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ABSTRACT

This report presents the results of a survey of the waste package
strategies for seven western countries with active nuclear power programs
that are pursuing disposal of spent nuclear fuel or high-level wastes in deep
geologic rock formations. Information, current as of January 1988, is given
on the leading waste package concepts for Belgium, Canada, France, Federal
Republic of Germany, Sweden, Switzerland, and the United Kingdom.

A1l but two of the countries surveyed (France and the U.K.) have
developed design concepts for their repositories, but none of the countries
has developed its final waste repository or package concept. Two countries
have determined the host rock for their repositories (Belgium with clay, and
Germany with salt}; the others have yet to narrow their choice from several
candidates. Candidate rocks in other countries are crystalline rocks
(granite, gabbro, schist), salt, gneiss, clay, or anhydrite. Most of the
countries plan to open their geologic repositories between the years 2010 and
2050 following aging times of 30 or more years. None of the countries sur-
veyed is currently planning to include provisions for retrievability of the
waste package before or after closure of the repository.

Waste package concepts are under study in all the countries surveyed,
except the U.K. Most of the countries have not yet developed a reference
concept and are considering several concepts. Most of the information
presented in this report is for the current reference or leading concepts.
A1l countries that are reprocessing spent fuel are planning to vitrify their
high-level waste as monolithic borosilicate glass. Canada and Sweden are the
only countries surveyed that are not planning to reprocess their spent fuel.
Germany plans to consolidate the rods of spent fuel that are considered to be
non-reprocessable. Canada and Sweden are planning to incorporate their spent
fuel within a matrix material of sand, and copper or lead, respectively.

A1l canisters for the wastes are cylindrical, and are made of metal
(stainless steel, mild steel, titanium, or copper). The canister concepts
have relatively thin walls, except those for spent fuel in Sweden and
Germany. Diagrams are presented for the reference or leading concepts for



canisters for the countries surveyed. The expected lifetimes of the con-
ceptual canisters in their respective disposal environment are typically 500
to 1,000 years, with Sweden's copper canister expected to last as long as
one million years. Overpack containers that would contain the canisters are
being considered in some of the countries. All of the countries surveyed,
except one (Germany) are currently planning to utilize a buffer material
(typically bentonite) surrounding the disposal package in the repository.
Most of the countries surveyed plan to 1imit the maximum temperature in the
buffer material to about 100°C.
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BACKGROUND AND_INTRODUCTION

A1l countries with nuclear-powered generation of electricity must even-
tually dispose of their spent fuel or the high-level wastes (HLW) that are
derived from reprocessing of their spent fuel. Al) countries surveyed are
planning to dispose of their spent fuel/HLW in a deep geologic formation,
from about 300 to 1200 meters below the earth's surface. Geologic disposal,
along with the engineered barriers in the geologic disposal facility, is
expected to provide isolation of the radionuclides in the wastes from man's
environment for thousands of years.

In geologic disposal, the isolation of waste materials from man's
environment relies on several barriers to prevent or retard the transport of
radionuclides into man's environment. These barriers include: the dura-
bility of the waste form itself (e.g., spent fuel and its cladding, vitrified
HLW); the durability of the canister immediately surrounding the waste form,
the durability of the disposal container (if any) surrounding the canister;
the retardation of radionuclide transport due to any packing or buffer mate-
rial between the waste canister or disposal container and the disposal hole
or its liner; the retardation of radionuclide migration due to the geolegic
formation and its setting, and the retardation within the biosphere. For
this report, all but the last two of these barriers are considered to be part
of the waste package (as defined in the U.S.).

The host rock formation and the overall geologic setting are generally
expected to provide the bulk of the long-term waste isolation (i.e., for the
post disposal time periods after about 1,000 years and longer). However, the
waste package is expected to provide the bulk of the short-term isolation
(i.e., up to about 1,000 years), when the radicactivity levels in the waste
are the highest. As such, the waste package will play a significant role in
the isolation of the wastes from man.

The waste package (or parts of it) will also provide short-term func-
tions such as containment during interim storage of the wastes, handling and
containment during transportation between and within waste management
facilities.



Because the waste package will be an important part of the waste dis-
posal repository system for spent fuel and HLW, most countries with active
repository development programs are carrying out programs on development and
evaluation of waste packages. Reference waste package concepts have been
defined by some countries, but final concepts have not yet been selected by
any country. Reference concepts are those that are developed to serve as a
guide for subsequent development, but significant changes in the concepts can
occur before final implementation.

The objective of this survey is to provide an overview of waste package
descriptions, designs and strategies being considered in the geologic dis-
posal programs of selected foreign countries. This survey is to provide
information for the U.S. Department of Energy's (DOE) Office of Civilian
Radioactive Waste Management (OCRWM} for planning on technical exchange
activities with foreign entities. Where available, information is included
on the rationale for designs and strategies, regulatory requirements, and
waste package environment. Details of designs and supporting technical
studies are not covered within the scope of this report. Countries covered
are Belgium, Canada, France, Federal Republic of Germany (referred to as
"Germany")}, Sweden, Switzerland, and the United Kingdom (U.K.). These are
the countries reviewed because they have currently, or have had in the recent
past, the most active repository development programs.

This survey summarizes information available as of January 1989(a)} in
the public Titerature and that obtained in discussions to date between
foreign representatives and staff of DOE and/or the Pacific Northwest
Laboratory's (PNL} International Program Support Office (IPSO) staff and
foreign representatives. (Changes in the available information can be
expected to occur with time and the level of detail differs among the
countries covered hecause of differences in the state of development of the

(a) This report takes into account the Federal Republic of Germany's deci-
sion made in May 1989 to abandon spent fuel reprocessing in their
country and to contract their reprocessing to France and the United
Kingdom. However, the decision does not affect their overall plans to
reprocess the spent fuel, to dispose of high-level waste in a vitrified
form, and the final waste form.
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programs, the number of major alternatives being pursued in some cases, and
differences in the amounts of information available. Where information is
not shown, it is generally because, to DOE's and IPSO's knowledge, the
country has not carried out or published any major work on that subject area.
A summary of the information for all of the countries covered is given in the
Summary, along with overview figures of selected waste package concepts.

This is followed by individual sections containing information for each
country in alphabetical order. The information is given in brief, bulleted
format for each country, using a common gquestionnaire-type outline (the
questionnaire items are shown in bold). Where information is not applicable
or available for certain major heading categories in the questionnaire (e.g.,
disposal container) for a given country, those headings are not repeated.

The references for all sections follow the detailed information for the
United Kingdom. Finally, a glossary is given for the terms as used in this
report, based on U.S. usage and based primarily on definitions used for the
U.S. Yucca Mountain Project.
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SUMMARY

This survey provides an overview of waste package development programs
in seven foreign, western countries that are pursuing deep geologic disposal
of spent nuclear fuel or high-level wastes. Information is given as of
January 1989, but strategies and concepts will change with time. Some
information desired in the survey was not available in most cases because the
individual country has not yet carried out major activities in that area.
Rationale for the decisions that have been made is given in the detailed
sections for individual countries where it was available. Highlights of the
major findings are presented in the text, figures and tables included in this
summary.

OVERALL STATUS OF WASTE REPOSITORY CONCEPTS

A tabular summary of the status of the repository concepts in the
countries surveyed is given in Table 1. All of the seven countries are
planning to build a deep geologic repository within their country boundaries.
A1l but two of the countries (France and the U.K.) have developed design
concepts for their repositories, but none of the countries has developed its
final waste repository or package concept. France is in the early stages of
repository concept development, and the U.K. is deferring that activity for a
few more decades. The reference concepts for all countries involve emplace-
ment of canisters in boreholes in the floors of mined tunnels (drifts) or
emplacement directly in the mined tunnels. Only two of the countries
{Belgium and Germany) have determined the host rock for their repositories,
and the others have yet to narrow this choice from several possible rock
types. Only one country (Germany) has selected a specific site to be
characterized. A1l seven countries are locating their repositories below a
water table.

Most of the countries surveyed plan to have their repository in opera-
tion between 2010 and about 2050. The date of the startup of the first
repository (Germany) is planned to be about the year 2005. Canada and the
U.K. do not plan to have their repositories until the year 2050 or beyond.
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TABLE 1. Overall Status of Repository Concepts
Repository Package Underground
Repository Repository Startup, Retrievability Reaearch
Country Statua Concept Host Ruck Approx. year Plsnned/Required Laboratery (URL)
Balgium Conceptual feasi-  Canisters in bore-  clay 2025 None planned URL in operation
bility shomn, site holes in tunnel
selected floors or in drifte
Canada Concepts being Ref: Canisters in granite or y2oe8 None needed URL under
assesand borsheles in tunnel gabbro after ¢losure construction
floors; AW: can-
isters in tunnels
France Concepts not Concepts are un- clay, granite, 2018 Not yet URL planned
identified der study achist or salt decided
Garwany Concept HE in boreholes 3t dome 2085 ne URL in operation
developed, aite in tunnel floors
selected and spent fuel in
tunnels
Swaden Refersnce concept  Canisters in bore- granite or 28 Net needed URL planned
devaleped, seeking holes in tuansl gneias
sites floors
Switzer- Reference concept  Canistera in crystalline i b Mot needed URL in operation
fand devaloped Lo con-  tunneis rock, clay or
firn feanibility; snhydrite
sesking aites
UK. Concepts consid- Mone yot granite, clay, probably Not yet UL not plannad
srad early 88's; nit or Y2458 decided to be buiit scon
no new activitiea anhydrite

for Y50 yesrs

Alt: - Alternative
Raf: - Reference



The earlier startup dates are generally based on estimates of the time
required to implement a repository program; the later dates are based on
estimated times when a repository would be needed or when it is believed to
be appropriate to have a repository. None of the seven countries is cur-
rently planning to include special provisions for retrievability of the
waste package before or after closure of the repository. However, some of
the repository concepts would facilitate retrieval. Because all of the
countries are in the early stages of their repository development, no
repository designs have been finalized, and likewise, their plans for waste
packages have not been finalized.

OVERALL STATUS OF WASTE PACKAGE CONCEPTS

The overall status of the waste package concepts and the waste package
components under development is summarized in Table 2. Waste package con-
cepts are under study in all the countries except the U.K. (which is carrying
out generic waste package studies). Most of the countries have not yet
developed a reference concept and are considering several concepts. Most of
those countries with reference concepts are also considering alternative
concepts. The most effort to date on development of the waste packages has
been carried out in Sweden and in Germany for their direct disposal of spent
fuel.

A1l the countries in this survey that are reprocessing spent fuel are
planning to vitrify their waste as monolithic borosilicate glass. The only
countries surveyed that are not currently planning to reprocess spent fuel
are Sweden and Canada (but Canada is deferring the final decision). The
Germans consider some of their spent fuel to be "unreprocessable" (e.g., from
pebble bed reactors, once-through MOX fuel, perhaps some high burn-up fuel),
and plan to dispose of these types of "non-standard" fuels directly as con-
solidated rods in packages, except for some of the fuels which would be
impracticable to consolidate. Canada and Sweden do not plan to consolidate
their spent fuel rods for direct disposal, but Germany does plan on con-
solidation. In Canada's reference disposal concept for spent fuel, the
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Most waste foram
is LY in glass;
soue will ba SF

TABLE 2. Status of Waste Package Concepts and Components
Vaste Package Disposal a) Buffer
Country Status Yasts Fora Matrix Containo‘ Naterial Remarka
Beigium  Concepte under Borosilicate gizas None Nons plannad Yes
study but TBD
Canada Concepts under CANDU Tirel Ref: yes Ref: none Yes
svaluation asseablies AMt: no  Alt: Ti can
France Concepts under Borosilicate glass  Hone Being Probably yes
study conaidered
Garmany Concepts being Borosilicate glass  HNone Hone for HLY  None planned
devefoped and spent fuel or 5F for SF or LY
Seeden Concept developed,  Spent fuel Yo Nona Yes
inproveasnts and assenblies
alternatives under
study
Switzer- Preliminary Borosilicate glass Mone Yoa Yos
land concept developed
UK. Esrly preliminary Borosilicate glass  Mone Probably yes Probably yes

concepts developed;

HY and canisters

def ined

{a) Dispoessl container, if used, containa the waste fors and its canister; See Qlossary.
5F - Spent Fuel

Alt: - Alternative
Ref: - Reference

TBD - To Be Detormined



spent fuel is encapsulated in a sand matrix. Sweden's concept includes a
metal matrix, while Germany's concept for spent fuel does not include
encapsutation in a matrix.

Several of the countries have not yet decided if they will have a sepa-
rate disposal container (a sealed overpack outside of the canister, see the
Glossary). Sweden, Canada (in their reference concept)}, and Germany (for
direct disposal of spent fuel) do not plan to use a disposal container but
will use a long-lived canister, Also, Belgium is not planning to have a
disposal container for its vitrified HLW canister. Switzerland is planning
on having a disposal container. France, Canada (in an alternative concept),
Germany (for vitrified HLW), and the U.K. are planning for or will consider
the use of disposal containers. All the countries that have developed dis-
posal concepts are planning to surround the canister, and where applicable,
the disposal container with a buffer/packing material.

OVERALL WASTE FORM AND CANISTER CHARACTERISTICS

An overview of the conceptual waste form and canister characteristics
for the seven countries is given in Table 3. The out-of-reactor age of the
waste at the time of encapsulation varies from possibly as short as one year
(for France and the U.K. for reprocessing wastes) to a more typical range of
10 to about 40 years. The expected out-of-reactor age of the waste at the
time of empiacement in a repository is generally 30 to 100 years. Monolithic
borosilicate glass with a waste oxide content of 10 to 25 weight percent is
the waste form for vitrified HLW because the processing step is well
developed and the waste form is believed to be acceptable. Where the use of
a matrix for encapsulation of spent fuel is planned, the matrix materials
considered are lead, compacted copper powder or sand. Matrix materials,
where used, are generally to provide structural support and/or shielding.

A1l canisters under consideration in current concepts are cylindrical,
and consist of thin-walled stainless steel (Belgium, France, Germany,
Switzerland and the U.K. for HLW), thin-walled titanium {(Canada), thick-
walled steel (Canada as an alternative, Germany for spent fuel [with
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TABLE 3.
Country Yaste Forn
Belgium  Boromilicate glasa

Canada CANDY SF

asseablies

France Borosilijcate glass

Germany  forosilicate glass,
and consolidated
S rods

Sweden SF asseablias

Seitrer- Borosilicate glass

land

UK.

LT

Ref:
Alt:
Sst

Borosailicate gless

- No Information availsbile

~ Spent Fuel

- Reference

- Alternative

- Stzinless Steel

Age of Wasta
¥hen Encapsulated/

Disposed, Years
18-20/568

59-180/50-108
1-5/38

WY 5-18/)18,
SF: 6-1H 1

w/e

1848

1-20/68-188

Characteristics of Reference Waste Forms and Canisters

Matrix Canister Material Expected Life

Material Waterial Thickness of Canistar

None 55t /6sa from France Through saplace-
sent or ca. BB yrs

Compacted Raf: Tij4-Oan 588 yrs after

sand; Alt: uild stoel/45un onplacenant

Aft; lead Alt: concrate/la

None S5t/5 ma N/T; 1808 yrs
for total pkg

None HLE: 55t/Eaa HY: N/1

SF: steel/lbeca, SF: 589 yrs
coated w/Hastelloy/éaa  after

eaplacensnt

Lead or Copper/llca 1,008,008 yrs

coapacted

copper powdar

None 55t/bma Trom Frunce N/I but probably
through encapsu-

Jstion in dia-

possl container

None S5t/5-am H/I but probably

through encapau-
Iation in dis-
posal contsiner



additional shielding from a disposable transportation packaging]), thick-
walled copper (Sweden), and thick-walled concrete containers (Canada as an
alternative).

Expected 1ifetimes of the canisters, based on research and development
to date, for Canada and Germany (for spent fuel), are 500 and 1,000 years,
respectively; for Sweden's thick-walled copper canister it is 1,000,000
years, Sweden's disposal concept relies on the canister for a major part of
isolation of the waste from the environment under expected conditions for the
tong term. Belgium currently plans on canisters to last only through
emplacement in the repository. The inference for Switzerland and the U.K.,
and possibly for France, is that the canister needs to last only until encap-
sulation in a disposal container,

OVERVIEW OF DISPOSAL CONTAINER AND BUFFERS

The general plans to use buffer {or packing) materials and disposal
containers in addition to the canister, are summarized in Table 4. In about
half of the cases, the countries are currently planning to use the canisters
as the disposal containers. Special features are incorporated into the
canister design for this function, such as using thick-walled and/or
corrosion-resistant canisters for structural strength (i.e., to withstand
hydrostatic and lithostatic pressures) and/or corrosion resistance, or
coating the canister with corrosion-resistant materials. In three countries
(Belgium, France, and the U.K.), the use of discrete disposal containers is
still to be determined. Although there is considerable uncertainty at this
time on whether to use disposal containers, where disposal containers are

being considered, a life expectancy in the range of 500 to 1000 years is
anticipated.

Most of the countries are planning to use a buffer material around the
canisters, or where applicable, around the disposal containers. The buffer
materials are expected to retard water from reaching the emplaced containers,
and to provide retardation of transport of radionuclides from breached

Xy



LAX

TABLE 4. Characteristics of Reference Waste Disposal (overpacks)
Containers and Buffer Materials

bi |
Co;::‘i’::r(')

Expected
Life of Diaposal

Buffer Material

Country Material/Thickness Container(s), yesrs Characteristics
Belgiva  Wone planned Wot determined unti) Buffer will be host clay
but TBD decision on nesd for backfill; for disposal
disposal container borehole cancept, sand
is nade will surround the
canister
Canads Ref: no container Ref: not appiicable Compacted clay-sand
Alt: Tif4-Bun Alt; 600 yrs
France Being considered If used, ca. 1908 Clays are being sctively
investigated
Garmany No disposal contsiner Mot applicable Nons (use sxcavated
for HLY or spent fusl crushed salt)
Swedan No disposal container Mot aspplicable Compacted bentonite
blocks
Switzer- Cast steel/25ck Ca. lage Compacted bantonite
Jand blocks
u.K. Will depend on disposai 588- 1000 Considering bentonite

sn¥ironaent, conaidering
thin Ti, Hastelloy or
thick cast ateel

or cesent

(a) Dispossl container, if usad, contains tha waste fors and its cenister; ses Glosssry.
TBD - To Be Determined
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WASTE PACKAGE PLANS IN BELGIUM

1. Overall Scope/Strategy of Waste Package Concept

- Plans are to dispose of waste as vitrified HLW, with wastes 50-75
years out-of-reactor (IEAL 1987; Bonne and Manfroy 1986; CEC 1985).

e Overall Status of Repository and Waste Package Concept
- The repository and waste package are conceptual only.

- The repository concept is a single integrated facility for
disposal of HLW, TRU wastes, ILW and LLW,

- A test shaft has been sunk in boom clay at Mol where in situ
studies are in progress; reconnaissance drilling and studies
of geology, hydrology and core sample properties have been
carr;ed out there since 1975 (NEI 1988; Schneider et al.
1988) .

e Host Rock Material and Nominal Depth

- The reference repository is to be clay {called "boom clay") at
approximately 225 m depth; clay has been selected for study
because Belgium has only clay formations that are considered
suitable for use as a disposal medium (Schneider et al. 1988).

® Qverall Waste Package Components (Schneider et al. 1988)

- Vitrified HLW is to be in a French-type stainless steel
canister. '

- Bentonite, cement or clay~resin mix are used for buffers and
seals.

- Compacted cladding hulls (alpha wastes) will be placed in a
tead or lead alloy-lined canister made of stainless steel.

¢ Regulatory Performance or Barrier Requirements (Waste Form,
Canister and/or Container, Packing Around Container)

- Performance requirements are defined only in general terms of
radiation protection criteria based on ICRP recommendations
and ALARA principles (Van lseghem 1987}.

- No performance requirements are specified at this time; they
will be determined later by national authorities from ONDRAF
proposals for disposal (IEAL 1987; Clark 1988a).

- Leaching properties of the HLW glass are not expected to piay
an important role in repository performance; the clay host
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rock is expected to provide the primary retention of
radionuclides in the near-field region (Clark 1988a).

® Requirements for Retrievability

- No retrievability requirements are expected by the national
authorities (Clark 1988a).

® Regulatory Requirements for Quality Assurance (QA), Nuclear
Criticality

- QA requirements are to be determined but QA reguirements are

an integral part of the Belgian waste management program
(Clark 1988a§

- No limitations to control nuclear criticality exist, because
the waste form will be borosilicate glass (Clark 1988a).

2. Waste Form [e.g., Borosilicate Glass (Monolithic or Other Form), Intact
Spent Fuel Assemblies, Consolidated Spent Fuel Assemblies, etc.]

¢ Amount and Configuration of Waste Form in a Package

- Monolithic vitrified HLW will be in Cogema-type metal canister
(150-1iters, 43-cm diameter x 1.335-m length{ (Schneider et
al. 1988; Clark 1988a).

- HLW from 1.25 MTU will be in one canister (Sombret 1985).

- A small amount of HLW is vitrified in the Eurochemic PAMELA
facility (Schneider et al. 1988)

o Type of Spent Fuel Source

- PWR spent fuel, with burnup, will be up to 33,000 MWD/MT in
1989; will be up to 45,000 MWD/MT later (Clark 1988a).

® (ut-of-Reactor Age of the Spent Fuel or Waste

- Vitrified HLW will be cooled for 50-75 years before disposal
(Bonne and Manfroy 1986; CEC 1985).

o For HLW:
- Fraction of Filling of Canister

- 150 liters of glass will be in 170-liter canister (88%
full) (Sombret 1985).
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- Age Before Reprocessing and at Disposal Time

- The age is planned to be 1-5 years before reprocessing
(Schneider et al. 1988; Clark 1988a).

- The age is planned to be 50-75 years before disposal
(Clark 1988a).

e Matrix Material, if any [Composition, Original Form (e.g., Powdered
Copper), and Identification of Matrixing Process]

-~ No matrix is planned (Clark 1988a).
® Support Testing to Qualify the Waste Form
- An active R&D program has been in progress since 1981 to study
HLW glasses and their interactions with clay, including in-
situ testing in their underground research laboratory in boom
clay and surface quarry (Van Iseghem et al. 1987).

- Some support testing is planned to be done as part of the
development of the waste acceptance criteria (Clark 1988a).

- The gquality of the French HLX form is based on control of
vitrification process parameters (Schneider 1988).

3. Waste Canister (see Figure 1)
e Function(s) Provided by the Canister

- The functions are for containment only (i.e., storage,
transport, handling) (Clark 1988a).

e Design Requirements [e.g., Life Expectancy, Temperatures, Pressures
(Including Hydrostatic or Lithostatic Pressuresg, Weights
(Including Waste Form), Criticality, Shielding] (Clark 1988a).

Life expectancy is approximately 50 years (for storage).

- The temperature limit is 320°C maximum.

- The weight of canister is 70 kg; weight of glass in a canister
is 360-300 kg (Sombret 1985).

- There are no requirements for pressure, shielding or
criticality.

e Shape and Dimensions
- The cylindrical canister will measure 0.43 m diameter by

1.335 m overall height, including filling neck and nozzile.
The canister will have a reverse head on the bottom, which
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allows for a stacking height of 1.285 m. The gross canister
internal volume will be 170 liters. The net canister internal
volume filled will be 150 liters. The total filled weight of
a canister will be 480 kg (Sombret 1985; CEC 1985).

o Wall Thickness and Corrosion Allowance

- The wall thickness will be 5 mm with no corrosion allowance
(i.e. the standard French canister) (Sombret 1985).

® Material of Construction

- The material will be Z 15 CN 24-13 stainless steel (French
canister) (Sombret 1985)

® (losure Description and Process
- The canister 1id will fit into the flanged filling nozzle.
Flanges on the 1id and filling nozzles will be welded together
by automatic plasma arc welding (Alexandre et al. 1987).

e Backfilled Gases, if any

- No backfilled gases are planned (air, Cogema canister) (Clark
1988a).

e Randling Features

- A handling pintle will be provided on the top of the canister
(i.e., the standard French canister) (Clark 1988a).

e Final Testing and/or Support Testing to Qualify the Waste Canister
- Smear testing is the only testing planned, and that is for
external contamination after cleaning externally with high-
pressure water (Alexandre et al. 1987; Clark 1988a).
4, Waste Disposal Container(s), if any
- No disposal containers are identified to date. No container
besides the canister is envisaged, but that remains to be
determined {(Clark 1988a; NEA 1988).
5. Packing (or Buffer) Materials (Clark 1988a)

- Sealing/plugging/backfilling R&D will be carried out over the
next five years.

- Backfill will generally serve as buffer material.

- Host clay rock will act as buffer material.
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- For the concept with holes at 45 degrees from the bottom of
the disposal drift, 1-2 cm sand between the canister and the
hole is envisioned.

e Design Requirements and Function

- The primary function of the backfill/buffer is to contribute
to structural support for the disposal drifts and heat
transfer from the canisters to the walls of the host rock
(Crark 1988a).

@ Materials of Construction

- Several options are under consideration: bentonite or cement
are being considered for buffers/backfill and seals (Schneider
et al. 1988; Clark 1988a).

o Shape and Dimensions

- This is not applicable with current concepts (Clark 1988a).

¢ Testing Requirements

- Testing requirements are not yet defined (Clark 1988a).

¢ Fabrication Technique
- Fabrication techniques are not yet defined (Clark 1988a).
6. Repository Interface (see Figures 2 and 3)
e Waste Package Handling, Storage, and Emplacement at Repository

- Vitrified HLW is to be stored temporarily in natural air
convection cooled concrete caissons in the French storage
facility at La Hague for up to five years. A small amount of
waste vitrified as borosilicate glass at the Eurochemic PAMELA
facility is stored there in an air-cooled vault until a
disposal facility is available (Alexandre et al. 1987).

- Vitrified HLW will be transported to a Belgian waste receiving
building (to be defined) (Clark 1988a).

- Vitrified HLW will be stored in a storage facility (to be
defined) until the repository is ready to accept the waste
(Clark 1988a).

- Waste will be moved down into the repository through an access
shaft that is near the storage facility (Clark 1988a).

- The repository will have two shafts: one for personnel
and waste and the other for ventilation.
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- Each shaft will be about 6 m in diameter, and lined with
monolithic concrete about 1.2 m thick,

The emplacement concept is not yet defined. The maximum
package weight is expected to be about 11 MT (Clark 1988a).

For the concept with disposal in the drifts, it is envisaged
that ;LH will be emplaced radially around the HLW (Clark
1988a).

Packing Handling and Emplacement

Essentially no work has been performed on handiing and
emplacement {Clark 1988a)

Packing/backfilling will be emplaced around the previously
deposited waste canisters by a means to be determined (Clark
1988a) .

Design Limits/Constraints by Repository (e.g., Dimensions, Weights,
Temperatures, Areal Heat Loads, etc.) (Clark 1988a; NEA 1988).

Weight constraints are not yet determined, but maximum
lithostatic pressure is 50 atmospheres.

The maximum temperature of the host rock and host
rock/canister interface is 100°C.

The maximum heat load is approximately 1.5-2.2 W/square m of
horizontal cross section of repository.

Dimensions and Spacing of Holes in Host Rock

No holes are planned to be in the emplacement drifts for the
concept that involves placing canisters horizontally in the
drifts (CEC 1985; Clark 1988a).

For the concept for emplacement in holes (about 0.45 m in
diameter and about 21 m deep) at 45 degrees down from near the
bottom of the drifts, the holes would be about 20 m apart and
each hole would receive about 12 canisters (CEC 1985).

HLW is to be co-emplaced with ILW (Schneider et al. 1988;
Clark 1988a).

Description of Liner of Holes in Host Rock, if any

Repository disposal drifts may be lined with concrete blocks
0.60-0.80 m thickness; the net lined size of the disposal
drifts will be about 3.5 m in diameter (Bonne and Manfroy
1986; CEC 1987; Clark 1988a).
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- Repository disposal drifts may also may be lined with
converging steel ribs. Testing is in progress on the

convergence-confinement principle for the clay environment
(CEC 1987)

- No liner is planned for the concept with diagonal holes from
the bottoms of the disposal drifts. Plans are to add about 1-
2 cm of sand between the canister and the wall of the hole
(CEC 1985; Clark 1988a).

o Sealing Materials for the Emplacement Holes and How Emplaced

- Sealing materials in galleries may be bentonite, cement, or

clay-resin mix, but remain to be determined (Schneider 1988;
Clark 1988a).

¢ Retrievability Provisions, if any
- No specific provisions are planned (Clark 1988a).
& Monitoring Provisions in Emplacement Holes, if any

- No monitoring provisions are planned (Clark 1988a).
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WASTE PACKAGE PLANS IN CANADA

1. Overall Scope/Strategy of Waste Package Concept

e Overall Status of Repository and Waste Package Concept

® Host

Efforts are focused on assessing the concept of disposal at a
depth of 500 to 1000 m in plutonic rock (i.e., granite). The
concept assessment will be submitted in 1988/1989 for
regulatory review (Hancox et al. 1987).

- After the concept is accepted by provincial and federal
governments, {(expected in early 1990s), site selection,
design, and construction of demonstration facilities will
be considered.

Most of the container design and development has been directed
at the disposal of spent fuel; however, some container testing
and research data are also relevant to the containment of
immobilized reprocessing waste (Johnson et al. 1987).

Rock Material and Nominal Depth

Piutonic rock is the reference host rock, particularly granite
or gabbro rock at 500-1000 m, and probably in the Canadian
Shield area (Johnson et al. 1987; Frost 1988; NEA 1988).

The criteria defining an appropriate geologic formation
include: a) many potential sites in the geographical region
of interest, b) long-term geoclogic stability, c§ absence of
economic amounts of minerals, d? groundwater transport times
of hundreds of thousands of years from the rock mass to the
surface, and e) geological and hydrological characteristics
that can be readily determined (Hancox et al. 1987).

& Overall Waste Package Components

The components are spent fuel, metal canister, possible inner
structural canister; possible matrix material, buffer material
(Johnson et al. 1987).

e Regulatory Performance or Barrier Requirements (Waste Form,
Canister and/or Container, Packing Around Container)

No regulatory requirements that are specific to spent
fuel/HLW disposal have been issued (IEAL 1987).

- Proposed regulatory guides are being used for the concept
assessment phase, and will be finalized after completing
the concept assessment phase; other regulatory require-
ments may also be developed at that time.
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-~ The guidelines state that the predicted radiological risk
to individuals from a disposal facility shall not exceed
1E-6 fatal cancers and serious genetic effects in one
year. The time period for performance is 10,000 years.

- The guidelines require multiple barriers, but impose no
specific requirements.

A waste package design lifetime of at least 500 years is being
used as a guide for the concept assessment phase; 500 years
was selected to provide essentially complete containment
during the high-activity period (Bechthold et al. 1987).

A waste package must withstand 150°C, a basis developed in the
concept assessment study (Bechthold et al. 1987).

A waste package must withstand pressures of 10 MPa (100
atmospheres}, a basis developed in the concept assessment
study (Bechthold et al. 198??

-

¢ Requirements for Retrievability

No regulatory requirements currently exist on retrievability,
but Atomic Energy of Canada Limited (AECL) policy is that
retrievability should be maintained during repository
operation. AECL policy does not require retrievability
following repository closure (IEAL 1987}.

® Regulatory Requirements for Quality Assurance (QA), Nuclear
Criticality

The Canadians are committed to total quality assurance for
activities relating to the siting, design and construction of
a nuclear fuel waste disposal vault. Quality assurance pro-
cedures for several key areas have been formalized and the
process is continuing (NEA 1988).

General requirements for QA are given in the guidance for the
concept assessment phase only; final requirements are to be
determined (IEAL 1987).

2. Waste Form

The reference waste form is intact CANDU spent fuel
assemblies. Conditioning and consolidation techniques are
believed to create complications (Nuttal 1987; Johnson et al.
1987} .

In the event that fuel reprocessing would be used, some work
on HLW forms has been done, with borosilicate glass as the
primary form and aluminosilicate glass and titanosilicate
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glass-ceramics as alternative HLW forms. Other alternative
HLW forms are sphene-based glass ceramics (Johnson et al.
1987) .

e Amount and Configuration of Waste Form in a Package (Baumgartner
and Simmons 198??

The reference package contains 72 fuel bundles {about 1.4 MTU
with about 300 W heat).

e Type of Spent Fuel Source and Overview Description of Spent Fuel
{or Reference to Description Information)

The spent fuel is CANDU fuel bundles (50 cm long, 10 cm
diameter). The original fuel is natural uranium dioxide
pellets in Zircalloy-4 tubes, with 19 to 37 tubes/assembly and
19 kg U/assembly. The average burnup is 7,500 MWD/MTU,
resulting in about 0.22% U-235, 0.38% plutonium, and 0.76%
fission products. The reference heat content at 10 years is
about 218 W/MTU (Baumgartner and Simmons 1987; Nuttal 1987;
Frost 1988).

e Out-of-Reactor Age of the Spent Fuel or Waste (Schneider et al.
1988; Baumgartner and Simmons 1987)

The reference spent fuel is nominally 10 years out-of-reactor
at the time of canisterization.

The spent fuel age will be least 10 years, and typically 50 to
75 years at time of disposal.

Spent fuel is stored in pools at reactor sites. The fuel is
stored horizontally, in stacked racks. Except for small
amounts of fuel currently stored dry in concrete casks, in-
pool storage capacity is generally adequate until about the
mid-1990s.

Extended storage is likely to be dry. Four storage concepts

are under study: convection vaults, concrete casks, concrete
integrated casks {for storage, transportation, and disposal),
and metal casks.

& For HLW:

The reference form is intact spent fuel, but the alternative
"reference" HLW form is borosilicate glass (Johnson et al.
1987).
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e Matrix Material, if any (Composition, Original Form, and
Identification of Matrixing Process)

In the thin wall container concept, (the reference concept),
the empty spaces inside the container would be filled with a
granular material (such as glass beads or graded silica sand),
compacted by vibrational means to form a matrix that would
provide support for the external pressures following disposal.
Filling of the empty spaces with an alloy with low melting
point %such as lead) is one of several alternative concepts
(Johnson et al. 1987; Bechthold et al. 1987; Hancox 19885.
In the iron-based concept, the fuel bundles would be inserted
into carbon-steel structural tubes, and the appropriate number
of tubes would be loaded into a single outer structural can-
ister of carbon steel. As an alternative, the space between
the tubes could be filled with a granular material or with
molten lead as with the other concept. In addition, the
outer canister could be sealed in a corrosion-resistant
container such as titanium (Johnson et al. 1987).

¢ Support Testing to Qualify the Waste Form

A significant spent fuel R&D program has been underway for
several years to determine the mechanisms of spent fuel
diss?lution under anticipated repository conditions {Hancox
1987).

3. Waste Canister (see Figure 4)

e Function(s) Provided by the Canister

The canister provides for confinement of contents during
interim storage and transportation and in-repository
corrosion resistance for 500 to 1,000 years (Bechthold et al.
1987; Johnson et al. 1987).

e Design Requirements [e.g., Life Expectancy, Temgeratures, Pressures

(Including Hydrostatic or Lithostatic Pressures

. Weights

(Including Waste Form), Criticality, Shielding).

The canister's life expectancy is 500 years as established by
the concept study. The canister temperature limit is in the
range of 100-150°C (100°C may be the 1imit due to tendency for
crevice corrosion in titanium) (Johnson et al. 1987; Bechthold
et al. 1987).

The zone of rock overlying the vault that undergoes extension

due to the thermal expansion of the rock mass, must be no
greater than 100 m from the surface (Baumgartner et al. 1987).
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The sustained long-term far-field temperature must be no
higher than 75°C ?Baumgartner et al. 1987).

The canister must withstand 150°C and the hydrostatic pressure
at 15000 m depth or about 100 atmospheres (Bechthold et al.
1987).

e Shape and Dimensions

e Wall

The 72 spent fuel assemblies in the reference canister are
each placed in a thin steel basket and then in a thin titanium
shell. The fuel assemblies are stacked four high, with 18
assemblies in each row. The canister dimensions would be
about 0.63 m in diameter and about 2.25 m long. The empty
spaces in the titanium canister will be supported structurally
by filling with granular material that is vibrationally com-
pacted. The 1id is recessed into the cylindrical canister
(Johnson et al. 1987).

An alternative canister is an iron-based, stressed-steel
cylindrical container with a titanium-shell overpack, and a
low-carbon steel basket. Dimensions would be about the same
as the thin walled canister described above. Because of poor
cost-effectiveness, this concept has been replaced as the
reference concept with the prior, thin-walled titanium concept
discussed above (Johnson et al. 1987).

Another alternative canister/disposal container under
development is the steel-lined integrated concrete cask (for
storage, transportation and disposal.} Its outer size is

2.6 m diameter and 3.6 m high, with 1.64 m in inside diameter.
It would contain nearly 400 fuel bundles stacked horizontally
on racks. The gross weight would be 70 MT (Frost 1988).

Thickness and Corrosion Allowance

The reference canister is titanium, 4.76 mm thick on the sides
and top, and 6.35 mm thick on the bottom head for support
during handling. The corrosion allowance is not stated
{Johnson et al. 1987).

The iron stressed-shell canister would be 45 mm thick, with
the top and bottom plates at 76 mm thick. The titanium
overpack would have the same thickness as the reference
titanium canister (Bechthold et al. 1987).

The concrete integrated cask walls would be 0.98 m thick in
total. The corrosion allowance is not stated (Frost 1988).
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e Material of Construction (Frost 1988; Johnson et al. 1987;
Bechthold et al. 1987)

- Internal baskets or racks would be mild steel.

- The reference concept uses thin titanium grades 2 or 12 in the
shell.

- The alternative iron-based concept uses thick stressed mild
steel container with titanium grades 2 or 12 as an overpack.

- Other materials being considered are copper, Hastelloy C-276,
Inconel 625, and ceramics and ceramic-coated metals.

- The Concrete Integrated Container (C1C) alternative would use
steel-lined reinforced high-density concrete with an outer
shell of mild steel.

® C(Closure Description and Process

- The top lid of the reference titanium canister (approximately
the same diameter as the canister) would be tapered and will
be pressed into place in the tapered top of the canister and
resistance-heated diffusion-bonded to the shell. The bottom
plate would have a thickness of 6.35 mm to support the weight
during 1ifting (Hancox et al. 1987; Bechthold et al. 1987).

- The titanium top 1id of the alternate iron-based concept with
titanium cladding will be essentially the same as for the
reference titanium canister, and the closure process will be
about the same (Bechthold et al. 1987).

- The concrete integrated cask would have a concrete filled
steel-lined 1id that is bolted to the cask. Metallic and
elastomeric seals would be used (Frost 1988).

e Backfilled Gases, if any
- Ko backfilled gases are discussed in documents.
e Handling Features

- The metal canisters will have either a welded ring around the
circumference of the canister near its top or three holes in
the top rim or a single lifting Tug with one hole. The bottom
of the canister will be thicker to provide support for
handling. The total weight of a filled canister is estimated
to be 2,810 kg (Hancox et al. 1987; Bechthold et al. 1987).

- The concrete integrated cask will have two upper and two lower
trunnions (Frost 1988).
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e Final Testing and/or Support Testing to Qualify the Waste Canister

The final canister would likely have the seal tested
ultrasonically for flaws and would use a helium Teak test.
(Baumgartner et al. 1987)

4. Waste Disposal Container(s), if any

The reference canister of thin-walled titanium would not have
an additional disposal container (Bechthold et al. 1987)

The alternative container of stressed mild steel would have a
tita?ium overpack as the disposal container (Bechthold et al.
1987

The concrete integrated cask container serves as the canister
and the disposal container {Frost 1988)

See Section 3, above, for additional information.

5. Packing (or Buffer) Materials

e Design Requirements and Function

The primary functions of the buffer would be to seal the waste
containers in the repository, to retard radionuclide release
from the containers to the host rock, and to provide good
transfer of heat to the host rock (Johnson et al. 1987).

The buffer material should have high compacted dry density,
good thermal conductivity, and strength without impairing
swelling potential (Bechthold et al. 1987).

The temperature of the buffer material should not exceed 100°C
to maintain the performance of the buffer material and to
assure low crevice corrosion of the titanium of the waste
canister (Johnson et al. 1987).

A pressure bulkhead will be constructed after each room is
filled to withstand the buffer and backfill swelling and
hydraulic pressures (Baumgartner and Simmons 1987).

e Materials of Construction

The reference material would be a 1:1 dry mass ratio of
Avonseal sodium bentonite and quartz sand (Avonseal contains
80% sodijum-based montmorillonite, 10% illite, and smaller
amounts of quartz, feldspar, gypsum and carbonates). Moisture
content of the bentonite would be about 18%. The final dry
specific gravity would be about 1.65 (Graham et al. 1986;
Johnson et al. 1987).
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The reference backfill material for the disposal drifts would
be a mixture of 70-80% sand and crushed repository rock, and
20-30% lake clay. The final dry specific gravity should be
about 2.05 (Johnson et al. 1987).

e Shape and Dimensions

For disposal hole emplacement (the preferred concept), the
bottom of disposal hole in floor of repository room would have
a 1-m depth of packing material; containers would be sur-
rounded with 0.25-m-thick of compacted packing material; this
is the preferred concept because it requires less buffer
material than the in-room concept, and analyses have shown the
release rate of radionuclides to the geosphere is equal to or
less than that from containers emplaced in the in-room

concept (Johnson et al. 1987).

For in-room emplacement, containers would be placed vertically
on a l-m-thick bed of buffer material. The canisters would be
covered with crushed buffer/packing material for 1-2 m above
the containers. The top of room would be backfilled with the
back{i]] material (Jobnson et al. 1987; Schneider et al.

1988) .

e Testing Requirements

No testing requirements are discussed in documents.

® Fabrication Technique

Buffer {(or packing) material is to be pre-mixed, emplaced
loosely, and compacted in place (see Section 6, below).

Methods of emplacing the backfill material are still under
study, especially for emplacing the top 2 m of material
(Johnson et al. 1987).

6. Repository Interface (see Figure 4)

e Waste Package Handling, Storage, and Emplacement at Repository

The reference concept includes spent fuel bundles loaded into
canisters/containers in a facility at the repository site.

The design basis throughput rate is 8100 canisters/yr or
583,200 fuel bundles/year for about 40 years. The total spent
fuel in the reference repository is 191,000 MTU (Baumgartner
and Simmons 1987; Hancox 1987; NEA 1988).

Spent fuel will be received by truck or raii at the disposal
facility in shipping modules (two modules at a time} that
contain 96 fuel bundles each. The two modules will be
transported in an air atmosphere in a single, rectangular
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truck cask {type b{U)}] constructed of monolithic stainless
steel. A similar reference rail cask has also been
conceptualized that will accept six spent fuel moduies. A
potential barge/tug concept would accept multiple truck or
rail casks (Nash 1986; Kempe et al. 1987).

The spent fuel will be unioaded wet and stored for an interim
period in a water pool {Baumgartner and Simmons 1987; Hancox
et al. 1987).

When ready for packaging, the spent fuel modules will be taken
to a hot cell. In the hot cell, the used fuel bundles will be
removed one at a time and placed four-deep into 18 of 19 pipes
arranged as a single basket. The loaded basket assembly will
be placed into a canister. For the reference particulate-
packed concept, the void space will be filled with particu-
lates and vibrational compacted. The top head of the canister
will be pressed in place and sealed with a diffusion bond
(Baumgartner et al. 1987).

- For the iron-based, titanium-overpacked canister alter-
native, the empty iron canister will be overpacked and
the overpack lid connected to the steel 1id before they
are placed in the hot cell. Loading and sealing would be
the same as for the reference titanium canister
(Bechthold et al. 1987).

After ultrasonic bond inspection and helium leak testing, the
containers will be transferred to 2 lag storage area. The
spent fuel container will be loaded into a shielded transfer
cask and transferred underground in a dedicated waste handling
shaft. The cask will be moved either to an underground
storage area or directly to an emplacement room in dedicated
haulage-ways (Baumgartner and Simmons 1987}.

Two basic emplacement techniques with many variations have
been considered: room emplacement and borehole emplacement in
a single level (preferred for spent fuel because of lower
cost) or in a multiple level (may be acceptable for a small
but deep rock formation or for HLW) (Bechthold et al. 1987;
Baumgartner and Simmons 1987).

- In the preferred borehole emplacement (concept) an array
of 1.2 m-diameter by about 5.2-m deep boreholes would be
drilled in the floors in excavated rooms or drifts. When
all emplacement boreholes within a room are filled and
lined with buffer material, the room will be backfilled
and sealed.

- In the room emplacement concept two containers at a time
will be transported to the emplacement room in a manned
diesel powered transporter. Four containers will be
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placed upright on the floor of the room before back-
filling with packing material to a height of 1 m above
the containers.

¢ Packing Handling and Emplacement

The buffer material in the bottom of the emplacement holes
will be emplaced loosely and compacted in place. A 0.7-m-
diameter hole (4.2 m deep) will be bored through the buffer
material. The canister will then be emplaced in the hole.
The annular gap of about 50 mm around the container will be
filled with loose sand to improve heat conduction. The
remaining buffer material (above the canister) will be
emplaced loosely. The top of each hole will then be filled
with loose buffer material and compacted in place. This
concept was selected because an engineering study showed that
it would facilitate separation of active and inactive opera-
tions during waste emplacement (Baumgartner and Simmons 1987;
NEA 1988).

The disposal drifts will be backfilled by one or more methods
to be determined. Currently the lower part of a drift would
Tikely be compacted in place and the upper part would Tikely
be backf}]]ed pneumatically (Hancox et al., 1987; Johnson et
al. 1987).

e Design Limits/Constraints by Repository (e.g., Dimensiohs, Weights,
Temperatures, Areal Heat Loads, etc.)

The disposal container skin temperature will be limited to
100°C to maintain performance (i.e., to assure control of
swelling and sealing around the canisters) of the buffer
material, to assure that crevice corrosion of titanium con-
tainer material is acceptably low, and to assure stability of
the disposal formation due to stresses (Johnson et al. 1987).

The zone of rock overlying the vault that undergoes extension
due to the thermal expansion of the rock mass must be no
greater than 100 m from the surface (Baumgartner and Simmons
1987).

The sustained long-term far-field temperature must be no
higher than 75°C. This criterion controls the gross allowable
thermal Toad in the repository (Baumgartner and Simmons 1987).

The design pressures will be in the order of 10 MPa
(1460 psi), from hydrostatic head (Johnson et al. 1987).
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e Dimensions and Spacing of Holes in Host Rock

- Holes for borehole emplacement will be 1.2 m in diameter and
about 5.2 m deep. The minimum center-center spacing will be
about 2 m in a square array with three holes in the width of
the emplacement drift. Hole spacing will be based on limiting
the maximum host rock temperature and resultant stresses, and
is being studied (Johnson et al. 1987; Baumgartner and Simmons
1987; NEA 1988).

- A rectangular array of 60 parallel disposal drifts will be
constructed in a total plan area of 2 km by 2 km. Each dis-
posal drift will be about 250 m long (including about 50 m of
access drift length) by 7.5 m wide by 5 m high to the top of
the arched ceilings. Each emplacement drift would accept
abou; 240 canisters (Baumgartner and Simmons 1987; Nuttall
1987).

e Description of Liner of Holes in Host Rock, if any
- No hole liner is planned (Johnson et al. 1987).
® Sealing Materials for the Emplacement Holes and How Emplaced

- The ?uffer material will be as described above (Johnson et al.
1987).

- Tunnel backfill material will be as described above (Johnson
et al. 1987).

® Retrievability Provisions, if any
- Retrieval is required during repository operation, but not
after closure. Any retrieval provisions after closure must
not compromise the performance of the repository (IEAL 1987).
® Monitoring Provisions in Emplacement Holes, if any
- No specific requirements for monitoring the repository

performance during operation or after closure have been
developed (IEAL 198??
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WASTE PACKAGE PLANS IN FRANCE

1. Overall Scope/Strategy of Waste Package Concept

e Overall Status of Repository and Waste Package Concept (NEA 1988)

® Host

France will reprocess all spent fuel, and will dispose of only
HLW that has been vitrified; HLW have been vitrified for a
number of years and are stored in air. Their waste package
concept has not been developed in detail, but the package will
include the current and future canisterized and vitrified HLW.

France will dispose of vitrified HLW in one or more deep geo-
logical formations. Repository design will begin in the
early 1990s with startup about 2010 ?Isaacs 1988} .

The repository concept has not yet been developed. An under-
ground site validation laboratory site will be selected in
1991, and if successful, will become the final repository
following construction in 2004-2010 (Isaacs 1988).

An underground research laboratory in granite has been used
for generic studies for several years.

Engineered and geologic barriers are under active
investigations.

Rock Material and Nominal Depth (NEA 1988).

Based on a survey of possible repository sites completed in
1987, four potential host rocks have been selected for
characterization: one each in clay, outcropping granite,
schists, and salt.

The minimum depth of the disposal horizon is to be 150 to
200 m, and the maximum depth is about 1000 m (IEAL 1987;
Goguel 1987).

e Overall Waste Package Components (Sombret 1985)

The components will be vitrified HLW, waste canister, a pos-
sible disposal container (overpacks of metals and ceramics
are considered), and buffer material.

® Regulatory Performance or Barrier Requirements (Waste Form, Canis-
ter and/or Container, Packing Around Container) (Sombret 1985;

IEAL

1987; Goguel 1987)

No radiation protection limits have been set for the boundary
of a HLW repository.
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Safety of a repository must be demonstrated by modeling for at
least 10,000 years.

No performance rules exist yet for a repository, but each
barrier should contribute to the safety of the repository

A package is desired that will last 1,000 years.

The geologic setting should have short-term and long-term
stability, 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 repository site should be capable of being modeled.

e Requirements for Retrievability

Retrievable requirements are not yet determined in France
(IEAL 1987).

e Regulatory Requirements for Quality Assurance (QA), Nuclear
Criticality

No information was found on criticality requirements.

Waste Form [e.g., Borosilicate Glass (Monolithic or Other Form), Intact
Spent Fuel Assemblies, Consolidated Spent Fuel Assemblies, etc.]

- The waste form is monolithic borosilicate glass with about 13
weight percent of waste oxides for PWR wastes (Sombret et al.
1985} .

e Amount and Configuration of Waste Form in a Package (Sombret 1985).

About 400 kg of monolithic vitrified HLW in 150 liters is in a
cylindrical canister.

Vitrified high-level waste from 1.25 MTU is in one canister.

The fraction of filling of canister is 88% (150 liters of
glass in a 170-liter canister).

e Type of Spent Fuel Source and Overview Description of Spent Fuel
(or Reference to Description Information)

Most spent fuel will be from PWRs at a typical exposure of
about 33,000 MWD/MT. Some spent fuel will be from four GCRs
(reprocessed and vitrified at Marcoule), from materials test
reactors, and from FBRs (in the future) (Lung et al. 1987).
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® Qut-of-Reactor Age of the Spent Fuel or Waste (Sombret 1985).

- The out-of-reactor age of spent fuel is about 1 to 5 years
before reprocessing and vitrification is 1 to 5 years and is
approximately 30 years before disposal.

- Interim storage after vitrification will be in air-cooled
vaults at the vitrification facility. In addition, it is
planned to be stored 20 to 30 years at the disposal site
(Isaacs 1988).

e Matrix Material, if any [Composition, Original Form (e.g., Powdered
Copper), and Identification of Matrixing Process]

- No matrix material is to be used (Sombret 1985).
e Support Testing to Qualify the Waste Form

- Vitrified HLW quality is based on control of vitrification
process parameters (Sombret 1985).

3. Waste Canister (see Figure 1)
e Function{s) Provided by the Canister

- The canister provides for handling and containment during
storage. The functions during disposal are not yet defined
(Sombret 1985).

e Design Requirements [e.g., Life Expectancy, Temperatures, Pressures
(Including Hydrostatic or Lithostatic Pressures), Weights
(Including Waste Form), Criticality, Shielding]

- No information was found on life expectancy of the canister.

- The empty canister weighs 70 kg, and the glass weighs 360-
400 kg (Sombret 1985).

¢ Shape and Dimensions

- The canister is cylindrical and measures 0.43 m diameter by
1.335 m overall height, including filling neck and nozzle.
The canister has a reverse head on the bottom, which allows
for a stacking height of 1.285 m. The gross canister internal
volume is 170 liters, and the net canister internal volume
filled is 150 liters. The total filled weight of the canister
is 480 kg (Sombret 1985; CEC 1985).

- The cylindrical canister for the wastes vitrified at Marcoule
is 0.50 m in diameter and 1.0 m high (Lung et al. 1987).
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o Wall Thickness and Corrosion Allowance
- The canister thickness is 5 mm (Sombret 1985; Clark 1988b).
- There is no corrosion allowance {Clark 1988b).

e Material of Construction

- The canister material is special stainless steel designated as
Z 15 CN 24-13 (Sombret 1985).

o C(losure Description and Process
- The canister 1id is inverse, hat-shaped. The 1id (except its
flange) fits into the filling nozzle of the canister. The
flanges of the 1id and filling nozzle are welded together
(Sombret 1985).

- The weld closure is done by automatic plasma arc welding of
the outer edges of the two flanges (Alexandre et al. 1987).

e Backfilled Gases, if any

- There are no special backfilled gases in the canister. Only
air is in the sealed canister (Clark 1988b).

e Handling Features

- The flange on the filling nozzle of the canister is used for
handling (Clark 1988b).

- A1l handling is automatic (Lund et al. 1987).
e Final Testing and/or Support Testing to Qualify the Waste Canister
- The only formal testing of the canister is smear testing for
external contamination after cleaning externally with high-
pressure water and possibly acid to 0.001 Ci/square cm
(Alexandre et al. 1987; Lund et al. 1987).
4. Waste Disposal Container(s), if any

- The use of a disposal container remains to be determined in
France.

5. Packing (or buffer) Materials
- The use of packing (or buffer) materials remains to be deter-

mined in France. However, clays are being investigated
actively (Baudin et al. 1988).
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e Design Requirements and Function

The requirements for any buffer materials are not yet speci-
fied, but studies are aimed at providing heat transfer and a
seal between the canister (or disposal container) and the
excavation in the host rock. The seal would prevent water
from contacting the container and/or retard migration of
radionuclides from the container. In addition, the buffer
would help keep the container in place (Baudin et al. 1988).

e Materials of Construction

Two natural clays available in France are under serious con-
sideration: a sparnacian plastic clay (smectite 52% and
kaolinite 48%) with about 8% quartz, and an oligocene clay.
A final dry specific gravity of about 1.5 is sought. A
moisture content in the range of 10% is under consideration
(Baudin et al. 1988).

Filling of the final gap between the container and the buffer
with a grout is being considered (Baudin et al. 1988).

e Shape and Dimensions

Pre-pressing the buffer material into cylindrical blocks or
part-cylinder blocks that would surround the waste canister in
the disposal hole is under study (Baudin et al. 1988).

e Testing Requirements

-

No information was found on packing testing requirements.

e Fabrication Technique

Prefabrication by isostatic or unaxial pressing is under
study, with the latter planned for future in situ tests
(Baudin et al., 1988).

6. Repository Interface

The repository concept remains to be determined in France but
studies are underway (Baudin et al. 1988).

Two families of disposal concepts are under study (Hoorelbeke
et al. 1986).

- DOne concept is disposal in bore-holes in the floors of
emplacement drifts with or without interim natural con-
vection air cooling (such air cooling is being considered
for interim storage to allow for a smaller repository for
older waste}. The holes with interim cooling would be
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large caissons with about 18 canisters. The holes
without interim cooling would have one canister each.

- Another concept is disposal directly in disposal drifts
with or without interim natural convection air cooling.

® Waste Package Handling, Storage, and Emplacement at Repository

- Vitrified HLW is being stored temporarily in natural air
convection-cooled concrete caissons {with the canisters
stacked nine high) in the storage facility at La Hague. This
stor§ge will be for the order of 20 years (Alexandre et al.
1987).

- Vitrified HLW will be transported to the repository waste
receiving building (to be defined), with dry storage at the
repository site for up to 20 or 30 years (Alexandre et al.
1987; Isaacs 1988).

- No information is available for handling at the repository
because the concepts are currently being developed.

¢ Packing Handling and Emplacement

- (Concepts under study for handling the packing material are
a) assembling the container and packing in a metal basket and
lowering the assembly into the disposal hole, and b) pre-
emplacing the packing into the disposal hole, followed by
emplacing the waste container (Baudin et al. 1988).

e Design Limits/Constraints by Repository {e.g., Dimensions, Weights,
Temperatures, Areal Heat Loads, etc.)

- No information is available on the design constraints of the
packing material by the repository.

e Dimensions and Spacing of Holes in Host Rock

- The reference disposal hole for study purposes is 1 m in dia-
meter and 2.3 m deep. This arrangement would allow for 28 cm
space between the waste container and the disposal hole
(Baudin et al. 1988).

e Description of Liner of Holes in Host Rock, if any

- No information was found, but the implication is that there
will be no liner (Baudin et al. 1988?

® Sealing Materials for the Emplacement Holes and How
Emplaced
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- No information was found on sealing materials for the
emplacement holes.

e Retrievability Provisions, if any

- Retrievability requirements and provisions remain to be
determined in France (IEAL 1987).

e Monitoring Provisions in Emplacement Holes, if any
- No monitoring provisions in the emplacement holes are
developed yet. The general objective is to provide enough

protection that no further human action is required after
closure (IEAL 1987).

- Maintenance of administrative control over the repository area
is desirable for several centuries (Goguel 1987).
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WASTE PACKAGE PLANS IN THE FEDERAL REPUBLIC OF GERMANY

1. Overall Scope/Strategy of Waste Package Concept

e Overall Status of Repository and Waste Package Concept

¢ Host

Germany plans to reprocess most of their spent fuel for re-
cycle, and convert the HLW to borosilicate glass. However,
they also plan to directly dispose of selected types of spent
fuel that they don't plan to reprocess (e.g., THTR, GCR,
LMFBR, MOX LWR fuels) that constitutes up to about 20% of
their total spent fuel in the long run (Schneider et al. 1988;
Weinlander 1988).

The site at Gorleben is proposed for disposal of spent fuel
and HLW. Acceptance of this site as a repository depends on
results of extensive underground exploration. Shafts are
being constructed for an underground research laboratory
(Schneider et ail. 1988).

A concept of a production scale conditioning and encapsulation
plant for direct spent fuel disposal was developed, and
storage-transport-disposal canisters/casks are being

developed (Luckscheiter 1987).

Waste package concepts are still under development, but are
relatively mature (Clark 1988b).

Rock Material and Nominal Depth

The proposed host formation is a salt dome, with the planned
disposal depth at 870 m (Schneider et al. 1988).

® (verall Waste Package Components

The overall waste package components for HLW will be the
vitrified HLW and the waste canister (FRG-US Workshop 3/88).

The overall waste package components for spent fuel are con-
solidated spent fuel rods (or intact spent fue)l assemblies or
chopped spent fuel pins) a canister/cask, and a disposable
transportation shielding overpack for gamma and neutrons (FRG-
US Workshop 3/88).

® Regulatory Performance or Barrier Requirements (Waste Form,
Canister and/or Container, Packing Around Container)

No specific regulatory performance criteria exist (Clark
1988b) .
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General criteria are defined in a 1982 safety code, "Safety
Criteria for the Final Disposal of Radioactive Wastes in a
Mine". The code specifies radiation protection criteria
during disposal operations (along with other radiation pro-
tection ordinances) and during post-cliosure (IEAL 1987).

- A safety criteria document specifies qualitative criteria
for the engineered and natural barriers. Quantitative
criteria will be specified during the licensing and
authorizing procedure for a site-specific review of the
repository.

Multiple barriers are required in the repository. These
barriers are: waste form (the waste canister for HLW is not
considered a barrier), repository, and overall geologic
environment (IEAL 1987; Clark 1988h).

- Each barrier should provide "appropriate" isolation.

- The waste form and canister should provide the necessary
level of containment during transport and handling.

- The "Pollux" waste package for transportation, storage
and disposal of spent fuel has been assigned a design
basis of 500 years 1life expectancy.

Container integrity may be required until near-field con-
vergence 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) (IEAL 1987;
Schneider et al. 1988?.
The maximum allowable dose to the most exposed member of
public for unavoidabie processes is 30 mrem/yr. This dose
applies to the operational phase and to the post-closure
period (IEAL 1987).

The maximum allowable dose to workers is the same as for
reactor operations, or 5 rem/yr equivalent whole body dose
(IEAL 1987).

The maximum temperatures are to be 150-200°C at the salt/
canister interface (or 130°C if other minerals are present)
(Schneider et al. 1988).

® Requirements for Retrievability

Post-closure retrievability is not required, and is considered
to be counter-productive to overall long-term safety of
repository (IEAL 1987).
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Regulatory Requirements for Quality Assurance (QA), Nuclear
Criticality

- QA requirements are developed by the waste product control
authority (KFA at JUlich) for all radioactive wastes (Clark
1988b) .

- HLW process streams are to be monitored by neutron flux
measurements for fissile materials as generated, which will
assure that all vitrified HLW will be outside nuclear
criticality limits (Clark 1988b).

- No information was found on criticality control for spent
fuel.

2. MWaste Form [e.g., Borosilicate Glass (Monolithic or Other Form), Intact
Spent Fuel Assemblies, Consolidated Spent Fuel Assemblies, etc.]

Primary waste form will be HLW in vitrified borosilicate glass,
with no more than 15% waste oxides in glass (Schneider et al.
1988).

The waste form for about 20% of spent fuel is spent fuel for which
reprocessing is considered not to be practical (e.g., spent fuel
from THTR, GCR, LMFBR, MOX in LWRs, etc.) (Weinlander 1988).

- (Consolidated spent fuel rods for assemblies amenable to con-
solidation is preferred, some spent fuel will be packaged
intact, and some may be chopped fuel rods (FRG-US Workshop
3/88).

e Amount and Configuration of Waste Form in a Package

- A total of 150 liters of borosilicate glass is in a cylin-
drical canister. The weight of glass is 360-400 kg/canister,
and contains HLW from 1.25 MTU from France. About 0.91 to
1.15 MTU was to be in each canister from German reprocessing
plants (Clark 1988b; Kuhn et al. 1986; Sombret 1985}.

- Since the spring of 1989 decision to abandon reprocessing in
Germany and to contract it to France and the U.K., the waste
configuration will be the same as in France and the U.K.

- For spent fuel using the Pollux cask concept), the primary
concept will have consolidated rods from eight PWR assemblies
in four thin-walled, tubes called "bins". These tubes will be
the shape of 1/4 of the segment of a circle with a square cut
out from the center of the circle. The filled tubes will be
loaded vertically into the perimeter of the previously
assembled storage-transport-disposal cask. Compacted fuel
hardware in square tubes will be loaded into the center of the
canister (Luckscheiter 1987; FRG-US Workshop 3/88).
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- Consolidation is envisaged as being done horizontally,
one row of rods at a time that are placed in a horizontal
trough with the same shape as a bin. When filled, one
end of the trough will be mated to a bin and the rods
will be pushed into the bin (FRG-US Workshop 3/88).

- An alternative spent fuel disposal concept would use
canisters approximately the same size as those for HLW
(0.43 m in outside diameter, 0.318 m in inside diameter,
and 1.33 m long, including a foot ring at the base). In
this case, the disassembled fuel pins would be cut into
pieces about 1 m long and fed horizontally through a hole
in the bottom of a canister with its 1id already welded
on. The total weight of spent fuel in one canister would
be about 0.267 MTU from about 0.5 PWR assemblies. The
total filled weight of a canister would be about 1.18 MT
(Luckscheiter 1987; FRG-US Workshop 3/88; Clark 1988b).

For spent fuel disposal of non-standard fuels, the amount and
configuration of spent fuel will vary (Clark 1988b).

e Type of Spent Fuel Source and Overview Description of Spent Fuel
(or Reference to Description Information)

Most spent fuels will be from PWRs and BWRs: uranium dioxide
pellets in zircalloy rods, enriched to about 3.6% U-235 or
greater (Clark 1988b).

Some spent fuels will be from THTRs: wuranium-thorium dioxide
pebbles with a diameter of 6 cm and weight about 200 grams.
Each pellet will contain 11.3 grams of heavy metal including
1.1 gram of uranium that is 93% U-235. The THTR-300 reactor
produces about 170,000 pebbles/yr (Clark 1988b).

e OQOut-of-Reactor Age of the Spent Fuel or Waste

The out-of-reactor age will be 5 to 10 years before
reprocessing and HLW vitrification (Schneider et al. 1988).

The age of LWR spent fuel at the time of packaging the fuel is
expected to be 5 to 10 years, but the Pollux cask system can
accept spent fuel after three years storage (Luckscheiter
198??.
The age for mixed-oxide spent fuel is expected to be about 20
years out-of-reactor upon disposal (Clark 1988b).

e For HLW:

The high-level waste canister will be the same as the French
and U.K. HLW canisters. It contains 150 liters of glass in a
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total internal volume of 180 liters. The height of glass in
the canister will be 1.04 m. (Kuhn et al, 1985; Sombret 1985).

The age of spent fuel will be 5 to 10 years out-of-reactor
before reprocessing (with an average of about 7 years) and
vitrification. The minimum age at disposal will be about 10
years (Schneider et al. 1988; Clark 1988b).

® Matrix Material, if any [Composition, Original Form (e.g., Powdered
Copper), and Identification of Matrixing Process]

No matrix material is planned for either HL¥ or spent fuel
(Schneider et al. 19885

e Support Testing to Qualify the Waste Form

The quality of the borosilicate glass waste form will be con-
tro11?d by control of vitrification process parameters {Clark
1988b} .

3. Waste Canister (see Figures 1 and 5)

e Function(s) Provided by the Canister

The functions provided by the HLW canister will be containment
of waste during interim storage, transportation and associated
handling through emplacement %C1ark 1988b} .

The functions provided by the components of the Pollux cask/
canister will be: the inner spent fuel tubes (or "bins") in
the Pollux cask/canister (they will have individual slip-over
1ids) will provide partial containment during lag storage
before insertion into the disposal cask/canister/ overpack;
the disposal cask/canister/overpack will provide sealing, pro-
tection against mechanical damage during subsequent handling,
interim storage, transportation, and corrosion resistance
after emplacement (FRG-US Workshop 3/88).

- For the alternative spent fuel disposal concept using HLW
glass-sized canisters, the canister would provide encap-
sulation of cut-up spent fuel rods during storage, hand-
ling, transportation, and emplacement in the disposal
facility (FRG-US Workshop 3/88).

® Design Requirements [e.g., Life Expectancy, Temgeratures. Pressures

(Including Hydrostatic or Lithostatic Pressures

, Weights

(Including Waste Form), Criticality, Shielding]

No information was found on the 1ife expectancy of the French
or U.K. canisters for high-Tevel waste.
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The French high-level waste canister weighs 70 kg, and its
glass contents weigh 360-400 kg (Sombret 1985).

For HLW glass, there are no criticality limits {Clark 1988b).

The Pollux storage-transport-disposal cask-canister-overpack
has a design basis and an expected life of about 500 years in
salt. It must withstand the lithostatic head of about 300
atmospheres. The design basis temperatures are 300°C maximum
for emplaced spent fuel and 150-200°C maximum surface tempera-
ture for the disposal package. The empty canister/cask/
overpack will weigh 57.8 MT and the loaded canister/cask will
weigh 65 MT. The design surface dose rate is less than 20
mrem/hr (US-FRG Workshop 3/88; Clark 1988b).

- The alternative canister for cut-up spent fuel rods will
weigh about 1.18 MT when loaded, and will have a surface
dose rate of about 1000 mrem/hr. It will withstand the
Tithostatic pressure (US-FRG Workshop 3/88; Clark 1988b).

e Shape and Dimensions

e Wall

The French HLW canister is 0.43 m diameter by 1.35 m long.
The German HLW canister was to be a cylinder 0.43 m diameter
by 1i33 m long, but will no longer be used (Schneider et al.
1988) .

For the Pollux concept for spent fuel, the thick-walled
cylindrical canister-cask-overpack will be 0.1542 m outside
diameter by 5.462 m long (FRG-US Workshop 3/88; Clark 1988b).

- The alternative concept for spent fuel uses canisters
approximately the same size as that for HLW (0.43 m
outside diameter, 0.318 m inside diameter by 1.33 m long,
including a foot ring at the base) (Clark 1988b).

Thickness and Corrosion Allowance

The thickness of the French and U.K. HLW canisters, the wall
thickness is 5 mm (including the 1ids), with no corrosion
allowance (Clark 1988b).

For the reference Pollux canister/cask for spent fuel, the
steel walls will be 15 cm thick with an 8 mm coating of
Hastelloy C4. The transportation shielding overpack will have
additional thick walls of polyethylene (approximately 100 mm
thick) and iron (FRG-US Workshop 3/88; Clark 1988b).

- The alternative concept for spent fuel rods in canisters

would have walls that are 50 mm thick, with a coating of
corrosion-resistant material {Clark 1988b).

GE-6 GERMANY



e Material of Construction

The French HLW canister is made of a special stainless steel
designated Z 15 CN 24-13 (Sombret 1985§

The reference Pollux canister/cask for spent fuel will be made
of 15Mn-6.3N1 steel with an external coating of Hastelloy C4
that is applied by plasma hot wire surfacing. The transporta-
tion shielding overpack will be made of ductile cast iron (GGG
40) lined with polyethylene for neutron shielding (FRG-US
Workshop 3/88).

® (losure Description and Process

The French canister 1id is inverse hat-shaped. All but the
flange of the 1id fits into the filling nozzle of the canis-
ter. In France, sealing of the 1id to the canister is done by
automatic plasma arc welding of the edges of the two flanges
(Sombret 1985).

The first “primary" 1id of the Pollux cask/canister for spent
fuel will be sealed (gas-tight) by screwing into the inner
canister while the assembly is in a hot cell. Above that,
another "secondary” 1id will be placed, and the assembly will
be removed from the hot cell and sealed by welding in a weld-
ing gantry with the canister-cask-overpack on a turntable.
The final 1id in the shielded transportation overpack will be
closed (weather-tight only) by screwing in its 1id (FRG-US
Workshop 3/88)}.

A1l welding QA will be carried out by control of welding
parameters (Clark 1988b).

e Backfilled Gases, if any

No special gases will be backfilled. Only air will be in the
sealed canister (Clark 1988b).

Helium will be backfilled in the Pollux package (Clark 1988b).

¢ Handling Features

The flange on the filling nozzle of the HLW canister (Germans
call it a "pintle") will be picked up by a fingered grappling
tool on the crane (Clark 1988b).

For the Pollux cask system, the inner canister/cask will have
no special handling features. It will be placed inside the
transportation shielding overpack before it is taken into a
hot cell (FRG-US Workshop 3/88).
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- The transportation shielding overpack will have two
trunnions on each side (four trunnions total) near its
top and bottom ends for handling.

Final Testing and/or Support Testing to Qualify the Waste Canister

- The seal quality of the HLW canister will be assured by con-
trol ?f welding parameters in France and the U.K. {Clark
1988b) .

- The HLW canister will be cooled, smear-tested for contamina-
tion, decontaminated as needed, and dimension checked (Schmidt
et al. 1988).

- Gamma scanning of the HLW canister for determination of glass
fi11 level is being considered (Clark 1988 BE}.

- Built-in monitoring provisions for the HLW canister are not
planned but may be possible {(Clark 1988b).

4. Waste Disposal Container(s), if any (see Figure 5)

In the concept with vitrified high-level waste, the canister will
also serve as the disposal container (Clark et al. 1988).

In the reference Pollux canister-cask-overpack concept for spent
fuel disposal, the Pollux cask/canister and the overpack of
polyethylene-lined nodular cast iron (not leak tightg will be an
integral unit and serve also as the disposal container {FRG-US
Workshop 3/88).

Function(s) Provided by the Disposal Container

For the reference Pollux concept for spent fuel disposal, the inner
canister/cask serves as the hermetically sealed disposal container.
The polyethylene-lined overpack will provide for handling, shield-
ing, weather-tight prevention of outside materials from contacting
the canister/cask during handling, transport, interim storage, and
emplacement. The overpack will also provides some structural
resistance to collapse after disposal (Clark 1988b).

Design Reguirements [e.g., Life Expectancy, Temperatures, Pressures
(Including Hydrostatic or Lithostatic Pressures), Weights
(Including Waste Form), Criticality, Shielding]

- The reference Pollux cask-canister-overpack will weigh 65 MT
loaded, and its rail-mounted, mine vehicle and weigh another
15 MT (FRG-US Workshop 3/88).

- For other information on the "disposal container", see
Section 3, above.
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5. Packing (or Buffer) Materials

- No packing or buffer material is planned for either concept (Clark
1988b) .

- The backfill is planned will be crushed salt previously excavated
from the disposal horizon (Clark 1988b).

6. Repository Interface (see Figure 6)

e MWaste Package Handling, Storage, and Emplacement at Repository

High-Tevel waste canisters will be transported dry in trans-
portable storage casks, and Pollux casks containing spent

fuel will be transported by rail to the nearest terminal, then
off-loaded onto a special heavy-haul truck for the remainder
of the trip to the repository (Clark 1988b).

High-level waste canisters will be unloaded in a waste
receiving building where the casks will be unloaded dry
through the bottom port in a hot cell. The unloaded canisters
will be moved either to an air-cooled interim storage area (to
reduce the heat/load to about 1.6 kW/canister) or to the waste
handling shaft area and loaded into a shielded container that
will hold one can. The shielded container will be lowered
through the shaft and transported to the emplacement room
where the canister will be Towered by a cable into the dis-
posal borehole. If the emplaced canister surface temperature
is greater than about 160°C, dummy canisters may be used as
spacers between HLW canisters (Clark 1988b).

For the reference Pollux concept for spent fuel disposal,
interim storage at the repository will be in dry air. The
Pollux canister-cask-overpack is received at the waste-
receiving facility by rail or truck. After inspection, the
cask will be lifted in the horizontal position and placed
horizontally on a special waste emplacement rail car which is
moved to the top of the mine shaft and lowered to the mine
disposal horizon. The rail vehicle will be moved by a mine
locomotive to the emplacement drift. At the emplacement
location, the total Pollux cask will be lifted from the vehi-
cle by an emplacement crane and lowered onto the floor of the
emplacement drift. The vehicle will then be returned to the
surface for another cask load {FRG-US Workshop 3/88).

e Packing Handling and Emplacement

No packing/buffer is planned to be used. Only structural
backfill made of crushed salt previously excavated from the
disposal horizon will be used to backfill the holes and drifts
(Clark 1988b).
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For emplacement of the Pollux canister-cask-overpack with
spent fuel, backfill will be empiaced over each unit immedi-
ately after the cask has been empiaced. Two backfill
emplacement techniques are being studied: slinging or throwing
(generally preferred), and pneumatic backfilling %FRG-US
Workshop 3/88).

e Design Limits/Constraints by Repository (e.g., Dimensions, Weights,
Temperatures, Areal Heat Loads, etc.)

The maximum near-field salt temperature will be limited to
200°C (KfK 7/87).

Creeping closure of salt around the HLW canisters is expected
to seal the waste in a period of months, and around the Pollux
containers in about 200 years, respectively (IEAL 1987;
Schneider et al. 1988).

e Dimensions and Spacing of Holes in Host Rock

High-level waste canisters are to be stacked vertically in
boreholes 0.70 m in diameter and 300-600 m deep (50-60 m
apart) in gallery floors. Approximately 225 to 450 canisters
will be emplaced in each hole (Schneider et al. 1988; Clark
1988b; NEA 1988).

Spent fuel in Pollux casks will be emplaced horizontally in
emplacement drifts, oriented end-to-end, with the ends about
3 m apart (FRG-US Workshop 3/1988).

Spent fuel in HLW-type canisters would be emplaced vertically
in bgreho]es the same as HLW canisters (FRG-US Workshop
3/88).

e Description of Liner of Holes in Host Rock, if any

No liners are planned to be in disposal boreholes or in
disposal drifts (Clark 1988b).

o Sealing Materials for the Emplacement Holes and How Emplaced

The top 10 m of each borehole wiil be sealed with a plug of
unknown materials after each borehole is filled (FRG-US
Workshop 3/88).

Backfill drifts will be filied with crushed rock salt, and

sealed off from other chambers with clay and concrete dams
(Schneider et al. 1988; FRG-US Workshop 3/88).
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¢ Retrievability Provisions, if any

- Retrievability is planned to end once an emplacement gallery
has been backfilled and sealed. Retrievability is considered
to compromise the isolation objective of the repository and is
counter-productive (IEAL 1987).

e Monitoring Provisions in Emplacement Holes, if any
- Pre-closure monitoring of air and water in the disposal
facility will be carried out to protect the workers (IEAL
1987) .
- Post-closure surveillance is planned for some time period,
limited to ordinary environmental protection requirements
{Schneider et al. 1988).

- Human intrusion is not considered to be a matter of great
concern {IEAL 1987).
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WASTE PACKAGE PLANS IN SWEDEN

1. Overall Scope/Strategy of Waste Package Concept (NEA 1988).

- The Swedish repository concept was developed as a reference to
satisfy the requirement of showing that safe waste disposal is
feasible,

The concept is intentionally conservative.

The concept depends on multiple barriers. It is unique in
that it uses a long-lived package (it is expected to last up
to perhaps 1,000,000 years?, and places most of the reliance
of post-closure safety on the waste package.

Alternatives to the reference are being studied.

e Overall Status of Repository and Waste Package Concept (NEA 1988).

Sweden does not plan to reprocess, but will dispose of spent
fuel directly. Sweden had contracted some spent fuel to be
reprocessed abroad, but is trading the resultant HLW for spent
fuel, and is selling the contractual rights for reprocessing
(IEAL 1987).

Sweden will dispose of their spent fuel in a single deep
geologic repository.

Sweden plans to phase out all nuclear power by 2010, and their
total quantity of spent fuel will be about 7800 MTU.

The repository and waste package concepts for spent fuel have
been developed since 1983, and have received much R&D.

Relatively few changes have occurred in the reference reposi-
tory concept since its inception,

The final repository concept will be selected about year 2000.

An underground research facility in granite has been used for
research (Stripa facility} since 1977.

A new underground research facility will be started up in 1993
in a representative host rock formation to study details of
repository disposal.

Investigations for repositaory sites have been carried out
since 1977.
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- The site for a spent fuel disposal facility is expected to be
characterized by 1998. Construction of the repository is
planned to start in 2010, and operation of the repository is
planned to commence in 2020.

- Fuel channels from BWR spent fuels, poison rods from PWR
fuel assemblies, reactor internals, and other long-lived
wastes will be disposed of at the same site as spent
fuel, but in a separate repository.

® Host Rock Material and Nominal Depth

- The host rock is to be Pre-Cambrian crystalline rock in
granite or gneiss or gabbro at a depth of about 500 m.
Selection of candidate host rocks was made after surveying
potential rock formations in Sweden (NEA 1988).

e Overall Waste Package Components (NEA 1988).

- The overall waste package components will be spent fuel, a
canister, a buffer/packing material, and the host rock.

- Unconsolidated spent fuel assemblies are to be embedded
in lead matrix or pressed copper powder.

- A thick-walled canister is planned to be used.

- Compacted bentonite "donuts" are planned to be emplaced
around the canister.

® Regulatory Performance or Barrier Requirements (Waste Form,
Canister and/or Container, Packing Around Container)

- Formal specific performance requirements are not set by regu-
latory authorities for nuclear facilities. It is up to the
nuclear industry to demonstrate compliance with general regu-
latory safety goals; thus, specific reguirements for each
barrier are not set by the regulators ?IEAL 1987).

- The general radiation protection criterion for post-closure of
a repository is that the contribution to the radiation dose to
the most highly exposed public group shall be only an insig-
nificant part of the dose from natural background and shall
lie within the natural range of variation (NEA 1988).

- The dose limit for the first 1000 years or until the
first period of glaciation is a maximum of 10 mrem/yr to
the most exposed group (NEA 1988).

- For the time period after 1000 years, dose Timits are
being developed, and are expected to be based on a
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comparison of calculated releases with natural releases
from weathering of the bedrock (NEA 1988).

- For time periods greater than about 10,000 years, pre-
dictions are considered to be relatively difficult, so
1imits beyond that time will not be considered. However,
performance expectation over periods of millions of years
should be estimated (SKB-3 Summary p. 55; IEAL 1987).

The occupational dose limits in a repository during operation
are to be 5000 mrem/yr (NEA 1988).

® Requirements for Retrievability

No r§gu1atory requirements are placed on retrievability (IEAL
1887).

® Regulatory Requirements for Quality Assurance (QA), Nuclear
Criticality

There are no specific regulatory requirements for QA, but
stringent QA will be applied to provide assurance that there
are no deviations from the desired quality that could sig-
nificantly impair the system safety (NEA 1988).

A systematic quality control program, as typically done in
nuctear activities and in the Swedish LLW-1LW disposal system,
will be applied to the design, manufacture and construction of
the various parts of the system {NEA 1988).

Nuclear criticality in the repository is considered to be
beyond the realm of reasonable possibility. If criticality
should occur, the reaction is expected to stop when the water
boils away, resulting in only local effects (SKB-3 Report,
Summary 1983).

2. Waste Form [e.g., Borosilicate Glass (Monolithic or other Form), Intact
Spent Fuel Assemblies, Consolidated Spent Fuel Assemblies, etc.]

- The waste form will be intact spent fuel assemblies from PWRs and
BWRs {SKB-3 Report, Summary 1983).

e Amount and Configuration of Waste Form in a Package

In the reference concept, eight BWR assemblies or two BWR plus
two PWR assemblies are to be held by spacers while the canis-
ter is being filled with molten lead. An alternate concept
would involve filling the canister (containing nine BWR
assemblies} with powdered copper foliowed by hot isostatic
pressing into a solid body of copper. The alternative concept
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is considered to be easier to implement and would circumvent

the gotential toxicity issue accompanying the use of Tead (NEA
1988

- Approximately 1.4 MTU will be in each reference package.
The reference lead-filled canister will emit about

0.8 kW of heat at time of emplacement (KBS-3 Report 1983;
NEA 1988).

- Some spent fuel will be "non-standard”, such as MOX spent
fuel (NEA 1988).

Fuel channels from BWR assemblies and poison rods from PWR
assemblies will be removed before encapsulation of the spent
fuel. These pieces will be placed in a rectangular concrete
box that is back filled with concrete and disposed in a sepa-
rate geologic repository at the same site (NEA 1988).

e Type of Spent Fuel Source and Overview Description of Spent Fuel
(or Reference to Description Information)

Spen§ fuel will be from PWRs and BWRs (KBS-3 Report, General
1983).

For design purposes, the reference fuel is taken to be PWR
fuel with an average burnup of 38,000 MWD/MTU, and a maximum
burnup of 40,000 MWD/MTU (KBS-3 Report, General 1983),

o Qut-of-Reactor Age of the Spent Fuel or Waste

Spent fuel is stored in water pools at power plants for one to
five years, then transferred to the central intermediate stor-
age facility (CLAB) for 30-40 years in water pools before
disposal (NEA 1988).

- The aging of spent fuel is desired to allow for cooler
repository temperatures and for more efficient repository
design.

- Central storage of spent fuel was selected based on
economics.

- Wet storage of spent fuel was selected based on availabie
technology and experience at the time (late 1970s), and
based on keeping the fuel temperature and fuel
degradation low.

- Underground storage was selected to provide protection

from outside disturbances (at no extra cost compared to
surface storage).
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¢® For HLW:

There will be no HLW disposed of in Sweden. Only spent fuel
will be disposed of (NEA 1988).

® Matrix Material, if any [Composition, Original Form (e.g., Powdered
Copper), and ldentification of Matrixing Process]

Two matrix materials and manufacturing methods have been
studied. In the reference method, the air-dried spent fuel
will be placed in a spacer assembly in a prefabricated copper
canister. The canister with spent fuel, mounted on a cart,
will be taken to a casting cell where the canister and con-
tents are placed inside a heated vacuum chamber, evacuated or
filled with nitrogen, heated to about 400°C, and the voids are
filled with molten lead. The canister will be taken to
another cell for air cooling over about four days. Then the
canister will be taken to the welding cell where the canister
opening is machined to specifications, and a tight-fitting 1id
is placed over the canister closure opening and welded on by
means of electron beam welding (KBS-3 General 1983; NEA 1988).

In the second (alternative) method for incorporating spent
fuel in a matrix material, the air-dried spent fuel will be
placed in spacers in a prefabricated copper canister. The
canister with spent fuel, mounted on a cart, will be taken to
a hot cell where the filling and pressing occurs. This alter-
native canister with spent fuel will be filled with copper
powder. An air-tight cover plate with an evacuation tube will
be placed inside the canister opening and seal welded to the
canister. Hydrogen gas will be purged through the canister to
reduce the oxygen content, then the canister will be evacuated
and the tube sealed and cut. The primary copper 1id will be
placed in position and the canister placed inside a heated
pressure vessel. After hydrogen purging of the joint surfaces
between the canister and the 1id and between the 1id and the
second container, the pressure vessel will be heated to 500°C
and pressurized with argon gas at 1500 atmospheres. The cop-
per will thereby be transformed to solid copper and the 1id
will be tightly joined to the canister (KBS-3 Report, General
1983.

- This second method for incorporating spent fuel in a
matrix is considered to be easier to implement than the
reference concept and it circumvents the toxicity issues
associated with metallic lead. Full-scale tests have
been carried out with both methods with good results
(KBS-3 Summary p. 27; NEA 1988).

The lead or copper matrix is to provide for crush resistance,
good heat transfer, shielding, and for long-term durability.
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The copper canister is to provide for long-term durability
(KBS-3 Report, Barriers 1983).

o Support Testing to Qualify the Waste Form

Sweden has had a major RRD program for many years to charac-
terize spent fuel interactions in the canister and in their
planned disposal environment (Forsyth et al. 1987).

3. Waste Canister (see Figure 7)

e Function(s) Provided by the Canister

The canister is to contain the spent fuel and prevent disper-
sal of radioactive substances with the groundwater, to provide
shielding of personnel during handling, and to provide

shielding of rock and groundwater after emplacement (KBS-3
Report, Barriers 1983]

e Design Requirements [e.g., Life Expectancy, Temperatures, Pressures
(Including Hydrostatic or Lithostatic Pressures), Weights
(Inciuding Waste Form), Criticality, Shielding]

The canister is expected to last about one million years (SKB-
3 Report, Barriers 1983).

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, e.g., carbon steel,
ceramics, are continuing to be studied (NEA 1988).

The thick canister shields ground water from a high radiation
dose that might cause electrolytic decomposition of ground
water (NEA 1988).

The external pressure on the canister will depend on the
hydrostatic pressure at the disposal horizon and on the swel-
ling pressure of the bentonite buffer material (NEA 1988).

The internal pressure from helium will gradually build up to
about 150 atmospheres (NEA 1988).

e Shape and Dimensions

The canister will be cylindrical, 0.8 m outside diameter and
4.5 m long; the total weight of the reference lead-filled
canister will be 22 MT (2.0 MT {1.4 MTU} of fuel assemblies,
10.5 MT of lead, and 9.5 MT of copper). The total weight of
the alternative copper-filled canister will be 18.5 MT (2.3 MT
{1.6 MTU} of fuel assemblies, 18.2 MT copper) (KBS-3 Report,
General 1083; NEA 1988).
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e Wall Thickness and Corrosion Allowance

The canister is to be made of copper with a wall thickness of
10 ecm. Corrosion pits are assumed to be five times the mean
corrosion depth, A wall thickness of about 1 cm is expected
to remain intact for more than one million years. If a pit-
ting factor of 25 is encountered (i.e., the maximum found in
foreign studies with a corrosion environment much more severe
than expected in the repository), a wall thickness of 6 cm
would have an expected service life of more than one million
years (KBS-3 Report, Summary 1983).

& Material of Construction

The canister materjal is planned to be unalloyed copper (KBS-
3 Report, Barriers 1983).

® C(losure Description and Process

After cooling, the reference canister with a lead matrix is to
be taken on a cart to an air cooling cell, then to the welding
cell where the top surface of the lead will be machined
smooth. A tight-fitting 1id will then be placed over the
canister closure opening and welded on by means of electron
beam welding. After ultrasonic testing of the weld, the weld
area will be machined smooth (KBS-3 Report, General 1983).

The alternative canister with a copper matrix would be taken
on a cart to the cell where the hot isostatic pressing is to
be done. The isostatic pressing would be carried out as des-
cribed above in Section 2, Waste Form, Matrix. The sealing

of the 1id would be accomplished by the hot isostatic pressing
process (KBS-3, General 1983).

e Backfilled Gases, if any

No special backfilled gases are planned to be in the reference
canister with lead matrix. Only air will be in the canister
(KBS-3 Report, General 1983).

The alternative canister with a copper matrix would be back-
filled with argon (KBS-3 Report, General 1983).

e Handling Features

The top of the canister will have a slightly larger diameter
(i.e., like a flange) than the canister. It is planned to be
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used for 1ifting the canister. The 1id will have a recessed
partial hole in its center for inserting a special tool for
lifting (KBS-3 Report, General).

¢ Final Testing and/or Support Testing to Qualify the Waste Canister

Strict quality control is to be imposed on the construction
materials (chemically, metallographically, structurally, and
visually) and the fabrication processes (dimensionally, ultra-
sonically for joints, and visually}. Control of process para-
meters is expected to assure the quality of the matrixing pro-
cess§s and the 1id sealing processes (KBS-3 Report, Barriers
1983).

The final weld will be checked ultrasonically. The external
surfaces of the canister will be checked for contamination and
decontaminated if necessary (KBS-3 Report, General 1983).

4. Waste Disposal Container(s), if any

No separate disposal container or overpack is planned. The
copper canister will also serve as the disposal container (NEA
1988) .

5. Packing (or Buffer) Materials

o Design Requirements and Function

The buffer/packing material is expected to provide imperme-
ability to prevent water from reaching the canister. It will
provide a seal to the canister by swelling when wet, and will
provide good ion exchange properties in event radionuclides
leak from the canister. It will also provide plasticity to
protect the canister in the event of rock movements (NEA
1988).

Backfill material for drifts are expected to provide good
sorption characteristics and good structural support for the
excavations (NEA 198B).

e Materials of Construction

Buffer/packing is planned to be placed in disposal boreholes
as pressed bentonite blocks {primarily smectite) with a
specific gravity of 2.1-2.2. The gaps between the pressed
bentonite and the canister (about 10 mm) and the borehole wall
(about 50 mm) are to be filled with bentonite powder with a
specific gravity of about 1.2. The top 1 m of each disposal
borehole will be filled with backfill material after removing
the temporary water-tight seal (KBS-3 Report, Barriers 1983;
NEA 1988).
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- Backfill of drifts and the top 1 m of each borehole will be
90% sand/10% bentonite as a granular mixture. Its specific
gravity is expected to be about 1.8-2.2 after compaction, and
about 1.1-1.8 for the hydraulically emplaced backfill (KBS-3
Report, Barriers 1983; NEA 1988).

¢ Shape and Dimensions

- The pressed buffer/packing pieces are to be donut shaped with
a radial thickness of 0.3 m between the canister and rock.
The outer diameter/inner diameter of the donuts will be 1.5 m
and 0.9 m, respectively (NEA 1988).

- The dish-shaped blocks of buffer material are to be placed
abov§ (1.5 m thick) and below (0.5 m thick) the canister {NEA
1988) .

- The powdered bentonite to be placed between the pressed ben-
tonite and the canister and borehole walls will be about 10 mm
and 50 mm thick, respectively (KBS-3 Report, Barriers 1983).

- The g]anned backfill material will be loose and granular (NEA
1988

e Testing Requirements

- The calcium, the sulphides, and the organic matter content of
the bentonite will be measured to keep them to acceptably low
values (KBS-3 Report, Barriers 1983).

e Fabrication Technique

- The buffer/packing material as fitted blocks will be formed by
isostatical pressing under a pressure of about 100-1,000
atmospheres. Oonuts will then be made by drilling out the
centers. The powdered buffer filler material will be sized
for its application (KBS-3 Report, Barriers 1083; Hanke 1987}.

- The backfill materials for the drifts will be mechanically
mixed before emplacement (NEA 1988}.

6. Repository Interface (see Figure 8)

The repository will consist of a series of parallel drifts at the
reference depth of 500 m with disposal boreholes in the floors of
the drifts. Disposal drifts will be inverted U-shaped, with a flat
floor, and will be 3.3-m wide and 4.5-m high overall. The disposal
drifts may be at one or two levels of depth with an elevation
difference of about 100 m and a minimum distance to significant
fractures of 100 m (KBS-3 Report, General 1983).
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e Waste Package Handling, Storage, and Emplacement at Repository

Spent fuel has been shipped from reactor pools to the central
pool storage facility {CLAB) since 1985 by a special transport
ship (with intermodal heavy-haul trucks for land transport?
using TN-17/Mk 2 dry transport casks (loaded weight 80 MT or
88 tons with 17 BWR fuel elements or six PWR fuel] elements)
with a nitrogen cover gas at 0.5 atmosphere. After placing
the cask in the unloading pool and removing the outer 1id, the
vertically-oriented cask is mated to a subfloor in an isolated
pool compartment and the inner 1id is removed. Spent fuel is
removed and placed in portable fuel racks. The racks (with
five PWR assemblies or 16 BWR assemblies) are then moved to
their interim storage positions in one of the storage pools.
When ready for disposal, the spent fuel will be reloaded into
the same casks and shipped to the repository (KBS-3 Report,
General 1983; NEA 1988?.
Spent fuel will be received at the repository from the interim
storage facility with essentially the same handling procedure
as in the CLAB. It will be unloaded under water at the sur-
face facility at the repository site. The spent fuel assem-
blies will be placed in portable racks and moved to an adja-
cent lag storage pool. The fuel channels of BWR fuels and
poison rods from PWR fuels will be removed under water and
moved to a separate facility for their encapsulation. The
spent fuel assemblies will then be taken to an air-atmosphere
dry hot cell for encapsulation (KBS-3 Report, General 1983;
NEA 1988).

- For encapsulation, see Item 2 above (Waste Form, Matrix
materialg.
Each disposal-ready canister will first be moved to an air-
cooled lag storage area. When ready for disposal, the canis-
ter will be placed vertically in a shielded transporter on a
cart, taken to the shaft, and lowered into the disposal area
(XBS-3 Report, General 1983).

Each canister will be picked up by an emplacement vehicle with
a shielded container at the bottom of the elevator at the
repository level. The emplacement vehicle will tilt the
canister to the horizontal position, move to the emplacement
hole, tilt the canister to vertical, then lower the canister
into the hole. After the canister is in place, the vehicle
will leave and additional buffer material will be placed in
the hole using a buffer emplacement truck (XBS-3 Report,
General 1988; NEA 1988).
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e Packing Handling and Emplacement

Before drilling an emplacement hole, a small core hole will be
drilled from which a judgment is made about the suitability of
the location based on water conductivity of the core. After
suitability is confirmed, the larger hole will be drilled
(KBS-3 Report, General 1983; NEA 1988).

Before emplacing a canister in its hole, the compressed bottom
circular rings and annular rings of the buffer material will
be added to the hole and a temporary funnel-like steel guide
is inserted over the top bentonite ring, using a special
truck. After emplacement of the waste canister, the bentonite
ptacement vehicle will place the top bentonite discs over the
canister (NEA 1988).

A temporary water-tight seal will be placed over the emplace-
ment hole after it is filled with the waste canister and the
compacted buffer material. This water-tight seal will be
removed before final backfill of the emplacement drift

(NEA 1988).

The backfill for the emplacement drifts will be emplaced and
compacted mechanically in layers. The top of the backfill in
each drift will be emplaced pneumatically (NEA 1988).

e Design Limits/Constraints by Repository (e.g., Dimensions, Weights,
Temperatures, Areal Heat Loads, etc.)

External pressures on the canister will depend on hydrostatic
pressure and on bentonite swelling pressure. Swelling pres-

sures are expected to be about 100 atmospheres (KBS-3 Report,
Barriers 1983; NEA 1988).

Rock and bentonite temperature limits are set at 80°C. The
ambient temperature of the rock is assumed to be 15°C. The
temperature limit was selected to provide chemical stability
and durability of the bentonite {expected to be stable for
about 1 mitlion years at 100°C) with a 20°C allowance. Also,
the lower temperatures should minimize thermal and structural
effects on the rock and bentonite, and reduce thermal convec-
tion of ground water to insignificant levels {KBS-3 Report,
General 1983; NEA 1988).

¢ Dimensions and Spacing of Holes in Host Rock

Emplacement holes are to be 1.5 m diameter and 7.5 m deep, and
will be drilled in the floors of the tunnels (about 6 m
apart). Disposal tunnels are to be about 25 m apart for a
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one-level repository and 33 m for a two-level repository. One
waste canister will be placed in each hole (KBS-3 Report,
General 1983; NEA 1988).

® Description of Liner of Holes in Host Rock, if any

No Tiner will be in the emplacement holes, according to
illustrations (KBS-3 Report, General 1983).

¢ Sealing Materials for the Emplacement Holes and How Emplaced

Backfill of the tunnels is to be with a mixture of 90% sand
and 10% bentonite. The top of each emplacement hole is also
to be filled with this material after removal of the temporary
water-tight plug. Gaps in emplacement holes are to be back-
filled with powdered bentonite. The main tunnels, shafts, and
fracture zones are to be plugged with pressed bentonite blocks
to minimize water infiltration (NEA 1988).

® Retrievability Provisions, if any

Ther§ are no regulatory requirements for retrievability (IEAL
1987} .

In crystalline rock, the waste will be retrievable for a very
long time because of the nature of the design, but special
provisions for retrievability are not intentionally designed
into the system. Retrievability is considered to be a matter
of cost and keeping records. The alternative very deep bore-
hole disposal concept at a depth of several thousand meters
would not offer inherent retrievability (IEAL 1987; NEA 1988).

¢ Monitoring Provisions in Emplacement Holes, if any

Monitoring is not expected to be needed for long-term safety.
However, a monitoring program may be valuable for scientific
or other reasons. Also, requirements for markers have been
discussed but not specified (IEAL 1987; NEA 1988).
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WASTE PACKAGE PLANS IN SWITZERLAND

1. Overall Scope/Strategy of Waste Package Concept

Switzerland plans to dispose of waste as vitrified HLW, but the
option of disposing of spent fuel is being kept open. Reprocessing
of Swiss spent fuel is being done in other countries and is not
foreseen in Switzerland; the decision for reprocessing of Swiss
spent fuel was jointly agreed to by the utilities and the Federal
government (NEA 1988).

The waste package information for Switzerland is based primarily on
the results in "Project Gewahr", a study completed in January 1985
to respond to the Federal government's mandate to guarantee the
feasibility and safety of final disposal as a prerequisite to the
extension of operational licenses of their nuclear power plants; in
1988 the Federal government determined that "Project Gewahr" had
proven the feasibility of their HLW disposal concept, but was not
yet convinced that a suitable host rock and s1te had been found
(NEA 1988; Schneider et al. 1988).

e (verall Status of Repository and Waste Package Concept

- The repository and waste package concepts are conceptual, and
are based on disposal in granite. Repository concepts for
sedimentary rock are just starting to be developed. Support-
ing R&D for geologic disposal has been carried out since the
early 1980s, with emphasis on geologic R&D. R&D on engine-
ering aspects of disposal has been modest since 1985. A
study on the availability of sedimentary rock options was
completed in 1988, and repository site selection is in pro-
gress. The most promising repository option is expected to
be selected for further field investigations in 1989. By
about 1992, a synthesis of the knowledge of the crystalline
bedrock and sedimentary rock options will be possible, and
thereafter, one site will be selected for detailed character-
ization. A Swiss repository for HLW and alpha-bearing wastes
could be operational about 2025 (Kowalski et al. 1988?

- An underground research laboratory in granite has been oper-
ated for several years (Schneider et al. 1988; Clark 1988c).

- The HLW repository will also be used for disposal of the
small amounts of alpha-bearing wastes and intermediate-level
wastes that exceed the radionuclide content for low-level
waste disposal set by Swiss authorities. These wastes will be
disposed of in a separate part of the repository using a dif-
ferent concept {NAGRA 1985; IEAL 1987).
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e Host Rock Material and Nominal Depth

Crystalline rock (probably granite at about 1200 m} or sedi-

mentary rock {particularly clay and anhydrite at about 700 m)
are the candidate host rocks. These are considered to be the
only potentially suitable host rocks available in Switzerland
(Clark 1988c; NEA 1988).

e Overall Waste Package Components

The overall waste package components will be the vitrified
HLW, the canister, the disposal container, and buffer material
(NEA 1988; NAGRA 1985).

® Regulatory Performance or Barrier Requirements (Waste Form,
Canister and/or Container, Packing Around Container)

-

No specific overall or individual barrier performance
requirements are set by regulations because that is believed
to restrict flexibility. However, by consensus of all
parties, multiple barriers are deemed to be required. It is
the responsibility of the waste producers to show that the
overall safety reguirements are met (IAEL 1987; Schneider et
al. 1988).

Key overall performance objectives for the repository as
planned by NAGRA are: radionuclides from reasonably fore-
seeable post-closure processes and events for a disposal
facility that reach the biosphere must not at any time lead to
individual doses exceeding 10 mrem/year. This dose rate is
one-half of the operational limit for nuclear power plants
because the effects from a repository could last longer and
could spread farther than from a nuclear power plant; also, a
repository must be designed so that at any time it can be
sealed within a few years (NEA 1988; IEAL 1987).

® Requirements for Retrievability

The overall performance objectives imply that retrievability
should not be considered as a last safety resort. However,
retrievability may be beneficial for socio-political reasons,
and is not ruled out {NAGRA 1985; 1EAL 198??

»

e Regulatory Requirements for Quality Assurance (QA), Nuclear
Criticality

Regulatory requirements for guality assurance and nuclear
criticality have not yet been formulated (Clark 1988c).
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- Project Gewahr outlines a quality assurance program for the
waste management system (from waste producers abroad or in
Switzerland through receipt and emplacement of the waste)
(NAGRA 1985).

2. Waste Form [e.g., Borosilicate Glass (Monolithic or Other Form), Intact
Spent Fuel Assemblies, Consolidated Spent Fuel Assemblies, etc.]

The waste form will be borosilicate glass with about 10 weight
percent fission product plus actinide oxides (or about 13 weight
percent waste oxides) (Sombret 1985; NEA 1988).

Direct disposal of part of the spent fuel may be considered in the
future. If direct disposal is to be used, other considerations
such gs consolidation and matrixing are yet to be decided (Clark
1988c) .

Amount and Configuration of Waste Form in a Package

- The configuration of HLW in a canister is the same as in
France and the U.K., or 360-400 kg of monolithic borosilicate
glass in a cylindrical canister (Sombret 1985).

- HLW from 1.25 to 1.31 MTU will be in one canister {(Sombret
1985: NAGRA 1985).

Type of Spent Fuel Source and Overview Description of Spent Fuel
{or Reference to Description Information)

- Spent fuel is from conventional BWRs and PWRs (NAGRA 1985}.
Out-of-Reactor Age of the Spent Fuel or Waste

- The normal out-of-reactor time to disposal for HLW is about 40
or more years, based on keeping the repository from becoming
too hot (IEAL 1987; NEA 1988; Kowalski et al. 1988).

- Spent fuel is to be stored in reactor storage pools for about
10 years. Supplemental centralized interim storage in dry
Castor casks will be needed and constructed by about 1992.
Spent fuel will be shipped to France and the U.K. for repro-
cessing, with return of HLW incorporated into borosilicate
glass beginning about 1992. The central interim storage
faci}ity will also be used for vitrified HLW (IEAL 1987; NAGRA
1985).

@ For HLW:

- The fraction of filling of canister is the same as in France
and the U.K., or 360-400 kg of monolithic vitrified HLW in 150
liters in a cylindrical canister with a total net volume of
170 Yiters (or 88% full) (Sombret 1985).
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- The out-of-reactor age before reprocessing will vary but will
be in the order of 10 years. The age at the time of disposal
will be about 40 years (NEA 1988).

e Matrix Material, if any [Composition, Original Form (e.g., Powdered
Copper), and Identification of Matrixing Process}

- No matrix material other than borosilicate glass will be used
for HLW (NEA 1988).

- If direct disposal of spent fuel is eventually done, the use
of matrix materials is yet to be determined (Clark 1988c).

e Support Testing to Qualify the Waste Form

- In France and the U.K., the vitrified HLW quality is based on
control of process parameters (Sombret 1985).

- Acceptance criteria for the waste form have not yet been
developed. Thus, testing for qualifying the waste form is not
yet developed (Clark 1988c).

3. Waste Canister (Because all reprocessing of Swiss spent fuel is to be
done in France and the U.K., which have similar canisters, the canisters
for Swiss HLW are the same as in france and the U.K.; see Figure 1)

e Function(s) Provided by the Canister

- The canister will provide for handling, containment during
storage, and transportation and encapsulation in disposal
containers {(Clark 1988c).

e Design Requirements [e.g., Life Expectancy, Temperatures, Pressures
(Including Hydrostatic or Lithostatic Pressures), Weights
(Including Waste Form), Criticality, Shielding]

- The 1ife expectancy of the canister was not found, but is
implied to last through interim storage and encapsulation in a
disposal container (author's note).

- No information was found on other requirements, but external
pressures are not imposed on the canister in the reference
concept (Clark 1988c§

- The weight of the empty canister will be 70 kg (Sombret 1985).

e Shape and Dimensions

- The canister will be a cylinder that measures 0.43 m in dia-
meter by 1.335 m in overall height, including the filling
neck and nozzle. The canister will have reverse head on the
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bottom, which allows for a stacking height of 1.285 m. The
gross canister internal volume will be 170 liters. The net
volume of glass in the canister will be 150 liters. The empty
weight of the canister will be about 70 kg, and total the
fi]lgd weight will be about 440-480 kg (Sombret 1985; CEC
1985).

Wall Thickness and Corrosion Allowance

- The ?a11 thickness of the canister will be 5 mm (Sombret
1985).

- There will be no corrosion allowance (Clark 1988b).
Material of Construction

- The French canister will be a special stainless steel
designated as Z 15 CN 24-13 (Sombret 1985).

Closure Description and Process
- The canister 1id will be inverse hat-shaped. The 1id (except
its flange) will fit into the fil11ing nozzle of the canister.
The flanges of the 1id and filling nozzle will be welded
together (Sombret 1985).
- The weld closure in France is done by automatic plasma arc
welding of the outer edges of the two flanges (Alexandre et
al. 1987).
Backfilled Gases, if any

- No backfilled gases will be used (i.e, ambient air only)
(Clark 1988b).

Handling Features

- The flange on the filling nozzle of the canister will provide
for handling (Clark 1988a).

- A1l handling is automatic at the French vitrification plant
(Lund et al. 1987).

Final Testing and/or Support Testing to Qualify the Waste Canister
- In the French vitrification plant, the only testing is smear
testing for external contamination after cleaning externally

with high-pressure water and possibly acid to 0.001 Ci/square
cm (Alexandre et al. 1987; Lund et al. 1987).
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4. Waste Disposal Container(s), if any (see Figure 9)

e Function(s) Provided by the Disposal Container

The disposal container will provide for a second containment
of waste and partial shielding of personnel during emplacement
and of buffer/backfill after emplacement, handling of waste
between the surface storage facility and the repository mine,
and containment of waste and structural integrity for at least
l,OOO)years after emplacement (Schneider et al. 1988; Clark
1988c) .

e Design Requirements [e.g., Life Expectancy, Temperatures, Pressures
(Including Hydrostatic or Lithostatic Pressures), Weights
(Including Waste Form), Criticality, Shielding] (NEA 1988).

The minimum lifetime of the disposal container in the reposi-
tory is expected to be 1,000 years.

The maximum disposal container wall temperature is expected to
be 150°C.

The disposal container must withstand the external lithologic
pressure, or up to about 300 atmospheres, depending on final
repository conditions.

Currently there are no weight or dimension limits on the dis-
posal containers (Clark 1988c).

e Shape and Dimensions

e Wall

The disposal container will have a cylindrical shape, with the
outer diameter measuring 0.94 m and an overall length of

2.0 ?. The final filled weight is expected to be 8.5 MT (NEA
1988).

Thickness and Corrosion Allowance

The disposal container will be heavy enough to be self-
supporting in the repository environment. Its wall thickness
will be 25 cm (NEA 1988; Schneider et al. 1988).

The corrosion allowance for the HLW disposal container will be
5 cm. The environment for the disposal container includes
ground water, lithostatic pressure (up to 300 atmospheres),
and elevated temperatures (up to 150°C) (NAGRA 1985; Clark
1988c) .
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o Material of Construction

- The disposal container is planned to be made of corrosion-
resistant cast steel designated as GS 40. Steel is considered
to be as suitable as copper for corrosion resistance, but
further research evidence on its suitability is required
(Simpson et al. 1986; NEA 1988).

- Other materials under consideration are nodular cast iron
(designated GGG 40), copper, titanium or titanium alloys, a
nickel-chrome-molybdenum alloy, and alumina {Simpson et al.
1986) .

- If direct disposal of some spent fuel is implemented, copper
would be considered (Clark 1988c).

o (losure Description and Process
- A hemispherical 1id (15 cm thick) will be pressed into the
body of the disposal container. The flange of the 1id and the
cylindrical end of the disposal container are to be welded
(NEA 1988; NAGRA 1985).
® Backfilled Gases, if any

- It is not yet determined if the container will be backfilled
with special gases (Clark 1988c).

e Handling Features
- HNo information was found on handling features.
® Final Testing and/or Support Testing to Qualify the Waste Container
- The container quatlity before filling will be controlled by
conventional fabrication control techniques. The welded joints
are to be tested using ultrasonics. Other testing, if any, is
yet to be determined %NEA 1988).

e Materials/Gas in Annular Gap Between the Canister and the Disposal
Container or Between Containers, If More Than One

- No information was found on special gases in the annular
space.

- [Extra shielding is to be encased at each end of the canister
within the disposal container (Clark 1988c).
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¢ Built-in Monitoring Provisions (e.g., Profile Scans, CEC
Tomography)

Built-in provisions for monitoring, if any, are to be
determined (Clark 1988c).

5. Packing {or Buffer) Materials

® Design Requirements and Function

The functions of the buffer will be to reduce water transport
to the disposal container and radionuclide transport away from
the container by sorption, to provide heat transfer from the
disposal container, and to provide structural backfill of the
disposal drifts (Clark 1988c).

The life expectancy of the buffer material is about 500,000
years (Clark 1988c¥.

The maximum temperature of the buffer material is currently
limited to 150°C at the surface of the waste disposal con-
tainer. Considerations are being given to reducing this
tempe;ature to minimize changes in the buffer material {Clark
1988c) .

The maximum swelling and total pressure is not expected to
exceed about 300 atmospheres (NEA 1988).

¢ Materials of Construction

The buffer material is planned to be highly compacted
bentonite around the disposal container. Specific gravities
of the buffer material between 1.55 and 2.05 are being
considered (Simpson et al. 1986; NEA 1988).

e Shape and Dimensions

The buffer material will be prefabricated blocks in the shape
of annular circular segments for stacking within the circular
disposal tunnels and around the disposal containers (NAGRA
1985).

The total thickness of one or more blocks around each
container is planned to be about 1.4 m (NAGRA 1985; NEA
Brochure 1988?

e Testing Requirements

Testing requirements and techniques are to be developed as
needed (Clark 1988c).
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No in-place monitoring systems are currently contemplated
(Clark 1988c).

e Fabrication Technique

The fabrication technigque for the buffer material is not yet
determined, but is under development in Switzerland (Clark
1988c).

6. Repository Interface (see Figure 9)

e MWaste Package Handling, Storage, and Emplacement at Repository

Canisterized and vitrified HLW will be received from the
French and U.K. vitrification facilities after interim storage
there in dry air-cooled vaults. The canisters will then be
kept in interim storage in dry transportable storage casks in
Switzerland for a few tens of years (NAGRA 1985; NEA 1988;
Kowalski et al. 1988).

After interim storage, the casks will be received at the waste
reception and packaging facility and unloaded in a dry hot
cel]l at the earth's surface. One HLW canister will be loaded
into each disposal container which will be then sealed and
prepared for emplacement. After lag storage for up to a few
days, individual containers with waste will be transported
down a shaft to the repository disposal horizon in special
shielded transporters and emplaced axially in the circular
cross-section (3.7-m diameter) tunnels on prefabricated
compacted bentonite blocks. The adjacent disposal containers
will be separated by about 3 m (the centers of containers will
be about 5 m apart). Disposal drifts at more than one depth
level may be used (NEA 1988; NAGRA 1985; Clark 1988c).

¢ Packing Handling and Emplacement

A specially designed remote handling machine, currently
conceived to be on rails, will be developed for the bentonite
blocks; the lower blocks will be emplaced before the waste
containers are emplaced. The bentonite blocks in the upper
half of the tunnel will be emplaced after the disposal
cont§iner is emplaced {NAGRA 1985; NEA 1088: NEA Brochure
1988).

o Design Limits/Constraints by Repository (e.g., Dimensions, Weights,
Temperatures, Areal Heat Loads, etc.)

The maximum temperature in the centerline of the vitrified
waste is estimated to be 195°C at 1.1 years after emplacement
and about 115°C at 50 years after emplacement. The maximum
temperature of the disposal container wall is estimated to be
153°C and in the bentonite to be 146°C after 1.1 years, and
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100°C and 95°C at 50 years after emplacement, respectively.
Maximum temperatures at the rock wall are estimated to be 76°C
and 73°C after 1.1 and 50 years respectively {NEA 1988).

- The maximum total external pressure on the canisters is
estimated to be about 300 atmospheres (NEA 1988).

Dimensions and Spacing of Holes in Host Rock

- Disposal containers are to be lying horizontally in the
tunnels and spaced 5 m from center to center (NEA 1988)}.

Description of Liner of Holes in Host Rock, if any

- A hole liner is not applicable for the Swiss concept.
Oisposal containers will be placed in the emplacement drifts
with no boreholes {NAGRA 1985).

Sealing Materials for the Emplacement Holes and How Emplaced

- Emplacement hole sealing is not applicable here because there
will be no boreholes (NAGRA 1985).

- The horizontal-lying canisters will be surrounded by compacted
bentonite blocks (NEA 1988; NAGRA 1985).

Retrievability Provisions, if any

- The safety goal implies that retrievability should not be
considered as a last safety resort. However, retrievability
may be beneficial for socio-political reasons, and is not
ruled out (NAGRA 1985; IEAL 1987).

- Retrievability provisions are not currently in the plans
(Clark 1988c).

Monitoring Provisions in Emplacement Holes, if any

- The goal of being able to seal the filled repository at any
time within a few years after filling with the possibility of
dispensing with safety and surveillance measures implies that
long-term monitoring is not required. However, long-term
monitoring is not ruled out (IEAL 1987).
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WASTE PACKAGE PLANS IN THE UNITED KINGDOM

1. Overall Scope/Strategy of Waste Package Concept

e Overall Status of Repository and Waste Package Concept (Schneider
et al. 1988).

¢ Host

The position in the United Kingdom is that a HLW repository
will not needed before 2040, and there are advantages to let-
ting the waste age. Safety in storage and transportation,
however, warrant early stabilization of the high-level liquid
wastes. Furthermore, they do not want to foreclose on dis-
posal options until a disposal facility is available. Their
strategy is under continual review (Feates 1987).

Thus, the U.K. has postponed siting and deveioping a specific
repository and waste package concept since 1981 until some
indeterminate time in the future.

A number of concepts were developed in the Jate 1970s and
early 1980s in granite, clay and salt, with essentially no
work since then on any concept.

The U.K, is carrying out generic R&D, including field work,
and performance assessment modeling studies in preparation for
future repository needs. The U.K. had an underground research
laboratory (with several boreholes up to 700 m deep) wherein
they were studying the permeability of fractured granite at
Troon, Cornwall in the early 1980s. They are closely monitor-
ing work in other countries, and they are also participating
in a number of multi-national projects to keep abreast of
developments (Roberts 1987; I1EAL 1987; Feates 1987).

The U.K. is reprocessing spent fuel and will be converting
high-Tevel liquid waste (HLLW) to borosilicate glass using the
French vitrification process starting about 1992.

Rock Material and Nominal Depth

An inventory of potential repository sites was completed in
the early 1980s that led to sites with crystalline rock
(particularly granite}, clay, and evaporite rocks (anhydrite
and salt). Most work in the U.K. has been on granite (Parker
et al. 1984).

The disposal depth should be great enough to avoid inadvertent
intrusion, A tentative minimum depth 300 m has been stated
(Parker et al. 1984; Bush et al. 1987).
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¢ Overall Waste Package Components

The overall waste package components are expected to be a
monolithic borosilicate glass form, a canister, a disposal
container, and buffer/packing material. However, decisions on
final components will await later definition of the repository
host geology (Parker et al. 1984).

® Regulatory Performance or Barrier Requirements (Waste Form,
Canister and/or Container, Packing Around Container)

Detailed regulations for disposal have not yet been developed,
and with the strategy to delay disposal, regulations are not
expected to be developed in the near future (IEAL 1987).

Multiple barriers are expected to be used, but no specific
requirements have been developed (Fry et al. 1982).

The general thinking is that the container life should be
sufficient to allow the decay of soluble species such as Cs-
137, 5r-90 and H-3 to levels comparable with the toxicity of
actinides in the near-field groundwater, or in the order of
about 500-1,000 years (Bush et al. 1987).

The overall objectives for radioactive waste management limit
the average effective dose equivalent from all sources to

- representative members of a critical group to no more than 500

mrem/year (IEAL 1987).

The target for post-disposal risk to the most exposed indivi-
dual is less than one in 1 million/year, or equivalent to 10
mrem/yr. In addition, proof of safety to this limit is

required with no future time period specified (Roberts 1987).

® Requirements for Retrievability

No requirements have been set at this time for retrievability
of waste from a repository (IEAL 1987).

e Regulatory Requirements for Quality Assurance (QA), Nuclear
Criticality

No information was found on regulatory requirements for
quality assurance and criticality.

2. Waste Form [e.g., Borosilicate Glass (Monolithic or Other Form), Intact
Spent Fuel Assemblies, Consolidated Spent Fuel Assemblies, etc.]

- The waste form will be borosilicate glass (designated formulation
"MW") with about 25 weight percent waste oxides, including about
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11 weight percent fission product oxides or about 15 weight percent
fission product-plus-actinide oxides (Woodall et al. 1987; Hough et

al, 1987;

Gowing et al. 1987).

e Amount and Configuration of Waste Form in a Package

- The configuration will be essentially the same as the cylin-
drical shape in France (Woodall et al. 1984).

- 400 kg of monolithic vitrified HLW will be in 151 liters in a
stainless steel canister (Gowing et al. 1987).

Each canister will hold HLW from 1.9 MTU from LWR fuel
or 8,65 MTU from Magnox fuel (Gowing et al. 1987).

e Type of Spent Fuel Source and Overview Description of Spent Fuel
(or Reference to Description Information)

- Current spent fuels are GCR metal fuels (uranium metal fuel
clad in magnesium alloy, called Magnox fuels) with burnup of
about 5 GWd/MTU, and AGR fuels (enriched uranium dioxide clad
in stainless steel., The AGR fuels are 1 m long with a design

burnup

of 10-25 GWd/MTU). New future fuels will be from PWRs

(Bush et al. 1987; Schneider et al. 1988).

¢ (Qut-of-Reactor Age of the Spent Fuel or Waste

- Spent fuels are generally processed as soon as practicable, or
about one year out-of-reactor for Magnox fuels, at least three
years for AGR fuels, and at least five years for LWR fuels.
However,

Magnox (GCR) fuels using magnesium-clad metallic uranjum
are stored for about one year in the reactor pools. If
more storage is needed before reprocessing, storage is
carried out in air-cooled vaults for several more years
because of the poor corrosion resistance of the cladding
in wet storage tanks. Magnox fuels can be stored wet for
only short time periods because of cladding corrosion
(IEAL 1987; Bush et al. 1987).

U.K.-produced AGR fuels are to be stored for no more than
about 10 years in pools because of intergranular corro-
sion of the cladding. If longer storage is necessary,
subsiquent dry storage would be considered (Bush et al.
1987).

LWR fuels, including those from other countries that are
awaiting reprocessing are to be stored in pools until the
new THORP reprocessing and vitrification facility are
completed about 1992 ?IEAL 1987; Bush et al. 1987).
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- HLLW is to be vitrified as soon as possibie after reprocessing
because of improved safety and economics for storage. How-
ever, the U.K. vitrification facility will not start up until
the early 1990s, and some of their HLLW will have been stored
as long as 25 years (IEAL 1987).

- Vitrified HLW will be stored until its out-of-reactor age is
at least 50 years before disposal. The heat generation rate
at the time of disposal is planned to be no more than about
1 kW/MTU (Bush et al. 1987; Passant 1987).

e For HLNW:

- The 169-liter canister will be filled with 151 liters of
glass in 169-1iter canister (89% full)} (Gowing et al. 1987).

- The age of spent fuel before reprocessing is about one year
for Magnox fuels, it will be about 3 to 10 years for AGR
fuels, and it will be about five to 20 years for LWR spent
fuel {Bush et al. 1987).

- The age of high-level waste before disposal will be 50 to
100 years. The vitrified waste will be stored in air-
cooled vaults of (Parker et al. 1984; Bush et al. 1987).

e Matrix Material, if any [Composition, Original Form (e.g., Powdered
Copper), and Identification of Matrixing Process]

- No matrix material is planned. Vitrified HLW will be the
waste form (Gowing et al. 1987).

e Support Testing to Qualify the Waste Form

- The guality of the vitrified HLK will be based on control of
process parameters (Bush et al. 1987).

3. Waste Canister (see Figure 1)
e Function(s) Provided by the Canister

- The canister will provide for containment of waste during
handling, interim storage and transportation (Gowing et al.
1987).

e Design Reguirements [e.g., Life Expectancy, Temperatures, Pressures
{Including Hydrostatic or Lithostatic Pressuresg, Weights
(Including Waste Form], Criticality, Shielding]

- No information was found on the Tife expectancy of the
canister, but the inference is that it is expected to last
through the time of encapsulation in a disposal container
(Woodall et al. 1987; Gowing et al. 1987).
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-

The empty weight of the canister will be 85 kg, and the total
weight of canister and vitrified HLW will be about 470-485 kg
(Woodall et al. 1987; Gowing et al. 1987).

The full canister will have the strength to withstand extended
storage when stacked 10 high, and the strength to withstand
reference falls specified in IAEA transportation standards
{Gowing et al. 1987).

The maximum heat output in a canister at the time of transport
will be about 2.5 kW, and the average will be less than 2 kW
(Gowing et al. 1987).

Shape and Dimensions

The shape will be cylindrical and will measure 0.43 m in
diameter by 1.3 m in overall height, including the filling
neck and nozzle. The stacking height will be 1.263 m. The
canister will have a reverse-dish head on bottom. Gross
internal)vo]ume of the canister will be 169 liters (Gowing et
al. 1987).

Wall Thickness and Corrosion Allowance

The canister wall thickness is assumed to be the same as for
the French canister, or 5 mm. (However, the empty weight is
indicated to be about 15 kg heavier than the French canister)
(Sombret 1985).

The corrosion allowance is assumed to be the same as for the
French canister, i.e., no corrosion allowance (Clark 1988b).

Material of Construction

The §anister will be made of 309 stainless steel {Hough et al.
1987).

Closure Description and Process

The canister will have a flanged fill nozzle at its upper end,
After the canister is filled with vitrified waste, the
inverted hat-shaped 1id will be placed loosely in the canister
fill nozzle, with the flanges of the 1id and nozzie mating
(Woodall et al. 1987).

Weld closure will be done by automatic fusion welding (Woodall
et al. 1987).
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e Backfilled Gases, if any

No backfilling with special gases is expected. The gas in the
canister is assumed to be air only, as in the French system
(Clark 1988b).

e Handling Features

No specific information was found on canister handling
features. However, any handling features must be associated
with the canister fi1l neck or top flange. The top flange of
the canister will be recessed in the inverse bottom head when
the canisters are stacked, as with the French canisters
(Gowing et al. 1987).

e Final Testing and/or Support Testing to Qualify the Waste Canister

The appearance of the final weld of the 1id to the canister

will)be inspected visually after welding (Woodall et al.
1987).

The final, sealed canister will be decontaminated by high-
pressure water or nitric acid and monitored for external
contamination {Woodall et al. 1987).

4. Waste Disposal Container(s), if any

The definition of the disposal container awaits definition of the
disposal environment, which will not be defined for tens of years
(Schneider et al. 1988).

Function{s) Provided by the Disposal Container

The disposal container is expected to provide containment of
waste for 500-1,000 years after disposal (Bush et al. 1987).

Design Requirements [e.g., Life Expectancy, Temgeratures, Pressures

(Including Hydrostatic or Lithostatic Pressures

. Weights

(Including Waste Form), Criticality, Shielding]

The thinking in the U.K. is that the disposal container should
last 500-1,000 years in the disposal environment, until decay
of short-lived radionuclides has occurred (Parker et al. 1984;
Bush et al. 1987).

Shape and Dimensions

The disposal container is expected to be a cylindrical
overpack of the canister. The dimensions are not yet
determined (Bush et al. 1987).
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e Wall Thickness and Corrosion Allowance

- If the material of the disposal container is cast steel, about
200 mm of wall thickness is expected to last about 1,000 years
in an alkaline-reducing environment (Bush et al. 1987).

e Material of Construction

- The material for the disposal container is not yet determined,
but preliminary thinking is to use thin titanium-0.2% Pd alloy
or Hastelloy C4 or thick cast iron or steel. The current
emphasis appears to be on using thick carbon steel (Marsh et
al. 1988; Parker et al. 1984; Bush et al. 1987).

(Answers to the remaining questions on the disposal package were
not found and the questions are not repeated below. It is likely
that the answers are not yet developed.)

5. Packing (or Buffer) Materials
e Design Requirements and Function

- The preliminary thinking in the U.K. is that a packing/buffer
material would provide for retardation of radionuclide trans-
port, for control of the corrosion of the waste container(s),
to provide structural support, and for heat transfer to the
host rock (Fry et al. 1982; Parker et al. 1984).

- Backfill materials would also 1ikely be used in disposal
drifts to provide structural support (Fry et al. 1982).

e Materials of Construction

~ Materials to be used for packing are not yet determined, but
preliminary thinking in the U.K. is that any buffer/packing
material will likely be bentonite or cement. Bentonite seems

to b§ emphasized currently (Parker et al. 1984; Marsh et al.
1988).

(Answers to the remaining questions on the packing/buffer were not
found, and the questions are not repeated below. It is Tikely that
the answers are not yet developed.)

6. Repository Interface

e Waste Package Handling, Storage, and Emplacement at Repository

- At the vitrification facility, the sealed canister of newly
vitrified HLW could be placed in a transfer container and
moved to the connecting vitrified waste storage facility.
Interim storage of the vitrified waste will be in natural
convection air-cooled vaults, with 10 canisters stacked
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vertically in each carbon steel storage tube. Cooling air
will flow outside the individual storage tubes. Storage until
at least 50 years out-of-reactor is planned (BNFP 1985:
Woodall et al, 1987; Passant 1987; Feates 1988).

- A variety of engineering design studies on repository concepts
was carried out in the U.K. in the late 1970s and early
1980s, but no specific reference repository concept was
selected, because the concept depends on the host geology (Fry
et al. 1982).

- Transport of the vitrified HLW canisters will be by rail and
special ship in casks that will hold 21 canisters in seven
channels of three canisters end-to-end, separated by an
aluminum basket. The cask overall dimensions of the case will
be about 2.4 m in diameter (including integral fins) by 5.5 m
fong, and the cask will weigh about 110 MT. The cask will be
made of medium-strength carbon steel, with a single carbon
steel 1id. Except for vertical Toading and unloading, the
cask wil; be handied horizontally using trunnions (Gowing et
al. 1987).

- The preliminary repository concept would use emplacement of
waste containers in vertical boreholes from tunnel floors if
the repository is in crystalline rock, or emplacement directly
in tunnels if the repository is in argillaceous rock or salt
(Fry et al. 1982; Parker et al. 1984; CEC 1985).

- The in-floor concept in granite would use 0.7-m-diameter
boreholes from the floors of tunnels that are about 300 m
deep. The emplacement boreholes would be up to 300 m
deep with up to 97 canisters in a borehole.

-~ The in-room concepts in granite, clay and salt would use
emplacement drifts that are three to four feet in dia-
meter at a depth of 250-300 m below the surface.

e Packing Handling and Emplacement

- No information was found on packing handling and
emplacement.

e Design Limits/Constraints by Repository (e.g., Dimensions, Weights,
Temperatures, Areal Heat Loads, etc.)

- The maximum temperature at the disposal container/buffer
interface is expected to be about 90°C (Marsh et al. 1988).

- The depth of the repository is expected to be at least 300 m
(BNFL 1985).
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- Emp1§cement drifts are expected to be about 3.5 m across (BNFL
1985).

Dimensions and Spacing of Holes in Host Rock

- In the one in-floor concept in granite, the emplacement
boreholes would be on 52-m centerline distances (CEC 1985).

Description of Liner of Holes in Host Rock, if any

- No information was found relative to liners of emplacement
boreholes.

Sealing Materials for the Emplacement Holes and How Emplaced

- No information was found relative to sealing of emplacement
boreholes.

Retrievability Provisions, if any

- No requirements have been set at this time for retrievability
of waste from a repository (IEAL 1987).

Monitoring Provisions in Emplacement Holes, if any

- No requirements have been developed regarding monitoring
within the emplacement holes (IEAL 1987).

- A lengthy pre-closure monitoring period is planned for in the
preliminary concept to emphasize confidence in the repository
(Parker et al. 1984).
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APPENDIX

GLOSSARY

The set of definitions of selected terms used in this study is given in

this glossary.

Except where identified otherwise, generalized definitions

were taken from, Consultation Draft, Site Characterization Plan, Yucca
Mountain Site, Nevada Research and Development Area, Nevada, Report DOE/RW-

0160, Volume 7, "Glossar

and Acronyms," January 1988. In some cases

(specifically identified), the definitions from this reference were taken
from another DOE/OCRWM document, or otherwise derived for use in this report.

access drift

actual retrieval
period

as Tow as reason-
ably achievable
(ALARA)

backfill material
or backfill

barrier

borehole

borosilicate
glass

A drift that connects the mains and the perimeter drifts,
delineating the waste emplacement panels and providing
access to the waste emplacement drifts.

The time required to retrieve the emplaced waste from
the underground facility. For design purposes, this
period is 34 years in the U.S.

As low as reasonably achievable taking into account the
state of technology, and the economics of improvements in
relation to benefits to the public health and safety,
other societal and socioeconomic considerations, and the
utilization of atomic energy in the public interest.

(1) The general fill that is placed in the excavated
areas of the underground facility.

(2) The material or process used to refill an
excavation.

Any material or structure that prevents or substantially
delays movement of water or radionuclides.

A hole made with a drill, auger, or other tools for
exploring strata in search of minerals, supplying water
for blasting, emplacing waste, proving the position of
old workings or faults, or releasing accumulations of gas
or water. Boreholes include core holes, dry-well-
monitoring holes, waste-emplacement boreholes, and test
holes for geophysical or ground-water characterization.

A silicate glass containing at least five percent boric

acid and used to solidify commercial or defense high-
level waste.
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buffer or
packing

burnup

cask

canister

cladding (of
fuel element)

closure
(of repository)

closure
(of container)

containment
barriers

containment
period

The material that is placed in the waste emplacement hole
in the annuiar space between a canister or overpack (if
one is present) and the host rock. The packing is a
component of the waste package that serves to control the
release of radionuclides from the waste package by
sealing against water, modifying the water chemistry,
sorbing or retarding the transport of radionuclides, or
by establishing other improvements in environmental
parameters. (An example is a mixture of bentonite clay
and crushed rock placed in the annulus between the
overpack and host rock.} (from DOE/RW-D164)

A measure of nuclear-reactor fuel consumption expressed
either as the percentage of fuel atoms that have under-
gone fission or as the amount of energy produced per
unit weight of fuel.

A receptacle that holds one or more fuel assemblies,
canisters, or disposal containers and provides shielding
for highly radioactive materials during transportation or
storage or transfer to another containment system.

As used in this document, a canister is the initial metal
receptacle in which solid radioactive waste is placed for
transport to the repository. In the U.S., the canister
is not intended to meet the 300- to 1000-yr containment
requirements of 10 CFR 60.113 (a)(1)(ii)(A) (see
"container").

The metallic outer sheath of a fuel element, generally
made of stainless steel or a zirconium alloy.

Final backfilling of the remaining open operational areas
of the underground facility and boreholes after the
termination of waste emplacement, culminating in the
sealing of shafts.

The opening in a canister or disposal container that is
used for filling it and is sealed after filling with
high-level radioactive waste or spent fuel. (Author's
definition)

Natural or man-made components of geologic disposal
system designed to confine radioactive waste within a
designated boundary.

In the U.S., the first several hundred years following
permanent closure of a geologic repository when radiation
and thermal levels are high, the uncertainties in asses-
sing repository performance are large, and special
emphasis is placed on the ability to contain wastes by
waste packages within an engineered barrier system.
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cooling
(spent fuel)

decommissioning

design life

disposal

disposal
container

drift
emplacement

emplacement
borehole

emplacement
borehole liner

engineered
barrier system
disposal (EBS)

Storage of fuel elements after discharge from reactors
usually under water, to allow for the decay of short-
lived radionuclides and hence the decrease of radio-
activity and heat emission to acceptable levels.
Synonymous with aging.

The permanent removal from service of surface facilities
and components necessary for preclosure operations only,
after repository closure, in accordance with requlatory
requirements and environmental policies.

The period of time for which a structure, system, or
component is designed to perform its intended function.
In the U.S., the repository design life ends when the
repository is of no further operational use, waste
retrieval is no longer a concern, and closure and
decommissioning begin.

The emplacement in a repository of high-level radioactive
waste, spent nuclear fuel, or other highly radioactive
material with no foreseeable intent of recovery, whether
or not such emplacement permits the recovery of such
waste and the isolation of such waste from the accessible
environment.

The metal barrier(s) placed around the canister to meet
containment performance objectives in the repository.
(Derived from Draft SRD 9/87)

Horizontal, or nearly horizontal, mined passageway.
The act of placing waste containers in prepared
positions.

A borehole used specifically for emplacement of waste.

A sleeve placed in a vertical or horizontal borehole to
prevent sloughed rock from interfering with the emplace-
ment or removal of waste packages.

(1) The waste packages and the underground facility
(per 10 CFR Part 60);

(2) The man-made components of a system designed to
prevent the release of radionuclides from the
underground facility or into the geohydrologic
setting. The EBS includes the radioactive-waste
form, radioactive-waste canisters, materials placed
over and around such canisters, any other components
of the waste package, and barriers used to seal
penetrations in and into the underground facility
(per 10 CFR Part 960).
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far field

fuel assembly

fuel
consolidation

geologic
repository

high-level
radioactive
waste (HLW)

host rock

hydrostatic head

intermediate-
level radioactive
{ILW)}, or
medium-Tevel
waste (MLW)

liner or sleeve

Tithostatic
pressure

That portion of the host rock surrounding the underground
facility within which the thermal effects of the emplaced
waste can be analyzed by considering only the areal power
density without consideration of the specific geometric
characteristics of the underground facility.

A single mechanical unit consisting of a number of fuel
rods held together by a mechanical support structure
designed to maintain proper spacing of the fuel rods and
facilitate their handling.

The removal of spent-fuel rods from an assembly and
repacking in a denser array (usually in a canister) to
reduce the volume per metric ton of fuel.

A system that may be used for the disposal of radio-
active wastes in excavated geologic media. A geologic
repository includes (1) the geologic repository opera-
tions area and (2) the portion of the geologic setting
that provides isolation of the radicactive waste and is
located within the controlled area.

The highly radiocactive material resulting from the
reprocessing of spent nuclear fuel, including liguid
waste produced directly in reprocessing and any solid
material derived from such ligquid waste that contains
fission products in sufficient concentrations; and other
highly radioactive material that the national authori-
ties, consistent with existing law, determine by rule
requires permanent isolation.

The geologic medium in which radioactive waste is
emplaced.

The height of a column of Tiquid supported, or capable of
being supported, by pressure at a point in the liquid.
(Definition of “"pressure head" in DOE/RW-0160.)

Used by the IAEA and some countries to designate radio-
active waste of a lower activity level and heat waste
output than high-level waste, but which still requires
shielding during handling and transportation. The term
is used generally to refer to wastes not defined as
either high-level or low-level (from IAEA TECDOC-264).

As related to the waste package, a metallic or non-
metallic liner that may be located in the emplacement
hole to aid in the emplacement and possible retrieval of
the waste. (Same definition as "sleeve" in DOE/RW-0160.)

The stress to which a rock formation is subjected by the
weight of the overlying rocks in the lithosphere.
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lTow-level
radiocactive
waste (LLW)

matrix or
waste matrix

multibarrier
system

near-field

overpack

packaging

package or
waste package

packing

permanent
closure

preclosure

Radioactive waste material that is not either high-level
radioactive waste, spent nuclear fuel, transuranic waste,
or byproduct material as defined in Section 1la(2) of the
Atomic Energy Act of 1954.

The material that surrounds and contains the waste and to
some extent protects it from being released into the sur-
rounding rock and ground water. Only material within

the canister {(or drum or box) that contains the waste is
considered part of the waste matrix.

A system of natural and engineered barriers operating
independently or relatively independently, that acts to
contain and isolate the waste.

That portion of the rock surrounding emplaced waste in
which analysis of the thermal and thermomechanical
effects of the waste must consider the specific geometric
characteristics of the underground facility, including
borehole size and orientation, standoff distance, drift
shape dimensions and spacing, or overall layout of the
facility.

Any receptacle, wrapper, box, or other structure that
becomes an integral part of a radioactive waste package
and is used to enclose a waste container for purposes of
providing additional protection or for meeting the
requirements of an acceptance or isolation criterion for
a specific site. An overpack may be used to encase a
damaged or contaminated waste package for which repair or
decontamination is impractical.

The container, any overpacks and their contents, exclud-
ing radioactive materials and their encapsulating matrix
but including absorbent material, spacing structures,
thermal insulation, radiation shieiding, devices for
absorbing mechanical shock, external fittings or handling
devices, neutron absorbers or moderators, and other sup-
plementary equipment that surrounds the radiocactive
material.

See "waste package".

See "buffer",

See "closure, repository.”

The period of time before and during the closure of the
geologic repository.
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reference
concept

repository
system

repository
interface

retrievability

retrievability
period

sieeve or liner

spent nuclear
fuel

storage

transfer cask

transuranic
(TRYU) waste

The current basic concept used in developing a waste
package or repository concept, and used for comparison

to potential alternative concepts. The reference concept
may or may not become the final concept.

The configuration of manmade features designed to act in
harmony with the natural system to provide long-term
containment and isolation of nuclear wastes and to pro-
vide for receipt, inspection, handling, emplacement, and
potential retrieval of wastes during the operating phase
{from DOE/RW-0164).

For this study, the reception and handling areas of a
repository where high-level waste and/or spent fuel are
received from another facility, treated or repackaged,
and handled through final emplacement in the repository.
(Author's definition)

The capability that is provided by the repository system-
-by means of design approaches, construction methods, and
operating procedures--to allow waste retrieval to be
performed.

The time during which emplaced waste is capable of being
retrieved. For design purposes in the U.S., this period
begins with emplacement of the first waste and ends 50
years thereafter at the end of the caretaker period.

As related to the waste package, a metallic or non-
metallic liner that may be located in the emplacement
hole to aid in the emplacement and possible retrieval of
the waste.

Fuel that has been withdrawn from a nuclear reactor
following irradiation, the constituent elements of which
have not been separated by reprocessing.

Retention of high-level radioactive waste, spent nuclear
fuel, or transuranic waste with the intent to recover
such waste or fuel for subsequent use, processing, or
disposal.

A shielded enclosure for movement of highly radioactive
material.

Waste containing more than 100 nanocuries of alpha-
emitting transuranic isotopes per gram of waste, with
half-lives greater than twenty years, except for: 1)
high-level radioactive wastes, 2) wastes that the DOE has
determined, with the concurrence of the EPA Adminis-
trator, do not need the degree of isolation required by
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40 CFR Part 191, or 3) wastes that the NRC has approved
for disposal on a case-by-case basis in accordance with
10 CFR Part 61.

waste form The radioactive waste materials and any encapsulating or
stabilizing matrix.

waste matrix The material that surrounds and contains the waste and to

or matrix some extent protects it from being released into the

surrounding rock and ground water. Only material within
the canister {or drum or box) that contains the waste is
considered part of the waste matrix.

waste package The waste form and any containers, shielding, packing,

and other absorbent materials immediately surrounding an
individual waste container.

Additional References (for Glossary):

DOE/R¥-0164. Consultation Draft, Site Characterization Plan, Reference
Repository Location, Hanford Site, Washington. U.S. Department of Energy,
Washington, DC, Voiume 9, "Glossary and Acronyms." January 1988.

TAEA TECDOC-264. Radicactive Waste Management Glossary. International Atomic
Energy Agency, Vienna, Austria, 1982.

Waste Management System Requirements and Description. Draft Revision 1, R.F.
Weston, Inc., Hasﬁ{ngton, OC, September 21, 193;.
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