffer material placed
between the canister and the host rock. No hole liners are planned. The
functions established for the waste canister include 1)} handling and sealing
during interim storage, transportation and emplacement; and 2) in-repository
corrosion protection for 500 to 1000 years. The maximum design temperature
and pressure for the emplaced canister have been set at 150°C and 100 atmo-
spheres, respectively (Schneider et al. 1989}.

Each canister would contain 72 fuel assemblies (1.4 MTU and 300 W of
heat), stacked four high with 18 assemblies in each row. The assemblies would
be held in place by a thin mild steel basket placed in the thin-wall titanium
(Grade 2 or 12) canister shell. The empty space in the canister would be
filled with a particuiate material {probably sand) vibrationally compacted,
Each canister is 0.63 meters in diameter by 2.25 meters long and has a wall
thickness of 4.76 millimeters on the sides and top and 6.35 millimeters on the
bottom. The top 1id of the canister is tapered and will be pressed into place
in the tapered top of the canister and resistance-heated, diffusion-bonded to
the shell (Schneider et al. 1989; OECD/NEA 1988b).

A buffer material would be used around the emplaced waste in the repos-
itory. The functions of the buffer material are to seal the waste canisters
in the repository, to retard radionuclide release from the canisters to the
host rock, and to improve heat transfer from the canister to the rock. The
reference buffer material is a 1:1 dry mass ratio "Avonseal" sodium bentonite
and quartz sand. Avonseal contains 80% sodium-based montmorillonite; 10%
illite; and smaller amounts of quartz, feldspar, gypsum, and carbonates. It
has a moisture content of about 18% and a final specific gravity of about 1.65
(Schneider et al. 1989).

3.4.6 Research and Development

Canada has an extensive R&D program underway on disposal packages and on
a deep underground repository. The R&D on waste packages covers the reference
and alternate package designs and materials of constructien such as copper,
Hastelloy C-276, Inconel 625, ceramics, and ceramic-coated metals. The
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mechanisms o¢f spent fuel dissplution in a repository are also under study
(Schneider et al. 1989; Johnson et ai. 1989).

An underground research laboratory (URL) has been constructed by AECL in
the granite of the Lac du Bonnet batholith in southeastern Manitoba. This
facility was developed in two stages. Initially, the 240-meter-deep research
level was developed. Then, in cooperation with the U.S. the shaft was
extended to 443 meters, and shaft stations were developed at the 300-meter and
420-meter Tevels {OECO/NEA 1588b, 1989).

The 3.8-square kilometer site on which the URL is located was Teased in
1980. Detailed mapping and drilling between then and 1983 by the Geciocgic
Survey of Canada established the geology and the undisturbed groundwater
regime for this area. Shaft sinking began in 1984, and the 240-meter Jevel,
with a plan area of about 100 meters by 100 meters, was ready for carrying out
experiments in 1986. Hydregeological data gathered in a network of boreholes
in the leased site prior to, during, and after the construction of the URL
provided a unique opportunity to study the effect of construction upon the
groundwater system and calibrate groundwater flow models. Numerous investiga-
tions and experiments related to hydrogeology, rock mechanics, vault sealing,
geology, and physics have been carried out in the subsurface, and it is
expected that an active experimental program will be maintained until the year
2000 (Boulton 1982; OECD/NEA 1988b; Simmons 1986).

3.4.7 Approach to Proving Safety of the Repository

The emphasis in Canadian regulatory quidelines and requirements is on
overall disposal system performance criteria rather than on prescriptive cri-
teria for performance of individual components of the disposal system. Also,
it is recognized that the evaluation of the long-term performance of a dis-
posal system must be based on estimates provided by mathematical modeling,
because no long-term performance histories of comparable facilities exist.
The performance of the entire disposal system is being assessed by predictive
modeling and by a study of uranium ore bodies, which represent large inven-
tories of radicactive materials in a natural setting similar to that proposed
for the vault (OECD/NEA 1988b).
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A continuous program of prediction of system behavior by modeling and
comparison of predictions with observations was started in 1981 by AECL and
will be continued throughout the construction, operation, and eventual closure
of the repository. The predictive models will thus develop progressively over
the 60 to 70 years required to site, construct, operate, and close a disposal
facility. They will be used to predict performance at every stage and be mod-
ified as necessary to represent new information. Thus, a high level of confi-
dence is expected in the validity of the final predictions {OECD/NEA 1988b).

Canada‘s repository performance assessment program is one of the first to
use performance assessment models using probabilistic risk assessments for the
total system--the Systems Variability Analysis Code (SYVAC). The SYVAC code
system was demonstrated in Canada’s first generic comprehensive performance
assessment, completed in 1981, which involved Monte Carlo simulations of 1730
parameter vaiue realizations. Of these realizations, only 1000 parameter val-
ue combinations led to any calculated releases from the repository. Doses
were typically less than 1% of background radiation levels and never greater
than 20%. The scenarios involving use of water wells yielded estimates with
the greatest doses, especially where domestic wells pumped low-flow rate con-
tfaminated groundwater. These resulis, in combination with estimates of the
likelihood of their occurrence, identified evaluation of these scenarios as
being necessary for a real site {Lisle and Wright 1986).

The second comprehensive Canadian generic risk assessment, completed in
1985, used a new version of the SYVAC code, called SYVACZ2-C, to probabilis-
tically estimate doses to the maximally exposed individual from a repository
containing CANDU spent fuel. This version contained three submodels covering
the disposal vault, the geosphere, and the biosphere. Ranges and distribu-
tions for the major parameters were estimated based upon experience in grani-
tic rock formations. No disruptive events were considered (Lisle and Wright
1986) .

The results of the second assessment indicated no significant consequen-
ces for tens of thousands of years after disposal. Dut of 1000 scenarios
analyzed, only 7% resuited in doses greater than 1.8 mrem/yr (1% of
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background). The geosphere was the most important and effective barrier. The
highest doses resulted from using a contaminated waterwell as the source of
household water (Lisle and Wright 1986).

Canada is continuing to improve its assessment models using data cbtained
from the URL and other sources, through participation in the OECD/NEA’s expert
groups on modeling, and through use of the results of studies on natural ana-
logs, such as the one at Cigar Lake in Saskatchewan, Canada {Wright 1989,
OECD/NEA 1989).

3.4.8 Peer Review Activities

AECL has the prime responsibility for executing Canada’s program on
radioactive waste management. The program is under continual review, however,
through a number of agencies, internal and external to AECL. The TAC was
established by AECL, using experts selected from scientific and engineering

societies, to provide a continual review of the effort.

The AECB, with the prime responsibility for regulating nuclear activ-
ities, has established a review process consisting of a safety and environ-
mental review, a public-hearing process, and a final federal-provincial deci-
sion process on the acceptability of the pian. It has been joined by the
Federal Ministry of Environment and the Ontarioc Ministry of Environment in
this review, working as the Interagency Review Committee. In addition, the
Canada/Ontario Nuclear Spent Fuel Management Committee makes recommendations
on management issues, and the Canada/Ontario Nuclear Fuel Waste Management
Coordinating Committee coordinates activities involving field research in the
province of Ontario. The Canada/Ontario Program Integration Working Party
identifies program objectives, ensures that information flow needs are being

met, and ensures that the R&D program reflects program objectives.

Canada participates with other countries through bilateral agreements and
the activities of the international agencies in the area of radioactive waste
management. That participation, along with open publication of progress on
its activities, provides an unofficial peer review of its programs.
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4.1 LEGISLATIVE/INSTITUTIONAL BASES

4.1.1 Nugclear Power Policy

The French government is strongly supportive of nuclear power. In
France, over 70% of the electricity is generated by nuclear power; this is the
highest percentage of nuclear electricity production of any country in the
world. The 1988 French nuclear capacity was 51 GWe, primarily supplied by
PWRs, and is expected to increase fo 71 GWe by the year 2000. The French
nuclear industry is geared to a closed fuel cycle, with reprocessing and use
of the recovered plutonium in breeders and LWRs (Leigh 1989; OECD/NEA 1988;
Schneider et al. 1988).

4,1.2 Major Legislation

A11 nuclear installations, including waste storage and disposal facil-
ities, are subject to the following:

» national environmental protection laws and regulations, including
the law on "The Democratization of Public Inquiries and Environ-
mental Protection," dated July 12, 1983, with application decrees of
April 23 and 24, 1985

e« specific regulations (decree of December 11, 1963, and modified
April 24, 1985) governing authorization, licensing, and control of
nuclear installations

« national laws and regulations governing worker health protection
against ionizing radiation

e« Fundamental Safety Rules {RFS) that express basic safety prin-
ciples, procedures and technical specifications, including rules
appiicable to the production, control, processing, packaging, and
storage of wastes resulting from PWR fuel reprocessing {(RFS II1l.2)
(OECD/NEA 1988; Schneider et al. 1988).

4.1.3 Linkage Between Nuclear Power and Waste Management

No stipulation law exists with requirements for radioactive waste dis-
posal before nuclear power can be implemented (Schneider et al. 1988}.
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4.1.4 Policy on Spent Fuel and Waste Manacement

The French radiocactive waste management policy is described in the report
of the French Atomic Energy Commission (CEA), Commissariat a 1’'Energie
Atomigue, entitled "Genmeral Radioactive Waste Management Program," approved by
the government and made public June 19, 1984. Spent fuel is stored first at
the reactor site for about one year and then in an away-from-reactor (AFR)
facility at the reprocessing plant until it is reprocessed. High-level waste
is vitrified and then stored for 30 years or more in a vault until the can-
isters can be placed in a repository. A1l iong-lived wastes are to be dis-
posed of by emplacement in a suitable deep geological formation. There are no
plans for direct disposal of spent fuel without reprocessing (OECD/NEA 1988).

4.1.5 Drganization/Responsibilities for Waste Management (OECD/NEA 1988;
Schneider et al. 1988; I1EAL 1987).

Waste management policy, reguiations, and control, as well as authoriza-
tion and licensing of waste disposal sites, are the responsibility of the
French federal government. The overall coordination of nuclear matters within
the french government is the responsibility of the CSIN {Interministerial Com-
mittee on Nuclear Safety), which is chaired by the Prime Minister and inciudes
the Ministers for Health, Interior, Defense, and Industry,

The Ministry of Industry, Telecommunications and Tourism has jurisdiction
over all nuclear activities.

The CEA {which reports to the Ministry of Industry} manages fuel cycle
and waste management activities through subsidiary government agencies and
government corporations. Long-term radicactive waste management is the
responsibility of the National Radioactive Waste Management Agency, ANDRA,
created within the CEA in 1979. The responsibility of the waste producers
{i.e., Flectricite de France, &dF, the French national electric utility} is to
perform all necessary operations to produce a waste form suitable for disposal
{conforming to ANDRA specifications). ANDRA’s responsibilities include the
following:
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« setting the requirements for waste package acceptance for disposal,
ensuring that these requirements conform to the Fundamental Safety
Rules and satisfy the safety authorities, and controlling compiiance
through a quality assurance system

+ planning for disposal facilities and their financing

« siting, constructing, operating, and closing waste disposal

facilities.

A department of the Ministry of Industry, the SCSIN {Central Service for
the Safety of Nuclear Installations}, develops and enforces safety regula-
tions, issues construction permits and-operating Ticenses, and monitors opera-
tional safety of nuclear installations, incliuding nuclear waste repositories.
The IPSN (Institute for Nuclear Protection and Safety), part of the CEA, pro-
vides technical support. The SCPRI (Central Service for Protection against
Ionizing Radiation), under the Secretary of Health, is responsible for reguia-
tions concerning radioactive effluent releases and monitors radioactivity in
the environment. The SCPRI has the right tc veto any construction or opera-
ting license.

The CSSN {Supreme Council for Nuclear Safety), which includes ministerial
department heads, Parliament members, and trade unicn and environmental asso-
ciation representatives, advises in all aspects of nuclear safety and reports
to the Minister of Industry. Within the CSSN is the Working Group on Spent
Fuel Management, also known as the Castaing Commission, which has produced

reports dealing with spent fuel management, reprocessing, and nuclear waste
disposal.

The French Transport Ministry is responsibie for certifying transporia-
tion packaging {e.g., spent fuel casks), and the Ministry of Industry issues
transport licenses and carries out required inspections.

Cogema, the commercial fuel cycle arm of the CEA, is a government cor-
poration that owns and operates reprocessing and HLW immobitization facilities
at the Marcoule and La Hague Centers.

The costs of managing, transporting, reprocessing, vitrifying, and fin-

ally disposing of radioactive wastes are borne by the producers of the waste.
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Because all civilian HLW results from the nuclear power program of the single
national utility {EdF), HLY management is financed directly out of the govern-
ment’s national budget and no fee is assessed on individual waste agenerators.
Fer a program of 60 gigawatis of nuclear generating capacity and reactor life-
times of 30 years, the cost of the French waste program {including R&D, con-
struction, and operation of repositories) is projected at $7.5 to $8.3 biltlion
(U.S. dollars), or 50.008 {(U.S. dollars) per kWh {IEAL 1987}.

4.1.6 Repository Licensing Process, Requlation Status, Major Regulations,
Safety Bases (OECD/NEA 1988; Schneider et al. 1988; IEAL 1985)

Authorization for construction of the repository is subject to approval
of a safety report by the Central Service for the Safety of Nuclear Installa-
tions (SCSIN} and to a public inguiry.

In the public inquiry process, all necessary information concerning the
project is made available tc the public, and registers are made available for
the public to make written comments. An Inguiry Commission is designated by
the tocal administrative court and can request supplementary information from
the license applicant. The Commission report, which considers the public com-
ments and contains recommendations, is sent to the local administrative court,
the applicant, the regulatory autherities, and each of the Jocal town councils
where the inquiry took place. The report is alsoc available to the public for

one year.

After the public inquiry and technical studies by specialized branches of
the CEA and other Ministries are favorably concluded, a decree authorizing
installation must be signed by the Minister of Industry and the Prime Min-
ister. The Parliament has preemption rights in siting decisions, and a land

use veto by local governments can be averruled.

Operational licensing is subject to approval of the final safety report
by the SCSIN and a preliminary radioactive effluent release impact study.
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No regulations have been issued for the disposal of long-lived radio-
active waste. The report by the Ad Hoc Commission on Technical Criteria for
Underground Disposal, which was made public in November 1987, is being
reviewed by safety authorities,

4.1.7 Roles of the Public, local Organizations, Multinational Orqanizations

A formal public inguiry process allows the local community to examine a
nuclear project and to express opinions. Nearby communities, within a five-
mile radius of the proposed project, may also vote on the nuclear project. If
the vote is favorable, the applicant needs only to receijve federal government
autherization. If the vote is unfavorable, then the federal Parliament is
called upon to make a final decision deemed to be in the national interest
{IEAL 1985).

France is a member of the IAEA, the OECD/NEA, and the CEC and is actively
involved in their overall waste management activities and in many specific
cooperative R&D projects. Also, bilateral R&D cooperative agreements on
radioactive waste management have been signed with Sweden, Switzerland, Spain,
and the U.S., and cooperative projects are actively pursued (OECD/NEA 1988).

4.2 OVERALL WASTE MANAGEMENT SYSTEM

The overall HLW management strategy is to 1) store spent fuel first at
the reactor site and then in an AFR facility at the reprocessing plant until
it is reprocessed, 2} vitrify the HLW, and 3) store the canisters in a vault
(a storage period of 30 years or more is envisioned) unti] they can be placed
in a geologic repository. The French policy is that no spent fuel will be
disposed of in the repository.

The spent fuel resulting from nuciear power generation should total about
20,000 MT by the year 2000, and reprocessing of French spent fuel is expected
to produce about 3000 cubic meters of vitrified HLW for disposal by the year
2000 (IEAL 1987). A1l radioactive wastes resulting from French reprocessing
of foreign spent fuel are to be returned to the originating countries
(OECD/NEA 1988).
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4.2.1 Reprocessing (OECD/NEA 1988; Cogema 1987)

Reprocessing is a key step in the nuclear fuel cycle in France. Reproc-
essing of spent fuel is done at the {a Hague {{WR fuel} and the Marcoule [gas-
cooled reactor (GCR) fuel] installations. Fast breeder reactor fuel has been
reprocessed both at La Hague and in the pilot plant at Marcoule. The La Hague
plant has been operational since 1966, and the Marcoule plant since 1956.
Capacity at La Hague will be increased from 400 to 1600 tons per year in the
early 1990s in one new and one expanded facility.

The French reprocess fuel for both domestic and foreign customers. Over
the past ten years, Cogema has reprocessed over 80% of all civilian LWR fuel
reprocessed in western countries.

4.7.2 Interim Storage Before and After Reprocessing

Spent fuel is stored at reactor sites in pools until transferred to spent
fuel basins at the reprocessing facilities within about one year of discharge.
Reracking in reactor bays and dry storage are not planned for LWR fuel. The
La Hague spent fuel storage facility has 10,000 MTU wet storage capacity and
can unioad up to 800 MTU/yr under either wet or dry unioading conditions
{Schneider et al. 1988).

A vault facility for dry storage of gas-cooled, heavy water moderated
reactor (GCHWR} and other non-standard fuels is under constructicn at
Cadarache with a capacity of about 200 MT. For the Superphenix fast breeder
reactor {FBR) fuels, an onsite storage facility is to be built using dry
storage in gas-filled Castor shipping casks in an interim storage hail
{Schneider et al. 1988).

Following reprocessing, the liquid HLW will be vitrified by the Atelier
de Vitrification de Marcoule (AVM} process in use at the Marcoule Center
(OECD/NEA 1988). The AVM process involves calicination of the wastes in a
roetating, inclined tube followed by conversion to borosilicate glass in a
metallic pot using induction heating. Vitrification has been conducted at
Marcoule since 1978 and will be conducted at La Hague in two plants, each
equipped with three vitrification Tines {Schneider et al. 1988). The HLW
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glass containers are stacked and stored in air-cooled concrete dry wells that
are covered by a containment building (IEAL 1987).

4,2.3 Geplogic Repository

A deep underground final disposal site for long-lived wastes, both TRU
and HLW wastes, is planned. A candidate site for the repository will be
selected, and an In Situ Site Validation Laboratory (ISVL) will then be built
for detailed site characterization. Once the repository site is selected and
qualified, a TRU waste disposal facitity will be built in parallel with con-
struction of a nearby pilot repository for tests with HLW canisters (QOECD/NEA
1988; Schneider et al. 1988).

Following site selection, the construction of the ISVL is scheduled to
start in 1990. Assuming favorable results from the ISVL, the startup of the
TRU disposal facility is scheduled for the early 2000s and the HLW glass dis-
posal facility for 2010 (OECD/NEA 1988).

4,.2.4 (Other System Considerations

Immobiiized TRU wastes, as well as vitrified HLW wastes, will be disposed
of in the geologic repository. Two recommendations made by the Castaing Com-
mission that are not being adopted presently are 1) stripping of alpha-
emitters from wastes followed by "incineration by neutron bombardment or
Yaunching into outer space,” and 2) the use of monitored retrievable storage,
rather than irretrievable disposal, for the remaining alpha wastes (IEAL
1985) .

No information was found on France’s interest in an international repos-

jtory. The French are generally favorable on the concept of seabed dispesal.

4,3 WASTE STORAGE AND TRANSPORTATION

Spent fuel is stored at the reactor site and is then transported in
specially designed casks to the reprocessing plant, where it is stored until
it is reprocessed. The resultant HLW is vitrified. Onsite storage of the HLW
glass canisters is provided until the repository is ready for receipt of
wastes.
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4.3.1 Spent Fuel Storage

French policy is for spent fuel to be stored at the reactor site for
approximately one year and then at the reprocessing plant site for two to
three years. Pool storage is used for LWR spent fuel, and dry storage is used
for FBR spent fuel. The La Hague spent fuel storage facility has 10,000 MTU
wet storage capacity and can unioad up to 800 MTU/yr under either wet or dry
conditions. The longest storage period to date for some spent fuels has been
about 10 years (OECD/NEA 1988).

4.3.2 High-Level Waste Storage

Liquid HLW are stored in high-integrity storage tanks at La Hague {from
LWR fuel) and Marcoule (from GCR fuel}. The tanks are constructed of stain-
less steel and contain means for cooling and agitation. The HLW liquids are
stored for about one year to allow for some radioactive decay prior to vitri-
fication (Cogema 1987). The vitrified wastes are stored in air-cooled vaults
at La Hague and Marcoule. The capacity of the first module at La Hague, com-
missioned in 1988, is 4500 canisters (5625 MT equivalent of spent fuel) (DECD/
NEA 1988). Air-cooled concrete caissons are used at la Hague, with canisters
stacked nine high. The canisters will be stored at the La Hague site for
about 20 years. The HLW will be stored for approximately 30 years prior to
disposal. Interim dry storage for HLW of 20 to 30 years will be available at
the disposal site {Schneider et al. 1989).

4.3.3 Transportation

The national pelicy in France for transporting spent fuel or radioactive
waste is for the nuclear industry to transport it safely and effectively
according to French transport regulations. The industry may make shipments,
as needed, provided that all regulations and requirements are met. The reg-
utations regarding transport of spent fuel and radioactive waste are nearly
all modeled on IAEA transportation standards {OECD/NEA 1988).

Transport packagings, or casks, are used to transport high-level radio-
active material, e.qg., spent fuel assemblies. The containers are designed to

withstand a severe transportation accident {drop + crushing + fire + water
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immersion), verified by testing. Each transport packaging model must be cer-
tified by the French Transport Ministry. [f transport also involves travel in
other countries, this certification must ailso be validated by the authorities
of the countries through which the package travels. The Institute for Nuclear
Protection and Safety (IPSN) performs technical assessments of all waste pack-
agings for the Transport Ministry. A Transportation Safety Commission over-
sees compliance with regulations. Transport licenses are issued by the Mini-
stry of Industry, with the IPSN performing the required inspections (French
Nuclear News 1989).

For spent fuel transport to the French reprocessing plants, Cogema has a
set of standard cask designs that includes dry transport casks, a steel cask
body, double containment, large capacity, and standard sizes and equipment
(OECD/NEA 1988). Cogema relies on three firms for international transport
operations: 1) Transnucleaire, which has developed transport systems used
throughout the world; 2) Nuclear Transport Limited, a specialist in spent fuel
transpertation in Eurcpe; and 3) Pacific Nuclear Transport Limfted, which
handles the transportation of spent fuel between Europe and Japan. The equip-
ment used to serve the Cogema plant at La Hague includes 90 large rail casks,
about 30 specially-designed railway cars, and five double-hull ships with
redundant equipment for safety {(French Nuclear News 1989).

Transport is made preferably by rail from power plants in continental
Eurcpe and by ship from Japanese plants. Road transport, using heavy-haul
trucks, are generally limited to short distances between a nuciear site and a
rail siding equipped for truck to rail car transfer. About 340 spent fuel
cask shipments are made every year in France (French Nuclear News 1989).

Prior to 1987, 14,800 MT of uranium in spent fuel had been transported from
power plants around the world to the La Hague and Marcoule reprocessing piants
in 4100 different cask movements (OECD/NEA 1588}.

4.4 GEOLOGIC WASTE REPOSITORY

A candidate site for the In-situ Site Validation Laberatory (ISVL) is
pianned to be nominated by the end of 1990. The intention is to investigate
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this site for its suitability to become an actual geologic waste repository.
The goal of the ISVL is to validate the site selection by demonstrating the
technical feasibility and the economics of the repository. Construction will
take about two years, and performing the tests will take between two and three
years. Site evaluation should be complete before the end of 1995.

A preliminary safety impact report will be prepared at the end of the
site validation period to show that the future repository’s environmental
impacts are acceptable. Once the repository site is selected and qualified, a
pilot repository will be built for tests with HLW canisters, in parallel with
construction of a TRU waste disposal facility (a separate part of the same
repository site). The startup of the disposal facility for TRU waste is
scheduled for the early 2000s, and the startup of the HLW glass disposal
facility is scheduled for about 2010 {OECD/NEA 1988).

4.4.1 Safety Reguirements and Approach

The Central Service for the Safety of Nuclear Installations (SCSIN) is
responsible for the deveiopment of technical and safety criteria for the waste
repository (for both siting and disposal), based on recommendations from the
CEA, IPSN, ANDRA, and special committees (IEAL 1987). The general objective
is that the repository provide enough protection that no further human action
is required after ¢losure. No radiation protection Timits have been set for
the boundary of the HLW repository. No performance requirements exist yet for
the repository; but multiple barriers are reguired, and each barrier should
contribute significantly to the safety of the repository. A 1000-year. package
is desired {Schneider et al. 1989).

In France, the geologic setting should have short- and long-term stabil-
ity, including stability from effects of the man-made changes. Existing or
potential future resources should be absent to minimize the potential for
human intrusion. The safely of the repository must be demonstrated by model-
ing for at least 10,000 years (Schneider et al. 1989).
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4.4.2 Siting

Sites will be evaluated in four types of geologic formations: granite,
salt, clay, and schist. A candidate site for the repository will be selected,
and an ISVL will then be built for detailed site characterization. The
intention is to investigate this site for its suitability to become an actual
repository for long-lived radioactive wastes {OECD/NEA 1988).

The site selection process has involved choosing eight sites (two of each
geologic formation type) based on a gecleogical survey and a ]iterature search.
A national inventory of possible sites was compiled, based on criteria which
included long-term stability, favorable hydrogeoiogy with very low permeabil-
ity, and good geochemical properties (such as nuclide retention). The
national inventory was completed at the end of 1983. The number of sites was
reduced from eight to four (one of each formation type) in 1987. Most inves-
tigations have centered on a granite formation. Field investigations of the
sites will include geophysical measurements from the surface and several deep
core drillings. The proposal of one site for the ISVL is scheduled for the
end of 1990 {Schneider et al. 1988; OECD/NEA 1988).

The geological disposal site investigation is the responsibility of
ANDRA, financed by the waste producers according to their future delivery
forecasts. The site investigation program is estimated to cost a total of
1 biltion French francs (FF), and construction and operation of the ISVL is
expected to cost 1.5 billion FF ($237 million U.S. doilars} {OECD/NEA 1988).

4.4.3 Design Concept(s)

The repository design capacity is 240,000 cubic meters of alpha wastes
and 15,000 cubic meters of vitrified HLW (125,000 MT equivalent of spent fuel)}
{Schneider et al. 1988). ANDRA has not yet decided on a disposal facility
layout. Various concepts are presently being examined for the reception,
handling, and emplacement of the waste packages and for the design of drifts
or silos (CECD/NEA 1988). The minimum depth of the disposal horizon is 150 to
200 meters, and the maximum depth is about 1000 meters (Schneider et al.
1989} .

PNL-7293 4.11 France



Three Séénarios under consideration for HLW disposal in granite at a
depth of 500 to 1000 meters are 1) disposal in a spread-out repository follow-
ing surface interim storage for 30 years, which appears to be the reference
case; 2) disposal in a compact repository following a one- to two-century
period of engineered surface storage, cooled by natural air convection; and
3) early disposal in a compact repository with in situ cooling provided for
one to two centuries (Schneider et ai. 1988).

Two families of disposal concepts are under study. One concept is dis-
posal in boreholes in the floors of emplacement drifts with or without interim
natural conrvection air cooling. {Such air ccoling is being considered for
interim storage to allow for a smaller repository for older waste.) The holes
with interim cooling would be Targe caissons with about 18 stacked canisters
in each; the holes without interim cooling would have one canister in a hole.
Another concept under consideration is direct disposal in drifts with or
without interim natural convecticon air ccoling (Schneider et al. 1989).

Concepts under study for waste package handling are 1) assembling the
waste canister and buffer/packing material in a metal basket and Towering the
assembly into the disposal hole, and 2) pre-emplacing a clay-type packing into
the disposal hote, followed by emplacement of the waste canister (Schneider et
al. 1989).

4.4.4 Retrievability and Monitoring {Schneider 1988, 1989)

Retrievability requirements have not yet been determined in France. A
test and evaluatien facility is to be built and used for demonstration of the
retrievable emplacement of HLW and TRU wastes.

It is pianned that monitoring of the repository site will not be required
for longer than about 300 years. The general objective is that the repository
should provide enough protection that no further human action is required
after closure. Maintenance of administrative control over the repository area
is desirable for several centuries.

France 4.12 PNL-7293

vy



4.4.5 Waste Package System

The reference wastes for disposal in the geologic repository are HLW
borosilicate glass, cooled several decades after discharge, and immobilized
TRU wastes. These wastes would be stored in separate parts of the repository.
The waste package concept is a cylindrical stainless steel canister containing
about 400 kg of monolithic HLW borosilicate glass. The glass from La Hague is
to contain about 12% fission products and actinide oxides. High-level waste
from about 1.25 MTU is in one canister. The canister volume is 170 Titers,
and the canister will be filled 88% full of glass (150 Titers}. The vitrified
HLW quality is based on control of vitrification process parameters (Schneider
et al. 1988, 1989).

A 1000-year package is desired, which may be achieved with an overpack or
a new canister material. The wall thickness of the canister is 5 mm, and
there is no corrosion allowance. The canister is made of special stainless
steel designated as 7 15 CN 24-13. Overpacks of metals and ceramics are being
considered (Schneider et al. 1988, 1989).

Use of packing or buffer materials remains to be determined, but clays
are being investigated actively. Requirements are not yet specified, but
studies are aimed at providing heat transfer and a seal between the canister
and the excavation in the host rock. The seal would prevent water from con-
tacting the container and retard migration of radionuclides from the con-
tainer. In addition, the buffer would help keep the container in place.
Pressing of the buffer into cylindrical blocks that would surround the waste
canister is under study. Filling of the final gap between the container and
the buffer with a grout is being considered (Schneider et al. 1989).

4.4.6 Research and Development

A sizable R&D program has been conducted {in situ and in laboratories) to
improve understanding of basic hydrological and geochemical mechanisms and to
develop instrumentation and methodology for the demonstration of Tong-term
safety (OECD/NEA 1988). Field studies have been conducted at a granite for-
mation near Auriat, with boreholes sunk to depths of 500 and 1000 meters. An
underground research Taboratory in granite, in a gallery of a uranium mine
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near Limoges, has been used to conduct permeability studies, tracer migration
tests, and other hydraulic studies in fractured granite (Schneider et al.
1988) .

The ISVL studies will include in-depth exploration of the whole volume of
rock involved in the repository construction. In situ experiments will be
conducted to confirm thermal and mechanical behavior of the host rock and to
evaluate and model the isolaticon capability of the whole system of barriers,
including backfilling material and the different layers of the geosphere
(OECD/NEA 1988).

Research and development being conducted on the waste package includes
studies of HLW glass properties and reactions with materials in the repository
environment; improved canister, overpack, and barrier materials; and the
potential for sealing fractures with silica {Schneider et al. 1988).

4.4.7 Approach to Proving the Safety of the Repository

The ISVL will be used by the French to conduct an intensive program of
site-specific experimental and performance assessment modeling work for three
years. A safety assessment for a repository at the ISVL location will be the

result of this work.

The total system performance model under continuing refinement in the
French program.is the deterministic MELODIE code. MELODIE is used for best
estimate cajculations, for evaluating scenario effects, and for determining
sensitivities and uncertainties. Its component codes are CONDIMENT, a source-
term code based on the advection-dispersion equation with diffusion and repre-
cipitation capabilities; METIS, a two-dimensional finite-element code assuming
an equivalent porous medium and accounting for numerous processes important to
migration; and ABRICOT, which calculates pathways and doses. Other codes are
also under development. The French program is diverse in terms of media being
investigated and the participating organizations conducting numerous labora-
tory, field, and analogue studies. The performance assessment function is
recognized as an integral part of all of these activities.
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French performance assessment modeling is being coordinated to aliow
French workers in a number of Tocations to use the same software and data.
The system being developed would allow the model developers and data collec-
tors to inject new information into the model and data bases in a structured
yet flexible way. '

The French program contributed performance assessments to the CEC’s PAGIS
exercise for a repository in bedded salt and two for a repository in granite.
The analysis based on a repository in bedded salt focused on the role of over-
burden properties. The expected case had no releases. Doses on the order of
0.1 mrem/yr were calculated after 300,000 years assuming a water intrusion
scenario.

The reference analysis for a repository in granite was based on the
Auriat site, for which there is significant in situ data. Sensitivity studies
showed bentonite backfill to be less important in the long term than the first
few meters of host rock. Vertical fractures were shown to be most important
when connected to horizontal fractures intersecting the entire repository.
Dose resuits were sensitive to the amount of dilution provided by surficial
aquifers and surface waters. Doses for the expected case at Auriat were
0.02 mrem/yr after 250,000 years, peaking at 0.6 mrem/yr after three miliion
years. A human intrusien case wherein a cavity is mined close to the waste
emplacement area resulted in a calculated dose to the miners of 1.6 mrem/yr
and in regional individual doses of 10 mrem/yr for worst-case data
assumptions.

The variant granite case was based on data for the Barfleur site, a
coastal location with a nearby low-flow stream and other rivers somewhat
further away entering the ocean. Doses were most significant from the low-
flow stream and insignificant from the rivers or the ocean. Doses were
computed at 300,000 years, with a maximum of 0.1 mrem/yr at three million
years.

4.4.8 Peer Review Activities

As mentioned earlier, the French Working Group on Spent Fuel Management,
an advisory group composed of independent senior scientists, periodically
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reviews aspects of the French radioactive waste management activities. No
information was found concerning foreign peer review activities of the French
radioactive waste management system.
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5.0 FEDERAL REPUBLIC OF GERMANY

5.1 LEGISLATIVE/INSTITUTIONAL BASES

The Federal Republic of Germany (FRG) has an active nuclear power program
moving in the direction of complete independence in the nuclear fuel cycle,
though recent events stemming from economic and pelitical pressures have
slowed progress considerably. About 35% of the FRG electricity demand is
supplied by nuclear power stations, primarily PWRs. Reprocessing of spent
fuel with recycling of plutonium in nuclear power plants is an integral part
of the official FRG nuclear policy. The original plan to conduct the repro-
cessing in the FRG was modified recently after the FRG utilities, for economic
reasons, elected to have the reprocessing done in French and United Kingdom
{U.K.) reprocessing facilities. Plans for development of advanced reactors in
the FRG have been slowed, also, with the recent decision to shut down the
high-temperature reactor, THTR-300, and the FRG utilities’ withdrawal of sup-
port for the SNR-300 fast breeder reactor at Kalkar. All radiocactive wastes,
including spent fuel, are being collected and stored at central storage faci-
lTities pending reprocessing of the spent fuel and eventual disposal of the
radioactive wastes in deep geologic repositories. Two deep geologic reposi-
tories are under development, one for LLW and ILW and one for spent fuel and
HLW. Another recent policy change has been the establishment of the new FRG
Ministry of the Environment, Protection of Nature, and Reactor Safety {BMU)
with responsibility for nuclear safety and radiation protection. This change
is resulting in realignments of responsibilities among the numerous organiza-
tions involved in radioactive waste management in the FRG.

5.1.1 Nuclear Power Policy

The 2} commercial power reactors, primarily LWRs, in the FRG supply about
35% of the nation’s electric power. Key directions in the FRG’s nucliear plans
inctude an increase in electricity production by nuclear power, use of repro-
cessing of spent fuel with recycling of the recovered pilutonium for power pro-
duction, interim storage of radioactive waste pending disposai, and use of
deep geologic repositories for disposal of all radioactive wastes (Schneider
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et ai. 1988). Growth of nuclear power generation has been slowed, however,
with no plans for new stations, abandonment of the 300 MW THTR, and a decision
by FRG utilities to discontinuye support for the fast breeder project at Kalkar
{Leigh 1989}.

The FRG’s nuclear plans include interim storage for spent fuel at reactor
(AR} and for spent fuel and HLW storage at away-from-reactor (AFR) sites.
Though delayed by public opposition, central storage sites are under con-
struction or operating at Ahaus, Gorleben, and Wackersdorf. The recent
redirection from reprocessing within the FRG to sending FRG fuel to France and
the U.K. for reprocessing has simultaneously increased German interest in
direct disposal of spent fuel. An indicator of that interest is the recent
announcement of funding for the PKA spent fuel conditioning facility at
Gorleben (Nuclear Fuel 1988; Nuclear News 1989b).

Disposal of all the FRG's radioactive waste will be in deep geologic
repositories. Vitrified HLW and spent fuel not to be reprocessed will be
emplaced in a salt repository at Gorleben, near the border with the German
Democratic Republic. Startup of that repository is expected around 2008
{Schneider et al. 1988).

5.1.2 Major Legislation

The major legislation covering spent fuel and HLW management is contained
in the federal constitution and in the Atomic Energy Act of 1959 and their
subsequent amendments. The federal constitution defines the roles of the
federal government (Bund) and the individual states (Lander). It generally
declares that the federal authority takes precedence over state authority and
that the states may legislate in the nuclear field oniy as far as the federal
authority has not acted. The Atomic Energy Act of 1959 empowers the federal
government to issue ordinances concerning licensing of nuclear materijals and
operations. These ordinances are largely implemented by the individual states
as agents of the federal government (Schneider et al. 1988).

An important provision of the Atomic Energy Act of 1959 gives priority to
recovery of fissile materials from spent fuel over disposal of spent fuel;
direct disposal of spent fuel is permissible only fer fuel for which
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reprocessing is neither technically feasible nor economically justifiable
{Schneider et al. 1988). Also, the utilities are required to demonstrate
provisions for spent fuel management in order io obtain a license to operate a
reactor. Before the first partial operating license is granted, the utility
must demonstrate that the safe location of spent fuel is assured for six years
after plant commissioning. The original program for clesing the fuel cycle
was issued in 1974 (IEAL 1987). A resolution passed in September 1979 by the
heads of the state and federal governments confirms the integral waste manage-
ment concept; it is based in general on onsite and offsite interim storage,
followed by reprocessing of spent fuel, recovery of radicactive materials for
reuse, and conditioning of the radioactive waste for disposal (Peehs 1988}.

5.1.3 Linkage Between Nuclear Power and Waste Management

A stipulation-type law Tinks licensing of nuclear power plants to an
adequate demonstration of spent fuel management, e.q., reprocessing and
interim storage. Safe location of spent fuel for six years after plant com-
missioning must be assured before the first partial cperating license is
granted (IEAL 1987).

5.1.4 Policy on Spent Fuel and Waste Management

The current spent fuel and waste management policy is based on the Atomic
Energy Act of 1959 and a waste management resolution passed in September 1979.
The policy emphasizes reprocessing but permits direct disposal of spent fuel
for which reprocessing is not technically or economically justifiable. The
integral waste management concept is based on onsite and offsite interim
storage, followed by reprocessing of spent fuel, recovery of radioactive
materiais for reuse, and conditioning of the radicactive waste for disposal.

There are several key elements in the policy. An increase in spent fuel
burnup is sought to improve economics, to conserve resources, and to minimize
waste volumes. Spent fuel is to be stored in reactor poels for 5 to 10 years
in compact racks. AFR dry storage facilities (using metal casks) are to be
provided for spent fuel, when needed, until reprocessing or disposal is accom-
plished. Spent fuel is to be reprocessed 7 to 10 years after reactor dis-
charge; recovered plutonium and uranium are to be recycled to light-water and
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breeder reactors. Plans to build a reprocessing piant at Wackersdorf were
cancelled in 1989. Instead, reprocessing contracts have been or are being
negotiated with French and British sources. HIW is to be vitrified and then
stored (typically at least 10 years) until the repository is available, in
about the year 2008. Deep geologic disposal of ali radioactive wastes is to
be practiced. Reprocessing wastes are to be placed in sait domes, which can
accommodate all types of waste. Non-heat-producing {LLW/ILW and decommis-
sioning) wastes are expected to be emplaced in the Konrad iron mine facility
and in the Gorleben repository. Tritium-containing water is to be pressure
injected into deep geologic strata or resolidified in cement-bentonite for
disposal in the Konrad facility. Development of technology is to continue for
direct disposal of spent fuel as an alternative and for disposal of certain
spent fuels {20% of all spent fuel)} that are not planned to be reprocessed
(Schneider et al. 1988; Nuclear News 1989b).

5.1.5 Organization/Responsibilities for Waste Management

There is no single central authority in the FRG in which all executive
responsibilities retated to nuclear energy are vested. The constitution of
the FRG contains detaiied provisions on the legislative and administrative
authorities of the federal government and the states (Schneider et ai. 1988).

The responsibilities for spent fuel management and waste disposal are
divided among the federal government, the states, and the utilities. The
federal government is to coordinate the FRG nuclear program, sponsor R&D,
build and operate radioactive waste disposal facilitjes, and set licensing
rules. The states are to license nuclear instaliations, while the utilities
are to provide for spent fuel and reactor waste storage, reprocessing, and
waste treatment, as well as to pay for waste disposal. The FRG waste disposal
system is financed under the concept that the waste producer pays the costs
{IEAL 1987).

There are several key organizations in the FRG for management of radio-
active wastes. The BMFT (Federal Ministry for Research and Technology} is the
cognizant federal ministry for R&D on radioactive waste management. The BMU

(Federal Ministry for Environmental Protection and Reactor Safety} is
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responsibte for storage, transportation, and disposal of radioactive wastes.
It is also responsible for nuclear safety and radiation protection and for
supervision of state 1icensing procedures (ERCE 1989; Leigh 1989; Schneider
et al. 1988).

In 1989, an Office for Radiation Protection (BfS) was established under
the BMU with responsibility for licensing transport and storage of waste, for
constructing and operating waste repositories, and for conducting nationwide
radiological monitoring. It has assumed the radicactive waste-management
fdﬁctions formerly assigned to the PTB (Federal Science/Engineering Institute}
under the Ministry for Economics (BMWI) {(ERCE 1989; Nuclear News 1989a).

The RSK (Federal Reactor Safety Commission) and the SSK (Radiation
Protection Commission} issue licensing requirements on behalf of the BMU
{Schneider et al. 1988).

The German Fuei Reprocessing Company (DWK), established and funded by the
nuclear power utilities, was previously responsible for spent fuel management,
including reprocessing, and for radioactive waste storage and treatment. (Due
to the recent demise of reprocessing in the FRG, DWK’s responsibilities are
being transferred to others.) Its responsibilities formerly inciuded the
spent fuel AFR storage facilities at Gorleben and Ahaus, HLW vitrification
R&D, and operation of the German reprocessing pilot plant at Karlsruhe {to be
decommissioned) (Schneider et al. 1988).

The Company for Construction and Operation of Waste Disposal Facilities
(DBE) is a consortium of mining companies reporting to the BfS and is res-
ponsible for repository construction and operation. The Company for Radiation
and Environmental Research/Institute for Underground Storage (GSF/I1fT), under
the BMFT, is to manage the waste disposal R&D program and operate the Asse
mine facility {Schneider et al. 1988).

While the utilities remain legally responsible for waste management, the
current federal Environment Minister has imposed a plan for reorganizing the
FRG industrial participation in the back-end of the fuel cycle. Specifically,
competition for back-end services has been eliminated. A new subsidiary of
the federal railway, Nuclear Cargo and Service, is now a monopoly transporter
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of spent fuel and radicactive wastes in the FRG. The firm GNS (Company for
Nuclear Service) now holds a monopoly on waste treatment. The DWKs’ share of
the spent fuel AFR facilities at Gorieben and Ahaus will be taken over by GNS
(ERCE 1989).

5.1.6 Repository Licensing Process, Requlation Status, Major Requlations,
Safety Bases (ERCE 198%; IEAL 1987)

The initial license application for a HLW repository is not necessarily
site specific. The applicant, either DWK (pre-repository, including interim
storage and reprocessing) or BfS (repository}, proposes sites for the waste
facility within a particular region. They submit an application and a tech-
nical evaluation to the Tocal town or district council, which then agrees or
disagrees with the location of such a faciltity within its boundaries. This
local approval, a requirement for the general Tegal procedure, is also useful
in determining the types of acceptance problems the appliicant may encounter
later on. The local authority must have a valid reason for rejecting a proj-
ect, so the applicant has an early opportunity to alter the plans accordingly
or to abandon the project if the opposition appears insurmountabie. If there
is agreement at the local level, the site is selected by the applicant, the
licensing application documents are completed, and the formal authorization
procedure begins.

The site-specific application is initially submitted to the responsible
state authority, the "Supreme Land Authority," as designated by each respec-
tive state. This authority immediately forwards a copy of the application to
the federal Minister of Environment so that federal review proceedings occur
simultaneously. A copy of opinions from all involved local entities, such as
planning authorities, building authorities, nature conservancy authorities,
etc., is also sent to the federal Minister of Environment. The federal review
is primarily a technical/safety review, while the state review is much
broader, covering the more specific aspects of the lTocality and their rela-
tionship to the proposed facility.

On the state level, the review process begins when the state licensing
authority commissions independent experts to evaluate the acceptability of the
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licensing documents., These experts are generally appointed from one of the
eleven regional Technical Inspectorates and/or from the Company for Reactor
Safety, which are both private consulting associations under government super-
vision. They are officially recognized as competent authorities for super-
vising technical safety matters on behalf of the states.

If the documents satisfy the expert panel, i.e., they do not require
modification or additional information, the state authority informs the public
with respect to the project applied for, provides for public inspection of the
licensing documents, convenes a public hearing, and then incorporates any
objections or observations raised at the hearing into the licensing documents.
On the basis of the information available, particularly that obtained from the
public hearing, the experts make a recommendation on the proposed project.
This recommendation is also attached to the licensing documents.

A similar review is conducted simultaneously at the federal level. The
license application is reviewed primarily by the Reactor Safety Commission
{RSK) and the Radiation Protection Commission {SSK} on behalf of the Minister
of Environment. The Minister of Environment may also request the advice of
other federal authorities. After having examined these opinions, and the
state licensing authority’s files, if desired, the Minister of Environment may
issue a directive to the state ticensing authority to license the facility.
This directive is legally binding in terms of the final decision; however,
such a directive overriding a state government decision has so far been
avoided.

In practice, the final decision is made by the state licensing authority,
based on the conciusions drawn from all proceedings. All citizens or groups
directly affected by that decision may challenge it in the local administra-
tive court. Thus, both the applicants and the objectors may appeal unfavera-
ble decisions to a local court which, in this event, inherits decision-making
authority. Furthermore, local court decisions can be challenged in the State
Appeals Court and finally with the Federal Administration Court.
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Although involving both federal and state authorities, the formal Jicen-
sing procedure for an interim spent fuel or HLW storage facility (AFR) is
simpier than the above procedure, because the spent fueil is not altered in any
way at the temporary location. In this case, DWK applies to the local
authorities of the state for a construction permit. At the same time, DWK
also applies to the state for an operating license. The legislation estab-
Vishing the BfS also requires a public hearing during the spent fuel storage
licensing process. Public hearings are also required for significant design
changes in a facility. Pending the advice of the state authority, the com-
munity associations, and the BfS, the state Prime Minister issues or does not
issue the license. This final decision may also be challenged in the local
administrative court by any or all parties affected by the decision, with the
possibility of appeal.

In the FRG, partial licenses {first, second, and third stages) are
granted for construction of a nuclear installation. At each stage, the compe-
tent authorities also examine the facility’s overall capabilities and vulnera-
bilities, e.g., its siting, financial considerations, public acceptance, and
whether it is in the natijonal and regional interest. Depending on the con-
struction or operating phase, the repositories must be licensed by mining and
nuclear authorities. For example, Gorleben excavation is being conducted
under the Mining Law, but if there is a decision to use Gorleben as a reposi-
tory, it will have to be licensed under the Atomic Energy Law. However, the
Federal Administrative Court ruled in 1988 that construction of all parts of a
nuclear facility have to be licensed in the course of nuclear licensing pro-
cedures and cannot be built under construction permits issued by the local
authorities.

5.1.7 Roles of the Public, Local Organizations., Multinatjonal QOrganizations

Public involvement is facilitated by conducting an extensive pubiic
information campaign, with visitors’ centers maintained at major waste manage-
ment sites, and by holding public hearings on license applications. Local
council and state authorities have veto rights, which can be overridden by the
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national Minister of the Environment. Strong public dissent has been a factor
in several delays and changes in depioyment of FRG waste management
technology.

The FRG is an active member in the IAEA, the OECD/NEA, and the CEC, and
participates in their waste management activities (Schneider et al. 1988).

5.2 OVERALL WASTE MANAGEMENT SYSTEM

The FRG spent fuel and HLW waste management concept involves five major
elements. These are 1) interim storage of spent fuel at nuclear power plants
and in offsite interim storage facilities, 2) reprocessing of spent fuel and
reuse of the nuclear fuel thus recovered in nuclear power plants, 3) develop-
ment of direct disposal for spent fuel for which reprocessing is not tech-
nically feasible nor economically viable, 4) conditioning and intermediate
storage of HLW in interim storage facilities, and 5) disposal of spent fuel
and HLW in a deep geologic repository (Peehs 1988).

5.2.1 Reprocessing

The FRG poiicy is to close the nuclear fuel cycle by reprocessing. The
proposed recycling strategy uses MOX fuel assemblies for recycling plutonium,
preferably with reprocessed uranium as the carrier material. The remainder of
the reprocessed uranium is pltanned to be enriched separately and used for
enriched uranium fuel assemblies. In 1980, the German utilities decided to
cooperate so that all plutonium that cannot be used immediately in fast
breeder reactors is pooled and used for thermal recyciing. The targe-scale
technical and economic feasibility of plutonium use has therefore been demon-
strated primarily for PWRs. The program is scheduled to be extended to
include BWRs, as well.

There are several principal aspects of the German approach to reproces-
sing. The FRG had initially contracted with France and the U.K. for reproces-
.sing until they had developed domestic capability (Malting et al. 1985). The
Karlsruhe experimental reprocessing plant (WAK) has been in operation since
1971 at the nuclear research center in Karlsruhe {(Peehs 1988). Along with the
extensive R&D on reprocessing, the WA-350 commercial reprocessing plant at
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Wackersdorf was designed and partially completed. The design rate was

350 MT/yr or 2 MT/d. Construction was initiated in 1986 but was abandoned in
1989 because of a cost advantage offered by an agreement with France for a
joint reprocessing venture (Nuclear News 1989a}. The FRG is also presently

negotiating for reprocessing services with the U.K. {British Nuclear Fuels)

(Nuclear News 1989b). Concurrently, the incentives for reprocessing of FRG
fuel are being reviewed.

5.2.2 Interim Storage Before and After Reprocessing (Schneider et al. 1988)

Wet storage of spent LWR fuel is provided at reactors. Most reactors
have storage capacity of 3 to 10 years, but some with less capacity use dry
storage at reactors in dual-purpose metal casks. Dry storage of spent LWR and
other fuel types in dual-purpose nodular cast iron casks at AFRs at Gorleben
or Ahaus is planned but not presently implemented due to iitigation.

The transfer of spent fuel to foreign reprocessing facilities will nor-
mally occur within about one to five years from discharge. Interim storage of
acidic high-level liquid waste (HLLW) to be vitrified is conducted in metal
tanks at the WAK reprocessing piiot plant at Karlsruhe. Dry storage of vitri-
fied HLW in metal casks at AFRs is planned but has not yet been implemented.

5.2.3 Geoloqic Repository {Peehs 1988; Schneider et al. 1989)

The candidate HLW repository site is located at Gorleben in the state of
Lower Saxony. The disposal concept involves waste emplacement in a salt dome
at a depth of about 800 meters. Above-ground exploration of the salt deposit
has been carried out, and below-ground expioration was started in 1986 with
the sinking of shaft Mo. 1. If the Gorleben site is ruled acceptable for a
repository, the facility is expected to be operational in about 2008. The
current concept for the repository estimates a final inventory of 300 x 10°
curies of beta/gamma and 3 x 109 curies of alpha radioactivity. Canisters
containing HLW will be stacked vertically in bore holes; spent fuel in Pollux
casks will be emplaced horizontally in drifts.

Other FRG geologic repositories include the Konrad iron mine, planned to
be used for LLW/ILW disposal; and the Asse salt mine, to be used for a
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demonstration of disposal and storage of a wide range of LLW/ILW and other R&D
activities, including HLW demonstrations.

5.2.4 Other System Considerations

The FRG participated in a Nuclear Energy Agency study of an international
repository concept but has taken no formal position on a multinational reposi-
tory. The FRG also participated in an NEA assessment of seabed disposal, but
again, the FRG has not established a formal position. There are no current
FRG activities in the areas of waste transmutation and partitioning. The FRG
disposal plans for LLW and ILW include some combination of underground reposi-
tory facilities at Asse, Konrad, and Gorleben.

5.3 WASTE _STORAGE AND TRANSPORTATION

FRG spent fuel management plans begin with wet storage in reactor pools.
A wet storage AFR also operates at the WAK reprocessing pilot plant at
Karlsruhe. In addition, the FRG has taken a leadership role in developing,
demenstrating, and Ticensing dual-purpose nodular cast iron or forged steel
shipping and storage casks. The dry storage and shipping concept has been
demonstrated at reactor sites, as well as by loading LWR fuel (including
assemblies with faiied rods) into casks, followed by shipment to and storage
at R&D sites. The plan to implement dry storage in metal casks at AFRs is on
hold pending outcome of litigation.

5.3.1 Spent Fuel Storage

Spent fuel in the FRG is predominantly from PWRs and BWRs, with a small
amount from special reactor types, i.e., thorium high-temperature reactor
{THTR); gas-cooled, graphite-moderated reactor (GCR)Y; liguid metal fast
breeder reactor (LMFBR}; and mixed (plutonium-uranium} oxide 1ight water
reactor (MOX-LWR). The German spent fuel arisings by the year 2000 are
estimated to be 11,000 MT (Schneider et al. 1988). Approximately 20% of the
spent fuel is expected to be the special types identified above.
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Onsite storage in pools is used at nuclear power plants for the interim
storage of spent fuel generated in those plants. Interim dry storage is plan-
ned at several central facilities, using dual-purpose shipping and storage
casks.

The total interim storage capacity is composed of both onsite and offsite
storage. Onsite storage capacity at nuclear power plants is approximately
5610 MT; of this, approximately 5250 MT have been licensed. License applica-
tions have been submitted for a further capacity of approximately 360 MT. A
full-core reserve is maintained at every nuciear power plant. In principle,
spent fuel trans-shipment between reactors is not allowed.

Offsite dry interim storage facilities having a capacity of 3000 MT,
including two 1500 MT facilities at Gorleben and Ahaus, are completed, but
usage is delayed by the courts. The Ahaus facility was intended principally
for storage of non-LWR fuel; however, a license for LWR fuel has been granted,
and a2 license for storage of THTR fuel is pending (late 1989). One of the
principal spent fuel sources, the THTR-300, is being shut down. The Gorleben
and Ahaus facitities are essentialiy identical, comprising Targe concrete
halls, designed for convective air cooling, and sized to accommodate 420 metal
storage casks.

German nodular cast iron casks {three designs) provide for combined
transport and storage of spent fuel and HLW. The GNS Castor cask has a maxi-
mum capacity of 4.8 MTU fuel (9 PWR or 25 BWR assemblies), a weight of 60-100
MT, and a design thermal capacity of 30 to 50 kW. It is Ticensed in the FRG
for both storage and transportation. The Transnuklear TN-1300 cask has a
maximum capacity of 12 PHR or 33 BWR assemblies, a weight of 116.5 MT, and a
design thermal capacity of 50 kW. The Pollux cask system for combined stor-
age, transport, and disposal of spent fuel is under development by DWK; the
loaded weight is 65 MT {Schneider et al. 1988).

5.3.2 High-Level Waste Storage

Liquid HLW at the Karlsruhe experimental reprocessing pilot plant is
stored in stainless steel tanks. In 1987, a new storage facility (LAVA)

Federal Republic of Germany 5.12 PNL-7293



replaced a prior installation used for 15 years. [t has two 60-cubic meter
storage tanks for concentrated wastes having up to 1100 Ci/L (Schneider et al.
1988} .

The current plans for interim storage of vitrified HLW are to encapsulate
the vitrified waste in metal canisters, followed by shipment and storage in
dual-purpose casks at the Gorleben AFR. The first HLW from French reproces-
sing of FRG fuel is expected to be returned to the FRG in about 1992.

5.3.3 Transportatijon

The FRG has combined the requirements of transport and dry storage for
irradiated fuel assemblies into its cask designs. Germany’s concept for
direct disposal of spent fuel involves a "Poliux" triple-purpose cask con-
tainer for interim storage, transport and disposal {see later section on Waste
Package System) (Schneider et al. 1988).

The two suppliers of FRG dual-purpose shipping and storage casks are GNS
and Transnuklear {TN). The GNS casks are manufactured from nodu]ar cast iron.
The TN cask material is forged steel. The cask weights are 80 to 120 MT. The
casks have a range of capacities, up to 26 PWR or 52 BWR assembiies. The
PolTux cask has a steel body, with a steel and polyethylene overpack. The
composite loaded weight is 65 MT.

Shipping and storage cask technology has been applied to spent LWR fuel
and has also been demonstrated for spent research reactor fuel, spent fast
breeder fuel and spent high-temperature gas-cooled reactor (HTGR) fuel. The
designs of casks of the Castor and TN-1300 series are based on Type B Ticen-
sing criteria as established by the IAEA. For storage purposes, additional
design features for protection against external and internal events {e.qg.,
aircraft crashes) include the two barrier cover concept with interspace pres-
sure monitoring; sufficient passive decay heat dissipation capability; the
fuel integrity concept, in which storage conditjons prevent fuel failure; and
the activity retention capability concept, which assumes 100% fuel rod failure
{Peehs 1988).
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Plans are underway for shipping up to about 100 cubic meters of liquid
HiW from the German WAK reprocessing pilot plant at Karlsruhe to the Pamela
vitrification facility in Mol, Belgium., Shipment would occur in Castor-type
casks by barge and rail, but no shipments are expected to occur before about
1992. The shipments would be funded 50% by DWK and 50% by the FRG federal
government {Schneider et al. 1988}.

5.4 GEOLOGIC WASTE REPOSITORY

The FRG disposal plans inciude three underground facilities: the Asse
salt mine for LLW and ILW disposal and for HLW R&D, the Gorleben salt dome for
characterization as the HLW repository, and the Konrad iron mine for LLW and
ItW disposal. The FRG is presently focusing on the Gorleben HLW repository;
the facility is scheduled for characterization by the mid-1990s, and if judged
to be acceptable, for commissioning as a repository by about 2008, If
Gorleben is not accepted, another site will be characterized (Schneider et al.
1988).

5.4.1 Safety Reguirements and Approach

Repository safety is based on the concept of multiple barriers: waste
form (the waste canister for HLW is not considered a barrier}, repository, and
overall geologic environment. Fach barrier should provide "appropriate" iso-
Jation. The waste form and canister should provide the necessary level of
containment during transport and handling.

The integrity of the container around the waste form canister may be
required until near-field cenvergence of salt rock has encapsulated the waste
package {from a few years for the borehole disposal concept to about 200 years
for the disposal drift concept).

The maximum allowable dose to the most exposed member of the public for
unavoidable occurvences is 30 mrem/yr; this applies to both the operational
phase and to the post-ciosure period. The maximum ailowable dese to workers
is the same as for reactor operations, or 5 rem/yr whole body dose (Schneider
et al. 1989).
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5.4.2 Siting

The German preference for salt dome geology for the HLW repository was
strongly influenced by early disposai testing in the Asse Salt Mine (1967 to
1978). In the 1970s, the Gorleben site in Lower Saxony was selected for dev-
elopment of an integrated nuclear technology center, inciuding reprocessing
and waste disposal, largely because of its proximity to a large salt dome.
The site was offered by the Lower Saxony government for the center, and site
investigation began in 1979. Opposition to the integrated site concept
resulted in scaling back the scope by eliminating the reprocessing plant, but
a dry interim storage AFR facility for spent fuel and HLW, a LLW interim
storage facility, and the leading candidate for an FRG HLW repository sur-
vived. Between 1979 and 1984, 590 boreholes were drilled for characterization
of the Gorleben site, including examination of hydrogeology, exploration of
the salt dome, and construction of shaft pilot boreholes (Grabler and Pitz
1985).

The major ongoing activity is excavation of two shafts, each 7.5 meters
in diameter, the first to a depth of 800 meters and the second to a depth of
940 meters. Drilling of the first shaft began in 1986 but stopped in 1987,
due to a fatal accident caused by disiodging of a shaft support ring at the
239-meter depth. Drilling resumed in 1989 and will continue to a depth of
about 800 meters (Hibbs 1989). Excavation of the shafts is expected to be
completed in 1992.

Site characterization is continuing. The geometry and composition of the
dome and protective clay overburden have been approximated. A major focus of
site characterization is to determine the existence and extension of the main
anhydrite formation to determine the location of the disposal area. Four'deep
boreholes (2000 meters) were drilled into flanks of the dome; 300 boreholes
were drilled to investigate groundwater, and 50 holes were drilled into the
top of the dome (Schneider et al. 1988}.

The exploratory level at 840 meters (30 meters above disposal Tevel) will
have a total of 25 kilometers of drifts and 50 to 60 kilometers of boreholes.
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Starting from shafts, an 18-square-kilometer area is to be investigated by
constructing tunnels, galteries, and other drillings.

Meanwhile, other FRG field tests are underway at the Asse Salt Mine, the
Hope Potash Salt Mine in northern Germany, and the Grimsel (Switzerland) rock
laboratory. The FRG program includes keeping abreast of nonsalt geologic
studies in other countries that have potential relevance to FRG geologies.

If site characterization (scheduled for completion by about 1997) at
Gorieben reveals that the site may be unsuitable, another site will be selec-
ted and characterized {Schneider et al. 1988).

5.4.3 Design Concept(s)

Reference wastes will consist of three principal types: 1) vitrified HLW
with about a 15% waste oxide content; 2) off-standard spent fuel elements,
including HIGR fuels, second cycle MOX fuels, LWR fuels with high burnup
(higher than licensing limit of 50,000 MWd/MT), or LWR fueis beyond fuel
reprocessing capacity; and 3} other heat-producing wastes.

In the reference design concept, the underground structure in the salt
dome will be at a depth of 870 meters; the repository is to occupy an area
5 km x 1 km in size. The repository will have two wings, one for final dis-
posal of heat-preoducing wastes and the other for nonheat-producing wastes.
HLW canisters are to be stacked vertically in boreholes {300 meters deep and
50 to 60 meters apart) in the gallery floor. Canistered fuel rods and other
heat-producing wastes will alsc be emplaced in boreholes. The cavities are to
be backfilled with salt, and each chamber will be sealed off from other
chambers with clay and concrete dams. Maximum temperatures will be 150 to
200°C at the salt/canister interface (130°C if other minerals are present).

The FRG program includes development of technology for spent fuel dis-
posal, both for cff-standard spent fuel and as an alternative to vitrified
HLW. The spent fuel disposal concept has the following features. The under-
ground structure in the salt dome will be similar to that for the reference
concept. Packaged, intact THIR spent fuel elements or consolidated LWR spent
fuel rods in transport-storage-disposal casks {"Pollux" casks) will be
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emptaced horizontally in small rooms and galleries mined out of salt.
Emplacement will be carried out in a retreating mode. The concept involves

earty filling and closing of emplacement spaces.

The Gorleben repository design concept does not specify use of a buffer
material. The backfill will be compacted salt from the shaft and drift

excavations.

h.4.4 Retrievability and Monitering

Postclosure retrievability is not considered part of a viable waste dis-
posal concept in the FRG. Retrievability ends once an emplacement gallery has
been backfilied and sealed. Long-term retrievability is believed to compro-
mise achieving safe isolation of radicactive waste from the biosphere. 1In
particular, intentional retrievability in a salt repository is believed to be
counter-productive because, due to pronounced creep and high temperatures,
canisters in boreholes will be completely encapsulated by surrounding salt
within a matter of months {(IEAL 1987). '

Buring the operation of a repository, monitoring will be required to
assess the exposures resulting from the radicactively contaminated air and
water that are discharged to the environment. This monitoring will be
nuctide-specific both within the repository system and at the 1and surface.
For the post-ciosure pericd, specific monitoring requirements were not found.

Human intrusion is not considered to be a matter of major concern. It is
acknowledged that inadvertent human intrusion can occur due to 1oss of docu-
mentation on the repository. However, the FRG authorities conctude that human
beings who mine to depths in excess of 1000 meters in the far future can be
assumed to be capable of detecting radiation (IEAL 1987).

5.4.5 Waste Package System {Schneider et al. 1989)

The reference HLW waste package contains 150 liters of borosilicate glass
(about 500,000 curies} in a 180-1liter stainless steel canister (0.43 meters in
diameter, 1.35 meters tall, and with a 2.5 kW heat output). The HLW canister
will be the same as the French and U.K. HLW canisters. Vitrified waste cani-
sters will contain waste originating from about 1.2 MT of spent fuel. The
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French HLW canister weighs 70 kilograms, and the glass contents weigh 360 to
400 kilograms. It has a wall thickness of 5 millimeters, with no corresion
allowance. The French HLW canister is made of a special stainless steel
designated 7 15 CN 24-13. No information was found on the 1ife expectancy for
either the French or the U.K. canisters for HLW.

For direct dispusal of spent fuel. the w. t2 package will include con-
solidated spent fuel rods, intact spent fuel assemblies, or chopped spent fuel
pins: the canister/cask: and the shielding overpack for gamma and neutrons
(Schneider et al. 1989},

In the reference waste package concept for direct spent fuel disposal,
consolidated rods from eight PWR assemblies are encapsulated into a thin-
walled canister. Canisters are loaded into the perimeter of the Pollux
disposal cask, and compacted fuel hardware (also contained in a canister) is
loaded inte the center of the cask. The disposal cask is sealed by welding;
then 1t is inserted into a shielding overpack for transport. The package can
handlc spent fuel out-of-reacteor for three years with a total heat generation
rate of 20 kW.

The sealed Pollux cask and the overpack of polyethylene-1ined nodular
cast iron {not leak tight) will be an integral unit and will atso serve as the
disposal container. The Pollux cask and overpack has an expected Tife of
about 500 years in salt. It must withstand the iithostatic head of about 300
atmospheres. The design basis temperatures are 300°C maximum for emplaced
spent fuel and 150 to 200°C maximum surface temperature for the disposal pack-
age. The design surface dose rate is less than 20 mrem/h. The empty waste
package {cask and overpack) will weigh 57.8 MT, and the loaded cask will weigh
65 MT. The thick-walled cylindrical waste package will be 0.154 meters out-

side diameter by 5.46 meters long.

The reference Pollux cask will be made of 15 Mn-6.3 Ni steel (15 centi-
meters thick) with an external coating of Hastelloy C4 {8 millimeters thick}.
The overpack will be made of ductile cast iron {GGG 40) lined with polyethy-
Tene {100 miilimeters thick) for neutron shielding.
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An alternative concept for direct spent fuel disposal is disassembled
fuel pins from half of a PWR fuel assembly cut into pieces about 1 meter long
and piaced in the same canisters as vitrified HLW (0.43 meter in diameter and
1.33 meters tong). Emplacement would be in boreholes, as with HLW {Schneider
et al. 1988). The alternative concept canister would weigh about 1.18 MT when
loaded and would have a surface dose rate of about 1000 mrem/h. The alterna-
tive concept would have canister walls that are 50 millimeters thick, with a

coating of corrosion-resistant material.

Low-level waste and ILW disposed in the HLW repository will be contained
in waste packages that are cylindrical concrete or cast iron containers; sheet
metal, concrete or cast iron box-type containers; and standard 200- and 400-
liter drums in sheet metal containers. Heat-producing ILW will be emplaced in
0.9-meter diameter bereholes at a depth of 300 to 600 meters. The temperature
at a borehole is to be less than 100°C. Low-level waste containers are to be
emplaced in a sait cavern by top loading, tumble down, or remote stacking
(Schneider et al. 1988).

5.4.6 Research and Development {Schneider et al. 1988)

Waste management R&D is conducted at the Karlsruhe and Julich Nuclear
Research Centers, Hahn-Meitner Institute, Nukem, Alkem, and supporting insti-
tutions. Dry storage cask test activities have included mechanical, thermal,
and shock tests on &ésks; behavior of intact and defective spent fuel reds in
inert atmospheres; full-scale demonstrations of spent fuel storage in dry
casks; and computer modeling of cask performance. Information will be con-
tinually gathered on disposal R&D in nonsalt rocks in other countries. MWaste
package R&D (a limited emphasis will be placed on the container as a barrier)
inciudes investigations of properties of HLW borosilticate glasses, corrosion
of metallic and ceramic materials in brines, and leaching of spent fuel. Lab-
oratory and theoretical geosciences R&D studies cover mechanical and thermal
properties of rock salt, deformation of cavern and borehole walls, release of
liquids and gases from salt, radionuclide migration as a result of repository
flooding, retention of fission gases by backfill materials (for spent fuel
disposal), and development of rock mechanical computer codes. The FRG
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participates in the CEC Natural Analog Working Group and conducts relevant
studies. Performance assessment work currently underway is summarized in the

fotlowing section,

Field tests are conducted at the Asse Salt Mine (underground test pro-
gram), the Hope Potash Salt Mine (flocded mine test), the Grimse]
{Switzerland) facility (FRG test program--discontinuities, stresses, water
flow in rock mass, tiltmeter measurements, and ventilation), and at Gorleben

{underground exploration of proposed repository location).

In 19686, DWK submitted an application for 2 ticense to construct and
operate a pilot conditioning piant {PKA} al Gorleben to deveiop concitioning
techniques for direct disposal of spent fuei. The facility will have the
following capabilities. The hot cell will have equipment for rod consoli-
dation, compaction of fuel azsembly skeleton:, ard Toading of canisters intc
the Pollux cask system. The maximun throughput will be 35 MTU/yvr. It will
also have the capability for unloading of viirified WY {row transport ts
storage casks and for pavtorming naintenanc . for tvarpa-t and storage casks,
The facility will alsoc demonstrate handling and transport, and possibly the
simulation of emplacement of canisters at & repositery. Itc startup is plan-
ned for 1994 (Schneider et al. 1988). DWK expects a license in Tate 1989. but

1989b) .

5.4.7 Approach To Proving the Safety of the Repository
(Schneider et al. 1988)

The radiation protection objectives serve as de-facto performance objec-
tives for a specific repository. The site-specific safety analysis defines
the 1imiting criteria on radionuclide inventory and waste package leakage,
consistent with meeting the overall radiation protection objectives. A five-
year study {1980 to 1984) compared safety aspects for direct disposal of spenti
fuel versus reprocessing and disposal of HLW; the conclusions indicated that
both approaches can be implemented safely. A seven-year project is underway
to develop and test safety assessment methodology for the back end of the fuel

cycle.
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Early performance assessments have been carried out for each of the three
FRG disposal sites: 1) the Asse salt dome, used for R&D and LLW and IiW dis-
posal; 2) the salt dome near Gorleben, being investigated for the HLW reposi-
tory; and 3} the Konrad abandoned iron mine in sedimentary rocks, planned for
LLW and ILW disposal.

Site-specific studies addressing the salt domes have focused on iden-
tifying possible pathways for water migration in and/or out. All of these
pathways are highly unlikely because the expected case is that these salts are
and will remain dry. For Gorleben, a postulated pathway is anhydrite passage-
ways from the salt dome surface to the repository horizon, allowing relatively
rapid brine migration. For the Asse mine, another highly unlikely scenario
being investigated is the intrusion of water from overlying strata. Even for
these unlikely scenarios, the caiculated doses for the 10,000-year regulatory
period are either zero or well below the regulatory limit of 3 x 1074 Sv/yr.
The Konrad site is expected to become resaturated from surrounding rock, and
the calculated 300,000-year water travel time to the nearest discharge zone is
the major Tine of performance assessment defense for the undisturbed case.

In 1985, the Project Sicherheitsstudien Entsorgung presented & preiimi-
nary deterministic safety assessment for a salt-dome repository at Gorleben.
The salt dome regional model, the mine and its workings, were modeled. The
planned inventory was 3% by volume HLW, about 12% ILW, and the rest LLW.
Waste totals were on the order of 1000 MT.

Current performance assessmeni-related activities center on obtaining
data during the shaft sinking at Gorleben and continuing in situ experimental
work at the former salt mine at Asse. Asse experiments have produced much of
the data and conceptual approaches that will be used to model the Gorleben
site, After shafts are sunk at Gorleben and underground exploration and
development are complete in the mid-1990s, a safety assessment will be pre-
pared for the license application. The regulatory period for which safety
must be demonstrated is 10,000 years. Conceptual safety assessments for LLW
and ILW sites have recently been completed.
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To date, the FRG assessments appear to rely more on deterministic rather
than probabalistic approaches. The appreoaches can be characterized as conser-
vative and seem to be bounding. A strong approach to validation is not yet
evident but may emerge as the status of acceptance of Gorleben as a repository
site is better defined. There has been some FRG participation in the CEC
Natural Anaiog Working Group /Céme and Chapman 1989).

5.4.8 Peer Review Activities

Through bilateral working agreements and joint research projects with a
number of other countries and through international organizations, the FRG
cooperates in the development of methods and processes for safe geclogical
disposal of spent fuel and HLW. Currentiy, the FRG apprcach does not include
formal international peer veview of i1ts HLW management methods.
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6.1 LEGISLATIVE/INSTITUTIONAL BASES

The following sections discuss Japanese policy, regulations, and organi-
zations that pertain to spent fuel and high-Tevel waste (HLW} management.

6.1.1 Nuclear Power Policy (OECD/NEA 1988; Schneider et al. 1988; Leigh 1989)

Japan has a strong nuclear power program to lessen its dependence upon
foreign energy sources. About 32% of Japan’s electricity is generated by
nuclear power. The nuclear power capacity of Japan is about 26 GWe and is
anticipated to grow to 53 GWe by the year 2000. Japan currently operates
19 BWRs, 16 PWRs, one FBR, one GCR, and one HWR; 12 additional nuclear power
reactors are scheduled to be on line by 1995,

Deveiopment of a complete fuel cycle capability, including uranium
enrichment, fuel fabrication, spent fuel reprocessing, waste treatment and
storage, and waste disposal, is well underway. However, Japan is presentiy
Targely dependent upon foreign services for enrichment and reprocessing.

6.1.2 Major legislation

Nuclear activities are governed by a series of laws, each dealing with a
specific sector, such as nuclear instatlations and radioactive material, rad-
iation protection, and compensation for nuclear damage. Most of these laws
were enacted under the Atomic Energy Basic Law of 1955. This law provides the
basic legal authority for the Prime Minister of Japan and his cabinet agencies
to perform and manage the various nuclear regulatory activities (IEAL 1987).

In May 1986, the Japanese Diet approved an amendment to the Nuclear Reg-
ulations Law ("The Law for the Regulation of Nuciear Source Material, Nuclear
Fuel Material and Reactors,” enacted in June 1957). With this new amendment,
regulatory procedures for organizations involved in radioactive waste manage-
ment (including interim storage of HLW) have been set up (OECD/NEA 1988; IEAL
1987).
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6.1.3 Linkage Between Nuclear Power and Waste Management

No stipulation law exists that links reactor licensing to final disposi-
tion of HLW, but reactor owners must identify the means for reprocessing of
the spent fuel, either in Japan or abroad (Schneider et al. 1988}.

6.1.4 Policy on Spent Fuel and Waste Management

The policy in Japan is to reprocess spent fuel and recycle the recovered
plutenium and uranium., High-level waste from reprocessing will be vitrified,
stored for 30 to 50 years for cooling, and then disposed of in a domestic deel
geologic repository {OECD/NEA 1988).

6.1.5 Organization/Responsibilities for Waste Management (Schneider et al.
1988; IEAL 1987; Leigh 1989; DECD/NEA 1988)

The organization of Japanese nuciear aclivities is complicated, involving
numerous government ministries, government agencies, instituies, and indus-
trial organizations. The Japanese federal government funds nuclear R&D and i:
responsible for waste management regulation and HLW disposai. Industry han-
dies the commercial fuel c¢ycle, is responsible for TRU waste and LLW dis-

posal, and pays for HLW disposai.

The ultimate authority for regulating nuclear energy in Japan is the
Prime Minister and his Office. The Science and Technology Agency (STA) was
established as an extra-ministerial agency of the Prime Minister’s Office, to
provide technical support for the development of regulations. In addition to
its reguiatory activities, the STA is responsible for nuclear R&D activities.
The STA is organized into a Nuclear Safety Bureau (NSB} and an Atomic Energy
Bureau (AEB), which provide technical support to the Atomic Energy Commissicn
(AEC} and the Nuciear Safety Commission {NSC)}.

The AEC, the NSC and the Radiation Council report directly to the Prime
Minister. Long-term planning for the overall nuclear program is overseen by
the AEC, while safety is overseen by the NSC. The Radiation Council estab-

lishes technical standards for radiation protection.

Nuclear power reactors are licensed by the Ministry of International
Trade and Industry {MITI). Research reactors and fuel cycle facilities are
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licensed by the STA. It has not yet been decided whether the STA or MITI will

. have the responsibility to license a HLW repository.

The Ministry of Transport, together with the STA, has jurisdiction over
the regulation of transport of radioactive materiais and nuclear fuel.

Development of fuel cycle technolegy is carried out by the Power Reactor
and Nuclear Fuel Development Corporation (PNC), which is a semi-governmental
organization reporting to the AEB of the STA. The PNC organization carries
out R&D pertaining to the vitrification, storage, and disposal of reprocessing
wastes. It operates a pilot reprocessing facility and is constructing a
vitrification facility and storage facility for the vitrified wastes at Tokai.
It also does the field surveys necessary to select candidate disposal sites
and performs R&D on geological disposal technigues and performance assessment.

Safety research, including evaluation of geological disposal safety, is
performed by the Japan Atomic Energy Research Institute (JAERI), a semi-
governmental organization under the STA. The institute also performs research
on advanced waste management technologies, such as subseabed disposal and
partitioning of HLW.

Private organizations invelved in radioactive waste management are the
Japan Nuclear Fuel Industries Company, Inc. {JNFI}, estabTished in 1985 and
responsibie for shallow-Jand burial of LLW; and the Japan Nuciear Fuel Service
Company, Ltd. {JNFS), established in 1980 and responsible for treatment and
storage of HLW, LLW, and TRU waste resulting from reprocessing. These iwo
companies were established by the Japanese utility companies. The Central
Research Institute of the Electric Power Industry (CRIEPI), the research arm
of the utility industry, has performed R&D on spent fuel storage technologies,
including dry cask technology (ERCE 1989), as well as studies on waste trans-
portation and storage/disposal of HLW.

The Radiocactive Waste Management Center was originally established for
investigating sea dumping of LLW. It now performs research on LLW Tand dis-
posal and tests related to the returned reprocessing wastes of Japanese spent
fuel from European reprocessing facitities. Its owners are Japanese indusiry,
MITI, and STA.
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6.1.6 Repository Licensing Process, Requlation Status, Major Requiations,
Safety Bases (ERCE 1989; IEAL 1987; OECD/NEA 1988)

The licensing procedures for waste repository construction and operation
are prescribed in the 1986 amendment to Japan’s regulation Taw ("The Law for
the Requlation of Nuclear Source Material, Nuclear Fuel Material and Reac-
tors"), in which the regulation of waste management activites was included.
The licensing procedures are similar to the procedures for siting of nuclear
power plants, described in this section. However, initial steps relating to
siting examination, including primary public hearings, are not included in the
procedures for waste management facility licensing. It has not yet been
decided whether the STA or MITI will have the responsibility to license a HLW
repository. The advice of the NSC would be required in either case.

Potential repository sites are selected on an informal basis after con-
sultation with Tocal authorities. Generally, a resolution is passed by the
Tocal council to "invite" the utility to investigate the site, including
drilling and seismic analysis. After the site is investigated and selected,
environmental surveys and impact reports are submitted for review by MITI and
its Advisory Committee on Environmental Matters. With the consent of the
local government, MITI then holds a public hearing. This hearing is a forum
for MITI to explain the results of the environmental investigation and to
solicit public opinion. On the basis of the hearing, the Electric Power
Resources Development Coordination Council reviews the construction plans and
reports the result of its review to the Prime Minister’s Office. When
approved, an application for a construction permit is initiated.

MITI then reviews the application for a construction permit with the
assistance of its Advisory Committee on Nuciear Power Technology, emphasizing
safety aspects of the plant. MITI then requests inquiries by both the AEC and
NSC. The AEC reviews development matters, such as planned performance, econ-
omics, and other operational aspects of the plant. The NSC conducts a second
safety examination supported by its Committee on Examination of Reactor
Safety, and another public hearing is held. This hearing is similar to that
conducted previously by MITI; the purpose is to expiain the results of the
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safety studies to the public and to seolicit opinions. The findings of the AEC
and NSC are reported to the Prime Minister’s Office, which in turn directs
MITI to grant a construction permit.

An operating license is also required by law for a HLW repository. MITI
reviews the application, including the safety report, piant design, construc-
tion performance, operating plans, etc., and after final inspection of the
completed plant and precperational tests, it may grant an operating license.

The Japanese facility siting system involves a consensus approach by
local entities and the federal government. Outright vetoes by localities are
rare. Under Japanese }aw, the federal government may override a local veto on
siting. In practice, however, the Japanese prefer concurrence to the exercis-
ing of preemptive powers. Although Tand ownership is well protected, there
are provisions for eminent domain of the federal authority. This law is
rarely invoked, however, because the Japanese have a tradition of amicabie
resolution of such difficulties, which often involves financial settlements.

5.1.7 Reoles of the Public, lLocal Qrganizations, Multinational Organizations

Since January 1979, public hearings have become a part of the Ticensing
requirements for nuclear plant siting and are expected to be required for
repository siting and licensing. In the present system, public hearings are
divided into two types: a primary hearing relating to siting and a secondary
hearing relating to environmental and safety matters of the nuclear facility.
Primary hearings are held by MITI, and secondary hearings are held by the NSC.
Secondary hearings are not limited to nuclear power stations, and they may be
held on the nuclear fuel cycle facilities planned to be constructed in
Rokkasho-mura {ERCE 1989}).

Japan is a member of the IAEA and OECD/NEA and actively participates in
many of the international joint R&D projects on waste management, such as the
Stripa Project and the Alligator Rivers Analogue Project {OECD/NEA 1988).
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6.2 OVERALL WASTE MANAGEMENT SYSTEM

In Japan, management of radiocactive waste is carried out according to the
"Long-Term Program for Development and Utilization of Nuclear Energy," set up
by the AEC {most recently published in June 1987} and the policies related to
safety requlation authorized by the NSC (OECD/NEA 1988; ERCE 1989; IEAL 1987).

In general, the overall Japanese HLW management program involves the
following:

« at-reactor storage of spent fuel for a cooling period of two to
three years

« shipment offsite for reprocessing of all spent fuel
« vitrification of the HLW from reprocessing into borosilicate glass
e storage of the glass canisters for 30 to 50 years for cooling

o deep geological disposal of the vitirfied HLW (several hundred
meters from the surface} {(IEAL 1987).

6.2.1 Reprocessing

The spent fuels generated in Japanese LWRs have been reprocessed in the
PNC Tokai pilot-scale plant (0.7 MTUHM/d) and in United Kingdom and French
reprocessing plants. Foreign contracts are in place with British Nuclear
Fuels Ltd. {BNFL) in the U.K. and with Cogema in France for reprocessing of
4800 MTU of LWR spent fuel and 1100 MTU of gas-cooled reactor (GCR) spent
fuel. The HLW from foreign reprocessing will be returned to Japan as vitri-
fied waste for disposal (Schneider et al. 1988).

The first private industrial-scale Japanese reprocessing piant is planned
to be constructed at Rokkasho-mura by JNFS and will start operation in the
mid-1990s, with a capacity of 800 MT/yr. The amount of spent fuel to be gen-
erated is estimated to be at least 1100 MT/yr in the year 2000 and greater
than 2000 MT/yr in 2030. Operation of a second domestic private reprocessing
plant is planned for about 2010 (OECD/NEA 1989).
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6.2.2 Interim Storage Before and After Reprocessing

Spent fuel is stored in pools at the reactor sites for a two- to three-
year cooling period and is then stored in pools at the reprocessing plants
until it is reprocessed. Japan Nuclear Fuel Service Company Ltd. {JNFS) is
planning to construct a storage pool for spent fuel (about 3000 MTU) at the
site of the reprocessing plant at Rokkasho-mura. The radicactive wastes gen-
erated from reprocessing will be stored for about 30 to 50 years until final
disposal. High-level radicactive Tiquid waste is presently stored at the
Tokai pilot reprocessing plant, awaiting vitrification starting in about 1990
(OECD/NEA 1989; Schneider et al. 1988; Leigh 1989).

6.2.3 Geoiogic Repository

The reference concept for disposal of HLW in Japan is emptacement in a
geologic repository. The repository will be in operation after about the year
2030 (Schneider et al. 1989).

6.2.4 (ther System Considerations

The Japanese are carrying out basic research on subseabed disposal
technology for HLW (ERCE 1989). Japan also participates in the OECD/NEA
cooperative program on seabed disposal of HLW (OECD/NEA 1989).

The Japanese are actively pursuing development of partitioning and trans-
mutation for HLW. 1In 1988, Japan initiated a Tong-term R&D program on parti-
tioning of long-lived and potentially useful radionuclides from HLW and
transmutation of the Tong-lived radionuclides to short-lived radionuclides.

In October 1988, the Japanese AEC submitted a proposal to the OECD/NEA for a
cooperative program to study 1) physical and chemical properties of elements
generated in the fuel cycle, 2) advanced technologies for separation of
elements generated in the fuel cycle, and 3) nuclear physics and engineering
of transmutation {Atoms in Japan 1988}.

Disposal methods for wastes containing transuranic {TRU) elements will be
established, depending on their classification; the definition of TRU waste
has not yet been clearly defined (OECD/NEA 1988; ERCE 1989).
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6.3 WASTE STORAGE ANO TRANSPORTATION

In Japan, conditioned HLW will arise from I) vitrified HLW generated at
the PNC Tokai reprocessing facility; 2) the returned vitrified waste from
Cogema in France and BNFL in the U.K., based on reprocessing contracts; and
3) vitrified HLW to be generated at the JNFS Rokkasho-mura reprocessing
facility {ERCE 1989).

6.3.1 Spent Fuel Storage

Spent fuel is stored for cooling in pools in compact racks at the nuclear
power reactors for two to three years for cooling until it is transported to
foreign and domestic reprocessing facilities. The planned commercial reproc-
essing facility at Rokkasho-mura will provide pool storage for about 3000 MTU.
Research and development is being performed on dry storage technologies by
JAER] and CRIEPI {Schneider et al. 1988).

6.3.2 High-Level Waste Storaqe

High-level waste glass canisters are to be stored in dry, forced-air-
coaled systems for 30 to 50 years for cooling before empiacement in the
geologic repository. JNFS is planning to construct {starting in 1990) a HLW
vitrified waste storage facility at its Rokkasho-mura reprocessing piant site.
PNC wastes are to be stored in a proposed PNC Storage Engineering Center at
Horonobe-sho.

Vitrified HLW returning from foreign reprocessors {starting in about
1990} are to be stored with domestic vitrified wastes at both the JNFS and PNC
reprocessing plant sites (Schneider et al. 19B8; Leigh 1989; ERCE 1989).

6.3.3 Transportation (ERCE 1989; Schneider et al. 1988)

The Japanese legislative technical criteria pertaining to transportation
of radicactive materials are consistent with the technical criteria of the
TAEA {OECD/NEA 1988).

Spent fuel is transported to foreign reprocessing facilities in France
and the U.K. using specially designed ships operated by Pacific Nuclear
Transport Ltd. Japan is currently moving approximately 500 MTU annually to
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Europe by ship. These ships weigh about 3000 tons and will also be used for
transport of vitrified waste returning to Japan from Europe. The casks in use
are the British EXCELLOX for shipments to the U.K. and the French TN for
shipments to France.

A ship {Hinoura-maru) is also used to transport spent fuel from Japanese
nuclear power plants to the Tokai reprocessing facility, using Japanese HZ
casks. Spent fuel is also transported overland for short distances in Japan
using heavy-haul trucks. A nuclear fuel transport company was formed in mid-
1986 to provide transport associated with fuel-cycle activities at
Rokkashomura.

The piutonium being returned from French and British reprocessing plants
may be transported to Japan by air (Atoms in Japan 1984).

6.4 GEOLOGIC WASTE REPOSITORY (OECD/NEA 1988; Schneider et al. 1988;
ERCE 1989)

The geotogical disposal of HLW wiil be carried out in four stages:
1) selection of effective host geologic formations; 2) selection of candidate
disposal sites; 3) demonstration of the disposal technology at the candidate
disposal sites; and 4) construction, operation, and closure of disposal facil-
ities. Operation of the HLW repository is not planned until after 2030.

The first stage was completed in 1985, and Japan is presently performing
activities related to the second stage. To provide support for selection of
the candidate disposal site(s), activities being conducted in stage 2 include
the R&D on geological disposal technology and surveys to evaluate the suit-
ablity of the geological environment.

6.4.1 Safety Requirements and Approach

Regulations for disposal of HLW have not been established to date (QECD/
NEA 1988). Although no individual dose 1imit has been formally established
for long-term reieases from the repository, consideration is being given to a
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1imit of 0.05 mSv/yr (5 mrem/yr). The time period over which the regulatory
criteria for the overall HLW repository should be applied has not yet been
established (IEAL 1987).

Performance criteria for a HLW repository have not yet been established.
However, the performance assessment methodology is under development, with
emphasis being placed on engineered barriers {IEAL 1987).

6.4.2 Siting

The Japanese repository program completed its first stage in 1985 with a
determination that there were several suitable geologic formations in Japan
for deep geologic disposal. A second stage is now in progress, which is to
result in selection of candidate sites by 1995. This phase includes Timited
site characterization and performance modeling for candidate sites. Develop-
ment of exploratory, testing, and perfomance assessment techniques is a large
part of current second-stage activities. These activities are being carried
out in a number of mines and quarries in gabbro, granite, diabase, and tuff.
This effort has provided much experience with a variety of rock types. Sites
may be selected because they have more than one rock type contributing to
waste isolation. The third stage will complete site characterization and will
demonstrate the safety of disposal at the candidate site. The fourth stage,
starting after the year 2000, will verify and finalize the selected technical
approach. Construction, operation, and final closure of the repository will
complete this final stage.

6.4.23 Design Concept(s)

The reference HLW disposal concept uses a mined repository in crystalline
or sedimentary rock. A preliminary analysis of repository performance in
granite or sedimentary rock assumed a depth of about 1000 meters in saturated
rock. The depth of the repository should be greater than several hundred
meters. Use of bentonite or cement as backfill material is under coensidera-
tion, and boreholes and rock fractures will be sealed with grout (Schneider
et al. 1988). More detailed design concepts are presently being developed.
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6.4.4 Retrievability and Monitoring

The concept of retrievability of emplaced wastes has not been addressed
in Japan, and no regulatory requirements have been established. Monitoring
requirements for the Japanese HLW repository have not been established (IEAL
1987).

6.4.5 HWaste Package System

The conceptual waste package consists of borosilicate glass containing
25% waste oxides. The waste canister is constructed of 304L stainless steel.
About 300 kg of glass will be contained in each canister. The use of a metal-
1ic or ceramic overpack for emplacement is under consideration {Schneider
et al. 1988).

6.4.6 Research and Development (ERCE 1989)

Major centers for R&D are operated by PNC and JAERI at Tokai and Oarai.
The AEB developed a "5-Year Program for R&D on Geological Disposal of High-
Level Radicactive Waste" in November 1986. This program gave R&D topics and
their general schedule to establish basic principles on long-term reliability
of geological disposal and to identify fundamental specificaticns for the
geological disposal system, taking into account unfavorable siting conditions
in Japan, such as earthquakes, relatively small rock formations, etc.
Research and development wil}! be performed to 1) establish the multi-barrier
system appropriate for the Japanese geological environment; 2) demonstrate the
feasibility of design, construction and closure of the repository; and
3) establish site characterization technology. The Storage Engineering Center
project, planned for construction at Horonobe, will have an important role in
establishing geological disposal technology.

No underground research laboratory {URL) has yet been established, and no
major drilling investigations for site selection have been carried out.
Research will be conducted for two rock types, crystalline and sedimentary.
Therefore, a URL for each rock type is considered to be necessary. A URL is
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planned for construction in sedimentary rock at Horonobe, and a URL will be
developed at the final candidate repository site (OECD/NEA 1988; Schneider
et al. 1988).

6.4.7 Approach to Proving the Safety of the Repository

Current Japanese performance assessment efforts are focused on developing
suitable approaches and tools. Computer codes, some obtained through the NEA
data bank, are being tested, and selected codes will be modified to allow
their use in a total waste management systems code. Performance assessment
modeling compiements the Japanese experimental program. A probabalistic sys-
tem assessment code named MGRATO3/CIRCLE is being developed by JAERI (Sasahara’
1989).

Because of 1imited Tand area and a high rate of tectonic and seismic
events, the Japanese repository program is emphasizing the performance of man-
made engineered barriers in addition to natural barriers. These engineered
barriers include the borosilicate glass waste form, metallic canister, a pos-
sible overpack, and tailored clay or cement backfill/buffer material. Per-
formance assessment codes for this near-field of engineered barriers is a key
area for deveilopment in the current second stage of the Japanese repository
program.

The Japanese approach to radionuclide release modeling is currently based
on the use of batch water/crushed-host-rock interaction data for selected
radionuclides. To determine the usefulness of this laboratory data in model-
ing long term in situ radionuclide behavior, a uranium-series disequilibrium
investigation is in progress at the sedimentary rock Tono Uranium Deposit to
determine distributions between in situ host rock and groundwater. The role
of groundwater geochemical conditions on the behavior of radionucliides is also
being investigated at the Tonp site.

6.4.8 Peer Review Activities

No information was found on peer review activities for the Japanese
repesitory program,
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7.1 LEGISLATIVE/INSTITUTIONAL BASES

7.1.1 HNuciear Power Policy

Sweden’s 12 nuclear reactors provided about half of its electricity in
1988. However, despite Sweden’s economic and safety successes with nuclear
power reactors, the 1980 parliamentary decision to install no more nuclear
power and shut down all nuclear power plants by 2010 is still the nuclear
power planning basis in Sweden. A recent poll indicates eight out of ten
Swedes do not believe the phase-out will ever happen, but legislation has been
introduced to shut down one reactor in 1995 and one in 1996 (Leigh 1989; ERCE
1989; IEAL 1987).

7.1.2 Major Legislation

Sweden was one of the first countries to legisiate, in 1977, precondi-
tions regarding waste management. Permission to initially load fuel in new
reactors would be contingent on satisfying these conditions. The 1977 Stip-
ulation Law required the utilities to demonstrate to government satisfaction
either that a reprocessing contract and a plan for final disposal of HLW with
"absolute safety" or a plan for direct disposal of spent fuel, again with
"absolute safety,” was in hand.

There are five national nuclear-specific laws that delineate the legal
framework for nuclear waste management (ERCE 1989}.

o The Act on Nuclear Activities of 1984 establishes the overall frame-
work for licensing, regulatory criteria and requirements, and super-
visory responsibilities to assure the safety of nuclear activities.
The 1984 Act replaces the 1956 Atomic Energy Act and the 1977 Stip-
ulation Act. The iatter change is especially impertant, because the
Stipulation Act had set in motion the forces that ted to the elab-
oration of the Swedish waste management program.

¢« The 1981 Act on Financing of Future Expenses for Spent Nuclear Fuel
(as amended in 1984) makes the nuclear utilities responsible for
ensuring safe disposal of spent fuel and other nuclear waste from

PNL-7293 7.1 Sweden



power plants and for decommissioning those reactors, as well as for
financing such activities. This obligation extends to associated
research and development (R&D).

» The 1958 Radijation Protection Act {as amended in 1984) regulates the
handling of radioactive substances.

e The Nucltear Liability Act.
» The Emergency Planning Act.

A report prepared by the Nuclear Fuel Safety Project (KBS), KBS-1 (KBS
1977), was accepted by the parliament as satisfying the Stipulation Law for
disposal of vitrified HLW from nuclear power. The KBS-2 report (KBS 1978a)
studied the alternative of direct disposal of spent nuclear fuel. When Sweden
changed its waste management policy from reprocessing to direct disposal of
spent fuel, a second plan was required for a repository to take spent fuel
instead of HLW. The KBS-3 report satisfied this requirement, and permission
was granted for fuel loading of Sweden’s Tast two reactors. The Swedish
government has now accepted that a safe geological disposal of both vitrified
HLW and spent fuel in Sweden’s crystalline bedrock is feasibie.

Once a repository site is designated, four laws must be satisfied:
Nuclear Activities Law, Radioactive Protective Law, Environmental Protection
Law, and the Building (land use) Law. The Environmental Protection Law will
require formal public hearings. The Buiiding Law gives the local government
absotute veto rights on land use. There is currently no mechanism for par-
liament to override the local veto. However, a general change in the Build-
ing Law to provide a mechanism for overriding a land-use vetoc is currentiy
being discussed in Sweden.

7.1.3 Linkage Between Nuclear Power and Waste Management

The 1977 Stipulation lLaw, discussed above, required parliament’s approval
that the demonstration of waste management feasibility and safety was satis-
factory before subsequent nuclear power reactors could be loaded with nuclear
fuel and operated (IEAL 1987).
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7.1.4 Policy on Spent Fuel and Waste Management

The current policy is to implement direct disposal of spent fuel follow-
ing an appropriate period of interim storage. Sweden will dispose of its
spent fuel in a single deep geologic repository. No reprocessing or fuel
recycling is planned.

Costs of waste management and future decommissioning of nuclear power
plants are paid by fees collected from the nuclear utilities (Leigh 1989).

7.1.5 Organization/Responsibilities for Waste Management

Swedish national law makes the Swedish nuclear power utilities respon-
sible for planning and implementing the waste management program. The four
utility groups that own and operate the nuclear power plants formed a jointly
owned nuclear fuel company, the Swedish Nuclear Fuel Supply Company, in 1973.
The company’s responsibilities were later broadened to include waste manage-
ment and the name changed to the Swedish Nuclear Fuel and Waste Management
Company (SKB). SKB is responsible for R&D, commercial arrangements, and the
development of facilities for nuclear waste disposal on behalf of the nuclear
utilities. This delegation of respensibility to SKB was confirmed by
Parliament in 1984 (IEAL 1987).

The work of SKB in waste management is supervised by a special govern-
mental body, the National Board for Spent Nuclear Fuel (SKN)}, which was organ-
ized in July 1981. One of SKN’s special functions is to administer the waste
management program funds accruing from fees paid by the nuclear power pro-
ducers in propertion to the electric power they produce. This function is
authorized by the Act on the Financing of Future Expenses for Spent Nuclear
Fuel. This act requires the Ticensee {SKB) to defray the costs for the
following:

» handling and final disposing of spent fuel, as well as the radio-
active waste derived from it

» reactor decommissioning and dismantling

¢ RE&D necessary to achieve these activities,
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Since ]986, three agencies involved in regulating nuclear activities
report to the Ministry for Environment and Energy {Leigh 1989}:
« the SKI (Swedish Nuclear Power Inspectorate), which is responsibie
for licensing of construction and operation of nuclear facilities,

for possession of spent nuclear fuel and radioactive waste, and for
waste storage and disposal facilities

o the SSI (Swedish National Institute of Radiation Protection), which
is responsible for enforcing radiation protection reguiations

e the SKN {National Board for Spent Nuclear Fuel) (described
previously).

An Advisory Committee on Nuclear Waste, with personnel from all three of
these agencies and from universities, also reviews Swedish waste management
efforts to ensure coordination and completeness.

The National Swedish Franchise Board for Environmental Protection issues
permits for nuclear facility siting and construction {IEAL 1987).

7.1.6 Repository Licensing Process, Requlation Status, Major Requlations,

Safety Bases

The formal iicensing procedure requires the applicant, SKB, to obtain a
series of permits according to several Taws, not all of which are nuclear
specific. First, a site permit must be obtained from the municipal adminis-
tration under the Building Act and the Law on the Conservation of Natural
Resources (applies to all commercial structures). The municipal council is in
a position to veto the entire project, and the Taw currently provides for no
national government override of this veto for a nuclear repository.

Second, SKB must apply to the SKI for a permit under the Nuclear Acti-
vities Act. The SKI evaluates the safety of the design of the proposed facil-
ity, ensuring adherence to the standards promulgated by such authorities as
the National Institute of Radiation Protection. Both SKI and SSI must reach a
favorabie determination before a license is issued by the Ministry of Environ-
ment and fnergy.

Third, SKB must also apply for 2 permit from the National Franchise Board
for Environmental Protection. In the end, all nuclear permits are reviewed by
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the SKI and, if approved, are forwarded with its evaluation to the central
government, which then issues the final decision. If approved, a detailed
timetable for commencement of construction and a manpower forecast is sub-
mitted to the Country Employment Board, which then jssues a building permit or
requires certain modifications so that the building permit may be issued (ERCE
1989} .

Primarily because of the planned phase-out of nuclear power, formal
design criteria for the safety of nuclear facilities, analogous to the United
States NRC’s 10 CFR 50 Appendix A, have not been developed in Sweden. The SKI
has a staff of approximately 85, who are divided between inspection and
regulation/research.. The inspectorate’s main task is to set safety goals,
review licensees’ technical approaches to achieving these goals, and audit the
quality of the licensee’s technical and administrative safety performance. It
does not as a rule develop detailed criteria in advance of a license applica-
tion, but rather reviews the applicant’s detailed documentation to ensure that
the overall objectives can be achieved with high confidence. This practice is
exemplified in HLW management in that the Swedish safety authorities have not
established specific quantitative health and safety goals for a HLW reposi-
tory, nor have they issued specific quantitative objectives or criteria (IEAL
1987} .

The SKB's policy and planning for Sweden’s waste management programs are
structured to gain broad public support. The Swedish approach places high
priority on public acceptance strategies, including institutional credibility
and openness, major public relations efforts, and siting sensitivities. The
following basic premises and procedures are followed:

e a high level of conservatism in concept, supported in great depth
technically, well documented, and well communicated to the public

» review and endorsement of Sweden’s waste disposal plans (in the KBS-
1 and KBS-3 reports) by prestigious scientific bodies around the
world

¢« credibility of an extensive in situ research program {Stripa),
enhanced by participation of top scientists of many other countries
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+ one central deep geological repository (SFL) for spent fuel {IEAL
1987).

7.2.1 Reprocessing

Sweden originally planned to use foreign reprocessing. However, in 1980,
the Swedish government decided that Swedish utitities will not sign any addi-
tional reprocessing contracts. The contractual rights for reprocessing have
been traded or are expected to be traded to other countries. If any vitrified
HLW is disposed of, the quantity will be small (IEAL 1987).

7.2.2 Interim Storage Before and After Reprocessing

With future expansion, the central facility for storage of spent fuel
will be able to hold all spent fuel and/or vitrified waste (if any} to be pro-
duced by Sweden’s 12 reactors during their anticipated operational Tife (IEAL
1985).

7.2.3 Geologic Repository

A national deep underground final disposal facility (SFL) for all long-
Tived and HLW is planned teo be in operation about 2020. It is expected that a
siting decision will be made about 2000 and that construction will begin about
2010 (IEAL 1987).

7.2.4 0Other System Considerations

Because Sweden is not reprocessing its spent fuel, it will not have HLW
to separate into fractions. Fuel channels from BWR assemblies and poison rods
from PWR assemblies will be removed from spent fuel before encapsulation and
will be packaged and disposed of in a separate geologic repository for long-
lived wastes at the same site as the repository for spent fuel {OECD/NEA
1988).

Sweden has not expressed serious interest in other disposal concepts
{(e.g., sealed or transmutation) or in having an international repository.
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7.3 WASTE STORAGE AND TRANSPORTATION

7.3.1 Spent Fuel Storage

Spent fuel in Sweden is from PWRs and BKRs. For repository design
purposes, the reference fuel is taken to be PWR fuel with burnup at
38,000 MWd/MTU and maximum burnup of 40,000 Mwd/MTU (KBS 1983, Vol. I}.
Sweden plans to phase out all nuclear power by 2010, and its total quantity of
spent fuel at that time will be about 7800 MTU.

The Swedish reactors have spent fuel storage capacity in their reactor
pools equivalent to four to five years’ reactor operation. In some cases,
dense racks have been installed to expand this capacity. Spent fuel is stored
in water pools at the power plants for one ta five years, then transferred to
the central intermediate storage facility (CLAB) for 30 to 40 years before
disposal (OECD/NEA 1988).

Located near the Oskarshamn nuclear station, the CLAB is a manmade cavern
mined out of granite bedrock. It ties beneath 30 meters of rock, is designred
for wet storage of up to 3000 MTU of spent fuel for as long as 40 years, and
is sited to allow expansion to 9000 MTU if needed. [t also is designed to
store canisters of HLW glass, if necessary, from foreign reprocessing of
Swedish spent fuel until the final repository is ready. The CLAB facility was
commissioned in 1985 and is designed for a Tife of 60 years, when its contents
will have been transferred to a repository. Construction cost was about
$250 million (U.S. doilars), and fuel storage costs are estimated at $50 U.S.
doilars per kilogram (in 1980 U.S. doliars) {SKB 1986).

7.3.2 High-Level Waste Storage

Sweden does not plan to reprocess spent fuel and thus should have no HLW
to store.

7.3.3 Transportation

A1l Swedish nuclear power stations, as well as the CLAB, are built on the
coast, and spent fuel and radicactive wastes are transported by sea (KBS 1983,
Vol. I; OECD/NEA 1988). A ship {M/S SIGYN), built for this purpose, has
transported spent fuel from the Swedish reactor plants to France for
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reprocessing. In 1985, the vessel began transporting spent fuel from the
reactors to the CLAB and from France back to Sweden. 1In 1988 it also started
transporting LLW and ILW to the SFR repository. The M/S SIGYN has a double
hull, double bottom, and several watertight bulkheads, ensuring high float-
ability. The singte hold, 57 meters by 10 meters by 5.6 meters deep, is
designed to accommodate ten TN17 Mk 2 transport-only casks holding a total of
70 PWR or 170 BWR fuel assemblies {about 32 MIU). For short distances of
transport on tand, the spent fuel casks are carried by heavy-haul trucks.

7.4 GEOLOGIC WASTE REPOSITORY

7.4.1 Safety Requirements and Approach

Performance assessments of each of the final candidate repository sites
will be carried out in connection with the R&D program beginning in 1992 (IEAL
1987). This will provide a basis for a preliminary evaluation of site suita-
bility and guidelines for the detailed investigation of the final candidate
sites.

Nuclear criticality in the repository is considered to be beyond the
realm of reasonable possibility. If criticaltity should occur, the nuciear
reaction would stop when the water is boiled away, and any effects would be

Tocalized.

There are no specific regulatory requirements for quaiity assurance, but
stringent QA will be applied to preclude any deviations from the desired
quality that could significantly impair system safety {OECD/NLA 1988}.

7.4.2 Siting

Site investigations for the deep geological repository for spent fuel and
HLW (the SFL) have been completed at eight sites and started at seven more.

Site investigations will continue up to the year 2000, when a choice of
the final site is foreseen. A screening procedure is planned in two steps,
the first around 1990 and the last in the year 2000. 1In the first step, two
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or three out of 10 or more possible sites will be chosen for further, more
detailed studies. In the second step, one of those sites will be chosen as
the desired final site.

A hard-rock underground research laboratory (HRL) will be constructed in
the early 1990s for detailed, realistic R&D studies. Detailed site character-
ization studies will be carried out at the selected site between about 1998
and 2005,

The host rock will be pre-Cambrian crystalline rock in granite or gneiss
or gabbro at about 500 meiers deep and will 1ikely be in a saturated water
environment. Selection of candidate host rocks was based on availabiiity of
suitable rock formations in Sweden (IEAL 1987).

7.4.3 Design Cencept(s)

The geologic repository concept was developed by 1983 as a reference to
satisfy the requirement of showing that safe spent-fuel disposal is feasible.
Alternative concepts are being studied, but the reference concépt has not
changed. The concept depends on multiple barriers. It uses a long-lived
package (up to perhaps one million years) and places most of the reliance of
post-closure safety on the waste package. The concept is intentionally
conservative.

It should be recognized, however, that the reference concept for the
spent fuel repository proposed in the KBS-3 study is not necessarily what SKB
will eventually build. Rather, it is a concept that SKB regulators believe
can be built and would be acceptabie. What will actually be done will reflect

the results of additional investigations and experience in Sweden and abroad.

The KBS-3 concept envisions emplacing encapsulated spent fuel in a deep
geologic repository. The repository will consist of a series of parallel
drifts at the reference depth of 500 meters with disposal boreholies in the
floors of the drifts. One package will be emplaced in each borehole. Dis-
posal drifts will be inverted U-shaped, with a fiat floor, and will be 3.3
meters wide and 4.5 meters high. The disposal drifts may be at one or two
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levels, with an elevation difference of about 100 meters and a minimum
distance to significant fractures of 100 meters (KBS 1983, Vol. I}.

7.4.4 Retrievability and Monitoring

The Swedish regulatory authorities have no requirements on the retriev-
ability of waste from a repositery, and no special provisions for retrieva-
bility are included in the reference concept. The type of repository envi-
sioned in the KBS-3 study would, however, allow for spent fuel retrievability
during the operational period and for a long time afterwards, even if no
specific measures are taken. Retrievability is considered to be a matter of
cost and keeping records (IEAL 1987; OECD/NEA 1988).

Monitoring is not expected to be needed for long-term safety. However, a
monitoring program may be valuable for scientific reasons or reasons of public
acceptance. Also, requirements for markers have been discussed but not speci-
fied (IEAL 1987; OECD/NEA 1988).

7.4.5 MWaste Package System

In the reference waste package concept, components of the packages will
be spent fuel, a matrix material, a canister, and a buffer/packing material.
Unconsolidated spent fuel assemblies are to be embedded in a lead or pressed
copper powder matrix. The canister will be thick-walled copper, and compacted
bentonite "donuts" will be placed around the canister. The bentonite "donuts”
will minimize intrusion of water to the canisters {OECD/NEA 1988).

The canister is to perform the functions of containing the spent fuel and
preventing dispersal of radicactive substances with the groundwater, providing
shielding of personnel during handling, and providing shielding of the host
rock and groundwater after emplacement. The canister is expected to last
about one million years (KBS 1983, Vol. III).

Copper is the present choice for the canister wall because it is the
noblest of the common metals and is highly corrosion resistant. However,
other materials are continuing to be studied (see the following section)
(OECD/NEA 1988).
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The canister is cylindrical, with a 0.8-meter outside diameter,
4.5 meters long, and 10 centimeters thick. The total weight of the reference
canister with a lead matrix is 22 MT; it contains 1.4 MTU of fuel assemblies.
The total weight of the alternate canister with a copper matrix is 18.5 MT; it
contains 1.6 MTU in fuel assemblies (KBS 1983, Vol. I; OECD/NCA 1988).

7.4.6 PResearch and Development

The current SKB six-year research p1an(a) lays out planned R&D activ-
ities for 1986 to 1992 {(IEAL 1987). The planned activities fall into six main
areas:

e research on alternative engineered barriers; waste form (spent fuel)
studies; canister materials {principally copper, but also passive
materials such as stainless steel and titanium); corroding materials
{Tead and carbon steel) and non-metallic materials {ceramics and
cement); and backfiil materials; selection of finai engineered
barrier materials by mid-1990s

« geoscience studies, including groundwater movement in bedrock, and
stability of bedrock; study-site investigations; instrument devel-
cpment; and detailed studies at the hard rock laboratory {HRL},
scheduled for construction near the CLAB, starting 1990

« biosphere studies to quantify uncertainties resulting from changes
in the biosphere, to improve data/modeis, and to validate biosphere
dispersal models

+ chemistry studies to describe release and transport of radionuclides

« safety research, especially development of safety assessment models
in time for selection of candidate sites in 1992

« International cooperation to ensure availability of foreign R&D

results.

Underground research into the disposal of radioactive waste has been
carried out at the former Stripa iron-ore mine in central Sweden since 1976.
The Stripa project is managed by SKB under the auspices of the OECD/NEA and
under the guidance of a Joint Technical Committee composed of representatives
from each participating country. The principal goals of the first two phases

{a) The R&0 plan must be updated every three years, as required by the
Nuclear Activities Act.
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of this project were to develop techniques to assess the geology, hydrology,
and geochemistry of potential sites for the disposal of radioactive waste, as
well as to perform tests to examine groundwater flow within fractured rock and
to assess properties of backfilling and sealing materials. FEach of these main
objectives was met, leading to considerable advancement of both investigative
techniques and practical knowiedge for repository siting and design.

Phase 3 work commenced in 1986 and is due to be compieted in 1991. This
third {(and final) phase includes participation from seven countries: Canada,
Finland, Japan, Sweden, Switzerland, the United Kingdom (U.K.), and the United
States {U.S.). Research is focussed in three main areas: 1) site character-
ization and model validation, 2) development of advanced methods and instru-
ments for site investigation, and 3) techniques and materials for sealing
groundwater flow paths in fractured rock. Progress was made toward inves-
tigating a previously "undisturbed" granite rock volume and developing and
validating conceptual and mathematical models for groundwater flow through
this rock volume. Development work advanced on several technologies, inclu-
ding seismic, radar, and hydraulic instruments. Finally, the properties of
different materials for injection grouting were studied and plans were laid
for a large-scale grouting test (OECD/NEA 1689}).

7.4.7 Approach to Proving the Safety of the Repository

The Swedish reqgulatory approach emphasizes the performance of the over-
all repository system with a Timit on the ultimate radiation dose to man. No
quantitative criteria will be used that would specify, for example, perform-
ance of the immobilizing matrix or groundwater travel time.

The Swedish regulator’s purpose of a safety analysis for a repository is
to obtain quantitative measures of the safety of the proposed disposal method
by comparing calculated individual doses resulting from releases with indi-
vidual dose limits. SK] believes that 1) the evaluation of Tong-term safety
should be conducted using mathematical models that describe the total repos-
itory system; 2) detailed analysis of the performance of individual subsystems
or components are necessary, because they provide a basis for determining
which components should be included in overall performance analyses; 3) the
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performance assessment should serve as a driving force for SKB’s R&D program,
and SKB should conduct overall performance assessments at suitable time
intervals based on the knowledge available at the time; and 4) both determin-
istic and probabilistic models should be developed and are complementary in
the safety assessment.

The work to date on performance assessment has been based on a generic
site with assumed characteristics, using the reference repository concept in
the KBS-3 report (KBS 1983}. The approach appears to be continued for the
KBS-4 study, expected about 1991. It is probably too early to determine the
approach that will be used for the final repository licensing assessments.
The usefulness of probabilistic approaches is being evaluated. The current
approach basically uses deterministic safety assessments for a series of
scenarios of expected naturally occurring events. Potentially disruptive
natural events of low probability are not considered. Human intrusion
scenarios are also not considered. A variety of pathways to man are being
mode led.

The current approach is considered by the SKB staff to be conservative
because of numerous conservative assumptions used, and as such, the approach
is believed to represent bounding conditions and results. The conservatism of
some of the assumptions, such as matrix diffusion of radionuclides through the
host rock and the uniform corrosive fracture of the canisters over the long
time period of 100,000-1,000,000 years, is being chailenged by some. However,
the Swedish regulatory review in 1984 checked the approach with some more con-
servative assumptions and obtained very similar results. R&D is being carried
out to confirm the appropriateness of the key assumptions. KBS-4 will include
prebabilistic modeling.

7.4.8 Peer Review Activities

Extensive international peer reviews of Swedish plans for management of
HLW and spent fuel have been requested by and carried out through the Swedish
Nuclear Power Inspectorate and the Swedish Ministry of Industry. The "KBS
Report on Handling of Spent Nuclear Fuel and Final Storage of Vitrified High-
Level Reprocessing Waste," called the KBS-1 report (KBS 1977}, was reviewed by
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Canada, Norway, the OECD/NEA, the U.S. (Pacific Northwest Laboratory},
Denmark, the Federal Republic of Germany {FRG), and Belgium (KBS 1978b).
Reviewers of the "KBS-2 Plan for Handiing and Final Storage of Unreprocessed
Spent Nuclear Fuel” (KBS 1978a) included Canada, France, the USSR, IAEA, the
U.K., OECD/NEA, and the U.S. (Environmental Protection Agency, National
Academy of Science, U.S. Geologic Survey, and Lawrence Livermore National
Laboratory) {KBS 1980). Reviewers of the "KBS-3 Plan” included the IAEA,
OECD/NEA, Canada, France, the U.K., and the U.S. {NAS) (KBS 1984). Inter-
national reviews of the Swedish research and development program for manage-
ment and disposal of spent nuclear fuel have also been carried out for the
Swedish National Board for Spent Nuclear Fuel {SKN 1987).
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8.0 SWITZERLAND

8.1 LEGISLATIVE/INSTITUTIONAL BASES

The following sections discuss the Swiss policy, regulations, and
organizations that pertain to spent fuel and high-level waste management.

8.1.1 Nuclear Power Policy

The Swiss nuclear power program includes five reactors (2.9 GWe} that
presently supply approximately 40% of the country’s electricity. Nuclear
power is a key energy source, along with hydroelectric power, which provides
the balance of electricity supply for Switzerland. Although the federal
government favors the development of nuclear energy, local opposition has
delayed the expansion of nuclear power. Swiss electricity demand is increas-
ing rapidly, and imports of largely nuclear-generated electricity from France
are being planned in the 1990s. A referendum will be held in 1991 to consider
the options of phasing out nuclear power in short order or of imposing a ten-
year moratorium on building new nuclear plants while various alternatives for
meeting electricity demand are explored. Waste management policy has played a
key role in the ongoing debate on the use of nuclear energy in Switzeriand
(IEAL 1987; Schneider et al. 1988; ERCE 1989).

8.1.2 Major Leqgislation

The federal Parliament amended the Swiss constitution in June 1957 so
that nuclear legislation would fall within the sole jurisdiction of the
Confederation, rather than at the Cantonal level. This was approved by a
national referendum and all the Cantons in November 1957 (IEAL 1987).

In 1978, the Swiss Parliament revised its Atomic Energy Act of 1959 to
require that producers of radicactive waste be strictly responsible for its
disposal. The revisions also stipulated that in order to license a new
nuclear power plant in Switzerland, proof and guarantee of final waste dis-
posal must be demonstrated. The federal Department of Transport, Communica-
tions, and Energy (EVED) ruled in 1979 that ali current operating licenses
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would expire at the end of 1985 if no such guarantee project was available
{TEAL 1987; ERCE 1989}.

The National Cooperative for the Storage of Radioactive Waste {NAGRA)
submitted its Project Gewahr report in 1985 to satisfy the requirement for
proof and guarantee of final disposal (NAGRA 1985). The Federal Council
reached an affirmative decision in June 1988 that Project Gewahr had satisfied
the stipulation. The Federal Council concluded that safe disposal of HLW and
TRU waste had been demonstrated to be feasible but that further proof of the
availability in Switzerland of an acceptabie and sufficiently large site was
needed (ERCE 1989).

8.1.3 Linkage Between Nuclear Power and Waste Management

Proof of safe disposal of radioactive waste must be shown in applying for
new reactor Jicenses. Utilities were required to guarantee safety and feasi-
bility of final disposal of nuclear waste as a prerequisite to extension of
nuciear plant operating licenses beyond 1985 (Schneider et al. 1988}. Project
Gewahr was completed by NAGRA to satisfy this requirement {NAGRA 1985}.

8.1.4 Policy on Spent Fuel and Waste Management

The 1985 Project Gewahr report set out a multi-element approach to
nuclear waste management, with the total interim storage time from discharge
to final disposal of HLW being 40 years {(NAGRA 1985). Spent fuei is currentiy
reprocessed in France and the United Kingdom (U.K.}, but the option for direct
disposal of spent fuel is open. Centralized interim storage is planned for
HLW, spent fuel, and some LLW/ILW. All radiocactive waste is to undergo final
disposal in geological formations. Two repositories are planned: one pri-
marily for HLW {a Swiss Type C repository) and another primarily for LLW/ILW
{a Swiss Type B repository). TRU waste from reprocessing is now intended to
be disposed of in the Type C HLW repository. Construction of the Type B
repository for LLW/ILW appears certain, and development of the Type C reposi-
tory is also planned at least up to the point of site selection. The Swiss
waste program prefers the option of HLW and TRU waste disposal outside
Switzertand, in a foreign national repository or an international repository
(ERCE 1989; Schneider et al. 1988; OECD/NEA 1988).
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8.1.5 Organization/Responsibilities for Waste Management

In 1972, the electric utilities of Switzerland, together with the Swiss
Confederation (being responsible for the waste from medicine, industry, and
research), founded the National Cooperative for the Storage of Radioactive
Waste (NAGRA), a private organization whose function is to provide facilities
for the disposal of radioactive waste. The utilities are responsible for
spent fuel reprocessing, transport, and interim storage. Because HLW produced
from the reprocessing of Swiss spent fuel at foreign facilities was not then
expected to be returned to Switzerland, it was not considered part of NAGRA’s
responsibilities. Since the late 1970s, when the terms of new reprocessing
contracts required the return of HLW, NAGRA's responsibilities were expanded
to inciude the disposal of HLW. NAGRA was also charged with formulating the
demonstration project to guarantee the capability to safely and permanently
dispose of radioactive waste. Costs of NAGRA’s waste disposal program are
paid by the utilities through a tariff in electricity rates (OECD/NEA 1988;
IEAL 1987).

The Federal Council of the federal government’s ministers represents
Switzerland’s executive branch. The Council formulates the administration’s
policy decisions in the nuclear energy field and decides on applications for
general, construction, and operating licenses for nuclear installations. With
respect to waste repositories, the Federal Council will grant all Ticenses for
preparatory measures for the construction of repositories, as well as all
licenses for their construction and operation. In the case of a general
1icense, the Federal Council’s decisions must be approved by the Federal
Assembly (the Swiss Parliament) (IEAL 1987).

The Swiss regulatory authority falls under the Federal Council’s Depart-
ment of Transport, Communications and Energy (EVED}, which is responsible for
preparing legislation on nuctear energy. The department includes the Federai
Energy Office, which is responsible for reviewing applications for nuctear
installations and making recommendations to the Federal Council. It also
grants licenses in the areas of transport, import, and export of nuclear
materials and equipment (IEAL 1987).
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Two principal organizations within the EVED work in close cooperation and
share the main regulatory functions: the Nuclear Safety Inspectorate (HSK)
and the Swiss Federal Commission for the Safety of Nuclear Installations
(KSA). The HSK provides expert opinion on the technical safety reports relat-
ing to the various licenses required in Switzerland for nuclear installations,
including nuclear waste repositories. The KSA advises EVED and the Federal
Council regarding applications for licenses and comments on HSK’s reports.

The opinions provided by HSK and KSA are the basis for licensing (IEAL 1987).

The Federal Department of Interior (EDI) develops rules to implement the
radiation protection regulations adopted by the Federal Council. It collects
and stores radioactive wastes originating at facilities other than nuclear
power plants and nuclear fuel reprocessing plants. Within the EDI, the Fed-
eral Office of Public Health is the competent authority for licensing the
production and use of radioactive substances, except for activities in nuclear
installations. The Federal Commission for Protection Against Radiation
advises the EDI on protection of the population from radiation. The Federal
Commission for the Monitoring of Radioactivity, under the EDI, maintains
information on environmental radioactivity (IEAL 1987).

The Paul Scherrer Institute {PSI) was recently formed (1987) through a
merger of the Federal Institute for Reactor Research (EIR) and the Swiss
Institute for Nuclear Research (SIN). It conducts research in nuclear energy,
including waste management. The PSI is owned by the Swiss government, under
the Department of Interior (Leigh 1989).

The Interagency Working Group on Nuclear Waste Management (AGNEB) is
responsible for preparing the necessary technical materials in support of
decisions by the Federal Council and EVED for licensing nuciear waste facili-
ties (IEAL 1987).

8.1.6 Repository Licensing Process, Regulation Status, Major Regulations,
Safety Bases

Nuclear installations in Switzerland, which incliude nuclear waste reposi-
tories, are licensed by the Federal Council. The federal Parliament must
ratify a decision by the Federal Council to issue a general license, and the
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Federal Council can subsequently issue specific }icenses without further need
of parliamentary approval. Responsibility for the regulation of the facil-
ities Ties with the federal authorities, and the cantonal (i.e., state)
authorities are in charge of concerns inveiving non-nuclear permits, fire
protection and water. There is no explicit federal authority to preempt
actions by cantonal officials involving non-nuclear permits. However, the
cantons cannot deliberately change a cantonal law specifically to block a
nuclear facility (IEAL 1987; ERCE 1989).

The granting of licenses for nuclear waste repositories is very similar
to that of licensing nuclear power plants. However, one additional step is
necessary for repository approval. Any preparations for construction of
radioactive waste repositories, such as geologic investigations that penetrate
the surface {test drillings) to determine if a site is suitable for a reposi-
tory, must first be approved by the Federal Council. In order to receive a
license, the applicant must provide maps and plans and a report on the effects
of the proposed preparatory measures on the environment. The granting of the
license does not presuppose the right to construct the repository (IEAL 1987).
The Department of Transport, Communication, and Energy publishes the request
for preparatory measures in the "Federai Notebook" and aiso in designated
public places in the appropriate canton{(s). The Federal Council makes a
decision after examining the request, the advice of experts, and the response
of the cantons, including any objections presented (ERCE 1989).

8.1.7 Roles of the Public, Local Organizations, Multinational Organizations

Before the revision of the Atomic Energy Act in 1978, test drilling for a
nuclear waste repository was considered totally subject to local mining Taws
and, therefore, under the sole jurisdiction of the canton. Localities were
thereby able to veto drilling applications. The Ordinance on Preparatory
Measures, issued in 1979, considered the test borings to be preparatory
actions for a nuclear installation, and, therefore, under federal jurisdiction
(ERCE 1989).

The Federal Order of 1978 reduced the veto rights of the cantons in
siting mattiers to those of consultation. The cantons, in turn, deal with
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communities and voice their objections to the federal government. The federal
government has preemptive rights if the consultative system does not culminate
in approval of the action, but the intent of the Swiss siting system is to
employ expropriation only as a last resort. A few cantons have laws that

require them to oppose, "by all possible politicai and legal means," nuclear
plants or waste disposal site plans. The Federal Tribunal is empowered to

resolve conflicts between cantonal and federal laws (ERCE 1989).

NAGRA is an active participant in international research programs,
including the Stripa project in Sweden and the Pogos de Caldas analogue pro-
ject in Brazil. Switzeriand has cooperative agreements with several foreign
countries, as well as membership in the OECD/NEA and the IAEA. Several
foreign countries (the FRG, the U.S., France, and Sweden) have also partic-
ipated in research work conducted at the Swiss underground research iaboratory
{Grimse] Test Site) {(OECD/NEA 1988).

8.2 OVERALL WASTE MANAGEMENT SYSTEM

The Swiss transport spent fuel for reprocessing in France and the U.K.,
although the option of direct disposal of spent fuel is open. Central interim
storage of HLW, spent fuel, and some LLW and ILW is planned. All Swiss radio-
active wastes are to be disposed of in geologic repositories. A Type C repos-
itory is planned for HLW (possibly spent fuel) and TRU waste disposal, but the
Swiss would prefer to use a foreign or international repository. A Type B
repository in Switzerland is planned for LLW and ILW disposal. The option for
a Type A repository for LLW only remains open (OECD/NEA 1988; IEAL 1987; ERCE
1989; Schneider et al. 1988).

8.2.1 Reprocessing

The Swiss have selected a fuel cycle invoiving reprocessing and plutonium
recycling. However, the option of direct disposal of spent fuel is also open.
A1l Swiss nuclear fuel to be discharged through 1993 is contracted to be
reprocessed (Schneider et al. 1988}. Swiss nuclear power plants generate
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about 90 MT of spent fuel annually. Contracts are in place for a total of
599 MT of spent fuel to be reprocessed by COGEMA in France and 165 MT by BNFL
in the U.K., (IEAL 1987).

8.2.2 Interim Storage Before and After Reprocessing

Until spent fuel is transported offsite for reprocessing, it is stored at
each nuclear power plant site in water-filled pools te allow cooling (ERCE
1989). In the future, spent fuel is also to be stored in dry casks at a
central interim storage facility (OECD/NEA 1988).

High-level waste returned from foreign reprocessors is to be stored in a
central interim storage facility for approximately 40 years after unloading
from the reactor, until the heat Toad is reduced and a low repository tem-
perature can be maintained {OECD/NEA 1988; IEAL 1987).

8.2.3 Geologic Repository

A1l radicactive wastes are to undergo final disposal in repositeries
situated in suitable geologic formations (OECD/NEA 1988). Project Gewahr
assumed two types of repositories: one {Type C) for HLKW and certain alpha-
containing ILW, and a second (Type B} for LLW and ILW. However, the option of
a Type A repository for LLW only remains open (IEAL 1987).

NAGRA presentliy operates under the following target schedule for the HLW
geologic repository (Type C). After 1989, one alternative sedimentary host
rock will be selected, and application for field investigations will be made.
After 1992, the crystalline and sedimentary options will be evaluated, and one
site will be selected for further investigations. In 2020 at the earliest,
operations will be started in the Swiss HLW repository, if foreign or interna-
tional options do not materialize (ERCE 1989).

8.2.4 Qther System Considerations

The Swiss prefer to dispose of HLW in a foreign national or internation-
al repository (OECD/NEA 1988; ERCE 1989).

Intermediate-level waste and alpha-bearing waste from reprocessing will
be disposed of in either the Type B or Type C repository, according to the
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maximum allowable radionuclide concentraticns for the Type B repository, as
derived from safety analyses based on actual site data. These wastes would be
disposed of in a separate part of the Type C repository using a concept
different from that for HLW disposal (CECD/NEA 1988; Schneider et al. 1989).

8.3 WASTE STORAGE AND TRANSPORTATION

Spent fuel 1is stored in poois at reactors and will be stored in dry casks
at a planned central jnterim storage facility. HLW returned from foreign
reprocessors will also be stored in dry casks in the central facility. Spent
fuel and HLW is transported by rail and road, following Swiss and internation-
al regulations {OECD/NEA 1988; Schneider et al. 1988).

8.3.1 Spent Fuel Storage

Spent fuel is stored at each nuclear power plant site for about 10 years
in water-filled pools to allow cooling. Spent fuel is also planned to be
stored in transport containers (CASTOR} in a central interim storage facility.
Plans are to start operation of the facility for dry cask storage of spent
fuel in 1991 (OECD/NEA 1988; Schneider et al. 1988, 1989).

8.3.2 High-Level Waste Storage

Return of vitrified HLW from foreign reprocessors will not begin until
about 1993 (ERCE 1989). A central interim storage facility is planned to
provide dry storage of HLW or spent fuel in transport containers {CASTOR]} in
surface halls. Low-level waste and ILW would be stored in separate surface
halls. The storage capacity would be sufficient for the present nuclear power
plants. Construction of the storage facility would be conducted in two
stages, with the first stage having the capacity to meet the requirements of
the next 15 to 20 years {CECD/NEA 1988). Interim storage of HLW is planned
for about 40 years {Schneider et al. 1988).

8.3.3 Transportation

For four of five nuclear reactors, spent fuel is shipped by rail to
foreign reprocessing plants (ERCE 1983; Schneider et al. 1988). Transport of
other spent fuel and wastes is conducted using standard transport containers
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on road vehicles. Spent fuel has been transported to La Hague and Sellafield
since the early 13870s, using different casks weighing up to 120 MT. Both wet
and dry cask systems have been used for transport (Schneider et al. 1988).
International {IAEA) and national reguiations for the transport of radioactive
materials are observed (OECD/NEA 1988).

8.4 GEQLOGIC WASTE REPOSITORY

The schedule for the Swiss geologic repository for HLW is as follows:
selection of one site {crystalline or sedimentary) for further investigations
in 1993, application for an underground research laboratory (URL) at the
repository site in 1998, conclusion of the final site characterization in
2010, and engineering and construction of the repository (or participation in
an international repository project) until about 2025 (OECD/NEA 1988). The
Swiss repository for HLW will begin cperation in about 2020, provided that the
results of geoltogical investigations are favorable and that the licensing
process is not delayed {ERCE 1989).

The construction and operational phases of the repository will occur
simultaneously. Appropriate arrangement of the repository installations will
ensure that mechanical excavation with tunnelling machines is spatially
separated from the emplacement operations (OECD/NEA 1988).

8.4.1 Safety Requirements and Approach

The safety conditions which the final repositories must satisfy are
defined in the Guideline R-21, established in October 1980 by the Federal
Commission for Safety in Nuclear Installations (KSA} and the Nuclear Safety
Department of the Federal Office of Energy (HSK). The Guideline states two
objectives: 1) radionuclides that escape into the biosphere must not at any
time lead to individual doses exceeding 10 mrem (0.1 mSv) per year, and 2) a
repository must be designed in such a way that it can be sealed at any time
within a few years. After it has been sealed, it must be possible to dispense
with safety and surveillance measures (KSA/HSK 1980; OECD/NEA 1988).

No specific performance criteria have been established to supplement the
protection goals in Guideline R-21. This strategy is based on the view that a
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muitiple barrier approach should be used to achieve safe disposal, and the
overall safety of the disposal system should he evaluated (IEAL 1987).

NAGRA has also developed its own criteria governing the evaluation of
suitable geologic environments for HLW disposal. The four primary factors
are 1) suitability of the host rock; 2) permissible ambient rock temperature
of the repository and the resulting maximum depth of the repository; 3) suf-
ficient distance from targe, tectonically-disturbed zones; and 4) suitable
hydrodynamics, i.e., sufficiently long flow paths and low volumes of
groundwater flow (IEAL 1987).

Before final closure of the repository, a safety evaluation of a long-
term, in situ experiment will take place (observation of materials used in the
repository over several decades). Retrieval of the waste would he technically
difficult but not impossible {OECD/NEA 1988).

8.4.2 Siting

To date, no specific site selection program has been performed. Rather,
the investigations have concerned a region for potential sites, rather than
specific sites (OECD/NEA 1988). Impermeable clay, anhydrite, and crystalline
rock formations have been considered by NAGRA, but since 1978, the greatest
emphasis has been placed on the crystaliline rock medium {(IEAL 1987}. Six deep
boreholes have been drilled in crystalline bedrock, and work on a seventh is
under way (ERCE 1989). The Federal Council concluded in its review of Project
Gewahr that alternative media to the crystalline rock option should be
studied. This was because the candidate crystalline rock areas have proven to
be smaller in extent, due to the discovery of a permo-carboniferous trough,
and more broken up by fault zones than earlier anticipated. It was questioned
whether a sufficiently large crystalline formation between major fault zones
could be found. NAGRA is presently focusing on molasse and clay deposits.
However, this work to date has been primarily paper studies to identify
technical criteria and issues {ERCE 1989).

By late 1984, several geophysical measuring projects and deep boreholes
were completed and a URL at Grimsel was in operation. Between 1989 and 1995,
licensed research is scheduled to be conducted at one or more of the potential
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repository sites. After provisional choice of a site in the mid-1990s,
detailed investigations, inciuding testing in a URL, will be conducted to
allow the definitive site selection after the year 2000 (ERCE 1989).

8.4.3 Design Concept{s) (OECD/NEA 1988; ItAL 1987; Schneider et al. 1988)

Options for the repository design concept include a mined system of
tunnels and silos, a fan-like arrangement of deep boreholes from the earth’s
surface into the host rock, or a combination of both systems with underground
tunnels in stable rock and deep boreholes into underlying host rock. Imperme-
able clays, anhydrite formations, crystalline bedrock, and others can be
considered as host rocks. The repository and waste package concepts are
presently based on disposal in granite. Repository concepts for sedimentary
rock are just being developed.

In Project Gewahr, the reference disposal concept for the Type C repos-
jitory was a system of mined tunnels and silos at a depth of about 1200 meters
in the crystalline basement of northern Switzeriand. The repository was
designed such that HLW would be disposed of in horizontally-mined tupnels
(3.7 meters in diameter with the HLW canisters axially placed 5 meters apart),
while ILW was disposed of in 55-meter deep vertical silos (10 meters in diam-
eter). Fach ILW silo would consist of a concrete structure standing free of
the rock in which the waste was emplaced and immobilized with a special
concrete. The space between the rock and the silo wall would be backfilled
with bentonite. During emplacement of HLW, the waste canisters would be
surrounded by prefabricated, compacted bentonite blocks, emplaced by a special
handling machine. Two vertical access shafts were to be used for the reposi-
tory: one for construction operations and a fresh air inlet, and the other
for conveying the radioactive waste and the backfill material and also for an
air outlet. The silo and tunnel areas were separated to avoid chemical or
other adverse interactions.

The tunnels and silos would be positioned to take into account the geo-
metry of disturbed zones in the host rock at the repository depth without
compromising long-term safety. Large disturbed zones of host rock in the
repository area would be avoided by observing a sufficient safety clearance.
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Zones of lesser disturbance intersecting the tunnel system would be dealt with
by storing no waste in their vicinity and sealing the relevant section of the
tunnel with backfill. Before final closure of the repository, shafts and
cavities underground would be isolated and infilled. Selected key zones would
be sealed using bentonite blocks or a bentonite/quartz sand mixture, the
remaining space being infiiled by other materials.

However, the Project Gewahr concept was formulated to demonstrate feasi-
bility and is not fixed; it does not affect later decisions with regard to the
host rock, the repository site, or the engineering design. The safety analy-
ses in Project Gewahr were based on a representative geological situation, the
assumption being that the repository would be located in a stable granite
block between two major faults of the crystalline basement overlayed by sev-
eral hundred meters of sediment.

In Project Gewahr, the total design capacity for the Type C repository
was approximately 1200 cubic meters of vitrified HLW, corresponding to a spent
fuel inventory of 7999 MTU and up to 53,000 cubic meters of TRU waste. This
would be sufficient for 40 years of operation of twice the nuclear power
capacity presently installed.

NAGRA estimates that the total cost of development and construction of
the Type C repository would be about 2 billion 1986 Swiss Francs (about
1 billion U.S. dollars), all to be expended prior to the start of loading in
about 2020. The project costs would be paid directly by the waste preducers;
no Swiss organization exists for collecting and redistributing the funds.
Swiss electricity tariffs include costs of NAGRA’s work and future repository

construction.

8.4.4 Retrievability and Monitoring

Swiss guidelines require that a repository be designed such that it is
possible at any time to seal it within a few years. HSK has stated that
retrievability should never be considered as a last safety resort, and if
there is not confidence in the safety of a waste disposal system, then that
system is not yet sufficiently developed and another proven method should be
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pursued. Since retrievability may be required for socio-political reasons,
Swiss guidelines neither require nor rule out retrievability (IEAL 1987).

Swiss guidelines prohibit reliance on surveillance measures after reposi-
tory closure. However, HSK states that surveillance of a sealed repository is
not ruled out, but that such surveillance must be optional and not an essen-
tial condition for meeting the protection goal of 10 mrem/yr (IEAL 1987).

8.4.5 Waste Package System

The current reference waste package system for HLW includes a leach-
resistant glass matrix, a stainless steel canister, a thick steel overpack (GS
40 cast steel), and a layer of highly-compacted bentonite. The waste form is
borosilicate glass with about 13 wt.% waste oxides. The configuration of HLW
in a canister is the same as in France and the U.K., or 360 to 400 kilograms
{150 titers) of monolithic glass in a cylindrical canister (0.43 meter in
diameter, 1.335 meters high, with a 5-millimeter wall thickness and a 170-
titer volume}. High-Tevel waste from about 1.3 MTU will be contained in one
canister. The cast steel overpack has a maximum total length of about 2.0
meters, a maximum outer diameter of 0.94 meter, and a wall thickness of about
25 centimeters. The total weight of the filled and sealed disposal container
is 8.5 MT. The buffer material will be prefabricated blocks of bentonite in
the shape of annular circular segments for stacking within the circular dis-
posal tunnels and around the horizontal-Tying disposal containers. The total
thickness of bentonite around each container would to be about 1.4 meters
{OECD/NEA 1988; Schneider et al. 1988, 1989).

Direct disposal of some spent fuel may be used in the future. Consider-
ations such as consolidation and matrixing are yet to be decided (Schneider
et al. 1989).

For ILW, the waste package system is a dissolution-resistant solidifica-
tion matrix {cement or bitumen), concrete backfill material, concrete silo
walls, and bentonite backfill (CECD/NEA 1988; IEAL 1987).

The repository containers for HLW are designed to withstand the reposi-
tory conditions for a minimum lifetime of 1000 years. The compacted bentonite
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(greater than 1 meter thick) is expected to retain radionuciides for about
100,000 years (Schneider et al. 1988). The heat from radicactive decay will
result in a maximum temperature of about 150°C at the outer wall of the
disposal container. The swelling pressure of the backfill material and the
hydrostatic pressure will not exceed a value of 30 MPa (OECD/NEA 1988).

8.4.6 Research and Development

A URL was established at the Grimsel Pass in the Swiss Alps. The Grimsei
URL is situated in granite about one kilometer inside the mountain. The rock
overburden is about 450 meters. The research program includes projects within
the scope of international cooperative agreements. The granite at Grimsel
Pass is particularly suitable for rock mechanical, geophysical, and hydro-
geological investigations, because within a restricted area, dry and imper-
meable rock areas, damp zones, and water-bearing fissures can be found. An
extensive research program has been carried out at the Grimsel Test Site since
1984, including methods for non-destructive rock examination, rock movement
measurements by tiltmeters, various tests regarding rock mechanics, and an
extensive hydrogeological experimental program (OECD/NEA 1988).

Research has included corrosion tests on container and overpack mate-
rials, which has resulted in the selection of cast steel as the reference
concept. Laboratory investigations have been conducted on the mechanical and
chemical behavior of bentonite materials. The Grimsel area is not under
consideration as a final repository site, and no tests using radioactive
wastes are planned {Schneider et al. 1988).

8.4.7 Approach to Proving the Safety of the Repository

The Swiss program has completed its concept feasibility and safety
studies and is now beginning the site-selection phase. The concept safety
assessment work has provided a foundation upon which the site selection and
data development work is being planned. Analyses of the relative importance
of selected information to system performance helps guide priorities in site
testing, and the relative importance of modeling assumptions is helping guide
priorities in validation-oriented studies. Performance assessment is being
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used to coordinate and guide a comprehensive laboratory, field and natural
analogue investigations program.

In the Project Gewahr report, a reference model site was depicted based
on data obtained mainly from one particular borehole. The safety analysis
showed that the assumed site characteristics allowed the performance objec-
tives in Guideline R-2]1 to he met, provided that a sufficiently large area of
host rock with the modeled properties existed. The latter premise was not
demonstrated, and the Federal Council ordered NAGRA to undertake additional
investigations {ERCE 1989}.

NAGRA completed a deterministic safety assessment for a hypothetical
repository in crystalline rock in Switzeriand in 1985 (Project Gewahr). This
generic calculation assumed a flowpath of 5000 meters ending in fluvial
gravels of the Rhine River basin. The annuail total flow through the reposi-
tory was conservatively estimated at 4.3 cubic meters per year. The canister
is assumed to disappear at 1000 years, although the canister corrosion pro-
ducts ensure reducing chemical conditions around the waste matrix over the
entire release period. Resulting doses for the base case of realistically
conservative assumptions were completely insignificant.

A parameter variation study was performed to see what hypothetical doses
would have resulted from taking less conservative values for hydrological and
geochemical parameters into the calculations. Some of these analyses yielded
more significant dose commitments, but the conservatism used to obtain these
results requires probabilistic evaluation of the 1ikelihood of encountering
such pessimistic conditions. No significance was attached to the actual
analytical results, but the results are being used in guiding and challenging
site studies to define, as realistically as possible, the range of site
parameters. Alternative future scenarios were discussed but not included in
the analysis.

The Swiss regulatory authority has accepted the results of this and
similar preliminary analyses for LLW and ILW disposal concepts as sufficient
to suggest that waste can be safely disposed. Siting is now the main activity
of the program in Switzerland, with site characterization and performance
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assessment being the focus. A deep borehole program investigating the
properties of the buried granite of northern Switzerland continues, with
associated hydrologic modeling, and migration experiments are being conducted
and modelled at the Grimsel underground laboratory. Model development
includes a probabilistic capability. Although the safety of the HLW disposal
concept was demonstrated for a granite site, other geologic media are also to
be investigated.

8.4.8 Peer Review Activities

No information was found on peer reviews of the Swiss radioactive waste
management program. However, international cocperation at the Grimsel site
allows for international review of Swiss repository R&D projects.
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9.0 UNITED KINGDOM

9.1 LEGISLATIVE/INSTITUTIONAL BASES

The United Kingdom (U.K.) involvement in nuclear technology is both
comprehensive and complex. Four nuclear reactor types currently contribute to
the national grid, and a fifth type is under development. Reprocessing is the
dominant spent fuel management approach but requires differing strategies for
the various spent fuel types. Development of geological waste disposal is
presently being deferred, and long-term storage of high-level waste (HLW) is
being pursued for the interim,

9.1.1 Nuclear Power Policy

The U.K. nuclear power base includes 26 gas-cooled reactors {GCRs)
{Magnox type), 14 advanced gas-cooled reactors (AGRs), 1 liquid metal fast
breeder reactor {LMFBR), and 1 steam-generating heavy water reactor {SGHWR).
One 1.1 GWe pressurized water reactor (PWR) is on order, with further PWR
additions planned. The GCRs are expected to be phased out by 2005, to be
replaced by the addition of PWRs. About 20% of electricity in the U.K. is
generated by nuclear power stations (OECD/NEA 1988). A central policy is to
reprocess Magnox fuel and recycle uranium to AGR systems (Leigh 1989).
Reprocessing of oxide fuel (AGR and foreign LWR types) is scheduled to begin
in 1992. Liquid HLW will be vitrified and stored until a geologic repository
is developed.

9.1.2 Major Legislation (Schneider et al. 1988)

In the U.K., the basic regulatory framework was initially established in
1946, with passage of the first atomic energy act governing the industrial use
of nuclear energy. Subsequent acts have amended or modified Tanguage of the
earlier acts or have shifted authority from one organization to another. In
general, nuclear-related legislation in the U.K. includes acts that are pri-
marily directed at the occupational aspects of radiation control and protec-
tion of the public, such as the Radicactive Substances Act of 1960, the
Nuclear Installations Acts of 1965 and 1969, the Radiological Protection Act
of 1970, the Nuclear Installations Regulations of 1971, and the Health and
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Safety at Work Act of 1974. The Nuclear Instaliations Act provides for a
system of Ticensing to contro] the operation of commercial power stations and
associated fuel manufacturing and reprocessing facitities. The Control of
Pollution Act of 1974 1is not specific to radiation but does contain provisions
refating to the control of water pollution by radioactive waste and also to
the control of radicactive waste that is toxic.

In addition to basic legislation, there are orders and reqgulations known
as "Statutory Instruments" which are made within the framework of the basic
legistation, e.g., the Ionizing Radiation Regulations of 1985. Generally, the
regulatory philosophy is that the organizations that produce radioactive
wastes must carry the burden of responsibility for the safe and effective man-
agement of such wastes and for meeting the full cost of waste management. It
is the responsibility of the licensee to prevent harm to the general public
from operations at the site. Licensees are required to establish standards,
procedures, and provisions for self-regulation. Enforcement through detailed
regulations is not regarded in the U.K. as the most appropriate way of exer-
cising regulatory control, because the delay inherent in changing statutory
reqgulations and in developing detailed guides or codes could inhibit the
introduction of new safety practices. The licensees are monitored by the
relevant government organizations to see that they comply with the overall
regulatory guidelines.

9.1.3 Linkage Between Nuclear Power and Waste Management

No stipulation law exists that 1inks nuclear reactor construction to
waste management plans.

9.1.4 Policy on Spent Fuel and Waste Management (IEAL 1987)

Until now, it has been the policy of the U.K. that spent fuel from its
nuclear power stations {including Magnox and AGR spent fuel) be sent to the
Sellafield site for reprocessing. No decision has been made regarding reproc-
essing of LWR fuel from U.K. reactors; however, LWR fuel from foreign reactors
is scheduled for reprocessing in the Thermal Oxide Reprocessing Plant (THORP)
under construction at Sellafield (Silis 1989).

United Kingdom 9.2 PNL-7293



The position in the U.K. is that a HLW repository will not be needed
before 2040, and there are advantages to letting the waste age. The policy
now established by the U.K. is to store HLW for 50 years after its solidifi-
cation prior to disposal. The U.K. does not view storage as a substitute for
disposal, and it is the policy to ultimately dispose of HLW in an environmen-
tally safe manner in a deep geologic repository. Safe storage and transporta-
tion, however, warrants early stabilization of the liquid HLW. Furthermore,
the U.K. does not want to foreclose on disposal options until a disposal
facility is available. Its strategy is under continual development
{Schneider et al. 1989).

Although the Central Electricity Generating Board (CEGB} has a major com-
mitment with British Nuclear Fuels Ltd. {BNFL) to reprocess its spent fuel,
consideration is being given to the possibility of long-term storage of future
accumutations of discharged fuel and to deferment of reprocessing. One reason
is the avaitability of dry storage that was not developed 25 years ago when
the nuclear power program began. Although dry storage of spent fuel might be
contemplated, until there is more certainty about the feasibility, cost, etc.,
the U.K. position is unchanged regarding ultimate reprocessing of the fuel and
disposing of the vitrified waste in a geologic repository.

The organizations that produce radicactive wastes must carry the burden
of responsibility for safe and effective management of the wastes; therefore,
spent fuel and HLW management are the responsibility of the utilities and
reprocessors.

9,1.5 Organization/Responsibilities for Waste Management
{Schneider et al. 1988; Leigh 1989)

The overall organizational structure for the management of radioactive
wastes in the U.K. involves three components: the government, the nuclear
industry and generating boards, and the private sector.

Responsibility for radioactive waste management policy is vested in the
Secretary of State for the Environment, together with the Secretaries of State
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for Scotland and Wales. Each consults with other Ministers as appropriate and
is responsible for authorizing and administering discharges and disposal of

radiocactive wastes.

Her Majesty’s Inspectorate of Pollution {e.g., the Radiochemical Inspec-
torate} of the Department of the Environment and inspectors of the Ministry of
Agriculture, Food, and Fisheries are responsible for monitoring all radio-
active discharges to ensure that they are within authorized limits. Reg-
ulatory activities in Scotland, Wales, and Northern Ireland are different but
cover the same functions.

The Nuclear Installations Inspecterate (NII), which is part of the Health
and Safety Executive, according to the Health and Safety at Work Act of 1974,
is responsible for ensuring that high standards of waste management are main-
tained at licensed nuclear sites and that potential hazards are reduced to as
low as reasonably achievable (ALARA}.

An independent expert committee, the Radioactive Waste Management
Advisory Committee (RWMAC), advises the government through the Secretary of
State for the Environment in matters concerning national policy for radio-
active waste management.

Responsibility for implementing strategy, however, clearly lies with the
nuclear industry. BNFL carries out reprocessing of the spent fuel from the
reactors operated by the Central Electricity Generating Board (CEGB) and the
South of Scottand Electricity Board {SSEB). For now, BNFL has responsibility
for the storage of the HLW arising from those operations. The decision to
reprocess spent fuel immediately or to store it for some time Ties with the
CEGB in England and Wales and with the SSEB in Scotland.

National Power, PowerGen, and National Grid Company, successor companies
to the CEGB, are to take CEGB's non-nuclear business into the private sector
on March 31, 1990. CEGB’s nuclear plants would be kept under government
control as the company Nuclear Electric {Nucleonics Week 1990).

In 1982, the government established the Nuclear Industry Radioactive
Waste Executive (NIREX) to develop and operate radicactive waste management
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facilities for Tow-level waste (LLW) and intermediate level waste (ILW).
NIREX was originally established as a partnership of the U.K. Atomic Energy
Agency (UKAEA), BNFL, CEGB, and SSEB but is now a separate legal entity as
U.K. Nirex Limited. UKAEA performs research and development {R&D) on nuclear
technalogies, including reprocessing and waste management. It is a
government-owned nuclear research agency, which has been operating on a fully
commercial basis since 1986,

9.1.6 Repository Licensing Process, Regulation Status, Major Requlations,
Safety Bases

The Department of the Environment believes that it is not yet necessary
to identify and investigate candidate disposal sites, because HLW is expected
to be stored for at least 50 years before disposal. Therefore, detailed
regutatory requirements for the disposal of HLW in the U.K. have not been
developed. With the policy in the U.K. being extended storage of HLW prior to
disposal, the federal government [the Inspectorate of Pollution (HMIP) or the
Nuclear Installations Inspectorate {NII}] has no plans in the near future to
develop such regulatory requirements.

As required by Section 6 of the Radioactive Substances Act of 1960,
radioactive waste disposal requires prior authorization by the authorizing
departments, i.e., the Department of the Environment; the Scottish Office; the
Welsh Office; and the Ministry of Agriculture, Fisheries and Foods. The
responsibilities of these authorizing departments are 1) to approve radio-
active waste disposal routes and disposal sites, 2) to assess the radiological
implications of disposal, 3) to set other necessary conditions in authoriza-
tions and to ensure compliance with the Timits and conditions, and 4) to carry
out necessary monitoring of the environment for radioactivity.

9.1.7 Roles of the Public, Local Organizations, Multinational Organizations

Public invelvement is accomplished by several means. The U.K. Nirex,
Ltd. has an extensive public relations program, including local information
offices, a mobiie exhibit, and speaker services. A public inquiry system
helps inform the public. Past problems with discharges at the Windscale site
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have aroused public concern with all nuclear activities, and the BNFL has
responded to the concern with an extensive television ad campaign and major
plant upgrades.

The U.K. participates in numerous international activities. It is an
active member of the CEC, IAEA, and the OECD/NEA and is involved with most of
their waste management initiatives. It has agreements and partnerships with
various countries. In particular, the U.K. is a partner with France and the
Federal Republic of Germany (FRG) in Nuclear Transport, Ltd., which provides
for spent fuel transport, and in United Processors GmbH, which deals with
reprocessing. Anaiogue studies in Brazil and in Australia also involve the
U.K. (Schneider et al. 1988).

9.2 OVERALL WASTE MANAGEMENT SYSTEM

The U.K. approach to HLW management currently emphasizes reprocessing and
storage and defers major repository development. The U.K. waste management
system must deal with a range of spent fuel types, including AGR, LWR, HWR,
GCR (Magnox) and LMFBR fuels. The system must also accommodate a wide range
of fuel designs and materials (e.g., corrosion characteristics). It deals
with both domestic and foreign spent fuel. It must allow for potential delays
in reprocessing, and therefore, must provide buffer storage. While deferring
major repository development, the management system needs to anticipate some
aspects of repository development.

9.2.1 Reprocessing (Sills 1989; IAEA 1988)

The elements in the U.K. approach to reprocessing are 1) to reprocess
Magnox fuel and recycle the uranium to AGRs, 2) to reprocess AGR fuel and
foreign LWR fuel in THORP after its expected completion in 1992, 3) to reproc-
ess a relatively small inventory {(about 10 MT) of LMF8R fuel, and 4) to defer
a decision on reprocessing PWR fuel from U.K. reactors by providing 18 years
of storage capacity at each PHWR.

The commissioning of THORP in 1992 will mark the start of commercial-
scale oxide fuel (LWR and AGR) reprocessing in the U.K. The design rate of
THORP is 1200 MT/yr, but it is expected to process about 7000 MT in its first
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10 years of operation {(Schmeider 19839). High-level waste conditioning at
THORP is based on the French vitrification process {Schneider 1989). Light-
water reactor fuel is destined for reprocessing in THORP as a result of
contracts with overseas customers. Contracts for reprocessing of 6000 MTU of
spent fuel have been secured (Sills 1989).

A major capital investment program will be completed in the early 1990s
to ensure that Magnox reprocessing operations continue uninterrupted until the
Magnox program ends around the year 2005. As of 1989, 30,000 MTU of Magnox
fuel have been reprocessed at Sellafield, and over 15,000 MTU have been
recycled to the AGR program; plutonium is stored for use in the fast breeder
program and for mixed-oxide fuel for other systems. The chemical reactivity
of Magnox fuel precludes direct disposal of the fuel, in contrast with well-
proven reprocessing methods.

9.2.2 Interim Storage Befere and After Reprocessing

Interim storage in the U.K. must accommodate a variety of fuel types,
including GCR (Magnox and AGR), SGHWR, foreign and U.K. LWR, and LMFBR spent
fuel. Storage facilities include at-reactor (AR) wet storage, AR dry storage
(at one Magnox plant), AFR wet storage at Sellafield, and LMFBR storage at
Dounreay. An above-ground engineered facility is planned for vitrified HLW
storage in stainless steel canisters over a period of at ieast 50 years.

9.2.3 Geologic Repository {Schneider et al. 1988)

Some site appraisal work was conducted in the U.K. in the late 1970s, but
no specific site is under active investigation., Tentative repository criteria
have been proposed, inciuding a minimum depth of 300 meters; entrances to
shafts at least 60 meters above sea level; and deep mining, dam construction,
etc., absent within a 15-kilometer radius of the facility. The present
strategy is interim storage of vitrified HLW until the repository is available
in about 2040.

9.2.4 (Other System Considerations

The U.K. has supported the international assessment of sub-seabed dispo-
sal of HLW. For ILW, the possibility exists for an underground or an undersea
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storage facility to be built, possibly at Sellafield, with construction
beginning in the mid-1990s (Schneider et al. 1988).

9.3 WASTE STORAGE AND TRANSPORTATION

The U.K. has a storage and transportation system that accommodates sev-
eral fuel types, including U.K. and foreign fuel. Transportation is by truck,
rail, and ship. Interim storage of HLW will become an important element in
the system, to manage vitrified waste over a period of at Teast 50 years until
the repository is available.

9.3.1 Spent Fuel Storage

The various spent fuel types in the U.K. impose a variety of storage
requirements. Fuel with Magnox (magnesium-base alloy) cladding is suscep-
tible to aqueous corrosion. Wet storage is practiced for short periods at
reactor sites and at the Sellafield site, primarily to allow for decay of
fission product gases, until the fuel is reprocessed. Dry storage of Magnox
fuel in vaults has been practiced at the Wylfa power station since 1971.

AGR fuel has stainless steel cladding that sensitizes and becomes sus-
ceptible to aqueous corrosion, but at lower rates than the rates for Magnox
fuel. The AGR fuel is stored in water pools AR and at the Sellafield AFR
facility. Before the fuel is reprocessed, it is dismantled and consolidated.
The graphite component is removed, and the fuel rods are then placed into
canisters in close-packed arrays, achieving a 3:1 conselidation ratioc. The
canisters are stored in water until the AGR fuel is reprocessed in THORP,
currently scheduled to be commissioned in 1992.

A dry storage option for AGR fuel is also being developed. Feasibility
studies have been undertaken on dry storage systems for AGR fuel, carried out
for the CEGB by the National Nuclear Corporation (NNC}. The type of dry
storage facility being developed by NNC is equally suitable for fuel from any
type of thermal reactor. The NNC dry storage facility can also accommodate
vitrified waste. A vault-type facility has been designed and a site has been
identified. Dry storage would provide a buffer against reprocessing plant
outages, provide the option to reprocess after longer storage, and provide the
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option for direct disposal of spent fuel, if economic and technical consid-
erations are favorable. The same basic dry storage facility design could be
adapted to other fuel types (Sills 1989).

Storage of LWR fuel in water over periods of several decades without
significant degradation has been demonstrated. Foreign spent LWR fuel has
been stored in water at the Sellafield site between one and two decades. The
excellent wet storage characteristics of LWR fuel prompted a decision to
install 18 years of wet storage capacity at each of the four or five PWRs that
may be built in the U.K. over the next decade {Siltis 1989).

9.3.2 High-lLevel Waste Storage

Liguid HLW is stored in acidic condition in cooled and agitated, double-
walled, stainless steel tanks at the Sellafield site (Schneider 1988}. It is
estimated that 2860 cubic meters of 1iquid HLW will have accumulated by the
year 2000. When converted to vitrified form, the waste volume will be reduced
by about two-thirds, to 985 cubic meters. The vitrified HLW storage facility
at the Sellafield site will store up to 8000 vitrified HLW containers, equiv-
alent to 3300 cubic meters of waste in liquid form. The vitrified HLW will be
stored in an above-ground engineered facility. It will be stored 50 years or
longer in stainless steel thimbles in a vault cooled by natural convection air
{Schneider 1988).

9.3.3 Transportation

BNFL, Pacific Nuclear Transport, Ltd. (PNTL), and Nuclear Transport, Ltd.
{(NTL) transport fuel within the U.K. and from other countries. Several types

of casks are used, principally the Magnox cask, the Excellox cask, and the TN
cask.

The wall construction of most Magnox casks is steel, but an early Chapel-
cross Magnox cask was constructed of cast iron. Magnox casks weigh 43 to
49 MT when loaded. Both the Excellox and TN casks have steel wall construc-
tion, with the laden weight being 76 to 102 MT for the Excellox casks and 85
to 111 MT for the TN casks. The Excellox casks can handle 5 to 7 PWR or
14 BWR assemblies; the TN casks, &6 to 12 PWR or 17 to 32 BWR assemblies,
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depending en the design. The casks containing Magnox fuel are shipped filled
with water, the Excellox cask with air or water, and the TN cask with
nitrogen.

The Chapelcross Magnox cask is transported only by road, but the others
are transported by road, rail, and ship. Magnox fuel has been transported by
ship from Italy and Japan beginning in the late 1960s. Oxide fuel has also
been transported by ship from Japan and from European countries {IAELA 1988).

9.4 GEOLOGIC WASTE REPOSITORY {Schneider 1988)

The U.K. is planning for eventual geologic waste disposal but is
presently pursuing long-term interim storage. Vitrified HLW will be stored
for about 50 years before final disposal; by then the heat generation and
radioactivity will be greatly reduced, and both transport and disposal will be
simplified. Moreover, the 50-year period will give more time to identify and
prove the suitability of a geologic disposal site. The U.K. strategy is to
postpone further efforts to identify a repository site until a definite need
is near. The U.K. will instead concentrate research on confirming applicabil-
ity to the U.K. of findings from work in other countries. In deferring dis-
posal, the U.K. does not view storage as a substitute, and its policy is to
ultimately dispose of HLW in an environmentally safe manner in a deep geologic
repository.

9.4.1 Safetvy Requirements and Appreach

Detailed regulatory requirements for the disposal of HLW have not been
developed in the U.K. because disposal is presently being deferred. Also, the
U.K. does not plan to develop detailed prescriptive regqulations; instead it
will develop only general performance requirements (Bellington et al. 1990}.
The U.K. Department of the Environment wijl seek to assure that any exposure
from 2 solid waste disposal site will not exceed an annual dose of 0.1 mSv
(10 mrem) and that exposures to radiation will be as low as reasonably
achievable (ALARA).

Tentative specifications and criteria for geologic repositories are that
the minimum depth be 300 meters to avoid inadvertent intrusion; that entrances
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to shafts be at least 60 meters above sea level (projected shoreline should be
higher than sea level to allow for a potential polar ice cap melt); and that
deep mining, dam construction, etc., are absent within a 15-kilometer radius
of the facility.

§.4.2 Siting

In the late 1970s, the U.K. was investigating 12 regions wnere geologic
field research could be conducted for a permanent HLW disposal facility. An
exploratory drilling program to investigate candidate repository sites was
initiated but met with stiff jocal resistance, and oniy one application for
drilling was accepted. The expioratory driiling program was suspended because
the Department of the Environment took the view that tne U.K. already has
encugh geologic data from domestic driliing cperations, as weil as from those
of other nations. In addition, construction of piict HL¥ c¢isposal facili-
ties, planned for the late 1990s, was nc longer considersd necessary.  An
internal review conducted by the government on whether it wa: essentia:i fo
seek a site for an HLW repository concluded that waste could instead be stared
safely on the surface for about 50 years. The government believes that it is
not yet necessary to identify and investigate candidate dispesal sites.

The inventory of potential sites had jed to seiection of several crystal-
line rock, argillaceous rock, and evaporite areas for further characteriza-
tion. Expioratory drilling into granite was completed at one site in northern
Scotland. In addition, a borehole was drilied intc an argiilaceous formation
under the Harwell site for hydrologic studies. The present intention is fo
closely monitor developments involving underground facilities in Sweden and
Canada for granite, in Belgium for clay, and in the FRG for salt.

9.4.3 Design Concept{s}

The reference waste form is vitrified HLW (borosilicate glass) stored
from 50 to 100 years before disposal. The waste container will be designed to
keep water from contacting the HLW glass for 500 years or longer; it is to be
a stainless steel canister (similar to the French design) with an overpack of
thin titanjum, thick cast iron, or steel. The preferred host rock for dis-
posai is granite. The emplacement of waste in the repository will be in:
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Much of the HLW vitrification R&D has been performed at Harwell. The
past work on a Joule-heated ceramic melter was conducted at Harwell for
possible use at Dounreay. The work at Harwell has also included preparation
and characterization of active samplies of Synroc, development of glasses of
increased durability, and characterization and treatment of gases released
during melting. The rising-tevel in-can vitrification process was developed
at Harwell and was tested in the Fingal and Harvest (now inactive) Pilot
Plants.

Waste package R&D has been conducted, including formulation and charac-
terization of vitrified HLW from fast breeder reactor (FBR)} fuel reprocessing,
behavior of vitrified waste under repository conditions, corrosion studies on
canister materials, and backfill technology.

Geosciences R&D has been undertaken to determine the effects of waste
emplacement in a geologic repository. Work has focused on geochemistry and
near-field performance. Groundwater movement in fractured granite has been
evaluated., The generic properties of saturated crystailine rock were studied,
including heat transfer and the thermomechanical response of granite. Studies
of the alteration products that are present in rock fissures have been made.
Laboratory studies have evaluated radionuclide migration through backfill
materials in "mini-repositories." Other testing has included radionuclide
migration in fractures, long-term migration of natural elements in saturated
clays, and waste/rock interactions at various temperatures. Natural analogue
studies were made to assure that important repository elements are accounted
for in modelling. As part of this effort, the U.K. has been participating in
natural analogue studies in Brazil and Australia.

Field tests were accomplished at two locations. Early field studies of
heat transfer, fracture hydrology, and radionuclide transfer were carried out
at the AERE test site in a granite quarry in Cornwall. Hydrogeological tests
were made in boreholes 300 meters deep in Scotland.

9.4.7 Approach to Proving the Safety of the Repository

The U.K. program in performance assessment resulted in publishing of
safety assessment principles in 1984, promulgating risk assessment procedures
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based on the use of the probabilistic sampling codes SYVAC A/C and D, which
are modified versions of the Canadian Systems Variability Analysis Code
(SYVAC) system. A stochastic treatment of climate change is part of this
approach.

Early in the 1980s, a very preliminary generic assessment was made for an
inland granite site. Unrealistically pessimistic assumptions were used, and
doses af 500 to 6000 mrem/yr were calculated. Peak doses occurred after
10,000 years. When a seaside location was assumed, doses fell twg orders of
magnitude due to dilution. A second assessment was done in the mid-1980s, and
a third assessment is underway.

The latest assessment by the Department of the Environment (the reguia-
tory authority) uses a unique time-dependent simulation modeling approach.
The only other country that has invested in this approach is the U.S., but it
is not currently being considered for use in U.S. assessments. The approach
has been criticized in international meetings as being uniikely to yield
defensible resuits, but because VANDAL, the model under development, has not
yet been released, some of these opinions may be premature. Development of
this approach is ongoing and will include thorough testing and comparisons
with other approaches.

Other ongoing work in developing performance assessment methods invoives
a radionuclide migration model {(CHEMTRAN}, models for the long-term evolution
of deep repository hydregeology (TIME2/4), and models for biosphere transfer
and dose (ECOS, DECOS). The Tinkages between the larger deterministic models
and the simplified models used in a probabilistic systems code are also under
investigation, and perfermance assessment is being used to identify waste
form, engineered barrier, and site data needs.

9.4,8 Peer Review Activities

The U.K. participates in several multinational activities that provide
access to broadly-based viewpoints. However, with a repository target date of
2040, needs for specific, definitive reviews related to the repository have
not developed. '

United Kingdom 9.14 PNL-7293



9.5 REFERENCES

Bellington, D. A., S. J. Lever, and S. J. Wisbey. 1990. "U.K. Regulations
and the Safety Assessment of Radioactive Waste Repositories.™ Presented at
Waste Management 90, Tucson, Arizona, February 25-March 1, 1990.

TAEA. 1988. Spent Fuel Management: Current Status and Prospects.
TECDOC-487, International Atomic Energy Agency, Vienna, Austria.

TEAL. 1987. Requlatory Strategies for High-Level Radioactive Waste Manage-
ment in Nine Countries. IEAL-R/87-93, International Energy Associates
Limited, Fairfax, Virginia.

Leigh, I. W. 1989. 1International Nuclear Fuel Cycle Fact Book. PNL-3594
Rev. 9, Pacific Northwest Laboratory, Richland, Washington.

Marshallt, P. Nucleonics Week, March 16, 1989, p. 15.

Nucleonics Week. January 11, 1990, 31(2):4-5.

OECD/NEA. 1988. "Radioactive Waste Management in the United Kingdom." Paper
prepared for Radioactive Waste Management Committee of the OECD Nuclear Energy
Agency, December 1988.

Schmeider, H. 1989. "Status of Reprocessing in the West and Japan." Nuclear
Europe, January-February 19839, p. 41.

Schneider, K. J., L. T. Lakey, and D. J. Silviera. 1988, National Briefing
Summaries: Nuclear Fuel Cycie and Waste Management. PNL-6241 Rev. 1, Pacific
Northwest Laboratory, Richland, Washington.

Schneider, K. J., L. T. Lakey, and D. J. Silviera. 1989. Survey of Waste
Package Designs for Disposal of High-lLevel Waste/Spent Fuel in Selected
Foreign Countries. PNL-6981, Pacific Northwest {aboratory, Richland,
Washington.

Sills, R. J. 1989. "Spent Fuel Storage and Management in the United
Kingdom.”" J. Nuclear Material Management, XVII{3):17-19.

PNL-7293 9.15 United Kingdom






10.0 UNITED STATES

10.1 LEGISLATIVE/INSTITUTIONAL BASES
10.1.1 Nuclear Power Policy {Schneider et al. 1988; Leigh 1989)

The nuclear power policy in the United States is to encourage construc-
tion and operation of nuclear power stations by private and public electrical
utilities. The federal government has supported nuclear power development
through major federal research and development (R&D) programs. Federal sup-
port in recent years has been declining, and much of the current R&D is being
done by private industry. Current federal R&D is primarily aimed at new con-
cepts of reactors and safety-related activities.

Nuclear power and the associated nuclear fuel cycle activities are reg-
ulated strongly by federal agencies. The Nuclear Regulatory Commission (NRC),
which reqgulates most nuclear activities, also carries out independent nuclear
safety research.

The United States {U.S.} has the largest nuclear electricity production
capacity in the world, with 110 operating nuclear power reactors having a
capacity of 99,000 MW, which is 20% of the national capacity. Nuclear power
is still growing in the U.S. but is reaching a plateau, with facilities yet to
come on line being those ordered more than 10 years ago. No new orders for
nuclear power facilities have been received since 1978, and numerous pre-
viously planned facilities have been cancelled. The stowdown in nuclear power
growth has been brought about by the added costs of long licensing and con-
struction times (on the order of 12 years), increasing public pressures
against nuclear power, and continually more restrictive regulations.

The U.S. has complete nuclear fuel-cycie capabilities for a once-through
cycle. All fuel-cycle facilities are owned and operated by private industry,
except for uranium enrichment facilities. Future facilities for central
storage of spent nuclear fuel and for disposal of spent nuclear fuel will be
owned and operated by the federal government, with funds supplied by the
nuclear electrical utilities.
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10.1.2 Major Legislation

The overall legislation for nuclear power is set in the Atomic Energy Act
of 1954, with subsequent amendments. This Act specifies conditions for using
atomic energy and radioactive materials for civilian and national defense pur-
poses (U.S. Congress 1954).

The primary legislation for management and disposal of civilian spent
nuclear fuel and high-level waste (HLW) was the Nuclear Waste Policy Act of
1982 (NWPA). It was amended in the Nuclear Waste Policy Amendments Act of
1987. These two Acts established a federal program and responsibility for a
geologic repository for permanent disposal of these wastes. They also pro-
vided authorization for transportation, gave responsibility for the waste man-
agement system to the Department of Energy (DOE), dictated the maximum capa-
city of the repository, and provided institutional requirements, as weil as
funding and a timetable. The Amendments Act named the Yucca Mountain site in
Nevada for detailed site characterization to determine its suitability as a
repository and authorized a Monitored Retrievable Storage (MRS) facility for
interim storage of spent fuel (subject to a number of conditions before con-
struction can start) (U.S. Cengress 1983, 1987).

10.1.3 Linkage Between Nuciear Power and Waste Management

There are no national Tegislative acts that link the development or
operation of nuclear power to assurance that radioactive wastes can be managed
satisfactorily {(Schneider et al. 1988).

10.1.4 Policy on Spent Fuel and Waste Management

The primary objective of radicactive waste management in the U.S. is to
protect the health and safety of the public and the quality of the environment
cost effectively. Management of radiocactive wastes is considered to be the
responsibility of the entities and immediate generations that produce the
wastes and should not be Teft for future generations. U.S.-generated radio-
active wastes will be disposed of in the U.S., and spent fuel and HLW will be
disposed of in deep geological formations. Consideration of a possible second
repository is deferred until the time period 2007 to 2010. Interim storage of
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spent fuel and HLW will be carried out at the site of the generator, although
the federal waste management system has proposed a central MRS facility (U.S.
Congress 1983, 1987; DOE 1988a).

10.1.5 Organization/Responsibilities for Waste Management

Management of all types of radioactive wastes up to final disposal is the
responsibility of the respective waste generators. For disposal of all spent
nuciear fuel and HLW, the DOE is responsible. For disposal of civilian Tow-
level waste (LLW}, the States are responsible and are joining into groups of
States called "compacts" to share the responsibility for LLW disposal on a
regional basis (DOF 1988a; OFECD/NEA 1988a).

The DOE s responsible for the total waste management system associated
with disposal of spent nuclear fuel and HLW. This includes any interim stor-
age beyond that provided by the waste generators; transportation to any fed-
eral interim storage facility and to the final repository; and siting, dev-
elopment, operation, closure, and monitoring of the final repository (U.S.
Congress 1983; DOE 1988a).

The DOE is aiso responsible for setting the fee schedule that the waste
generators pay to fund the federal waste management system for spent nuclear
fuel and HLWH. The Nuclear Waste Fund is collected and managed by the federal
Treasury Department. Authorization for use of the waste fund is done on an
annual basis by the Congress, based on need. The DOE annually evaluates the
adequacy of the fee schedule of the waste fund. The fee schedule has been
$0.001/net kWh of electricity sold by the nuclear utilities since the incep-
tion of the fee in 1983 (DOE 1988a; Schneider et al. 1988).

The federal Environmental Protection Agency (EPA) is responsible for
setting overall standards for protection of the environment and public health
for all hazardous materials and activities {DOL 1988a}.

The federal Nuclear Regulatory Commission (NRC) has primary responsi-
bility for review of the nuclear safety aspects and for licensing of interim
storage and repository siting, construction, operation, and decommissioning.
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The NRC is also responsibie for inspecting and certifying casks for use by DOE
in transporting the spent fuel and HLW (DOt 1988a).

The federal Department of Transportation (DOT} reguiates the safe trans-
port of hazardous materials, including nuclear waste, under the federal
civilian waste management system (DOE 1988a).

10.1.6 Repository Licensing Process, Requlation Status, Major Requlations,

Safety Bases

The regulatory requirements for licensing a geologic disposal repository,
an MRS facility, and the associated transportation system are relatively com-
plete, although they are continually undergeing review and revision. The
requlations are highly prescriptive in defining details of safety requirements
that must be met (NRC 1983; EPA 1985).

The overall federal repository licensing process involves two major
steps: obtaining a Ticense for construction of the repository and obtaining a
license for operation {i.e., emplacement of the wastes). In addition, reg-
ulatory approval is required to seal and close the repository (U.S. Congress
1983}.

Submission of a license application to the NRC for construction of a
repository requires DOE to make a finding that the proposed repository site is
suitable as a result of detailed site characterization studies. After this
finding, the DOE prepares a final environmental impact statement (EIS) and
recommends the site to the President; assuming the recommendation is accepted
by the President and Congress and no disapproval is received from the host
State (or host Indian tribe, if applicable), the DOE may then submit the
ticense application for repository construction. If, when the President sub-
mits the site recommendation to Congress, the host State or host Indian tribe
submits a notice of disapproval of the decision, the site is disapproved
uniess the Congress overrides the disapproval. When the NRC finds the license
application to be acceptable, authorization is given for construction. After
repository construction is completed, the DOE submits an application to the
NRC for operation of the repository. If the construction and new safety-
related data satisfy the safety regulations, the NRC will issue a license to
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receijve and possess radiocactive materials, i.e., the operation of and emplace-
ment of wastes in the repository (U.S. Congress 1983, 1987).

A permit is required from the host State for any major construction work
to assure that air quality standards will be met during construction. This
permit is required for construction of the Exploratory Shaft Facility {under-
ground research laboratory), as well as for the repository {Nuciear Waste News
1989).

After completion of the operating and retrievability periods in the
repository, the DOE must apply to the NRC for a license amendment for per-
manent closure. After a period of post-closure monitoring, DOE may apply to
the NRC for a license amendment to terminate the repository license (NRC
1983).

The regulations for licensing of a federal MRS facility for interim
storage of spent nuclear fuel and/or HLW are given in the NRC’'s 10 CFR 72.
Licensing of an MRS facility is a one-step process, with approval of the site
and design and operations occurring simuitaneously. An MRS license is active
for 40 years and is renewable {NRC 1988a).

The requlations for iransportation of hazardous and radioactive materials
are promulgated by DOT in 49 CFR 171-176 and supporting regulations. Trans-
portation casks for spent fuel and HLW must be certified by the NRC. The U.S.
transportation requlations are consistent with the international transporta-
tion standards issued by the International Atomic Energy Agency (IAEA) (DOT
1988; NRC 1988b).

The basic federal standard for environmental radiation protection for
operation of uranium nuciear fuel cycle faciiities is the EPA’s 40 CFR 190.
This regulation appiies to waste storage and to filling and presealing of
waste disposal repositeries but not to post-sealing disposal. The standard
states that the dose equivalent to any member of the public for expected
performance of all operations in the nuctear fuel cycle shall not exceed
75 mrem/yr to the thyroid or 25 mrem/yr to the whole body or to any other
organ. All EPA and NRC regulations on radiation protection include the
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requirement for keeping radiation doses from all activities as low as reason-
ably achievable (ALARA), over and above meeting the specified numerical
requirements (EPA 1984}.

The federal standard for environmental radiation protection after sealing
of waste disposal repositories is the EPA’s 40 CFR 191. The EPA standards
1imit the projected cumulative releases of radionuclides to the accessible
environment for 10,000 years after disposal to specific numerical values that
are based on limiting the resulting premature cancer deaths. The EPA standard
also provides an annual limit of radiation doses to members of the public for
1000 years after disposal and sets numerical Timitations on radionuclide con-
centrations in potable groundwaters for this same time period. Currently,
parts of these standards have been remanded and are being revised (EPA 1984,
1985).

The basic NRC radiation protection regulations, which expand on the EPA
standards and are consistent with those of the International Commission on
Radiation Protection, are given in the NRC's 10 CFR 20. These regulations
Timit the dose to any individual member of the public to 500 mrem/yr and the
dose to occupational workers to 5 rem/yr averaged over a Tifetime. Other
specific numerical limits are also given (NRC 1984).

The NRC regulations for disposal of spent nuclear fuel and BLW are in
10 CFR 60 and require preserving the option of waste retrieval throughout the
pre-closure period of the repository. For the post-closure period, the pri-
mary technical requirements are for containment release rates and groundwater
travel time, providing specific numerical limits in each case. Also contained
in 10 CFR 60 are siting, facility design, and waste package criteria; criteria
pertaining to iand ownership and control; and requirements for establishing
programs for performance confirmation, quality assurance, and personnei train-
ing and certification (NRC 1983).

In addition to the reqgulations by the EPA, the NRC and the DOT, the DOE
has its own operating "Orders" that are compatible with the requlations of
these reqgulatory agencies. As an example, a requirement in these "Orders" is
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a stipulated design objective of no more than 1 rem/yr maximum individual
occupational dose for DOE facilities (DOE 1988b}.

10.1.7 Roles of the Publijc, Local Organizations. Multinational Organizations

The public has the opportunity to play a major role in all aspects of
developing the high-level radioactive waste management system. The public
influences its representatives in Congress in enacting legislation. A1l
proposed major federal actions that could affect the environment require the
preparation of EISs, which require public comment and input before the deci-
sion is made to proceed with the propesed action (U.S. Congress 1969).
Because the results of most regulations related to radicactive waste manage-
ment will affect the environment, proposed regulations are also subjected to
public review and comment before they can be promulgated. In these cases,
bonafide concerns must be resolved before action can be taken.

The NWPA and its Amendments Act specify public hearings on the detailed
site characterization ptan for nominated potential repository sites. The NWPA
also requires that, before proceeding with sinking of shafts for site charac-
terization of a repository, the DOE submit the plan to the NRC and the poten-
tial host State for comments and hold public hearings on the proposed acti-
vities. After detailed site characterization and evaluation of a specific
repository site indicates a site is suitable and the DOE plans to recommend a
final site for a repository, the host State must be notified and public hear-
ings must be held in the host State. The final recommendation of a site to
the President must be accompanied by an EIS that includes earlier comments
from several other federal agencies and the prospective host State, as well as
DOE responses (U.S. Congress 1983, 1987).

[f the President agrees with the recommendation of the proposed site for
development of a repository, he submits the recommendation to Congress for
approval. At this time, the prospective host State or host Indian tribe has
60 days to submit a notice of disapproval of the selection. In this case,
Congress has 90 days to override the disapproval, or the disapproval becomes
binding. A similar process for site recommendation and approval, State and
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Indian tribe veto, and congressional override of the veto applies to an MRS
facility (U.S. Congress 1983, 1987).

Potential repository host States or Indian tribes may participate in the
site selection and evaluation process by reviewing the federal activities and
results, carrying out independent monitoring programs, independently deter-
mining impacts on the host area, employing an onsite state representative to
oversee DOE activities, and carrying out public information programs within
the state. The potential host State is paid for these activities from the
Nuclear Waste Fund. Until the activities cease at the site, the host repos-
itory and MRS facility States and units of local government aiso receive
grants eguivalent to taxes that would be received if the federal activities
were private industrial activities. In addition, after repository or MRS
facility sites have been selected, potential host States may enter into an
agreement with the DOE for federal payments of benefits (fixed amounts spec-
ified) to the potential host States, who must share the benefits payments with
units of Tocal government. Any potential host State that submits a notice of
disapproval of its recommended site waives its rights to these payments.
Also, Nuclear Waste Funds may be paid to the host States to mitigate impacts
resuiting from hosting a repository or MRS facility, inciuding training of
public safety officials for transportation emergencies (U.S. Congress 1983,
1987).

A potential host State for a repository or MRS facility may participate
in an oversight review panel with seven members, to be funded by the Nuclear
Waste Fund. Two of the panel members, including the chairman, are to be
appointed by the DOE, four are to be appointed by the potential host State and
units of Tocal government, and one is to be selected by DOE from nuclear elec-
tric utilities (U.S. Congress 13987).

The Amendments Act provides for the President to appoint a nuclear waste
negotiator, who will terminate activities in 1992. The negotiator shall
attempt to find a State or Indian tribe that has a suitable site and is will-
ing to host a repository or MRS facility. If such a potentially qualified
volunteer site is identified, the process for evaluating and characterizing
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the potential site will be much the same as for a DOE-designated site, with
similar public roles (U.S. Congress 1987).

In accordance with the Amendments Act, an independent three-member MRS
Commission was appointed by the President to review the need for an MRS facil-
ity and to recommend to Congress whether such a facility should be included in
the pational waste management system (U.S. Congress 1987). The MRS Review
Commission completed its work and submitted its report to Congress late in
1989, The Commission concluded that either MRS or No-MRS options for interim
storage of spent fuel are technically safe and there are no single discrimi-
nating factors that would cause the MRS alternative to be chosen in preference
toe the No-MRS option; an MRS facility with its implementation schedule Tinked
to the repository implementation scheduje is not justified; and some small
federal interim storage facilities are in the national interest. The Commis-
sion recommended congressional authorization of a federal emergency storage
facility with a capacity limit of 2,000 MTU of spent fuel; congressional
authorization of a user-funded interim storage facility with a capacity limit
of 5,000 MTU of spent fuel; and Congress shall reconsider the subject of
interim storage by the year 2000. Congress is currently considering the MRS
Review Commission’s findings and recommendations (MRS Review Commission 1989).

The Amendments Act provides for establishing a Nuclear Waste Technical
Review Board to evaluate the technical and scientific validity of activities
undertaken by the DOE related to repository site characterization, waste pack-
aging, and transportation. The ll-member board reports to the President, and
the members have been selected from candidates identified by the independent
National Academy of Sciences (NAS) {U.S. Congress 1987).

The NRC has appointed an Advisory Committee on Nuclear Waste. The three-
member independent panel and its staff provide advice to the Commission on
regulatory issues for all types of radioactive wastes {Nuclear News 1988).

The U.S. is a member of the IAEA and the OECD/NEA and participates
actively in their waste management programs, including R&D study projects.
The U.S. has participated in reviews of other country’s waste management
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systems when requested through these agencies but has not requested these
organizations to participate in or review the U.S. program.

10.2 OVERALL WASTE MANAGEMENT SYSTEM {OECD/NEA 1988a)

The averall HLW management pian for the U.S. is to store spent fuel from
civilian nuclear power stations on an interim pasis for 5 to 40 years and then
dispose of canistered spent fuel directly in a deep geologic disposal repos-
itory. Spent fuel storage will be in the reactor pools, with some nuclear
power stations implementing their own suppiementary onsite storage in dry
storage systems. A federal MRS facility has been proposed for interim storage
of spent fuel that has been accepted within the federal waste management sys-
tem. However, the MRS Review Commission and DOE positions on an MRS facility
are of interest and unresolved {U.S. Congress 1983, 1987; MRS Review Commis-
sion 1989).

High-level waste from the 640 MT of civilian spent fuel that has been
reprocessed at the former West Valley, New York, facility will be vitrified
and disposed of in the deep geologic repository. In addition, vitrified HLW
from nuclear defense programs will be disposed of in the same deep geologic
repository (DOE 1989a}.

The HLW repository is limited by legislation to receive no more than
70,000 MT of spent fuel (including the equivaient in HLW} until a second
repository {(if needed) is started up. The current reference estimate for
tife-time waste generation is about 86,000 MT of spent fuel and about 9,500 MT
equivalent of civilian and defense HLW {(DOE 1989a}.

10.2.1 Reprocessing {Schneider et al. 1988; Leigh 1989)

Reprocessing of civilian spent nuclear fuel is permitted by law and is
determined by the owners of the spent fuel. However, the utilities with
nucltear electrical power have elected not to reprocess because of poor econ-
omics and because of uncertainties in policy regarding the nuclear fuel cycle.

The former Nuclear Fuel Service’s West Valley reprocessing facitity
operated from 1966 to 1972 and is currently being decommissioned.
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Reprocessing plants for civilian nuclear power plant spent fuel were also
constructed by the General Electric Company at Morris, Illinois, and by the
Allied General Nuclear Services Company at Barnwell, South Carolina. These
two plants were never completed and have never operated.

10.2.2 Interim Storage Before and After Reprocessing
{U.S. Congress 1983, 1987)

Interim storage of civilian spent fuels is the responsibility of the
owners of the nuclear power stations. The spent fuel will continue to be
stored in the reactor pools, with some nuclear power stations implementing
supplementary onsite storage in dry storage systems, as needed. Storage will
be at the nuclear power stations for five to about 30 years, until the spent
fuel is received by the federal transportation system and transferred to the
federal waste management system for disposal in the deep geologic repository.
The vitrified HLW from the former civilian reprocessing facility at West
Valley, New York, and vitrified defense HLW will be interim stored at the
respective sites of their crigin.

A federal MRS facility has been proposed by DOE and authorized by Con-
gress. However, congressional appropriation of funding for an MRS facility is
dependent on resolution of completing recommendations of DOE and the MRS
Review Commission.

10.2.3 Geologic Repository

A federal repository in a deep geological formation is planned for civil-
ian spent nuciear fuel and for both civilian and defense HLW. The repository
is planned to be operational in 20]10. A site at Yucca Mountain in Nevada has
been selected by Congress to undergo characterization to determine its suita-
bility for the national repository (U.S. Congress 1983, 1987; DOE 1989a).

10.2.4 Other System Considerations

There are no plans to dispose of wastes in the federal HLW repository,
except canistered spent fuel from civilian nuclear power reactors; vitrified
HLW from the former civilian reprocessing plant at West Valley, New York; and
vitrified HLW from defense production operations. For spent fuel that might
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be consolidated, either at some nuclear power stations, at the repository, or
at the proposed MRS facility, the non-fuel-bearing components from the consol-
idated spent fuei are expected to be disposed of at the same repository,
although the final decision has not yet been made (DOE 1988c¢c). Recent analy-
ses indicate that most of the non-fuel-bearing hardware from spent fuel has
sufficient radicactivity to exceed the levels acceptable as LLW, and the
material will Tikely require disposal in a deep geological repository (Luksic
et al. 1989). Furthermore, the NRC has ruied that greater-than-{lass C waste
is reguired to be disposed of in a deep geological repository unless the NRC
approves dispesal elsewhere (NRC 1989).

Because further reprecessing of civilian spent fuel is not planned, par-
titioning of civilian HLW into fractions for reuse or other disposition is nof

planned.

Legislation provides for carrying out research on subseabed disposal of
spent fuel and HLW as an alternative technology to deep geclogical disposal.
Activities in this area have been minimal since completion of the OECD/NEA
subseabed disposal project in 1987 (U.S. Congress 1987; OECD/NEA 1988b).

The U.S. participated in the OECD/NEA’s preliminary study on the feasi-
bility of a multinational repository but has expressed no particular interest
in pursuing such a project (OECD/NEA 1987}).

10.3 WASTE STORAGE AND TRANSPORTATION

Storage of spent fuel and HLW is the responsibility of the generator
until they are accepted by the federal waste management system for disposal.
The DOE has recommended, however, the implementation of an integral MRS facil-
ity for spent fuel. The integrated MRS facility wouid be an in-line facility
in the waste management system. The facility would receive spent fuel, pro-
vide a limited amount of storage, provide staging for transportation to the
repository, and other functions (such as waste packaging) if determined to be
desirable in future analyses (DOE 1987, 1989b; U.S. Congress 1983, 1987).
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Transportation of the civilian spent fuel and HLW to a federal repository
or MRS facility will be the responsibility of the DOE and is considered to be
part of the federal waste management system {U.S. Congress 1983, 1987).

10.3.1 Spent Fuel Storage

The spent fuel from nuclear power stations will continue to be stored in
the respective reactor pools, with some nuclear power stations implementing
supplementary onsite storage in dry storage systems, as needed, if pool stor-
age capacity is exceeded. Storage will continue at nuclear power stations for
5 to about 40 years until the spent fuel is received by the federal trans-
portation system and transferred to the federal waste management system for
disposal in the deep geologic repository. By the year 2000, approximately
42,000 MT of spent nuclear fuel will be in storage (Strah! 1988; DOE 1988d).

Because many of the nuclear power stations were originally constructed
with a small amount of in-pool storage capacity, most of them have or are
initiating storage expansion. Nearly all are installing poisoned storage
racks to reduce the spacing and thereby increase the storage capacity in their
storage pools by a factor of about two (Strahl 1988).

Some nucliear power stations are installing dry storage to satisfy their
supplemental storage needs for spent fuel. Two types of onsite dry storage
facilities are currently being used. One is using metal storage casks of
various types with capacities typically from 21 to 26 intact PWR assemblies or
the equivalent of BWR assemblies. The casks are stored vertically on an out-
side concrete pad on the reactor site. The casks are loaded with spent fuel
in the spent fuel pool and Tifted from the pool, the contained liquid and
gases are evacuated, and the casks are then back-filled with inert gas and
sealed mechanically. The other concept uses a series of modular horizontal
concrete chambers placed next to one another on outside concrete pads. Each
module holds one canister {with integral shielding on each end) with 7 to 24
intact PWR spent fuel assemblies. The spent fuel is canisterized, evacuated,
and backfilled with inert gas in the reactor storage pool, then removed from
the pool in a transfer cask. The transfer cask is mated to the storage mod-
ute, and the canister is pushed or pulled externally into the storage module.
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Each module is cooled passively by external air convection and internal air
convection chambers {Strahl 1988}.

Some nuclear power utiiities are considering and/or demonstrating in-pool
consolidation of the rods from spent fuel assemblies into metal canisters with
the same dimensions as the original intact assembly to increase their spent
fuel storage capacity in existing pools. The non-fuel-bearing components
remaining after consolidation of the spent fuel rods may be compacted into
metal canisters and stored in the reactor pool. The rod consolidation results
in a reduction in spent fuel voilume by up to a factor of twe, not including
the volume of the separately canistered non-fuel-bearing components, which
constitutes about 10% of the volume of the original spent fuel assemblies
{Strahl 1988).

One small commercial away-from-reactor (AFR) storage facility is in
operation at Morris, ITlinois, storing about 560 MT of spent fuel. This
facility uses the originally planned lag storage pool for incoming spent fuel
and the interconnected interim storage pool for vitrified HLW at the commer-
c¢ial fuel reprocessing plant that has never operated (DOE 1988d).

A federai MRS facility has been proposed to Congress. This facility, if
constructed, would provide up to 15,000 MT of AFR storage of spent nuclear
fuel, and would be started up in 2003. The current concept is intact storage
of spent fuel in storage canisters that are backfilled with inert gas and
sealed. The spent fuel would be stored either in sealed concrete storage
casks {the primary concept), in-ground sealed steel caissons, or in concrete
vaults. At the end of the interim storage period, the canisters would be
transferred to transportation casks for transport to the repository for fur-
ther packaging before emplacement. The concept using concrete storage casks
{about 12 feet in diameter and 22 feet high) would hold up to 32 intact PWR or
80 intact BWR assemblies. The casks would be stored vertically on concrete
pads. If consolidation is implemented, the capacity of individual storage
units would be increased, and the compacted non-fuel-bearing hardware would be
placed in 55-gallon steel drums (hardware from 7 PWR or 7 BWR assemblies in
each drum). Final decisions on whether to construct an MRS facility, the
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site, the canisters and storage concept to be used, and whether or not
consolidation would be used al] remain to be made (Parsons 1985; DOE 1989a,
1989b) .

10.3.2 High-level Waste Storage

The vitrified HLW from the former civilian reprocessing facility at West
Valiey, New York, and vitrified defense HLW will be interim stored at the
respective sites of their origin. The storage facility at West Valley will
utilize an existing process cell that is being modified for storage of the HLW
canisters. The 300 canisters (2 feet in diameter and 10 feet long) of vitri-
fied HLW will be stored in a vertical orientation in air {DOE 1988d}.

10.3.3 TIransportation

Transportation of civilian spent nuclear fuel between nuclear power
plants or to licensed commercial interim storage facilities is the responsi-
bility of the waste generator. Certification of the transport casks by the
NRC is the responsibility of the cask manutacturer. These transports have
been carried out for more than twenty years by truck and rait in a variety of
commercial casks with capacities from 1 PWR or 2 BWR assemblies to 3 PWR or
7 BWR assemblies in truck casks and up to 21 PWR or 48 BWR assemblies in rail
casks. The empty truck casks weigh 22 to 37 tons, and the rail casks weigh 85
to 89 tons. Larger casks are also being considered. No transportable storage
casks have yet been licensed for transportation in the U.S., but licensing of
such casks is being considered {Johnson and Notz 1988).

Transportation of civilian spent nucliear fuel between the nuclear power
plants or licensed commercial interim storage facilities to the repository or
MRS facility is the responsibility of the DOE and is part of the federal waste
management system. Preiiminary designs of the casks for transporting 10-year-
old spent fuel from the civilian facilities is in progress. Two truck casks
with capacities of 4 PWR or 9 BWR intact assemblies and three rail casks with
capacities of 16 to 26 PWR or 40 to 52 BWR intact assemblies are under dev-
elopment. The empty truck casks will weigh about 28 tons, and the empty rail
casks will weigh about 73 to 80 tons. Shipments from reactors by rail may be
on dedicated trains with up to five casks per train. Similar rail casks are
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planned for transport of the vitrified HLKW canisters (five canisters per cask
Toad) from civilian and defense facilities. The rail casks could also be used
for transport on barges for some shipments (DOE 1989a).

If an MRS facility is constructed as part of the federal waste management
system, it has been proposed that all spent fuel be shipped from the MRS
facility on dedicated trains with five Targe rail casks each. Development of
these rail casks has not yet been initiated, but the casks are expected to
weigh 112 to 125 tons empty and contain 34 PWR or 80 BWR intact assemblies, or
up to 56 PWR or 140 BWR equivalent assemblies if the spent fuel is consolida-
ted. If spent fuel is consolidated, similar casks could be used, each con-
taining about twenty 55-gailon drums of the compacted non-fuel-bearing com-
ponents of the spent fuel (DOE 1989a).

10.4 GEOLOGIC WASTE REPOSITORY

Disposal of civilian spent fuel and HLW and all other civilian wastes
that are not acceptable for disposal in LLW facilities is the responsibility
of the DOE. The DOE is also responsible for disposal of defense HLW, which
will be disposed of in the same repository as civilian HLW. The federal gov-
ernment has been carrying out research and development on disposal since 1955
and began carrying out underground research in an abandoned salt mine in 1965.
Development of a repository program has continued since that time and will
continue until startup of the repository, scheduled for 2010 (DOE 198Sc}.

10.4.1 Safety Requirements and Approach

The basic federal standard for environmental radiation protection for
waste disposal repositories is the EPA’s 40 CFR 191. The same numerical dose
1imits for operation of fuel-cycle facilities are stated to cover the opera-
tional phase of waste repositories. The EPA standards Timit the projected
cumulative releases of radionuclides to the accessible environment for 10,000
years after disposal to specific numerical values. These values are based on
limiting the resulting premature cancer deaths to no more than an average of
0.1/yr from disposal of each 100,000 MT equivalent of spent fuel and HLW. The
EPA standard also limits the doses to individual members of the public to
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4 mrem/yr and sets numerical limitations on radionuclide concentrations in
potable groundwaters for 1000 years after disposal. Currently, parts of these
standards have been remanded and are being revised (EPA 1984, 1985).

The NRC regulations for disposal of spent nuclear fuel and HLW, which
must be consistent with those of the EPA, are in 10 CFR 60. They require the
preservation of the option of waste retrieval for 50 years after waste
emplacement is started. For the post-closure period, the primary technical
requirements are for containment. These include 1) substantially complete
containment within the engineered barriers for 300 to 1000 years, 2) a maximum
release rate of any radionuclide from the engineered barrier system of one
part in 100,000 per year of the inventory of that radionuclide calculated to
be present at 1000 years after permanent repository closure, and 3) a minimum
of 1000 years for groundwater to travel from the "disturbed zone" around the
underground facility to the accessible environment. 10 CFR 60 alsc contains
siting, facility design, and waste package criteria, and criteria pertaining
to land ownership and control, as well as requirements for estéb]ishing pro-
grams for performance confirmation, quality assurance, and personnel training
and certification (NRC 1983).

The Nuclear Waste Policy Act of 1982 requires the use of muitiple bar-
riers to assure Jong-term safety of the repository. The NRC regulations
conform to this legislative requirement (U.S. Congress 1983; NRC 1983).

The DOE’s approach to meeting the requlatory performance requirements is
to have the waste package meet the 300- to 1000-year requirement, and there-
after, to use other engineered barriers and the site geohydrology to provide
the primary barriers for preventing the waste radionuclides from reaching the
accessibie environment. The approach to assurance of meeting these require-
ments is by modelling of the expected performance of the repository into the
distant future. The DOE, EPA, and NRC are each developing independent models
to assure that the safety requirements are met (DOE 1988e).

10.4.2 Siting

The DOE and its predecessor agencies have been engaged in activities to
identify potentially acceptable sites for geologic repositories since the
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1960s. As regquired in the Nuclear Waste Policy Act of 1982, the DOE estab-
lished general guidelines for recommendation of potential sites for repos-
itories, including quaiifying and disqualifying criteria. The criteria con-
sidered the environment, socioeconomics, transportation, and technical feasi-
bility and cost of repository development {U.S. Congress 1983; 10 CFR 960).

In 1983, nine potentially acceptable repository sites were identified for
the first repository, including sites in bedded and in domed salt, in basalt,
and in welded tuff. From surface-based analyses and environmental assess-
ments, five of the sites were selected as candidates for site characterization
in 1986. The three final sites, which included one in each of the three types
of rocks, were then nominated for site characterization in 1986. These site
selections were accomplished using the DOE site-selection guidelines. In the
1987 Amendments Act, Congress selected the Yucca Mountain site {with welded
tuff as the host rock) in Nevada as the sole site for characterization (U.S.
Congress 1987).

Site characterization consists of surface-based investigations, studies
conducted using deep and shallow boreholes, laboratory tests, and most impor-
tantly, tests conducted in the host rock at the proposed horizon of the repos-
itory. The latter is planned to be carried out in an exploratory shaft facil-
ity. All tests are to be carried out in concert with continuing performance
assessment studies. A site-characterization pian for the Yucca Mountain site
has been issued that prescribes the details of the site characterization tests
and evaluations that wil] be carried out over a period of about 6 to 8 years.
High priority will be given to determining potential adverse conditions and
effects on meeting regulatory requirements and on identifying potentially
unfavorable conditions. Currently, only surface-based tests are in progress,
with construction of the exploratory shaft facility to be initiated over the
next one to two years. Upon completion of site characterjzation and eval-
uation with favorable results, an EIS will be prepared, and the site will be
recommended for developmeni as the deep geologic repository {DOE 1988e).

In addition to the siting process identified above, the Amendments Act of
1987 provides for the President to appoint a nuciear waste negotiator, who
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will attempt to find a State or Indian tribe that has a suitable site and is
willing to host a repository. If such a potentially gualified volunteer site
is identified, the process for evaluating and characterizing the potential
site will be the same as for a DOE-designated site (U.S. Congress 1987).

In addition to the original nine potential sites identified for the first
repository, other potential sites, primarily in crystalline rocks in the
eastern part of the U.S., had been identified for a possible second repos-
jtory. Further work on site selection for a possible second repository was
discontinued in 1986, and the Amendments Act of 1987 specified consideration
for a second repository to be deferred until 2007 to 2010 (U.S. Congress
1987).

10.4.3 Design Concept({s)

The reference concept for the Yucca Mountain site is a preliminary design
concept developed as the basis for carrying out site characterization. The
design concept will continue to evolve until the characterization of the site
is completed (MacDougall 1987).

The repository concept is designed to accept 63,000 MT of spent fuel and
7000 MT of HLW equivalent (in about 14,000 canisters) from West Valley and DOE
defense sources). The steady-state receiving rate is 3000 MT/yr of spent fuel
and 400 MT/yr equivalent of HLW after a capacity ramp-up over the initial five
years of operation (MacDougall 1987; DOE 1989a).

The repository surface facilities will receive and handle the waste and
place it into sealed disposal containers, then transfer the waste down to the
underground disposal rooms. The underground portion of the repository will
consist of underground structures such as shafts, rooms and drifts, and engi-
neered barriers, backfill and seals, and other components (MacDougall 1987).

The proposed disposal horizon is unsaturated welded tuff about 13 million
years old. The disposal formation is 330 to 570 feet thick at the proposed
repository location and 660 to 1300 feet above the water table. The disposal
horizon is 660 to more than 1000 feet below the surface of Yucca Mountain and
about 3500 feet above sea level. The conceptual disposal area will be made up
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of 18 emplacement panels containing empiacement drifts, with each panel 1400
feet wide by 1500 to 3200 feet long {MacDougall 1987; DOE 1988e}.

Packaged waste from the surface facilities will be transported down an
inclined ramp to the underground disposal area on a truck transporter. At the
disposal horizon, it will be transported through access tunnels to a rectang-
ular array of disposal drifts or tunnels whose tota) Tength is about 600,000
feet. Disposal will be either in vertical boreholes in the floors or in hori-
zontal boreholes in the walls of the disposal drifts {which are at one level).
In the reference concept using disposal in vertical boreholes, one canister
will be emplaced in each of the boreholes (29 inches in diameter by 25 feet
deep for spent fuel or 20 feet deep for vitrified waste). The upper half of
the emplacement horeholes are lined with metal, and the bottom half are
unlined. Immediately after emplacement, each borehole will be fitted with a
metal shield plug, backfilled with crushed tuff, and fitted with a metal cover
plate. Drifts for vertical emplacement are 126 feet between centers, they are
16 feet wide and 22 feet high. The distance between spent fuel disposal bore-
holes is 15 feet, or 7.5 feet between alternating spent fuel and HLW bore-
holes, as dictated by the heat content of the packages (MacDougali 1987).

The tentative thermal load 1imit in the repository for reference spent
fuel (10 years old and irradiated to 33,000 MWd/MT) is 57 kW/acre. The ten-
tative maximum allowable design temperature of the borehole wall is 275°C and
the temperature at 1 m from the borehole is less than 200°C. In the far-
field, the tentative allowable temperature increase is 5°C in nearby aquifers
and 0.5°C in the earth’s surface (DOE 1988e).

10.4.4 Retrievability and Monitoring

The Nuclear Waste Policy Act of 1982 requires restrictions on the
retrievability of the emplaced waste. The NRC regulations require the option
to retrieve the waste throughout the emplacement period and thereafter until
the completion of a performance confirmation program and NRC review to assure
that the performance is confirmed. The regulations require that all waste be
retrievable on a reasonable schedule starting at any time up to 50 years after
waste emplacement operations are initiated. The DOE has assumed that
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retrieval operations, if any, should be carried out in about the same time as
the emplacement operations and have allowed 34 years for this potential acti-
vity. Thus, the total period of retrievability is taken to be about 84 years
after start of waste emplacement. Retrievability of the waste after this time
frame has not been considered (U.S. Congress 1983; NRC 1983; MacDougall 1987).

Monitoring of the performance of the repository will be carried out
during the period of retrievability, and the results will be used in the post-
emplacement performance confirmation analyses. Additional monitoring after
final repository ciosure is not expected to be required (DOE 1985}.

10.4.5 Waste Package System

The waste package system in terminology used in the U.S. section of this
report includes the waste form (spent fuel or vitrified HLW), the waste can-
ister {which surrounds the vitrified HLW), the disposal container {which sur-
rounds the spent fuel and high-level waste canisters)}, and buffer or packing
material (if any) surrounding the outer waste container. The NRC regulations
require substantially complete containment by the waste packages for a minimum
of 300 to 1000 years (i.e., the final requirement within this time frame is to
be determined)}. The DOE is designing the disposal containers for 1000-year
1ife expectancy {NRC 1983; DOE 1989a).

The reference conceptual waste container for spent fuel has been a cylin-
der of stainless steel with a wall thickness of 0.375 inches, an outer diam-
eter of approximately 28 inches, and a length of 15.6 feet. However, recent
studies indicate that this reference material may be changed. Spent fuel must
be at least five years old since discharge from the reactors, but the ref-
erence design basis is for 10-year-old fuel. For intact spent fuel assemblies
(the current reference concept), three PWR or six BWR assemblies (or a combi-
nation of PWR and BWR assemblies) are proposed to be in one container. The
assemblies will be placed between webbed separators inside the container. If
rod consolidation is implemented, the fuel rods from 6 PWR or 18 BWR assem-
blies {or a combination of rods from PWR and BWR assemblies) would be in one
container, also separated by webbed spacers within the container. The top of
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the container would have a dished head to which a neck with a flange/pintie
for handling would be welded {MacDougall 1987; DOE 1988e).

The conceptual disposal container for vitrified HLW is similar to that
for spent fuel, but with slightly different dimensions of 26 inches in outside
diameter by 10.5 feet long. This container is an overpack for the stainless
steel waste canister, which is 24 inches in outside diameter by 9.8 feet long,
and which also has a dished head with a welded neck and a flange/pintle for
handling. Disposal containers for spent fuel and for HLW are still under
development, and changes from these current concepts are being considered
{MacDougall 1987; DOE 1989a).

If consolidation of the spent fuel rods is implemented, the compacted
non-fuel-bearing components from the spent fuel assemblies are proposed to be
placed in 55-gallon steel drums in stacks of five drums each that will be
placed in metal cages. These metal cages would be overpacked into thin-
walled stainless steel containers for disposal. These containers are proposed
to be emplaced in a configuration similar to that for spent fuel and will be
in boreholes commingled with those of spent fuel and HLW (MacDougall 1987; DOE
1989).

The current U.S. conceptual waste package system does not use a buffer/
packing material around the waste container in the disposal hole. The unused
part of the disposal boreholes above the shield plug are proposed to be filled
with crushed tuff after filling of the borehole. Similarly, the emplacement
drifts, tunnels, and shafts are proposed to be filled with crushed tuff after
the retrievability period, when the repository is decommissioned. Concrete
grouts and clays are proposed to be used to seal off specific features in the
repository (MacDougall 1987}.

10.4.6 Research and Development

Research and development (R&D) of deep geologic disposal of HLW was ini-
tiated as a result of a study by the independent National Academy of Sciences
(NAS) in 1955. 1Its report identified rock salt formations as potential host
rocks for a repository (Hess 1957). From then until the 1970s, numerous paper
and experimental studies were carried out on concepts for deep geological
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disposal, with general emphasis on salt formations. In the 1970s, investiga-
tions were broadened to incltude other host rock formations, and involved other
paper studies, Taboratory investigations, surface-based site-selection acti-
vities, and disposal concept feasibility studies (Schneider et al. 1974).

The first underground research was carried out in a former salt mine near
Lyons, Kansas, from 1965 to 1968. This effort included geomechanical and
irradiation effects tests with electrical heaters and irradiated fuel elements
(Bradshaw 1969).

The Nevada Test Site, which is adjacent to the Yucca Mountain site, was
recognized early as a possible location for an underground repository, and an
investigation program was initiated in 1977. Underground research was per-
formed in both tuff and granite. Experiments are being conducted in a tunnel
to obtain data on in situ physical and mechanical properties of tuffaceous
rocks. Between 1978 and 1983, canisters of spent fuel were placed in a gran-
jte test facility at the Nevada Test Site 1400 feet below the surface to help
evaluate granite as a potential host repository medium. An underground test
facility in basalt at Hanford was utilized to carry out geotechnical tests for
disposal in basalt from 1980 to 1988 (DOE 1986; Moak 1980; Patrick 1986).

The Yucca Mountain site selected for characterization will include an
underground research facility. The exploratory shaft facility for site char-
acterization will consist of two exploratory shafts, a tunnel that connects
the shafts, and other tunnels and underground rooms for testing. Underground
research during site characterization will be conducted in two phases. The
first phase, construction testing, will involve numerous geotechnical tests
accompanying the construction of the facility. The second phase, in situ
testing, will concentrate on characterizing the rock mass, including numerous
other geotechnical tests, permeability tests, geochemical and migration tests,
seismic tests, thermal tests, etc. Results from these tests will be integ-
rated with evaluation of the suitability of the site relative to performance
requirements and repository operations (DOE 1988e).

Major development and evaluation activities have been carried out since
the passage of the Nuclear Waste Policy Act of 1982. These have included R&D
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on detailed characterization of spent fuels and HLW forms, wet and dry storage
of spent fuels, consolidation of spent fuel rods, design concepts and siting
for a MRS facility, desk-based and surface-based site selection and prelimi-
nary characterization in a variety of host rocks, detailed development of per-
formance assessment methodology, development of a transportation system, and
numerous systems studies to optimize the total federal waste management system
(DOE 1988f).

In addition to the domestic R&D activities, the U.S. has participated in
a number of underground research studies with other countries and with the
OECD/NEA and the ITAEA (DOE 1988f).

10.4.7 Approach to Proving the Safety of the Repository

The approach to assuring the safety of the repository is based on model-
ing its expected performance into the distant future. The EPA is using bound-
ing analytical calculations to set its environmental standards. The DOE is
developing the models it needs to comply with the regulations. The NRC will
independently use DOE models and some of its own to assess compliance.

A variety of performance measures are to be addressed by this modeling in
response to the regulatory requirements of the O0FE and NRC. The EPA standard
requires analyses that include a probabilistic analysis of cumulative releases
across a boundary around the repository. The NRC regulations require deter-
ministic calculations of groundwater travel time, waste package containment
time, and radionuclide release rates from the waste package after the contain-
ment has failed {NRC 1983; EPA 1985).

Comprehensive development of performance assessment techniques has been
carried out in the U.S. since the late 1970s. Preliminary, deterministic
site-specific performance assessments were carried out for the Environmental
Assessments of the nine candidate repository sites in 1986. Development of
site-specific performance assessment methodologies for the Yucca Mountain site
is now underway and will be continued through the site characterization phase.
The general approach is to develop models for major parts of the repository
system (for example, the waste package and néar-fie1d, the far-field, and the
environment), and integrate the appropriate results from each to obtain total
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system performance. Performance assessment models will be used to provide the
primary long-term repository safety evaluations in the EIS and Safety Analysis
Reports planned to be compieted in 2001 (DOE 1988e; DOE 1989c; Alexander
1989a).

Performance assessments have been used to indicate performance of the
disposal system and its parts and to provide feedback to the R&D and site
characterization activities. Preliminary performance assessments will be com-
pleted in 1990 on a reference set of problems to compare and evaluate the
various existing models. Subsequent assessments on the waste disposal system
will be completed annually and will be reviewed by U.S. peers. The prelim-
inary performance assessments will provide valuable input to site characteri-
zation and evaluations (Alexander 1989a).

In general, the performance assessment methodologies under development in
the United States are quite detailed and comprehensive. The methodologies
generally attempt to provide a realistic simulation of repository performance.
Both deterministic and stochastic models, and some bounding analyses for
hypothetical disruptive events, are being developed (Alexander 1989a).

Emphasis is now being placed on verification and vatidation of the cur-
rent models to assure that they accurately represent the U.S. repository
system. The U.S. approach to validation uses extensive laboratory and field
data and some natural analogue studies to support the credibility and defensi-
bility of caiculations to the degree necessary for the NRC to reach a finding
of compliance with its reguliations. The U.S. is placing modest emphasis on
studying natural analogues to support performance assessment and validation of
the performance assessment models. The U.S. is actively participating in
multinational comparison and validation of performance assessment models. The
objective in model validation is to reduce the uncertainties and to define the
role of uncertainty and sensitivity analysis in U.S. performance assessments
{DOE 1988e; Alexander 1989b).

10.4.8 Peer Review Activities

Potential repository host States or Indian tribes participate in the site
selection and evaluation process by reviewing the federal activities and
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results using their own experts and by having onsite representatives that
oversee DOE activities {U.S. Congress 1987).

An oversight review panel for the waste repository has been authorized by
the Nuclear Waste Policy Amendments Act of 1987. The seven-member panel
inctudes the chairman and one other to be appointed by the DOE, four to be
appointed by the potential host State and units of local government, and one
to be selected by DOE from nuclear electric utilities (U.S. Congress 1987).

In accordance with the legislation, an independent three-member MRS Com-
mission was appointed by the President to review the need for an MRS facility
and to recommend to Congress as to whether such a facility should be included
in the national waste management system (U.S. Congress 1987). The Commission
completed its work and submitted its recommendations to Congress in iate 1989
(MRS Review Commission 1989).

The legislation provides for establishing a Nuclear Waste Technicatl
Review Board to investigate and evaluate the technical and scientific validity
of activities undertaken by the DOE related to repository site characteriza-
tion, waste packaging, and transportation. The 11-member board reports to the
President, and the members were selected in early 1989 from candidates iden-
tified by the independent NAS (U.S. Congress 1987; DOE 1989d).

The NRC appointed an Advisory Committee on Nuclear Waste in 1988. The
three-member independent panel and its staff advise the Commission on regula-
tory issues for all types of radicactive wastes (Nuclear News 1988}.

A1l published performance assessments, including those published
annually, on the waste disposal system are reviewed by numerous technical
peers {DOE 1988e).

The U.S. is a member of the JTAEA and the OECD/NEA and participates
actively in their waste management programs, including R&D study projects.
The U.S. has participated in reviews of other country’s waste management
systems when requested through these agencies but has not requested these
organizations to participate in or review the U.S. program.
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