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RADIOACTIVE WASTE MANAGEMENT IN BELGIrIM

A. GENERAL STRATEGY

1. Overall waste management strategies and systems

The installed nuclear power capacity in Belgium reaches to-day 5.540 MWe
all produced by Pressurized Water Reactors. Spent fuel assemblies are
currently stored for a limited period of time at the power station sites
prior shipping for reprocessing abroad. The reprocessing contracts
stipulate that all the resulting waste will be returned to Belgium after
conditioning.
The waste arising from the daily operation of the power stations, the
other nuclear facilities such as the Uranium and MOX fuel fabrication
plants, the research institutes, the production and application of
radioisotopes in several sectors etc. are conditioned either on the spot
or in a central processing facility located on the Mol-Dessel nucelar
site where are also located all the surface storage facilities required
to house the various waste-categories untill their disposal.
Conditioned high-level and alpha-bearing waste and a not yet defined
portion of medium-level waste are planned to be disposed in deep
geological formations. A R&D-programie is running since 1975 to evaluate
the use of clay for this disposal.
Up to 1982 the Conditioned low-level waste were dumped in sea according
to the NEA and IAEA requirements. Since 1983 this type of waste is also
stored in surface engineered facilities awaiting the results of an
investigation programme currently going on in view to define an
acceptable system for ground disposal. The applied strategy implies the
shipping to the central Mol-Dessel storage site of all the radioactive
waste arising in the country. The transport is entrusted to specialized
carrier agents.

2. National policy - implementing laws

The radioactive waste management policy is organized under the
responsability of ONDRAF/NIRAS the "National Agency for Radioactive Waste
and Fissile Materials" a public body set up by a law enacted in 1980.
This organization operates under the tutelage of the Ministers having the
Energy and the Environment among their responsabilities. A royal decree
issued on March 30 1981 defines the missions and duties of the agency.
The technical activities related to-the radioactive waste management are,
as all the other nuclear activities, submitted to the "General Regulation
for the Protection of the Population and the Workers against the Dangers
of the Ionizing Radiations (Royal Decree on February 28 1963 and
subsequent revisions and addenda.)
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3. Organizational Structure

ONDRAF/NIRAS is entrusted with the "definition and application of a
policy ensuring the protection of the population and the environment in
the field of the current and long-term management of radioactive waste
and fissile materials".

The Agency received competence in the following fields:

- the transport of waste
- the conditioning and surface storage of the waste for the producers

without suitable facilities
- the storage of spent fuel away from the power station or reprocessing

plants
- the final disposal of the waste.

The Agency has also

- to ensure the application of the norms, specifications and
prescriptions enacted by the Authorities;

- to define the conditioning and confining processes to be applied and
the R&D-programmes to be performed in the field of its competences.

The technical tasks are carried out either with the Agency's own means
or by subcontracting them to third parties. The Agency is also
authorized to create or take interests in subsidiary companies. One of
them is BELOPROCESS, a company 100% controlled by ONDRAF-NIRAS which is
in charge of the technical operations related to nuclear waste performed
on the Mol-Dessel site.

4. Policy on Spent Fuel Management

The law of 1980 which set up ONDRAF/NIRAS created also a company in
charge of the management of the nuclear fuel cycle up- and downwards the
power stations including reprocessing. The shares of the company named
SYNATOM are equally distributed between public bodies and the utilities
which in Belgium are privately owned.
Belgium having definitively renounced to refurbish the former Eurochemic
reprocessing plant, Belgian spent fuel will be reprocessed abroad. It is
the responsability of the SYNATOM company to store the spent fuel either
at the power station site or at the reprocessing facility. However a
spent fuel storage facility on any other site would be the
responsability of ONDRAF/NIRAS. For the time being SYNATIM has contracts
with COGEMA for the reprocessing at La Hague Reprocessing remains the
basic option for the backend of the fuel cycle, it will be performed in
the future as far as the recovered plutonium is interested to be used.
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5. Overall Schedule

The schedule for the main steps of the waste management programme can be
summarized as follows:

- centralized low-level waste treatment and conditioning on the
Mol-Dessel site : reorganization,- renovation -and replacement of some

basic installations : up to 1995
- centralized storage for conditioned low-, medium- and high-level/alpha

waste, including reprocessing waste from COGEMA contracts : completed
in 1993 on the Mbl-Dessel site

- final disposal of conditioned low-level waste : optional start -

before 2000
- final disposal of all other waste : optional start around 2025.

6. Total system costs and funding

6.1. Expected costs and planned budgets for implementing the waste
management programme.

- period 1988-1992

* daily management of existing waste (industrial routine
operation) : 300 MFB/an

* renovation of existing facilities, construction of new
facilities : 3.400 MFB/an

* R&D-activities in the various fields: 900 MFB/an

- after 1992 : not yet estimated in detail.

The law provides that all the expenses related by the management of
the radioactive waste have to be supported by the waste producers
via contracts and conventions negotiated between them and
ONDRAF/NIRAS. The financing of the long term operations such as the
disposal will be assured by the waste producers through a special
fund which will be implemented in 1989 according a procedure
currently under discussion between the involved parties.

7. Quality assurance considerations

ONDRAF/NIRAS has developed a quality assurance concept which is applied
during the studies and development of projects, construction and testing
of facilities.

For each task the norms and regulations existing at national level and
applicable in the field concerned are taken into account and strengthed,
if required, by specific rules developed by ONDRAF/NIRAS. Particular
controls are generally entrusted to officially approved organizations.
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8. International co-operation

Belgium co-operates actively on the waste management programmes of the
CEC, NEA and IAEA. Cost shared contracts are running between CEC, the
National Research Centre (CEN-SCK) and ONDRAF/NIRAS in various R&D fields
such as, waste characterization, safety analysis and so on. Bilateral
research agreements on specific aspects of geological disposal exist
between the CEN/SCK on the one hand, the French CEA and PNC (Japan) on
the other hand.
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B. STORAGE SYSTEMS

1. National policy

1. Spent fuel are stored only in storage pools at the power plant sites.
Reprocessing being the option-followed for the back-end of the fuel
cycle, no need for an "Away From Reactor" (AFR) storage capacity is
considered so far.
All facilities required to house the conditionned waste awaiting
disposal, including the reprocessing waste to be shipped from La
Hague from 1983 on, will be located on the former Eurochemic site al
Mol-Dessel where interim storage facilities for low, intermediate and
high level -waste are already in operation. The interim storage
programme is managed by ONDRAF and operated by its subsidiary
BELG)PROCESS.

2. Requirements

The most recent estimates show that around the year 2050, which is
scheduled to be the end of the decommissioning of the existing
nuclear facilities, the total amount of conditioned waste to be
managed will be of the order of 120.000-150.000 m3 of low level
waste, 20.000 to 25.000 m3 of intermediate and bearing waste and
4.000-5.000 m3 of high level waste. The interim storage facilities
are designed as units allowing to extend their capacity according the
needs until disposal sites will be made available.

3. Description of facilities

The storage facilities already located or to be build on the nuclear
site of BELGOPROCESS in Dessel are briefly described hereafter.

Low-level conditioned waste storage

A prefabricated concrete building (60 m long, 19 m wide, 7,50 m high,
wall thickness : 0,25 m of normal concrete)- offering a storage
capacity of more than 2000 m3 has been erected in order to meet the
immediate needs resulting from the abrupt interruption by the
seadumping in 1983. At the same time the construction of an actual
storage facility has been initiated. This building (72 m long, 39 m
wide, 13,50 m high, normal concrete walls 0,25 m thick) which is
served by remotely operated bridge cranes has a capacity of 6.300 O3

of conditioned waste packages which can be extended up to 14.000 n3.
This facility is operational since early 1988.
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Intermediate-level conditioned waste storage

Intermediate-level conditioned waste (2750 m3) resulting from the
reprocessing of spent fuel by the former company EUROCHEMIC is stored
in a shielded building called EUROSTORAGE on the BELGOPROCESS site.
The storage capacity of EUROS70RAGE, which is presently made of four
contiguous identical storage bunkers (64 m long, 12 m wide, 8 m high,
wall thickness : 0,8 m of normal concrete), can easily be extended.
The available remaining capacity (more than 1000 m3 ) is now used for
the storage of intermediate-level waste arising from the nuclear
power plants.

Conditioned waste resulting from reprocessing activities

The low-level waste shipped back from La Hague together with the
other waste of this category will be stored in the newly build
facility. The intermediate and high level waste, which will also be
shipped back from France, will be stored in a facility to be also
build by ONDRAF on the former Eurochemic site. The project which
started in 1987 comprises mainly.

- a reception hall,

- a shielded cell for unloading and control of the packages,

- a transfer hall and storage cell for very high-level waste (80 0 3 ),

- a transfer and storage cell for high- (360 m3) and
intermediate-level waste (460 i 3 ).

The storage capacity of the facility which corresponds to the waste
arising from the presently signed reprocessing contracts (564 tons of
uranium); can be enlarged if new reprocessing contracts are concluded
at a later date.

High-level liquid waste resulting from the former reprocessing
activities of EUROCHEMIC which are currently vitrified in the PAMELA
plant are stored in air-cooled storage pits of a bunker building
erected on the site of BELGOPROCESS.

4. Schedule

The storage facility for the intermediate-, high-level and
alpha-bearing from the reprocessing at La Hague should be ready by
the end of 1992 as the first packages will be returned from 1993 on.
The civil engineering works are planned to start end of 1989.
The existing storage capacity for low-level radioactive waste
produced by current nuclear activities is sufficient for the next
four years; extensions are planed to be ready by the end of 1991.

The intermediate-level waste available storage capacity covers the
ILW production of the next 10 years.
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5. Cbsts and funding

Expected cost for the storage systems :
1.650 MFB

6. Experience

Spent fuel storage more than 10 years on the power plant sites

4 years in engineered facilities
__

Low-level waste

Intermediate-level waste more than
facility

10 years in the EUROSIORAGE

High-level waste
liquid
vitrified

more than 15 years
3 years

7. Safety considerations

Each nuclear facility project is subject to a safety analysis to be
submitted to the Belgian Safety Authorities in order to dbtain an
operating licence. This analysis covers amoung other items :
conventional accidents (handling, loss of coolant, ...), nuclear
accidents (criticality, contamination, irradiation) and other
potential events such as earthquake, tornado, airplane crash, etc.

8. Decommissioning considerations

In normal conditions of exploitation, the storage facilities for
conditioned waste are supposed to be kept free from contamination.
Experience gained by decommissioning of other nuclear plants (power
stations, research and reprocessing facilities...) will contribute to
the solution of the problem if any.

8. Quality Assurance considerations -

The general rules defined by ONDRAF-NIRAS are applicable (see point
A_7)
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C. TRANSPORTATION SYSTEM

1. National Policy

Provided that the relevant national and international regulations are met
the nuclear industry is free to choose its transport system.

2. Requirements

The transport of radioactive materials is governed by the Royal Decree of
28 February 1963 (as amended) setting the general regulations for the
protection of the public and the workers against the hazards of ionizing
radiaton.
All shipments, whatever means are used, must be authorized in advance by
the Radiological Protection Office of the Ministry of Public Health and
the Environment.
In general, the requirements of the IAEA-regulations for the safe
transport of radioactive materials are followed but the transport licence
may specify special requirements, such as escorts for certain types of
shipments.

3. Description

Various types of containers are used for the shipment of spent fuel by
road,or by rail and by ship, from the nuclear power stations to the
reprocessing plant in La Hague (France), and from the nuclear research
centre to the U.S.A..(for reprocessing of research reactor fuel).
The transport of waste is, between 1 and 50 msvh- 1 , up to now done only
by road. The type of container and vehicle depends on the nature and the
radiation level of the radioactive waste. Special transport containers
have been developed for the transport of waste packages with higher
surface dose rate.

4. Schedule

Schedules for transporting spent fuel are arranged between the operator
of the nuclear power plant, the carrier and the reprocessor.
Schedules for transporting radioactive waste are agreed upon between the
waste producer, the carrier, ONDRAF/NIRAS and BELGOPROCESS as operator of
the waste treatment and storage facilities.

5. Cost and funding

For the transport of spent fuel and radioactive waste, the usual
commercial practices are followed.

6. Experience/Status

Spent fuel has been transported for almost twenty years (from various
nuclear installations to the Eurochemic reprocessing plant, from Belgian
nuclear installations to reprocessing plants abroad) using specially
designed casks complying with the requirements of the international
transport regulations.
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Radioactive waste has been transported by road for more than twenty years
from various nuclear intallations to the waste treatment and storage
facilities at the SCK/CEN and the Belgoprocess site (Mol-Dessel). As
Belgium proceded during several years to sea dumping of conditioned low
level waste, in accordance with NEA and IAEA regulations, transport of
this waste to the harbour was -also performed by train.

7. Safety considerations

Radioactive material has--to be packaged and transported in accordance
with the relevant radiological protection and transport regulations.
Consignor, carrier and consignee are responsible for complying with
these regulations.

8. Decommissioning considerations

There is very little experience
casks *and equipment related
radioactive waste. It seems that
after decontamination.
Exemption levels for allowing
under investigation.

with
to

most

the decommissioning of transport
the transport of spent fuel and
of the material may be re-used

the recycling and re-use of materials are

9. Quality assurance condiderations

Quality assurance programmes are set up by the consignor, the carrier
and the consignee, for the various phases of the transport operations.
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D. DISPOSAL SYSTEMS (Repositories)

1. National policy

The disposal as waste of the spent fuel is, up to now, not considered.
No specific legal regulations have been issued so far concerning the
final disposal of the radioactive waste. However one of the main tasks
entrusted by the law to ONDRAF is the development and the operation of
the final repositories.
Sea dumping, applied until 1982 has been interrupted since and will not
be considered again as long as the present international attitude does
not change drastically towards this practice.
Land disposal for low level conditioned waste is presently subject to an
intensive development prograrme as wel as the disposal in deep clay
layers of the high level and alpha bearing wastes.
All this effort, coordinated by ONDRAF is performed in close cooperation
with various national and international organizations (CEN/SCK, National
geological services, the Ministry offices, CEC, NEA, AIEA) as well as
with the concerned producers who are obliged by the lawn to finance the
programme.

2. Requirements

All the radioactive waste to be managed in Belgium are now planned to be
disposed of on land. The total expected volume for disposal in deep
geological formation is presently estimated of the order of 30.000 ma
including the waste of the previous exploitation of the Eurochemic
reprocessing pilot plant.
As far as the other low-level waste are concerned, no decision has been
taken so far on the system of disposal to apply. The total volume to
dispose is estimated of the order of 150.000 m3. However, the
acceptability limit (as far as doses, radioisotope nature and
concentration are concerned) defining a low-level waste package for this
type of disposal system has not yet been fixed.
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3. Regulations

All nuclear activities are submited to the Royal decree of 28.02.1963
related to the "General regulation for the protection of the population
and the workers against the hazards of the ionizing radiations". This
basic decree revised and updated- several times, does not include any
particular requirements for waste-disposal. It is one of the tasks of
ONDRAF/NIRAS to propose in due time to the competent Authorities a
regulation in this field.
However, the general licensing procedures for nuclear installations as
described in the decree are applicable to the waste repositories as to
any nuclear facility.

4. Site selection

In the early seventies, an inventory of the potential deep geological
formations existing in the country for disposal- of high-level and
alpha-bearing wastes was -performed by the National Nuclear Research
Centre (CEN/SCK) on the basis of selection factors established in
agreement with the National Geological Service and taking into account
site selection factors suggested by working groups of the IAEA and the
Commission of the European Community. This led- to the decision to
investigate the Boom clay formation situated in the Mol-Dessel area in
the North Eastern part of the country.
In the framework of the programme for land disposal of the conditioned
low-level waste, ONDRAF/NIRAS identified in the period 1985-1987 several
location potentially acceptable for surface or near-surface
repositories. The selection was made on the basis of two different sets
of criteria : elimination criteria and favourable criteria. These
criteria were pre-established in agreement with the National Geological
Service and taking into account those suggested by several multinational
organizations, as the IAEA, the NEA and the CEC.
Besides near-surface disposal, ONDRAF/NIRAS is also evaluating other
possible options as disposal in subsurface engineered facilities, use, of
discarded mines or disposal in deep formations on the same site as for
high-level and alpha-bearing waste.
At national level, no rules or recommendations have been officially
issued up to now.

5. Underground research

Site characterization for conditioned high-level and alpha-bearing waste
diposal was started in 1975. Geophysical surface- investigations as a
tridimensional seismic campaign, deep drillings, bore hole logging, soil
sampling and laboratory analyses and experiments led to the decision to
build an underground laboratory in the clay layer on the Mol-Dessel
site. During the period 1980-1987, about 100 m of accessible gallery
were digged and numerous measurements and experiments were started in
situ. This programme will continue for several years.
Up to now, no field work was started for land disposal of conditioned
low-level waste. A decision on the final disposal option could be
reached prior 1990. At that time a site confirmation programme will be
started.
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6. Repository concepts

6.1. For high-level and alpha-bearing wastes

No final concept for a repository in the Boom clay has been set up
for the time being, however various studies and evaluations have
been or are still performed since 1978.

* Description.

The particular geotechnical properties of the Boom clay allows
only the construction in the deep underground of lined circular
tunnels with a useful diameter of 3 to 4 m. Consequently, the
underground facility will be a network of interconnected
galleries. The high-level waste canisters (vitrified waste) could
be laid down either in small boreholes drilled in the low part of
main galleries or directly in the central axes of the galleries.
The other waste packages could be, in the first arrangement
placed in separate galleries, or around the high level waste
packages in the second one.

* Waste receipt and handling.

No detailed technological studies have been devoted to this
subject, however it is expected that reception, handling and
lowering of the various packages could be performed with already
existing or slightly adapted devices.

* Waste packages.

An inventory of the existing and expected waste packages has been
established, the volumes vary between 120 1 for some vitrified
high-level waste canisters and 1600 1 drums for some particular
conditioned alpha-waste. Overpacking of the high-level waste
canisters has been considered for the repository preliminary
study.

* Emplacement : see description.

* Buffer, backfill and seals.

The main objective of the backfilling of galleries is to provide,
in the medium- and long-term; a good support for the structure of
the repository. The reuse of the excavated clay mixed or not with
other natural or synthetic materials is being investigated.
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* Temperature and pressures.

Laboratory investigations and near-surface dummy tests led to
consider a maximum allowable temperature of 100*c at the
canister/clay interface. The maximum allowable thermal load was
estimated at about 15 kw per hectare. However, all these data
have to be confirmed during full scale experiments scheduled in
the underground laboratory.
The external pressure on the waste package can reach a value
corresponding to the lithostatic pressure at disposal level which
could be of the order of 50 bar.
Surface interim storage of the canisters and the eventual use of
an overpacking are foreseen to meet the specific requirements of
the used geological layer

* Radiation protection and safety considerations.

No particular radiation protection requirements for final
disposal of waste exist in Eelgium. In the safety analyses under
development, the ICRP recommendations are strictly taken into
account.
As for each nuclear project, the implementing organization will
have to present, in due time, a safety analysis report to the
Competent Authorities. This report will cover both normal and
abnormal situations.

* Post-closure.

Requirements for long-term monitoring are not expected to be
established retrievability being not considered except during a
very short period of time during the operation of the repository.

6.2. For low-level waste.

As several options are investigated at present time and a decision
concerning the final disposal system will be taken at the earliest
at the end of 1989, details cannot be given yet.

7. Schedule

7.1. For high-level and alpha-bearing waste.

- 1974 - 1987 - Investigation of the Mol-Dessel site - construction
of underground laboratory - beginning of site
confirmation work

- I988 - completion of a first Safety- Assessment and
Feasibility Interim Report - to be submitted to the
competent Authorities

- 1988 - 2015 - continuation of the site confirmation studies.
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- 1995

- 1995

- 2015

- presentation of a second Safety Assessment and
Feasibility Report

- 2015 - beginning of demonstration operations

- final conceptual design and beginning of lincensing
procedure.

- invitation to tender and final decision

- Construction of the repository

- Emplacement of the first reprocessing waste

- 2020

- 2025

- 2030

7.2. For low-level wast

- 1985 - 1989

- 1989

- 1990 - 1994

- 1995

- 1996

e

- study and evaluation of various options

- choice of one option to develop

- development of the chosen option - site
confirmation - concept - safety evaluation

- presentation of a first Safety and Feasibility
Report

- beginning of the industrial construction phase and
licensing procedure

- +/- _2000 - beginning of the exploitation phase.

N.B. This schedule can be strongly dependent on the option chosen.

8. Costs and Funding

8.1. For high-level and alpha-bearing waste

- R&D programme including site selection and confirmation, laboratory
and field investigations, construction of underground laboratory
and associated experiments.
1974 - 1988 - 1,5 109 BF
1989 - 1999 -_+/- 1,2 109 BF (demonstration not included)
2000 ... - not yet defined

- The cost for an industrial facility for the disposal of
approximatively 20.000 m3 conditioned hi -level and alpha-bearing
waste is presently estimated at +/- _ 30 10?._BF

8.2. For low-level waste

R&D programme including study of various options and site selection
for near-surface disposal.
1983 - 1987 75 MFB

1988 - 1990 211 MFB
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1990 - 1994 - site confirmation, laboratory and field
investigation, conceptual design and safety analysis
- depending on the option chosen - rough estimate :
0,7 109 BF.

The cost of an industrial facility for the disposal of
approximatively 150.000 m3 conditioned lk-level waste is presently
estimated around 10. 109 BF depending on the option.

8.3. Funding

- RSD activities, as foreseen by law, are financially covered by
the waste producers - the programmes and costs evaluation are
proposed by ONDRAF/NIRAS, discussed with the waste producers and
finally approved and executed on a contractual basis. As far as
the R&D programme on high-level and alpha-bearing waste is
concerned, a financial support of the Commission of the European
Community was obtained since 1976.

- the financing of the construction and operation of the disposal
facilities will be entered through a fund which will be
implemented through contributions, paid by the waste producers.

9. Exprience/Status

Siting activities are going on in Belgium since 1975, an underground
laboratory in clay at a depth of 230 m has been constructed in the
period 1980 - 1983, it was operated since that time and, an extension
has been build in 1987 and is now also in operation.

10 Quality Assurance considerations

The quality assurance programme of ONDRAF/NIRAS will be applied as for
any other activity (see part A - point 7)
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A. GENERAL STRATEGY

1. Overall Strategy and National Policy

A comprehensive set of policies and programs are followed in Canada for the
'A..../ management of radioactive waste produced at all stages of the nuclear fuel

cycle, from mine and mill tailings to used fuel. The overall objective is
that radioactive waste eventually be disposed of such that: the human
population and the general environment are protected from any harmful
effects; any burden placed on future generations is minimized; all
applicable radiological and other criteria are satisfied; and all social
and economic factors are taken into account. The overall strategy is to
initially put the waste in interim storage, and then dispose of it
permanently.

CANDU nuclear generating stations have been in operation in Canada since
1962 and their present capacity is about 12 500 MV (electrical) with
commitments in place to expand this to about 16 200 MW by the mid-1990s. A
once-through fuel cycle has been used for all nuclear power -generated in
Canada, and the intact used-fuel bundle is the basic unit for most studies
related to storage, transportation and disposal. However -research on
reprocessing the used fuel has also been carried out. The inventory of
used fuel in storage at the end of 1987 was 10 294 Mg(U)). At the present,
about 10 000 m3 of low and intermediate level waste (LILW) is produced
annually in Canada by nuclear power -stations, hospitals, research
institution and industry.

Till now no nuclear fuel waste has been permanently disposed- of and at the
present all used fuel is retained in storage bays at the power plants. A
generic research and development program, the Nuclear Fuel Waste Management

q_> Program (NFVMP), was initiated in 1978 to assess the concept of permanent
disposal of nuclear fuel waste in a disposal vault 500 to 1 000 m deep, in
plutonic rock of the Canadian Precambrian Shield. In this context "nuclear
fuel waste" can be either used fuel or wastes arising from its
reprocessing. Methodologies for safe transportation of the nuclear fuel
waste are also being developed as -a part of the NFVMP. The findings and
recommendations of the NFWMP will be reviewed in depth by regulatory and
scientific bodies and the general -public -in a review process expected to
take place between 1991 and 1993. Site selection for the disposal vault
and its construction will likely follow in due course if the proposed
concept is found acceptable.

LILV is presently stored in above-ground and shallow, in-ground structures.
Primary responsibility for management of LILV rests with the producers of
the waste, but governments do assume-residual responsibility under certain
circumstances. Construction of an Intrusion-resistant underground storage
structure (IRUS) will begin shortly,- which will allow disposal of waste
with hazardous life-times of up to 500 years.
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2. Organizational Structure

Atomic Energy of Canada Limited (AECL), a corporation owned by the
Government of Canada, is responsible for the generic research relating to
permanent disposal of nuclear fuel waste. Ontario Hydro (OH), a utility
owned by the Government of Ontario, is responsible for research on
transportation and storage of such waste. Research into storage and
disposal of LILY is carried out by both organizations.

The Atomic Energy Control Board provides the regulatory framework for all
components of the nuclear industry. The Federal Minister of the
Environment, through the Federal Environmental Assessment Review Office
(FEARO), will be responsible for establishing the mandate and selecting the
participants for the review panel that will review the concept for
permanent disposal of used fuel developed under the NFWMP. The Federal
Department of Energy, Mines and Resources formulates energy policies for
Canada.

Significant contributions to the NFWMP have also been made by private
sector companies, universities and Government research organizations, who
at various times have been engaged either by AECL or OH. The scientific
and technical content of the NFWMP is under continuing review by the
Technical Advisory Committee, a group of distinguished scientists who are
nominees of leading Canadian professional societies.

3. Policy on Nuclear Fuel Waste Management

Reprocessing of used fuel is neither being carried out nor is it planned,
and according to the present plans, it Is the intact used fuel bundles that
will be disposed of. However, research on disposal of reprocessing wastes
has also been carried out under the NFWMP, in order to cover the
eventualities of a possible change of policy regarding reprocessing or a
significant increase in the price of uranium.

4. Overall Schedule

The NFWMP was initiated in 1978 by means of an agreement between the
Governments of Canada and Ontario. In 1981 the Federal Government announced
its intention in principle to provide funding to the NFVMP for a 10-year
period. The final documentation containing the findings and
recommendations of this generic research is expected to be ready by 1991,
when it will be submitted for review. The recommendations of the review
panel are expected by 1993. No firm schedule exists for the site selection
and construction of a disposal vault following the review. However, if the
concept is found acceptable, it is assumed that the earliest that a
transportation system and a disposal facility can be in operation will be
in the time period 2015 to 2025. On-site storage of used fuel will
continue till a disposal vault is commissioned.

Construction of the prototype intrusion-resistant underground structure
(IRUS) for the disposal of LILW is scheduled to begin in 1989 at the site
of the Chalk River Nuclear Laboratories.
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5. Costs and Funding

The total expenditure over a period' of about 10 years beginning in 1981,
for the generic research carried out in the NFWMP is about $300 million.
Until 1987 this funding was principally provided by the Government of
Canada. From 1987 till the end of concept review Ontario Hydro will
provide about half the funding, and OH has also contributed smaller amounts
in the past to the NFUMP. OH is also collecting funds from its customers
which-will be applied towards the cost of disposing the used fuel.

Funding for storage and disposal of LILY is the primary responsibility of
the producer of the waste. However governments will assume residual
responsibility for cleanup and disposal of historic wastes, waste produced
by defunct companies and for long-term stewardship of disposal sites once
they have been closed out to the satisfaction of regulatory authorities.

6. Quality Assurance

AECL and OH "are committed to total quality assurance for activities
relating to the siting, design and construction of a nuclear fuel waste
disposal vault. Quality assurance procedures for several key areas have
been formalized and the process-is continuing.

7. International Cooperation

Canada shares information relating to the NFVMP through several bilateral
and multilateral international agreements. Membership is maintained in the
Nuclear Energy Agency of the OECD, in appropriate committees of the IAEA
and in the Stripa international program. Bilateral agreements are in
effect with the U.S., Sweden and Euratom. Contacts are also maintained
with appropriate organizations In-Japan, U.K., Switzerland and the Federal
Republic of Germany.

B.- STORAGE SYSTEM

1. National Policy

The storage of all used fuel at the site of nuclear generating stations
will continue till a disposal facility is in operation. It is envisaged
that intact used fuel bundles will be shipped directly from the generating
stations to the used fuel disposal centre, and at the present there are no
plans for interim storage'. Storage systems in operation now-allow for the
storage of used fuel for up to 50 years and this period could be extended
if the need arises.

All LILV is also in storage at the present, mostly at the nuclear
generating stations and the Chalk River Nuclear Laboratories. Mine and
mill tailings are not discussed in this document.
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2. Requirements

It is estimated that by the year 2 000 the national inventory of used fuel
in storage will be about 34 000 Mg(U) which, if there are no changes in
generating capacity, will rise to about 135 000 Mg(U) by the year 2 050.

3. Description

Irradiated fuel bays are located at NPD (Rolphton), Douglas Point,
Pickering, Bruce, Gentilly and Point Lepreau nuclear generating stations.
The fuel is initially discharged to primary bays, and after a cooling
period, transferred to auxiliary bays.

A program for dry storage of used fuel in concrete containers has been
implemented at the Vhiteshell Nuclear Research Establishment and at the
Gentilly and Douglas Point power stations that have been shut down. Dry
storage in concrete containers is planned to begin at the Point Lepreau
Station in 1989.

A leading LILW waste storage site is the Radioactive Waste Operations Site
at the Bruce Nuclear Power Development. It uses concrete-lined trenches,
tile holes, above-ground structures and double-walled above-ground
reinforced concrete structures. Volume reduction operations are also
carried out. Significant facilities for LILW storage are also located at
Chalk River Nuclear Laboratories.

4. Schedule

On-site storage of used fuel will continue, primarily in water-filled bays.
A concrete integrated cask, that can serve both as a transportation and
storage module, is being developed by Ontario Hydro.

5. Costs and Funding

The pool capital cost per unit power for wet storage is calculated at
SO.74/MWd. Expenditures for storage are borne by the utilities.

Primary responsibility for funding LILW rests with the producers, though
the governments assume residual responsibility.

6. Experience/Status

LILW has been stored in Canada since the 1940s. Used fuel has been stored
since 1962.

C. TRANSPORTATION SYSTEM

1. National Policy

It is expected that used fuel will be transported from the nuclear
generating stations to a central disposal facility. Research has been
carried out to investigate road, rail and water transport for distances of
up to 1 600 km. The water routes that have been studied are on the Great
Lakes.
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2. Reguirements

Transportation of radioactive materials vill comply with AECB regulations
which generally are similar to IAEA's "Regulations for the Safe Transport
of Radioactive-Material", Safety Series No. 6. The weight and size of the
transport casks will comply with existing federal and provincial transport
legislation.

3. Description

A cask for road transport, of monolithic stainless steel construction, has
been licensed by the AECB and it meets the requirements for an IAEA Type
B(U) license. This cask is about 1.8 m high, and the dimensions of its
base are 1.6 m by 1.9 m. Impact limiter, lifting mechanisms and thermal
insulation are included In the design. The gross cask payload when it is
placed on the transport trailer will be 34 Mg. The rail cask will be much
larger vith a gross weight of 82- Ig. The casks used for the water mode
will either be the road or rail casks since part of the route will be over
land.

The wall thickness of the casks will be such-that the dose rate from the
used fuel will be well below regulatory limits. A 10-year cooling-off
period for the used fuel has been assumed for the design of the reference
cask, though with additional internal packaging and shielding recently
discharged fuel can also be accommodated. Overhead cranes will be used for
loading and off-loading the casks.

4. Costs and Funding

OH has carried out studies to estimate the cost requirements for each of
the three transportation modes, and for distances of 400, 800 and 1 600 km.
Since the resulting figures are very preliminary, they are not presented
here.

5. Experience/Status

No used fuel has ever been transported away from the site of the power
stations where it was produced, except for some negligible amounts used for
research and experimentation. However a comprehensive conceptual study on
the transportation of used fuel has been carried out as a part of the
IIFWHP.

6. Safety Considerations

All provincial and federal regulations, including those specified by the
AECB will be followed during the transportation of used fuel. These
include the Transportation of Dangerous Goods Regulations, AECB Transport
Packaging Regulations, Spills Bill Regulations and the Canadian Transport
Commission Regulations.
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D. DISPOSAL SYSTEMS

1. National Policy

The concept being assessed for the disposal of used fuel is burial in a
vault 500 to 1 000 m deep in plutonic rock of the Canadian Precambrian
Shield. It is expected that there will be one central disposal facility
located in Ontario which will serve the nation's needs for most of the 21st
century.

A multiple-barrier approach, which includes both engineered and natural
barriers, is being developed for isolating the used fuel. The waste form,
containers, buffer, backfill and the rock mass between the disposal vault
and the biosphere are the barriers. The performance of the entire disposal
system has been assessed by predictive computer modelling, and by a study
of uranium ore bodies which represent large inventories of radioactive
materials in a natural setting similar to that proposed for the vault.

2. Reguirements

The reference design for the Used Fuel Disposal Centre (UFDC) includes a
disposal vault 1 000 m below surface capable of accommodating 191 000 Mg of
uranium in the form of used fuel bundles.

3. Regulations

The requirements for a geologically acceptable disposal site are specified
in the AECB's regulatory document R-72. These are: the host rock and
geological system should have properties such that the release of
radioactive material from the disposal vault and its subsequent transport
is retarded; there should be little likelihood that the host rock will be
exploited as a natural resource; the geological system should be capable of
withstanding stresses without significant structural deformation or
fracturing; and the dimensions of the host rock should be such that the
disposal vault can be deep underground as well as removed from major
geological discontinuities.

AECB's Regulatory Document R-104 deals with the long-term aspects of
radioactive waste disposal. It specifies that the radiological risk to
individuals in the most exposed group from a waste disposal facility shall
not exceed 10-6 fatal cancers and serious genetic effects in a year. This
document also states that the time-frame of concern is 10 000 years.

4. Site Selection

Geologic procedures for the characterization of a site for a disposal
facility, that would ensure that the above-listed AECB requirements are
satisfied, have been established as a result of the scientific research
carried out under the NFVMP. It is expected that initially a very small
number of sites will be selected for characterization, and that each of
these will be centered around a pluton and will be approximately 1000 km2

in extent. The initial process of characterization, which will consist of
reconnaissance-scale geological and geophysical surveys, will map the
boundaries of the pluton, estimate its depth, locate large-scale faults or
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fractures within it and estimate the general rock quality. The general
groundwater regime of the area will also be determined at this stage. Site
characterization will result in the selection of smaller areas, up to
100 km2 in extent, for the more detailed process of site evaluation.
Detailed geological and geophysical mapping and drilling will be carried
out to determine the geometry of the natural groundwater pathways in the
pluton. Extensive hydrogeological testing in the boreholes will determine
the pattern of groundwater flow. As a result of the site characterization
and evaluation process, a site technically suitable for the disposal vault
could be selected.

5. Undervround Research

An underground research laboratory (URL) has been constructed in the
granite of the Lac du Bonnet batholith in southeastern Manitoba. This
facility was developed in two stages. Initially, the 240-m level was
developed. Then the shaft was extended to 443 m and a shaft station was
built at the 420-m level.

The 3.8-km2 site on which the URL is located was leased in 1980. Detailed
mapping and drilling between then and 1983 established the geology and the
undisturbed groundwater regime for this area. Shaft sinking'began in 1984,
and the 240-m level with a plan area of about '100 m by 100 m was ready for
carrying out experiments in 1986. Hydrogeological data gathered in a
network of boreholes in the lease prior to', during, and after the
construction of the URL provided a unique opportunity to study the effect
of the 'construction on the groundwater system and calibrate groundwater
flow models. Numerous investigations and experiments related to
hydrogeology, rock mechanics, vault- sealing, geology and geophysics have
been carried out in the -subsurface, and it is expected that an active
experimental program will be maintained till the year 2000.

6. Disposal Vault Concepts: Used Fuel

Description: A major study has been carried out to develop a reference
concept for a Used Fuel Disposal Centre (UFDC). Its main feature is an
underground disposal vault at a depth of 1 000 m in plutonic rock having a
single-level room and pillar configuration. This vault would have a plan
area of about 4 kM2 and be capable of accommodating 191 000 Mg of uranium
in the form of used fuel. In addition to the vault, the disposal centre
would have facilities for receiving the used fuel, immobilization of the
fuel bundles, and their transfer to the vault.

Waste Receipt and Handling: Used fuel would be off-loaded from
transportation casks and temporarily held in a receiving storage pool, and
the shipping modules would be transferred to hot-cells. Used fuel would be-
transferred to the subsurface vault in shielded transfer casks through a
dedicated waste handling shaft.

Waste Package: Used fuel bundles would be placed in containers with a
design lifetime of 500 years. Containers of several designs have been
fabricated and- tested. A container currently being considered can hold 72
CANDU fuel bundles, is made of titanium alloy and supported by packed
particulates.
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Emplacement: The used fuel container would be placed in vertical boreholes
drilled in the floor of rooms inside the disposal vault. These holes are
planned to be 1.2 m in diameter, 5 m long and spaced 2 m apart. Prior to
the receipt of the container, a clay-based buffer material would be
compacted into the holes, and then drilled to form a 4.2 m long hole of
0.7 m diameter in which the container would be eventually seated.

Buffer. Backfill and Seals: A reference buffer material consisting of 50%
sand and 50% bentonite is being considered for use in the emplacement holes
in the disposal vault. Backfill would be used in the emplacement rooms and
would likely consist of a mixture of lake-bottom clays and granitic
aggregate. Seals would be used to form gaskets around bulkheads and fill
exploration boreholes. Highly compacted bentonite is a possible sealing
material. Grouts would be used to limit water flow in naturally occurring
fracture zones and excavation damage zones.

Temperatures and Pressures: The maximum container shell temperature is
expected to be 100CC. Containers have been tested up to pressures of
10 MPa.

Radiation Protection and Safety: ICRP regulations regarding radiation dose
to workers will be followed at the UFDC, these regulations also being in
accordance with AECB regulations. The UFDC will be divided into zones
according to the concentration of radioactive material in each area.
Radiation will be routinely monitored throughout the facility.

Decommissioning: Shaft sealing technology has been described in an earlier
section. According to the reference concept for the UFDC, it will be
decommissioned to the extent that the site is radiologically safe for the
general public. The surface environment will be restored to its original
state as far as possible and permanent markers will be left in place to
indicate the presence of the vault.

Post-Closure: Requirements and procedures for postclosure monitoring are
presently being formulated. No plans exist at the present for post-closure
retrievability. Predictive modelling for the disposal system has been
referred to in an earlier section.

7. Disposal Vault Concept: LILW

The Intrusion Resistant Underground Structure (IRUS) will be the first
facility in Canada for the permanent disposal of LILW. The prototype IRUS
will consist of three reinforced concrete in-ground modules, each of which
will be 30 m long, 20 m wide and 9 m deep. The site has been selected in a
free-draining sand deposit above the groundwater table in an area of
groundwater discharge at the site of the Chalk River Nuclear Laboratories.

Each module will have a capacity of 3 000 m3 of packaged waste in the form
of 200-L steel drums or compacted bales. Spaces between the waste packages
will be filled with sand.

During the operating phase, the IRUS will have a light building over it and
a crane for handling the waste packages. After the modules are filled this
structure will be removed, to be used elsewhere on similar facilities, and
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the IRUS will be covered with a concrete cap overlain by a 1.5-m layer of
sand and soil stabilized by vegetation.

8. Schedule

As noted earlier, the schedule calls for the review of the findings and
sK>/ recommendations of the concept assessment phase of the NFWHP to be

completed by 1993. No firm schedule exists for activities past that year.

9. Costs and Funding

The costs for the ten-year NFWMP are about $300 million. The present cost
estimate (in 1987 dollars) for all activities related to the UFDC is about
$9 billion. This estimate includes all costs for design, construction,
commissioning, operation and decommissioning of the facility, and it also
includes all associated costs. Funds for the NFVMP have been provided by
the Government of Canada and Ontario Hydro. Funds for the decommissioning
of power reactors and disposal of used fuel are being collected from their
customers by the utilities.

10. Exoerience/Status

Considerable experience has been accumulated in developing methodologies
for site selection and evaluation, underground experimentation, development
of engineered barriers and environmental -and safety assessment related to
used fuel disposal.

11. Quality Assurance

A quality assurance manual has been prepared for all activities related to
geologic and environmental studies. The UFDC conceptual study also

t j includes specific quality assurance procedures.
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Federal Republic of Germany

A. nr~Lrt£ gy

A. 1 Overall Waste Management Strategies and Systems

Spent fuel is stored at reactors for 1 - 10 years and
partly transported abroad for reprocessing. In the
futures, it will be transported by rail or truck either to
a central interim storage facilitiy, to the storage faci-
lity of the Wackersdorf-reprocessing plant and/or to a
spent fuel conditioning plant, depending on legal re-
quirements and on the availability of these installa-
tions. Transportation and interim storage is done in air-
cooled casks made on-nodular cast iron.

.High level waste from reprocessing and/or conditioned
spent fuel will be disposed of in a mined repository as
will be done with heat-generating intermediate level
waste, in salt dome at a depth of about 850 m.

Non heat-generating intermediate level waste and low
level waste (which amount to about 95 % of the total
waste by volume) will be disposed of preferably in the
Konrad repository (an-abandoned iron ore-mine) which is
in a licencing procedure since 1982. The disposal level
at Konrad will be about between-800 m and 1300 m.

A. 2 National Policy - Implementing Laws

The Atomic Energy Act of 1976 gives the responsibility
for disposal to the Federal Government with the Physika-
lisch-Technische Bundesanstalt (PTB) as the responsible
authority. All other waste management procedures, i. e.
spent fuel storage, reprocessing, waste conditioning and
waste interim storage is within the responsibility of the
waste producers.

The Federal States have to operate collecting depots for

0 * -
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radioactive waste originating especially from isotope

application in industry, research and medicine.

Public consultation is of major importance for the licen-

sing of fuel fabrication and reprocessing plants as well

as for the repositories. Radiological aspects are co-

vered by the Strahlenschutzverordnung (Radiation Protec-

tion Ordinance).

Spent fuel management strategy is still based upon a

decision taken by the heads of the Federal and State

Governments on September 28, 1979, and the subsequent

revision of the "Ordinance for the Provision to be made

for Spent Fuel Management" as of 1980. The latter leaves

the licences for construction and operation of nuclear

power plants to the proof of spent fuel management always

6 years in advance, and on progress in the realisation of

the waste management concept.

A. 3 Organisational Structure

The Bundesminister fur Umwelt, Naturschutz und Reaktor-

sicherheit (BMU, Federal Minister for Environment, Nature

Protection and Nuclear Safety) is the competent authority

for all aspects of spent fuel and radioactive waste

management, and is the supervisory body for the licensing

authorities in the Federal States. The Bundesminister fur

Forschung und Technologie (BMFT, Federal Minister for

Research and Technology) is responsible for research and

development of waste management techniques.

The Deutsche Gesellschaft fur Wiederaufarbeitung von

Kernbrennstoffen mbH (DWK, German Company for Reproces-

sing of Spent Fuel), a subsidiary of the 12 utilities

using nuclear power, is responsible on behalf of the

utilities for spent fuel management including interim

storage, reprocessing and HLW-vitrification. Subsidiaries

of DWK are operating the WAK pilot reprocessing plant,

the Gorleben interim storage facility and are construc-

ting the Wackersdorf reprocessing plant.

PTB, the Federal Institute for Science and Technology,

originally acting as the licensing authority for spent



tAT : !. I

- 3 -

fuel transportation-and storage, has been charged by the
Atomgesetz (Atomic Energy Act) of 1976- additionally as
the competent authority for construction and operation of
federal installations for the long-term storage and dis-
posal of radioactive waste, acting on behalf of the
Federal Government. In this respect, PTB is supervised by

the BMU but financed by the Bundesminister fOr Wirtschaft
(BMWi, Federal Minister for Economics).

The Deutsche Gesellschaft fOr Bau und Betrieb von Endla-
gern fOr Abfallstoffe mbE (DBE, German Company for Con-
struction and Operation of Repositories), among other
things, is constructing the repositories on behalf of
PTB. Shareholders of DBE are DWK, Noell, Saarberg Inter-
plan and IABG with 25 % each.

The Bundesanstalt fOr Geowissenschaften und Rohstoffe
(BGR, Federal Institute for Geosciences and Natural Re-
sources) is acting as PTB's consultant for geosciences.

The Asse Salt mine used as an underground laboratory in a
salt dome is run by GSF/IFT for-the BMFT.

The Federal States are the licencing and supervising
authorities for all nuclear installations, including the
repositories, but excluding spent fuel interim storage

facilities.

A. 4 Policy on Spent Fuel Management

The Federal Government is backing the construction of the
Wackersdorf reprocessing plant with a capacity of
350 t/year for the following reasons:

- The Atomic Energy Act of 1976 stipulates the reuse of
residual substances and thus upholds the principle of
reprocessing for spent fuel. This has been taken up
later by the heads of Federal and State Governments in
their decision of 1979, where they ask for the con-
struction of a reprocessing plant.
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- The results of a 5 years comparative study on direct

disposal versus reprocessing showed by the end of 1984,

that direct disposal does not offer decisive safety

advantages.

- Reprocessing of German spent fuel elements in foreign

European countries is actually an important step in

spent fuel management, but in the long term a national

facility will be necessary to assure an independent

waste management system.

- Renouncing reprocessing and relying solely on direct

disposal technology - which is not yet developped -

would endanger the licences for the operation of

nuclear power plants and is a violation to the Atomic

Energy Act.

Nevertheless, direct disposal technology is developped

to maturity, based upon a decision of the Federal

Government in January 1985. The aim of this development

is to demonstrate the feasibility of this technology

and its licensibility until the mid-9Oth in order to be

able to implement this alternative - if this should be

desired at that time - in the Gorleben licencing proce-

dure. However, from the present point of view, a modi-

fication of the Atomic Energy Act will be necessary to

realize this option.

A. 5 Overall Schedule

While several interim storage facilities for low level

waste are in operation at different sites, a central

interim storage facility for spent fuel is ready for

operation at Gorleben, but halted by court decision. A

second spent fuel interim storage facility at Ahaus and

the Wackersdorf reprocessing plant are actually under

construction. Finally, a pilot spent fuel conditioning

plant at Gorleben and the Konrad repository are in licen-

cing procedures, and, concerning the planned Gorleben

repository, the underground investigation of the salt

dome has begun.
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The overall schedule indicates the start of operation of

- the Konrad repository before the mid-nineties,
- the Wackersdorf reprocessing plant by the mid-nineties,
- the pilot spent fuel conditioning plant by the mid-

nineties,
- the Gorleben repository within a few years after the

year 2000.

A. 6 Total System Costs and Funding

All costs associated to radioactive waste and spent fuel
management are borne by the waste producers. The site-
specific costs for investigation and -construction of
repositories are-financed by the Federal Government but

reimbursed by waste producers on an annual basis.

Basic research and development work including - if neces-
sary - the construction of demonstration plants is finan-
ced by the Federal Minister for Research and Technology.
The annual 'budget in recent years varied between 1.108
and 2-108 DM and is concentrating on underground in-
vestigation, development and demonstration work in the
Asse salt mine and on safety research for the whole
nuclear fuel cycle.

Additional funds for research and develeopment work in
waste management are raised by PTB, the national research
centers and by industry.

A. 7 Quality Assurance Considerations

(see specific sections).

A. 8 International Cooperation

In addition to the international cooperation within
OECD/NEA and the European Community in the field of
waste management and disposal, the Federal Government
has bilateral agreements with the United States of
America with respect to waste management and disposal,
and with Switzerland with respect to research in the
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Grimsel hard rock repository. Additionally, the national

research centers have bilateral agreements on basic

research for waste management with different countries,

e. g. the Karlsruhe Nuclear Research Centre (KfK) and

JAERI of Japan.

B. StQrgggeSygte

B. 2 Requirements

The Federal Republic of Germany requires interim storage

capacities to cover the period until the start of opera-

tion of the Konrad and Gorleben repositories. Some of the

low acitve wastes resulting from the operation of nuclear

power plants are stored for an interim period in the

stores of the nuclear power plants, others in the Gorle-

ben interim storage facility. The existing capacities are

sufficient to cover the waste amounts expected within the

near future.

The nuclear power plants have to guarantee waste disposal

for six years. Apart from reprocessing via COGEMA/BNFL,

both the storage ponds of the nuclear power plants and

the Gorleben and Ahaus interim storage facilities are

included.

B. 3 Description

a. The Gorleben Storage Facility

The Gorleben storage facility consists of 2 storage

halls, i. e. the hall for low level conditioned waste

from the operation of nuclear power plants and the dry

storage hall for spent fuel elements in storage

flasks.

The capacities are

low level waste approx. 35,000 flask units

spent fuel elements 1,500 t HM with approx.

420 spaces for flasks.
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b. The Ahaus Storage Facility

The Ahaus spent fuel element storage facility is being
constructed near the border to the Netherlands and has
the same capacity as the Gorleben fuel element hall.

c. The Fuel Reception Store of the Wackersdorf Reproces-
sing Plant

The fuel reception-at the Wackersdorf reprocessing
plant serves -for the-interim storage of spent fuel
elements and for the assembling of batches with a
decay time of-7 years for reprocessing. Both uranium
fuel elements and recycled fuel elements are to be
stored. The store has a projected capacity of 1500 Mg
heavy -metal stored in flasks. The decay time of the
fuel elements-before acceptance in the fuel reception
store is at least on year.

B. 4 Schedule

Gorleben storage facility completed
Ahaus storage facility under construction,

completion approx. 1990

Wackersdorf store
- Beginning of construction March 1987

- Scheduled completion March 1991

B. 5 Cost and Funding

The costs resulting from -the construction of the facili-
ties will be allocated to the utility companies in accor-
dance with their- shares in the use of these storage
facilities.

B. 6 Experience/Status

In order to test the-dry storage of spent fuel elements
in flasks, extensive tests have been carried out. To do
so, several containers have been loaded with spent fuel
elements. Meanwhile, these tests have been completed, and
the feasibility of dry storage of spent fuel has thus
been verified. ...
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C. TranspQtt1QD.._5yftgM

C. 1 General Policy

Distinct regulations have been established for the trans-

port of spent fuel and radioactive waste within the

Federal Republic and for transport across borders. The

general policy for transporting spent fuel is the ship-

ment by rail. Exceptions are made for a few nuclear power

plants which have no rail connection. In all those cases

transport of spent fuel is carried out by truck shipment.

Radioactive waste being produced at various sites in the

Federal Republic should be preferably transported by

rail, too. As most of these sites are not connected to

the railway network, transport of radioactive waste must

be carried out by truck shipment.

The general policy for transporting spent fuel and ra-

dioactive waste is aiming at a minimization of shipments.

C. 2 Requirements

All requirements for transporting spent fuel and radio-

active waste are in complete conformity with the

existing international transport regulations. As far as

the traffic law regulations are concerned, the national

regulations correspond to the recommendations of the

International Atomic Energy Agency (IAEA, Regulations

for the Safe Transport of Radioactive Materials) as well

as to RID/ADR, IMO, ICAO and ADNR/ADR. Within the scope

of application of German law, the provisions of the

Atomgesetz (Atomic Energy Act) and the Strahlenschutz-

verordnung (Radiation Protection Ordinance) are also

applicable, these presupposing, among other things, that

the regulations of the traffic law are complied with.

The Atomic Energy Act and the related ordinances, e. g.

the Radiation Protection Ordinance and the Atomrecht-

liche Deckungsvorsorge-Verordnung (Ordinance Concerning

Financial Security Pursuant to the Atomic Energy Act),

comprise regulations which refer on the one hand to

. . .
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traffic law regulations and which on the other hand
define additional prescriptions and prerequisites, in
particular of the administrative type. Proof must be
furnished that

- the applicant, carrier and persons engaged in the
transport are reliable,

- the persons involved have the required technical know-
ledge,

- observance of the traffic law regulations is guaranteed
(this regulation links traffic law and atomic energy
law),,

- financial security is provided covering any legal lia-
bility to pay damages,

- the necessary protection against interference from
-third parties is ensured, and

- that the type, time and route of transport chosen does
not conflict with public interests.

A survey and comparison of the regulations issued under
traffic law and atomic law show that the two series of
laws supplement each other without being contradictory.
The regulations as a whole regulate the following as-
pects:

- safety during transport,

- liability in the case of accidents, and

- physical protection of radioactive substances.

C. 3 Description

For the shipment of spent fuel thick-walled transport
casks made of nodular cast iron are utilized (dry casks,
steel body, double containment, large capacity, standard
sizes and ancillary equipments). The design of such casks
is in compliance with the existing international recom-
mendations (type B(U) F). These casks.allow, depending on
the nuclear power plant's crane capacity and other limi-
ting factors, useful loads of more than 20 PWR fuel

elements.

The railway carriages which are used for the shipment of

spent fuel are normally equipped with a special enclo-
sure.
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Radioactive waste is delivered by rail or truck shipment

either directly or via a waste conditioning plant to an

interim storage facility. Various types of packaging are

used. In order to minimize the shipment of primary radio-

active waste, preference is given to mobile waste condi-

tioning facilities which enable the processing and packa-

ging on-site. It is anticipated that, in future, radioac-

tive waste will be condtioned using mobile facilities to

a far greater extent.

C. 4 Schedule

At present, spent fuel elements from German nuclear power

plants are shipped to the reprocessing companies COGEMA

in France and BNFL plc in Great Britain. Schedules for

transporting spent fuel are agreed upon between the uti-

lities and the reprocessing companies, e. g. according to

the respective operational necessities of a nuclear power

plant.

Future transport of spent fuel, according to present

plannings, will be carried out in the second half of the

nineties as well as just after the turn of the century:

- in 1997 the reprocessing plant in Wackersdorf will

start its operation;

- a few years after 2000 the start of operation of the

Gorleben repository is expected.

Radioactive waste is presently shipped to conditioning

facilities as well as to the collecting depots of the

Federal States, to the interim storage facilities in the

nuclear research centres or to the central interim sto-

rage facilities in Gorleben (Lower Saxony) and in Mitter-

teich (Bavaria). Schedules for transporting radioactive

waste are generally agreed upon between the waste produ-

cer, the freight company and the interim storage

facility.

Future transport of conditioned radioactive waste is

expected according to the following schedule:

. . .
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- Delivery of waste from-reprocessing of spent fuel ele-

ments from German nuclear power plants by COGEMA and
BNFL plc in 1993 and 1994, respectively.

- Shipment of waste packages to the;Konrad and Gorleben
repositories which will start their operation in the
first half of the nineties and a few years after 2000,
respectively.

C. 5 Costs and Funding

Transporting spent fuel and radioactive waste is consi-
dered as a normal industrial activity. The costs for
transporting are borne by the waste producers.

C. 6 Experience/Status

Spent fuel and radioactive waste have been transported in
the Federal Republic since the sixties. In addition,
*spent fuel and radioactive waste have been shipped

abroad, e. g.

- spent fuel from power-reactors to-reprocessing plants
in France and Great Britain as well as to interim
storage-facilities in Sweden;

- spent fuel from research reactors to the United States

of America;
- radioactive waste to conditioning plants in Belgium and

Sweden.

Many different types of packagings have been utilized for
shipment, e. g. type A and type B packagings according to
the IAEA recommendations. The most common packaging com-
prise transport casks made of nodular cast iron, 200
litre and 400 litre drums, cylindrical concrete packa-

-gings, cylindrical cast iron packagings and cuboid-shaped
containers made of sheet steel or reinforced normal and
heavy concrete. Containers made of cast iron are expected
to be used in future.
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C. 7 Safety Considerations

Being in charge of transporting spent fuel and radioac-

tive waste, the waste producers are responsible for ta-

king all necessary steps to assure operational safety and

performance.

In compliance with the underlying safety philosophy and

in view of the aim of establishing uniform regulations

for all carriers, the safety was made intrinsic to the

package itself (package = packaging with radioactive

content).

Three different means of achieving this were chosen:

1. Limitation of the radioactive content of non accident-

proof packagings (type A packages).

2. Prescriptions for substances of low specific activity,

the total activity of which has not so far been li-

mited. Here, too, non accident-proof packagings are

concerned, safety being guaranteed by the limited

specific activity.

3. No general limitation of the permissible content in

"accident-proof" packagings (type B(U) or Type B(M)

packages, "U" standing for unilateral and "M for

multilateral).

In the Federal Republic of Germany, the PTB is the autho-

rity responsible for the approval of packages. In accor-

dance with a directive of the Bundesminister far Verkehr

(Federal Minister of Transport) and in close cooperation

with the Bundesanstalt fur Materialforschung und -prufung

(Federal Institute for Materials Research and Testing),

within the scope of the approval procedure, the PTB tests

and assesses in particular compliance with the following

requirements:

- mechanical stability,

- thermal resistance,

- adequate shielding effect,
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- safe observance of subcriticality in the case of
nuclear fuel, and

- quality assurance measures during manufacture and ope-
ration.

The IAEA safety concept and consequently that of the
traffic law regulations are entirely based on the fact
that safety is guaranteed by the package. For this reason
transport licences are required only in particular cases,

e. g. for

- type B(M) packages,,,

- packages of the nuclear safety class III, and
- transports for which special precautions are taken.

The PTB is responsible for the granting of the transport
licences.

C. 8 Decommissioning Considerations

Decommissioning for the transport casks and any other
special facilities or equipment related to the transport
of spent fuel and radioactive waste is considered by the
companies involved as part of their responsability. How-
ever, decommissioning plans are still to be elaborated in
detail.

C. 9 Quality Assurance Considerations

The general quality -assurance requirements which are
complied with are in accordance with the.IAEA regulations
for the safe transport of radioactive materials.

D. Ds~-yteEl2QiQzE

D. 1 National Policy

Since the early sixties, the radioactive waste disposal
policy in the Federal.Republic has been based on the
decision that all kinds of radioactive waste are to be
disposed of in deep geological formations. Shallow land
burial is not practised in the Federal Republic because
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of a high population density, climatic conditions and

existing appropriate deep geological formations.

D. 2 Requirements

The objective of radioactive waste disposal in reposi-

tories is to ensure that waste is handled and stored in

such a way that the protection of man and the environment

from harm caused by the ionizing radiation of this waste

is guaranteed. The basic aspects which must be taken into

account to achieve this objective of disposal are com-

plied in the Sicherheitskriterien fur die Endlagerung

radioaktiver Abfalle (Safety Criteria for the Disposal of

Radioactive Waste in a Mine). The following criteria are

considered to be the most important ones:

- The objectives for the operation of ,a repository are

prescribed by the Atomgesetz (Atomic Energy Act) and

the Strahlenschutzverordnung (Radiation Protection Or-

dinance).

- The required safety of a repository constructed in

geological formations must be demonstrated by a site-

specific safety assessment which includes the respec-

tive geological situation, the technical concept of the

repository including its scheduled mode of operation

and the waste packages intended to be disposed of.

- In the post - operational phase, the radionuclides

which might reach the biosphere-via the water path as a

result of transport processes not completely excludable

must not lead to individual dose rates which exceed the

limiting values specified in par. 45 of the Radiation

Protection Ordinance (30 mrem/a concept).

To achieve the objective of disposal technical measures

and methods of procedure are to be adjusted to one an-

other, in particular the selection of the site, the

application of the multibarrier concept and the use of

state-of-the-art technology.
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In the abandoned Konrad iron ore mine, it is intended to

dispose of such radioactive waste which has a negligible
thermal influence upon the host rock. The Gorleben salt
dome is being investigated for its suitability for the
disposal of all kinds of solid and solidified radioactive
waste including especially the emplacement of heat-gene-

rating waste. Additionally, the discharge of tritium-
containing water from the reprocessing of spent fuel
elements into appropriate deep geological-formations is
under consideration.

D. 3 Regulations

The disposal of radioactive waste in a repository is in
particular governed by the following specific regula-
tions:

- Atomgesetz (Atomic Energy Act) of 1976,

- Strahlenschutzverordnung (Radiations Protection Ordi-
nance) of 1976,

- Bundesberggesetz (Federal Mining Act) of 1980,
- Sicherheitskriterien (Safety Criteria) of 1983.

The objectives for the operation of a repository are
prescribed by the Atomic Energy Act and the Radiation
Protection Ordinance.- The Safety Criteria specify the
measures to be taken in order to achieve the objective of
disposal and define the principles by which it must be
demonstrated that this objective-has been reached. The
Federal Mining Act regulates all aspects concerning the
operation of a disposal mine.

The Fourth Amendment of the Atomgesetz (Atomic Energy
Act)- entrusted the PTB in 1976 with the construction and
operation of -federal installations for the long-term
storage and disposal of radioactive waste (article 23
par. 1 no. 2 Atomic Energy Act). In the performance of
this task, the PTB has to file an application for the
initiation of a plan-approval procedure, i. e. a special
kind of a licensing procedure,-pursuant to article 9 b of
the Atomic Energy Act for the establishment of a reposi-
tory. It is the objective of the plan-approval procedure
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to examine a project which is important for the region

concerned, weighing and balancing the interests of the

body responsible for the project and public and private

interests affected by the planning in one procedure and

to reach a decision which is legally binding in relation

to third parties. The plan-approval procedure includes,

among other things, the participation of all authorities

concerned and a public consultation. The procedure is

terminated by the plan-approval decision.

The legal competences for the licensing of a repository

are regulated in such a way that two independent proce-

dures are to be performed: the procedure under atomic law

on the one hand and the procedure under mining law on the

other. Pursuant to the Federal Mining Act, the operation

of a repository necessitates an approval under mining

law, too.

D. 4 Site Selection

Radioactive waste is intended to be disposed of in the

planned Konrad and Gorleben repositories. The selection

of both sites was especially based

- on the use and evaluation of available data and infor-

mation on an existing iron ore mine (Konrad),

- on screening investigations using the available know-

ledge on salt domes performed on behalf of the State

Government of Lower Saxony (Gorleben).

D. 5 Underground Research

In the mid-sixties, a comprehensive research and deve-

lopement program for the disposal of radioactive waste

was initiated in the Federal Republic. In spring 1965,

the Federal Government purchased the abandoned Asse rock-

salt mine and transferred it to the Gesellschaft fur

Strahlen- und Umweltforschung mbH (GSF, Company for Ra-

diological and Environmental Research) as an underground

research centre. Since then, emplacement techniques were

tested in an industrial scale and basic research and

development work for the disposal of radioactive waste

. . .
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have been carried out in this mine. At present, the Asse
salt mine serves for carrying out those investigations
and obtaining those data which, among other things, are
necessary for planning the Gorleben repository as there
is no R & D work planned in this disposal mine.

As to the Konrad facility, the respective experiments to
understand its characteristics as a repository were per-

formed within comprehensive in situ-investigations and
tests. From 1976 to 1982 the GSF assisted by the Kern-
forschungszentrum Karlsruhe GmbE (KfK, Karlsruhe Nuclear
Research Centre) performed an investigation into the
Konrad mine's suitability for the disposal of radioactive
waste. In addition, detailed supplementary site investi-
gations within the Konrad plan-approval procedure have
been carried out since 1982 on behalf of the PTB.

D. 6 Repository Concepts
D. 6.1 The Planned Konrad Repository

D. 6.1.1 Description

The main feature of the technical design of the planned
Konrad repository is that the mining activities will be
kept strictly separate from the disposal operations.

According to the safety criteria the number of shafts is

to be kept to a minimum, although at least two shafts are
necessary for transport, ventilation and safety reasons.
Consequently, the Konrad repository will be operated by
two shafts. The downcast ventilation shaft Konrad 1 is
planned to be used for the transport of the iron ore
excavated during the construction of the disposal rooms,
and -for the transport of equipment, material and manri-
ding. The upcast ventilation shaft Konrad 2 is planned to
be used for the transport of the waste packages to be
disposed of and the operating staff working at the shaft
bottom.

The sequence of jurassic strata between a depth of 800 m

and 1300 m dipping about 200 to the west and varying
thickness is available as emplacement formation. This
formation is already opened up by the mine working.
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The existing mine openings will not be used for the

emplacement of waste packages. The area south of shaft

Konrad 1 allows a repository cavity of about 1 mil-

lion m3. This part of the mine opening still to be driven

is subdivided into six emplacement fields. Each emplace-

ment field consists of several disposal rooms with a mean

cross section of 40 m2 and a length of up to 1000 m. The

roof of the disposal rooms is supported by rock bolts

with additional steel mesh.

D. 6.1.2 Waste Receipt and Handling

It is planned that the waste packages will be delivered

as transport units via rail or truck shipment. One trans-

port unit consists of one cuboid container or one pool

pallet loaded with up to three cylindrical waste packa-

ges. The permissible mass per transport unit is limited

to 20 Mg due to hoist cage capacity.

A buffer storage hall allows to decouple the waste pack-

age deliveries and the emplacement operations.

In the reloading hall the transport units are reloaded

with a bridge crane and placed upon a shaft conveyance

loading car. This loaded platform car is subsequently

transported to the radiation protection measuring instal-

lations where the entry control of the waste packages

takes place. The control unit consists of two elements, a

dose rate and a surface contamination monitor. In the

case of faults being detected, the PTB decides on the

further procedure, e. g. to have the waste packages re-

paired (minor faults) or to reject them (significant

faults). Provided that no significant faults are detected

in this examination of the waste packages, the shaft

conveyance loading car is then generally driven into the

shaft hall where it is loaded onto the hoist cage and

lowered to the shaft bottom at the 850 m level. After the

loading car's removal from the hoist cage, the transport

units are taken up by a rail-mounted straddle carrier and

placed onto a diesel-driven underground transporter. This

truck a prototype of which was recently developed serves

to convey the waste packages from the shaft bottom to the

designated disposal room.
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D. 6.1.3 Waste Package

The planned Konrad repository is only intended for ra-
dioactive waste with negligible heat generation. Waste
packages are in compliance with this requirement if the
thermal influence upon the host rock is less
than delta T = 3K. Only such waste packages are permitted
to be disposed of for which the quality control has
proved that they meet-the waste acceptance requirements.

The-non heat-generating radioactive waste intended to be
disposed of in the Konrad repository comprise the follo-
wing waste types (primary waste):

- liquids, concentrates and sludges,

_- ion-exchange resins,

- compressible and/or combustible materials,

- dimensionally stable solids,
- filters and multiple tube filters,

- ashes, powders and granules,

- scrap, insulating materials, rubble and contaminated
soil,

- other waste types.-

The radioactive waste is processed and packaged according
to its properties. For the purpose of immobilization, at
present, cement or concrete is used in most cases. Some
waste -such as that from reprocessing of spent fuel ele-
ments is embedded or solidified in bitumen. With the goal
of minimizing the waste volume in mind, new conditioning
techniques without immobilization have been developed
using cylindrical thick-walled cast iron containers as
packaging, e. g. for dewatered ion-exchange resins or
dried liquid concentrates, and using high-pressure com-
paction.

A standardization of the various types of packaging has
been necessary for operational requirements. The standar-
dization covers the external dimensions of the packagings
and the fittings for attachment. Consequently, for the
purpose of packaging three types of cylindrical concrete
packagings, three types of cylindrical cast iron packa-



- 20 -

gings and six types of cuboid packagings (containers)

should basically be used.

To reduce the operating personnel's exposure to radia-

tion, to increase the throughput and to simplify both

handling and emplacement, 200-litre and 400-litre drums

will not be accepted as single packages and must be

packaged into containers. Packagings which are used for

radioactive waste arising from the reprocessing of spent

fuel elements from German nuclear power plants in other

European countries may differ from the standardized

packagings.

D. 6.1.4 Emplacement

In order to emplace waste packages into the Konrad repo-

sitory, disposal rooms with a mean cross section of 40 m2

and a length of up to 1000 m will be driven using cutting

machines.

Each disposal room will be accessible via an approach of

at least 35 m in length and with a cross-section of about
25 m 2. There is niche positioned between the approach and

the disposal room. In this area, the stacking truck a

prototype of which was recently developed takes over the

transport unit from the underground transporter. For the

handling and stacking of cylindrical waste packages, the

stacking truck is equipped with forks, whereas lateral

spreaders are used for containers. In the disposal room

the forklift or the spreader removes the waste packages

and stocks them in the emplacement array. Empty pool

pallets are subsequently returned to the shaft bottom for

transportation to the surface.

It is planned to fill the disposal rooms with waste
packages in retreat working, the cylindrical packages

being emplaced horizontally and the containers vertically

on their base. The emplacement will be carried out in

campaigns, i. e. the disposal rooms will be filled by
sections with cylindrical and cuboid waste packages,

respectively.
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D. 6.1.5 Buffer, Backfill and Seals

After completion of the emplacement of.waste packages and
of the backfilling of remaining voids in the underground
facilities the two shafts will be backfilled and sealed.

According to the present planning, no use- of buffer
materials will be made.. As backfill material that will
be placed around the waste packages it is intendend to
use the material excavated during the construction of the
disposal rooms. Final details on the materials to be used
for sealing purposes, i. e. for individual disposal rooms
as well as for both shafts of the repository, are still
to be decided upon.

-D. 6.1.-6,-Temperatures and Pressures

Waste packages to be disposed of in the Konrad repository
must comply with the waste acceptance requirements, e. g.
their thermal influence upon the host rock must be less
than delta T = 3K. These requirements which will be obli-
gatory are defined in the plan-approval decision.

-In the emplacement levels in a depth between 800 m and
1300 m the temperature is about 50 OC and the pressure
corresponds to the respective lithostatic pressure.

D. 6.1.7 Radiation Protection and Safety Considerations

Pursuant to the safety criteria, the safety of the plan-
ned Konrad repository must be proved within the scope of
a site-specific safety assessment. On the basis of such
an assessment covering the overall geological and hydro-
geological situation, the technical concept of this faci-
lity including its scheduled mode of operation and the
waste packages to be disposed of, the PTB has demon-
strated the safety of the Konrad repository in the opera-
tional and post-operational phase. The. site-specific
safety assessment carried, out comprises the normal opera-
tion of the planned repository, assumed incidents, the
thermal influence upon the host rock, the criticality
safety and the long-term safety in the post-operational
phase.

* ..
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The results of a safety assessment have been converted

into both the design of the surface and underground

facilities of the planned Konrad repository and a system

of preliminary waste acceptance requirements which must

be fulfilled by the waste packages to be disposed of in

the Konrad mine. This system can be subdivided into

general safety related aspects and requirements on the

waste form, the packaging and the radionuclide inventory.

At present, these requirements are examined by the res-

ponsible licensing authority who may impose further obli-

gations. Final waste acceptance requirements will be

formulated at the end of the plan-approval procedure.

D. 6.1.8 Decommissioning

The Konrad repository will be decommissioned after the

operational phase. Parts of the underground facility,

e. g. disposal rooms filled with waste packages, will

already be shut down during the operational phase. The

decommissioning will be completed with the filling and

sealing of both shafts.

Filling and closing off the mine openings have as a goal

the increased stability by means of reduction of remai-

ning voids. These measures are the final contribution to

the long-term safety.

Detailed plannings for the decommissioning of the Konrad

repository are still to be carried out.

D. 6.1.9 Post-Closure

According to the safety criteria, procedures and methods

for the disposal of radioactive waste have to be applied

in which retrievability of the waste packages is not

necessary. In addition, the decommissiong of the Konrad

repository will have to be performed and monitored in

such a way that no particular control and monitoring

program is necessary in the post-operational phase.

A surface marker for the Konrad repository is not neces-

sary.
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Routinely performed, general environmental measurements
as well as topographic measurements will give information
on the radiology and the long-term thermo-mechanical
behavior of, e. g., the host rock and the overburden.

D. 6.2 The planned Gorleben repository

As the underground exploration of the Gorleben salt dome
is still to be carried out, the existing conceptual
design of the repository depends on model assumptions.
Thus, it will be necessary to adapt the final layout of
this disposal mine at the end of the underground investi-
gations.

The planned Gorleben repository is designed according to
'general salt mining experiences. The driving of drifts,
galleries and disposal -rooms is to be performed with
techniques identical to those currently used in salt and
potash mining operations. Only well-tried and proven
mining methods as well as state-of-the-art technology are
to be used. The main objective is to optimize safety
aspects versus other repository requirements.

The preliminary design of this repository is based on the
following boundary conditions:

- Strict separation between mining activities and em-
placement operations, e. g. separate galleries for the

- transport of excavated salt and waste packages to be
disposed of.

- Operation of the repository by two shafts the function
of which is identical to these of the planned Konrad
repository.

- Maximum utilization of the rock salt volume and the
volume of disposal rooms and boreholes.

- Short waste package handling, transport and emplacement
times.

According to the present planning a one-floor disposal
mine at a depth of about 870 m has been planned. It will
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be accessible by two shafts which are located in the

centre of the mined areas. Their distance is about 500 m;

no waste packages will be disposed of within a safety

pillar of 300 m around them. The underground exploration

of the salt dome's interior will be performed about 30 m

above the later emplacement level planned at a depth of

about 840 m; later on the exploration drifts are intended

to be used for ventilation purposes (return air).

with regard to the planned transport, handling and em-

placement concept for the Gorleben repository, a standar-

dization of packagings for spent fuel and radioactive

waste has been jointly carried out by the waste producers

and harmonized with the PTB. As in the case for the

planned Konrad repository, this standardization covers

the external dimensions of the packagings and the fit-

tings for attachment.

Radioactive waste with negligible heat generation is

planned to be disposed of in disposal rooms using the

stacking technique. The heat-generating radioactive waste

is planned to be disposed of in vertical boreholes about

300 m or even up to 600 m deep. This emplacement tech-

nique is a consequence of the probably more vertical

extension of the Halite body in the salt dome. In the

case of direct disposal of spent fuel, two possibilities

are discussed at present. On the one hand spent fuel

elements in thick-walled self-shielding casks are inten-

ded to be emplaced in galleries. On the other hand spent

fuel elements in specially designed packagings are inten-

ded to be emplaced in vertical boreholes.

The emplacement techniques to be used for the disposal of

heat-generating radioactive waste, e. g. the borehole

technique, have been investigated within comprehensive

R & D programs performed in the Asse salt mine.

In consideration of safety requirements, the emplacement

of waste packages will be done in retreat working from

the boundaries of the emplacement fields in direction to

the shafts. Backfilling, plugging and sealing of disposal

rooms, boreholes and emplacement fields is considered as
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one of- the most important engineered safety measures
(barriers).

Details on the design of the Gorleben repository and its

scheduled mode of operation are still to be planned after
the termination of the underground exploration.

D. 7 Schedule

The plan-approval procedure, i. e. the licensing proce-
dure, for the planned Konrad repository was started in
August 1982. In October 1986 a revised version of the
licensing documents as well as an abridged version were
forwarded to all the authorities involved in the licen-
sing procedure. At present, various scientific and tech-
nical aspects of the Kornad repository plannings are
being discussed in detail by the PTB and the licensing
authority. After the termination of the plan-approval
procedure and the reconstruction of the abandoned iron-
ore mine, the Konrad repository is expected to go into
operation up to the mid-nineties.

The aboveground investigation of the Gorleben site is
finished . A few years ago the underground exploration of
the salt dome's interior was started by sinking the two
shafts.. The termination of the underground investigations
and an evaluation of the Gorleben salt dome's suitability
for disposal of all kinds of radioactive waste may be
excepted about the mid-nineties. After the licensing
procedure and the construction of the disposal mine, the
Gorleben repository will probably start its operation a
few years after the turn of the century.

D. 8 Costs and Funding

The construction of federal installations for the long-
term storage and disposal of radioactive waste under
section 9a para. 3 Atomic Energy Act involves conside-
rable costs. Pursuant to section 21b Atomic Energy Act
these costs must be borne by the waste producers. To this
end, on April 28, 1982, the Verordnung Ober Voraus-
leistungen far die Einrichtung von Anlagen des Bundes zur
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Sicherstellung und zur Endlagerung radioaktiver Abfalle

(Ordinance on prepayments for the construction of fede-

ral installations for the long-term storage and disposal

of radioactive waste) was issued. On the basis of this
ordinance the PTB requires prepayments for the amounts to

be paid to cover the outlay necessary for the construc-

tion of these installations.

Prepayments may be required for requisite expenses in-

curred for

- research and development in connection with the plants,

- purchase of real estate and rights,

- planning,

- construction, extension and renovation.

The requisite outlay is determined according to the costs

actually incurred. Before the beginning of every calendar

year the planned work is disclosed and an estimate of

costs made. At the end of the calendar year the overall

requisite expenditure is determied and invoiced to the

waste producers.

The requisite outlay is apportioned as follows:

- 75,5 % to parties liable to prepayments, who, under

section 7 Atomic Energy Act, have been granted a li-

cence for a reprocessing plant for spent fuel elements

with a capacity of more than 50 tons/year, or who have

filed an application to this effect,

- 4 % to parties liable to prepayments, who, under sec-

tion 7 Atomic Energy Act, have been granted a licence

for a reprocessing plant for spent fuel elements with

a capacity of up to 50 tons/year,

- 17,5 % to parties liable to prepayments, who, under

section 7 Atomic Energy Act, have been granted a

licence for a plant for the fission of nuclear fuel

with a capacity of more than 200 megawatts,

. . .



- 27 -

- 3 % to parties liable to prepayments, who, under sec-
tion 7 Atomic Energy Act, section 6 or 9 Atomic Energy
Act or section 9 Radiation Protection Ordinance, have

been granted a licence.-

Since 1982, -on the basis of an invoice, the PTB has
required from the waste producers an annual reimbursement
of the requisite costs-which the Pederal Government has
incurred for work-pertaining to-the repository projects.
From 1977 to 1986, overall costs to the amount of
775 million Deutsche Mark -accrued.- Of this amount,
463.1 million Deutsche Mark was spent on the Gorleben
project, 281.5 million on the Konrad project, 0.1 million
Deutsche Mark on the tritium project and 30 million
Deutsche Mark as general expenses for all three projects.

D.'9 Experience/Status

In the Asse rock salt mine emplacement techniques have
been tested on an industrial scale and basic research and
development work for the disposal of radioactive waste

carried out.

From 1967 to 1978 a total amount of about 124 000 low-
level radioactive waste packages and about 1300
intermediate-level waste packages were disposed of in the
Asse salt mine. Por the packaging 200-litre drums, 400-
litre drums and cylindrical concrete packagings were
used.

According to the research and development programs
carried out in the Asse-salt mine, the most important
tests shall be outlined in the following:

- Development and-testing of the emplacement technique
for intermediate-level' waste of the upper activity
category are now in an acute stage of preparation. In a
large-scale technical experiment to be carried out from
1987 onwards, three 200 1 drums each, containing fines
as well as hulls and ends, and four canisters with

pebble bed reactor spent fuel are to be emplaced for a
period of approximately five years in the Asse salt

mine and to be retrieved after completion of the test.
. . .
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- The same applies to thirty high-level radioactive glass

blocks which are also to be emplaced in the Asse salt

mine for about five years within the scope of a large-

scale experiment from 1987 onwards. They will also be
removed from the Asse salt mine at the end of the

experiment. These glass blocks are being specially

prepared for the experiment by Battelle Pacific North-

west Laboratories in Hanford, USA, heat output and

radiation being produced solely by the use of the two

isotopes Sr-90 and Cs-137. Aim of the experiment in the

Asse salt mine is to test a complete transport and

handling system for vitrified high-level radioactive

waste.

- The thermo-mechanical behaviour of the host rock salt

is of great significance for the disposal of heat-

emitting high-level radioactive waste. Since 1968 so-

called temperature test fields have been and are in

operation in the Asse salt mine, the heat input into

the rock being simulated in situ by electrical heaters.

The results of the tests have shown that the thermal

conditions in the near- and far-field of a radioactive

waste repository can be described and precalculated

very accurately.

- Particular attention has been paid to the quantitative

recording of smallest amounts of water and gases pre-

sent in rock salt and to their release mechanisms in a

marked temperature field. This large-scale underground

test is part of the German-American cooperative con-

tract between the Bundesministerium fur Forschung und Tech-

nology (BMFT, Federal Ministery for Research and Tech-

nology) and the Department of Energy (DOE) and is being

carried out by the GSF and the Office of Nuclear Waste

Isolation (ONWI). It investigates the joint influence

of heat and radiation on salt for the first time. For

this purpose four Co-60 sources were emplaced in the

underground test field in December 1983.

D. 10 Quality Assurance Considerations

The PTB has developed and implemented a quality assurance

program which comprises all organizational and technical

. . .
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measures to assure the quality of the planned reposito-
ries, e. g. systems, components and machinery. The quali-
ty assurance manual describes the quality assurance
system of the PTB and defines general procedures to
ensure meeting of the repositories'performance objec-
tives.

Beside this program it is the purpose of an independent
quality control to check whether the waste acceptance
requirements are met by the waste packages to be disposed
of. The PTB has charged the Kernforschungsanlage JUlich
GmbH (KFA, JOlich Nuclear Research Establishment) with
the execution of the quality control of all waste pack-
ages prior to their shipment to the planned Konrad repo-
sitory. In accordance with this, the Produktkontrollstel-
le (PKS, Quality Control Group) was established in the
KFA.

The waste package quality control and the areas of res-

ponsibility of all those concerned are organized as fol-
lows:

- The-waste producers are responsible for the quality of
their waste packages. They must guarantee compliance
with the waste acceptance requirements by appropriate
technical, organizational and administrative measures
taken on their own responsibility.

- The PTB must ensure the observance of the waste accep-

tance requirements. This includes the supervision of
the PKS at the KFA and the repository operating compa-
ny. The PTB takes the necessary decisions if devia-
tions, defects or faults are detected.

- The PKS judges the observance of the waste acceptance
requirements by checking the documentation of the waste
producers, performing random tests on waste packages,
qualifying conditioning processes and examining quali-
fied processes by inspection.

- On behalf of the PTBr the repository operating company
performs the entry control of the waste packages in-
cluding checks on the shipping documents and especially

on the radiation protection requirements. ..
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When compliance with the waste acceptance requirements is

proved, a distinction is made between radioactive waste

which has already been conditioned and radioactive waste

which is to be conditioned in future.

- For conditioned radioactive waste, compliance with the

waste acceptance requirements is directly controlled by

checks on the basis of the documentation from the

respective waste producer and by subsequent sampling

inspections on the waste packages to be disposed of by

non-destructive and/or possibly also destructive test

methods. The sampling inspections may comprise visual

inspection, gamma scanning, neutron and dose rate

measurements and weighing. Concerning the destructive

test methods, opening of a waste package, visual in-

spection, testing of the compressive strenght, repre-

sentative sampling, e. 9. by drilling, and analytical

investigations of samples, are planned.

- For radioactive waste to be conditioned in future,

compliance with the waste acceptance requirements is

indirectly controlled by the qualification of conditio-

ning processes with inactive and active test runs and

subsequent inspections. The intention is to ensure

waste package quality primarily during radioactive

waste processing and packaging and to guarantee it by

qualified procedures by means of preliminary checks,

e. g. of the primary waste and the immobilization mate-

rial, imposing requirements on the equipment of the

process lines, process instrumentation, process control

and monitoring. Process qualifications to be carried

out for the various conditioning plants therefore serve

to ensure that only waste packages meeting the waste

acceptance requirements are produced. The waste condi-

tioning processes and plants must be qualified and, if

necessary, suitably redesigned to meet the requirements

derived from random samples taken from operation so

that subsequent inspections on the waste packages to be

disposed of can generally be dispensed with.

For reasons of practicability, i. e. to avoid non-de-

structive and destructive random tests on conditioned

. . .
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radioactive waste, the quality and compliance with the

waste acceptance requirements of the waste packages to be

disposed of should primarily be guaranteed by qualified

and well-instrumented conditioning processes.
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RADIOACTIVE WASTE MANAGEMENT IN FINLAND
(Status Overview August 1988)

A. GENERAL STRATEGY

1. Overall Waste Management Strategies and Systems

Nuclear energy has an important role in the Finnish energy system. In 1987, 36.6 per cent of
all electicit produced in Finland was generated by nuclear power. Four reactors, with a total
capacity of -2 300 MW., ar currently in operation. At Loviisa , there are two 440 MW, PWR-

nits and at Olkiluoto there are two 710 MW. BWR units.

The small size of the nuclear power progranmme is an important factor influencing spent fuel
management policy in Finland. Consequently, only limited resources are available for R&D
work and no fuil-scale demonstrations of spent fuel management solutions are feasible. The
fixed costs of an encapsulation facility and of a final repository will lead to relatively higher
waste management costs than within a larger system. Therefore, international co-operation on a
purely commercial basis or by means of international fuel cycle centres would be attractive for
small countries.

In connection with the purchase of two WER440 reactors the Imatran Voimna Power Company
(VO) made contractual arrangements for the entire fuel cycle service from the USSR This
includes both the supply of the fresh fuel and the sending of spent fuel back to the supplier.

The Industrial Power Company (TVO) has opted for a diversification of its fresh fuel supply
services. The present strategy with the spent fuel is to store it and - in case that foreign
services for spent fuel management turn out to be unavailable or unattractive - to dispose of it
in a deep geologic repository in Finland beginning from 2020. The utility has not signed any
reprocessing contracts, as the reprocessing option is considered unreasonably expensive in the
present situation.

Furthermore, according to the governmental agreements applied, consents for reprocessing
would also be required from those who have participated in the supply of fuelling services. As
long as further utilization of plutonium or its international storage is not foreseen possible, it is
unlikely that all the necessary consents will be granted. However, as the fuel of the Loviisa
nuclear units does not fall under any other terms but those of one bilateral agreement, the
return of the irradiated fuel is possible.

Both nuclear power utilities depend on the foreign supply of uranium and its conversion,
enrichment and fabrication services.

The conditioning, storage and final disposal of low- and intermediate-level wastes from reactor
operation as well as waste from the decommissioning of nuclear facilities will take place in
Finland. As regards the disposal, the approach that has been adopted in Finland is to employ
the NPP sites for the locations of repositories for low- and intermediate-level waste as well.

2. National Policy/lmplementing Laws

The process of revising the nuclear energy legislation has been completed and the Nuclear
Energy Act and Decree came into force on the 1st of March in 1988. The new law brings
about an extensive modernilzation of the nuclear legislation and it also gives the Parliament the
final say on building new major nuclear installations. The role of the Parliament will be to
either accept as such or reject a finalized proposal. Th GoveMment has the oversight of the
earlier steps of the nuclear projects and-it Is also responsible for granting licenses for nuclear
installations.

The new law includes new and more detailed stipulations conceming nuclear waste
management. The utilities have the financial and operational responsibility for nuclear waste
management in Finland. Furthermore, annually the authorities give specific orders in connection
with the review of annual waste research programies or reports.
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The principles of the waste management policy are set in the Finnish Government's policy
decision of November 1983. As regards spent fuel management, the utility companies are
required to seek the use of international waste management services including final disposal. In
case this solution is not possible, the utilities must, however, prepare themselves for the final
disposal of spent fuel in the Finnish bedrock. The decision also set a target schedule which the
utilities should follow in their preparations for the final disposal of wastes. A national
programme has been compiled for the different activities relating to waste management in
Finland.

The operation licenses of the nuclear power plants are being reconsidered during 1988. Some of
the obligations in the licenses concerning waste management are then revised and in the same
connection some minor modifications to the schedule of the national waste management
programme are considered.

3. Organizational Structure

According to the basic principle concerning nuclear waste management in Finland, each
producer of nuclear waste is responsible for the safe handling and management of the waste as
well as for the financing of these operations. This responsibility includes disposal. No
governmental organizations are foreseen for waste management operations. The utilities are
obliged to levy funds for waste management during the operation of the nuclear power plants.

The main responsible authority concerning nuclear power is the Ministry of Trade and Industry
(KTM), which oversees and controls that the planning and implementation of any measures
belonging to nuclear waste management are carried out timely and in a proper manner. The
responsibility for the control of nuclear safety, including waste management, belongs to the
Finnish Centre for Radiation and Nuclear Safety (STUK).

Two commissions and the State Nuclear Waste Management Fund act as advisory bodies to the
authorities. The Nuclear Energy Commission gives support to KTM in preparation of matters
related to nuclear power production and the Nuclear Safety Commission acts as an advisory
body to STUK in major nuclear safety issues.

According to the Nuclear Energy Act it is required that KTM asks for the statements from
STUK and the Ministry of the Environment in matters which concern the construction or use of
nuclear facilities of marked general significance. All nuclear waste repositories and the facilities
for conditioning and storage of high-level nuclear wastes belong, among others, to these types
of facilities. Furthermore, the statements of the municipal councils of the local as well as
neighbouring communities to the planned facility are required. The local community has a veto-
right and its positive statement is an unconditional prerequisite for the Government's principal
decision to allow the construction of the planned facility.

4. Policy on Spent Fuel Management

According to the supply contract, IVO receives complete fuel elements from the Soviet
Atomenergoexport. Spent fuel is stored for five years at the reactor site before the transfer back
to the USSR. There will be no return of reprocessing wastes back to Finland.

As long as suitable foreign or co-operational international disposal solutions for high-level
wastes are not available, the utility TVO makes preparations for domestic spent fuel
management including disposal into the Finnish bedrock. No plans exist for reprocessing the
spent fuel from the TVO reactors. The planned long interim storage of spent fuel keeps both
the direct disposal and reprocessing options open. In practical planning the direct disposal of
spent fuel in the Finnish bedrock is presently regarded as the main strategy.

S. Overall Schedule

The main features and the time schedule of the waste management programme derived from the
Finnish Govemnment's policy decision of November 1983 are as follows:
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Spent fuel management:

-JIVO has contracted for return of its spent fuel to USSR after an interim storage of 5 years.

Based on the Government's policy decision TVO has launched a programme which aims at
carrying out the disposal of spent fuel in a deep geologic repository in Finland on the basis of
the following milestones:

* By the end of 1985, about 100 feasible investigation sites for spent fuel disposal were
proposed on the basis of geological and other relevant scientific information. By the same
date, the technical plans and safety assessments related to the disposal of spent fuel were
updated.

* M spent fuel interim store (KPA-store) at Olkiluoto was commissioned in September
1987. Until to be disposed of, the spent fuel from the TVO reactors will be stored in water
pools of this storage facility.

* In 1987, five sites were nominated for preliminary site investigations for potential locations
of a spent fuel repository. Investigations were commenced at all sites in 1987 and the deep
drillings were carried out at two sites in 1987 and continue at two more sites in 1988. On
the fifth location, which is the Olkiluoto power plant site, the deep drillings will be started
in 1989.

.* By the end of 1992 the preliminary -site investigations must be performed to single out the
two or three most appropriate sites for detailed investigations. By the same date, updated
technical plans and safety assessments for spent fuel disposal have to be reported.

* By 2000, detailed site investigations shall be carried out and one particular site be selected
and a technical disposal plan be drawn up so that the total disposal system fulfills the
safety and environmental protection requirements.

* By 2010, TVO shall be prepared to submit to the regulatory authorities the designs of the
repository and the encapsulation facility on the basis of which the construction licenses can
be granted.-

* The construction of the repository and the encapsulation plant is planned to be completed
by the year 2020 and after the approval of the final safety reports the facilities will be
operated until 2050. Thereafter, the post-operational closure would take place by the year

Reactor waste management:-

The low and intennediate level wastes from reactor operations will be disposed of in
underground repositories at the depth of 50 to 125 metres in bedrock at the power plant sites.
The two nuclear power companies are each preparing to build their own repositories.

In accordance with the programme, the preliminary safety analysis reports for the construction
of repositories for low- and intermediate-level reactor wastes were smbmitted to the authorities
at the end of 1986.

After the review of the plans by the regulatory authorities the construction permit for the
repository at the Olkiluoto plant was granted in March 1988. The decision based on the similar
review regarding the plans and time schedule of the repository for the Loviisa plant is awaited
later in 1988.

The repositories have to be ready for operation, if necessary, by the end of 1992.
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Decommissioning of nuclear power plants:

The wastes from the decommissioning of the reactors will be disposed of in underground
repositories co-located with the repositories for operational reactor wastes. Alternatively
activated metal wastes can be disposed of in a repository co-located with the repository for
spent fuel.

The utilities shall maintain decommissioning plans for the nuclear power plants. Updated plans
must be submitted to the authorities for review at five year intervals.

At the end of 1987, reports dealing with technical plans for the decommissioning of nuclear
power plants and the safety aspects of the management of the arising wastes were finished.

6. Total System Costs and Funding

The estimates for the total cost of nuclear waste management operations are 4300 million FIM
for TVO and 900 million FIM for IVO consisting of the following shares:

Cost in million FIM
TVO IVO

Spent Fuel Management 3286 33
Reactor Waste Management 102 76
Decommissioning 904 800

Total 4292 909

* Price level of 1211987

As regards the financing of future waste management operations, the utilities have been obliged
to set aside a certain amount of money each year to the State Nuclear Waste Management
Fund. For the outstanding liability, i.e. the estimated future costs, not yet covered by the
contributions paid into the fund, the licensee must furnish securities as a precaution against
insolvency. The administrative procedures are described in detail in the nuclear energy
legislation.

Corresponding to the status at the end of 1987 the cumulative fund contributions have been
confirmed as follows (1 FIM = 0.25 USD):

Industrial Power Company (TVO) 1240 million FIM

Inatran Voima Power Company (IVO) 295 million FIM.

For TVO the fund should cover spent fuel management and disposal costs as well as the cost
of the disposal of reactor waste and the decommissioning of nuclear installations. For IVO,
only the interim storage and transport operations of spent fuel after plant life-time are covered,
besides the costs of reactor waste disposal and decommissioning.

Expressed as the ratio to the total amount of electricity produced these figures correspond the
unit costs of 0.016 FIM/kWh (about 4 mills/kWh) for TVO and of 0.0052 F]M/kWh (about
1.3 mills/kWh) for IVO.

7. Quality Assurance Considerations

Quality Assurance measures are applied to nuclear waste management in a similar way as to
nuclear power generation. These measures have been regulated and approved by the authorities
and they cover or will cover systematically all stages of nuclear waste management from waste
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production, handling, storage, conditioning and transportation to final disposal. The high quality
of systems, equipment, structures and materials is confinred with a program of quality control
typical in nuc ear activities.

8. International Co-operation

In the field of nuclear waste management research there are many topics that are of common
interest to countries having the responsibility of taking care of nuclear wastes. For small
countries, like Finland, the possibilities for international co-operation are of great importance.

The representatives of the Finnish research institutes, authorities and utilities participate in the
waste management related co-operation within the OECD/NEA and IAEA. There is also co-
operative nuclear waste research between the Nordic countries. In addition, a co-operation
agreement between the CEC and Finland is expected to be signed shortly. Already now a
number of Finnish institutes participate in certain co-operative efforts of the CEC. The Finnish
utilities ('NO & IVO) have formal bilateral co-operation agreements with the SKB (Sweden)
and NAGRA (Switzerland)

Finland is also presently actively participating in the following international projects: the
OECD/NEA Stripa project, HYDROCOIN, BIOMOVS, PSACOIN, CHEMVAL, CoCo and
INTRAVAL.

B. STORAGE SYSTEM

1. National Policy

The national policy is based on storing spent fuel and nuclear wastes at the power plant sites
until they are transferred abroad or disposed of in Finland.

2. Requirements

The total amount of spent fuel from the Loviisa plant during its lifetime is about 850 tU. After
five years of storage the spent fuel is transported from Loviisa to the USSR. Thus, a storage
capacity of at least 170 tU is needed.

The total storage capacity requirement at the Olkiluoto plant is about 1 300 tU (based on 30
years' production). The interim store will have an estimated operating life of 60 years and the
estimated maximum storage time for an individual fuel assembly is 40 years.

The wet storage concept has been chosen mainly because of the extensive experience obtained
from that technique.

3. Description

At the Loviisa plant, there is storage capacity in water pools for about 300 tU. This capacity is
adequate for spent fuel accumulating during about ten -years' operation of the Loviisa plant.

At the Olkiluoto plant the spent fuel is initially cooled for a few years in the water pools in the
reactor buildings. The storage capacity of these pools is about 370 tU. Subsequently, the spent
fuel is transferred to a separate facility (KPA-store) for long-term storage. The facility is located
on the site and its modular designenables the gradual expansion of the capacity to meet the
requirements of storage space through the lifetime of the present reactors. Presently the storage
section contains three storage pools (400 tU/pool with high-capacity fuel racks). The pools are
13.5 m deep and have stainless-steel-cad walls of thick reinforced concrete. The pool bottoms
stand on bedrock and are 7 m below ground level.

At Loviisa, reactor wastes are stored in tanks (wet-wastes) and in storage rooms (solid wastes)
inside the plant. At Olkiluoto, reactor wastes are stored both inside the plant and in separate
concrete buildings.
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4. Schedule

To ensure the necessary capacity for 5 years' interim storage of spent fuel and the sufficient
reserve capacity, an additional water pool facility was commissioned at the Loviisa NPP site in
1984.

The interim storage facility for spent fuel at Olkiluoto was commissioned in 1987. The facility
is planned to be in operation until 2050.

5. Costs and Funding

The estimated cost of the interim storage for spent fuel at Olkiluoto is about 200 FIM/kgU
(about 50 USD/kgU).

6. Experience/Status

At the end of 1987 the total amount of spent fuel in the storage pools of the Loviisa plant was
about 140 tU.

At Olldluoto the amount of spent fuel in the pools was 325 tU at the end of 1987.

The accumulated reactor wastes amount to about 1000 m3 at Loviisa and to about 1500 m3 at
Olkiluoto by the end of 1987.

7. Safety Considerations

The general safety requirements for nuclear power plants including the interim storage of spent
fuel and reactor wastes will be issued by the Finnish Government in 1988. The more detailed
safety requirements applied in issuing licenses for the operating facilities are given in the
decisions and guides of STUK. The safety analysis reports for the storage of spent fuel and
reactor wastes have been included in the FSARs for the nuclear power plants.

So far, no major safety-related incidents associated with interim storage of spent fuel or reactor
waste have occurred.

8. Decommissioning Considerations

The interim storages inside the power plants will be decommissioned at the same time as the
plants themselves, but the KPA-store at Olkiluoto is planned to be decommissioned by the year
2055. The decommissioning wastes are planned to be disposed of in the same repositories as
the respective wastes from nuclear power plants.

C. TRANSPORTATION SYSTEM

In 1981... 1987 six transportations of spent fuel from Loviisa to the USSR have been performed.
Totally 96.5 tU of spent fuel has been shipped so far. In future 28 tU of spent fuel on an
average will be transported annually. Packages and the special train are leased from the USSR
for the transportation of spent fuel.

At Olkiluoto 40 - 60 tons of spent fuel is transferred annually from the storage pools inside the
reactor units to a separate storage facility at the NPP site. The transfer cask is of CASTOR-type
specially designed according to the specifications of TVO spent fuel.

As the reactor and decommissioning wastes are stored and most likely also disposed of on-site,
there is no need for very specialized transportation systems for these wastes.
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D. DISPOSAL SYSTEMS (REPOSITORIES)

Li. National Policy

Spentfuel

In default of any foreign contract for its spent fuel management, the utility -TVO makes
preparations for domestic spent fuel management including disposal into the Finnish bedrock.
According to current technical plans, the spent fuel will be stored in the water pools of the
interim store for about 40 years. After strage, the spent fuel will be encapsulated and finally
transferred to an underground repository at a depth of about 500 m in hard crystalline bedrock.

Reactor waste management

As regards the management of low- and intermediate-level reactor waste, the approach that has
been adopted in Finland is to employ-the reactor sites for the locations of repositories as well.
The repositories will be located in rock cavities specially excavated at the depth of about 50 to

2. Requirements

Spent fuel

The estimated amount of the spent fuel arising during the lifetime of the Olkiluoto reactors is
1270 tU.

Reactor and decommissioning waste

The expected total plant life-time amounts -(as packed) of different types of wastes employed in
the safety analyses are the following:

Utility Dry main- Solidified Decommissioning waste
tenance waste wet waste activated contaminated

TVO; Olldluoto 4300m 2600 nm' 3900 mn 16500 m'

IVO; Loviisa 1900 n? 7800 in3 4500 mn' 14300 in

3. Regulations

Reactor waste

The Government will decide on the general requirements on the safety of reactor waste disposal
-in 1988. More detailed requirements are given by the Finnish Centre for Radiation and Nuclear
Safety in it- decisions and guides.

Spentfuel

In the development of radiological and safety criteria for disposal systems of high-level wastes
the international efforts within the IAEA, ICRP 'and OECD/NEA are closely followed.
Furthermore there is close co-operation between the Nordic nuclear safety authorities in
developing joint recommendations and the national criteria for long-term safety of spent fuel
disposaL
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4. Site Selection

Low- and intermediate-level reactor waste

The nuclear power plant sites at Olkiluoto and Loviisa were chosen at the end of the 1970's as
candidate locations for repositories of low- and intermediate level reactor wastes. To confirm
that the bedrock at these sites possesses the sufficient characteristics to safely host a repository,
a comprehensive investigation programme has been carried out at both locations.

Spent fuel

The site selection for the TVO spent fuel repository includes the following stages:

- in 1983 selection of 327 regional bedrock blocks as a result of generic review of bedrock
maps and data,

- in 1985 selection of 102 possibly suitable areas; 17 of these were later discarded by the
Ministry of the Environment,

- in 1987 choice of five areas for preliminary site investigations. Before this choice the
Finnish Centre for Radiation and Nuclear Safety made a general review on the site
screening process and gave some recommendations for further site selection,

- in 1987 the deep drillings were started at two sites, Kuhmo (granitegneiss) and Hyrynsalmi
(granite). Drillings at two further sites, Sievi and Konginrkangas (both granites) are
performed during 1988 and at Olkiluoto NPP area in Eurajoki (migmatite) during 1989,

- by 1992 the preliminary investigations will be completed and 2 or 3 most appropriate sites
selected for detailed investigations,

- in 2000 the site for final disposal is planned to be selected.

Agreements have been reached with the landowners about the investigations. The construction
of the final repository will require approval from the local council. Cooperation between the
local authorities and TVO is, however, favourable right from the investigation stage. Issues
affecting all parties are discussed by special groups set up to promote cooperation. TVO has
also established local offices for the duration of the investigations.

5. Underground Research

There is no underground research laboratory in Finland and there are no plans to establish such
a facility in future. Finland is participating in the OECD/NEA Stripa project. The field works
for the investigation of the site candidates for a repository of spent fuel are presently under way
at five locations (see previous section). Some experimental underground research may also be
performed in the repository for reactor wastes at Olkiluoto during and after the excavation
works.

6. Repository Concepts

Reactor waste disposal

The repositories for low- and intermediate level reactor waste will be excavated at a depth of
50 to 120 m in the bedrock of the two Finnish nuclear power plant sites, Loviisa and Olkiluoto.
After approval of the safety reports, the construction of the repository at Olkiluoto was started
in April 1988. According to the proposed plan of the utility (IVO), the construction of the
repository at the Loviisa NPP will start later, earliest during the first half of the 1990's. In both
cases provisions will be made for a later enlargement of the repository to provide disposal
space also for decommissioning waste.

The designs of the Olkiluoto and Loviisa repositories are somewhat different mainly because of
the local geological conditions. At Olkiluoto the host rock massive favours vertical silo-type
caverns, whereas at Loviisa horizontal tunnels are more suitable.

At the Olkiluoto site the bedrock consists of an intact tonalite massive surrounded by more
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fractured micagneiss. Groundwater of the site is of fresh or brackish type with no great
variations in salinity.

In We Olkiluoto repository two -separate silos will be constructed at the depth of 70...100 m
from the ground surface, one for bituninized intermediate level wastes, the other for dry
maintenance waste. The diameter of the silos is 24 m and the height about 30 n. The silo for
maintenance waste is a rock silo with internal structure of concrete walls. The silo for bitu-

rinized waste consists of a thick-walled concrete silo inside the rock silo. No backfilling will
be used inside the concrete silo. The empty space between the concrete silo and the rock will
be filled for example with crushed rock.

The bedrock of the Lovuiisa site on the island of Hastholmen consists of rapakivi granite. The
groundwater on the island contains two zones of different salinity. The boundary between the
upper, lens-like zone of fresh, flowing- groundwater and the lower zone of saline, stagnant
groundwater lies in a fracture zone varying between -60 and -140 m. The repository will be
constructed at the level of approximately -120 m below the gently dipping fracture zone.
Accordingly, the repository will be situated in a zone of almost stagnant groundwater.

The repository will consist of a cavern for solidified (cemented) wet waste and tunnels for dry
maintenance waste. Dry maintenance waste is contained in ordinary steel drums and no
backfilling will be used in the disposal tunnels. For wet waste from the Loviisa power plant, a
cementation process has-been designed and licensed. In the disposal cavern for solidified waste
the engineered barriers consist of the conditioned waste itself, the reinforced concrete
containers, the concrete walls and fillings and a layer of crushed rock surrounding the pile of
the waste packages.

Safety considerations

The safety analyses for reactor waste disposal were performed by utilizing the scenario
technique. Scenarios were employed to cover potential unfavourable changes in the local
groundwater and biosphere conditions as well as the uncertainties in the performance of the
barriers.

The analyses indicate that the maximum individual doses fall well below the dose limit 0.1
mSv/a, adopted by the safety authority. The long-term collective doses were analysed to be a
few manSv at the most.

The safety reports were reviewed by the safety authority. Special attention was paid on
potential adverse effects, such as bitumen swelling, gas evolution and deterioration of concrete
structures e.g. due to sulphates. After the examination of the plans by the regulatory authorities
the construction permit for he repository at the Olkiluoto plant was granted in the beginning of
March 1988 and excavations were started in April 1988. The decision regarding the repository
for the Lovilsa plant is awaited later in 1988.

Spent fuel disposal

The planned disposal system is similar to the Swedish KBS-3 concept According to the
preliminary design, the encapsulatior plant is located above the final repository. Spent fuel is
planned to be encapsulated in copper canisters each containing 7 - 9 BWR fuel assemblies. The
spaces in the canisters are filled with either molten lead or lead shots. The canisters are
emplaced in boreholes drilled in the floors of tunnels which are constructed at a depth of about
500 m in crystalline rock of good quality. The repository has been designed for 900 canisters.
Due to the small amount of canisters one level of disposal tunnels is considered sufficient. The
annulus between the canister and the rock walls of the boreholes will be filled with highly
compacted bentonite. During closure the tunnels will be backfilled with a mixture of sand and
bentonite.
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Safety considerations

In 1985, a safety assessment for the disposal of TVO's spent fuel was completed. The analyses
were based on several scenarios to describe the anticipated conditions, defects in technical
barriers, potential unfavourable geologic or biospheric changes and disruptive events, such as
faulting and human intrusion. The probabilities of the disruptive events were considered in the
analyses.

The analyses resulted in a wide range of individual doses depending on the scenarios and the
recipients considered. The scenario assuming unfavourable geochemical conditions was analysed
to be the most critical one. The most sensitive recipient was, as expected, the well pathway, ie.
the use of groundwater originating from a borehole well.

None of the scenarios analysed resulted in higher individual dose rates (or in the case of
disruptive events, the expectation value of dose rate) than the dose limit 0.1 mSv/a, adopted by
the safety authority for the review of the safety assessments. The long-term release rate of
radioactive substances into the biosphere was also well below the criterion adopted by the
safety authority for the review. Consequently, the Finnish Centre for Radiation and Nuclear
Safety took in its review a provisorily positive position in regard to the safety of the proposed
disposal concept.

Disposal of decommissioning and activated metal wastes

The operating licenses of the Finnish nuclear power plants require that updated plans for
decommissioning are presented to the authorities every fifth year. The most recent plans
presented in December 1987 include comprehensive safety analyses of the final disposal of the
wastes. The disposal plans for the decommissioning wastes are based on co-location of
necessary repository caverns with the repositories to be constructed for low and intermediate
level reactor waste. In addition, influence of constructing the repository of activated waste deep
in the bedrock beside a planned repository for spent fuel has been studied.

For the Loviisa nuclear power plant a new detailed decommissioning and disposal plan has
been developed. The reactor vessels (each about 215 tons) will be transferred in one piece into
the repository to be constructed at a depth of about 100 meters in the bedrock at the power
plant site. The reactor vessel internals are then emplaced inside the vessels. The vessels are
filled with concrete and surrounded with appropriate engineered barriers. Steam generators and
pressurizers will also be disposed of as uncutted. Other decommissioning wastes will be cutted
into smaller pieces and emplaced in concrete or wooden containers.

Regarding the Olkiluoto nuclear power plant, the present plans are based on disposing of
decommissioning wastes in two silos and activated metal waste, including fuel channels, in a
cavern. The silos and the cavem are planned to be co-located with the reactor waste repository
at the depth of 50...90 meters. As an alternative, disposal of metal waste in a deep cavern co-
located with a planned spent fuel repository has been evaluated.

Safety considerations

In the safety analyses similar approach as for low and inter-mediate level reactor wastes was
followed. All repositories have been analyzed by using both conservative and realistic scenarios.
The analyses resulted in maximum individual dose rates between 1r' and 10' Sv/a depending
on the scenarios and recipients considered. The 10 000 a collective dose commitments were
analysed to be less than 1 manSv.

In its review the safety authority concluded that the disposal of decommissioning wastes and
activated metal wastes into the bedrock of the NPP sites probably is feasible. The technical
concept for the disposal, however, deserves further consideration.
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7. Schedule (cf. section A.5.)

'8. Costs and Funding (cf. section A.6.)

9. Experience/Status

The construction of the repository for reactor wastes at O~liluoto was sted in April 1988.

10. Quality Assurance Considerations

The objective in the design and implementation of disposal shall be a high level of quality
which is commensurate to the safety significance of each object For this purpose, the applicant
shall in each case define the systems, components, structures and materials that are of essential
im~ortance to the operating period of the disposal or to long-term radiation safety and present
their design bases for approval To make sure that the design bases are fulfilled, the applicant
shall introdue a quality assurance program, one part of which is the quality control program.
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RADIOACTIVE WASTE MANAGEMENT SYSTEM IN FRANCE

A/ GENERAL STRATEGY :

1. Overall waste Management Strategy and system :

The current French nuclear capacity is 44 GWe, primarily PWR, and
expected to increase to 57.3 GWe in 1990 and 71 GWe by the year
2000. The nuclear industry is geared to a closed fuel cycle, with
reprocessing and use of the recovered plutonium in breeders and
light-water reactors. Spent fuel is stored first at the reactor
site then in a pool-type AFP facility at the reprocessing plant
until it is reprocessed.

All short-lived low and intermediate-level wastes are currently
being emplaced in engineered surface disposal facilities at the
La Manche.. site adjacent to the La Hague Plant near Cherbourg.
Capacity of the La Manche installation will be reached about
1991 . An additional site (Centre de stockage de l'Aube) is in the
construction stage at SOULAINES, in Central France, South East of
Paris. Commissioning should occur in 1991.

High-level waste is to be vitrified (by the AVM process in use at
the Marcoule Centre) and stored in a vault until the canisters
can be placed in a repository (a storage period of 30 years or
more is envisioned).

All long lived wastes i.e. TRU and HL glass are to be disposed of
by emplacement in a suitable deep geological formation. Four
types of formations are being investigated : salt, granite, clay
and shale.

A proposal for a site for an underground laboratory will be
submitted by June 1990 , with the intention of investigating
the potential of this site -to receive an actual long-lived waste
repository. Construction of this In -situ Validation Laboratory
should begin in 1990, the validation test being completed by
1996. If the site proves to be acceptable, the repository would
become operational at the beginning of the next century for TRU
and around the 2010s for HLW.

Long term radioactive waste management is, entrusted to the
National Agency, ANDRA, creathed within CEA in 1979.

2. National Policy/Implementing laws :

Waste management policy has been set out in the CEA report to
Government "General Radioactive Waste Management Program"
approved by-the government and made public on June 19, 1984.

. . .I . . .
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2. 1.

All "basic nuclear installations"* including waste storage and
disposal facilities are subject to :

a/ National environment protection laws, and regulations,
including the law on "the democratisation of public enquiries and
environment protection" dated July 12, 1983 with application
decrees of April 23 and 24, 1985 ;

b/ Specific regulations (decree of December 11, 1963 modified
April 24, 1985) governing their authorization and control
procedures.

c/ National laws and regulations governing man-at-work health
protection, and specifically the laws and decrees concerning the
protection of workers against "ionizing radiation". The latest of
which are the decree of October 2, 1986 (adapting legislation to
the Euratom Directive of 1980) and the Departmental Order of
September 30, 1987 confirming application of previous procedures
to the new legislation.

d/ Fundamental Safety Rules (RFS), which express basic safety
principles, procedures and technical specifications, are enacted.
The following concern radioactive waste management specifically:

RFS 1.2. Safety aims and design bases for surface
installations intended for the long term storage of short or
medium half-life solid radioactive waste, of low or medium
specific activity (revision 1 dated 19.6.1984).

RFS III.2.a. General rules applicable to the production, control,
processing, packaging and storage of various types of waste
resulting from pressurized water reactor fuel reprocessing
(24.9.1982).

RFS III.2.b. Special rules applicable to the production, control,
processing, packaging and storage of high activity vitrified
waste, resulting from pressurized water reactor fuel reprocessing
(12.11.1982).

RFS III.2.c. Special rules applicable to the production, control,
processing, packaging and storage of low or medium activity
bitumen-solidified waste, resulting from pressurized water
reactor fuel reprocessing (5.4.1984).

RFS III.2.d. Special rules applicable to the production, control,
processing, packaging and storage of cement-solidified waste
resulting from pressurized water reactor fuel reprocessing
(1.2.1985).

RFS III.2.e. Prerequisites for acceptance of packages of
encapsulated solid waste intended for surface storage
(31.10.1986).

_________________________________________________________________

* Installations where radioactive material is handled in
quantities above limits fixed by decree.

* */*...



I DEC. 1IS5
-3-

2.2.

4 -~ -Construction authorization is subject to approval of a safety
report and to a "Public Enquiry". This entails : 1. making
available to the wpublic, 1 in the area of the planned
installations, all necessary information concerning the project
including the environmental impact statement ; the places, length
of time, and conditions of -making this information available are
stipulated in the April 24 and 25, 1985 decrees ; 2. making at
the same time and in the same place registers available for the
public to set down in writing comments, reasons for opposition
and counter proposals. These can also be mailed direct to the
Enquiry Commission.

The Enquiry Commissar or Enquiry Commission is designated by the
local administrative Court (Prisident du Tribunal Administratif).
The Commission can request- supplementary information from the
licence applicant ; it can also request a -public information
meeting, subject to approval by the local government
representative (Prifet).

The Commission reports on the comments received after hearing
anyone it judges pertinent and useful to question and the
applicant if he (the applicant) so wishes.

The Commission report, conclusions, and recommendations, are sent
to the local Administrative Court to the applicant, the
Regulatory authorities and each of the local town councils (where
the enquiry took place) where there are made available to the
public for one year.

There are special stipulations where construction entails
pre-emption of land rights, which requires that the installation
be declared "of Public Utility".

2.3.

Operation licensing is subject to approval of the final
safety report and if relevant, radioactive gaseous and/or liquid
effluent release authorization, which entails approval of a
preliminary effluent release impact study.

3. Organisational Structure :

3.1.

The broad outline of waste management policy, -the national
rules, regulations and control, as well as the authorization and
licensing of nuclear installations, waste disposal site included,
are the responsability of the government. The main ministry
concerned is the Ministry responsible for Industry. A special
department of this Ministry, the SCSIN (Service Central de SOreti
des Installations Nucliaires) develops and enforces safety
regulations, issues construction permits and operating licenses,
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monitors operating safety for all "Basic Nuclear Installations",
including nuclear waste repositories.

All concerned ministries are consulted, a special role being
played by the Departments responsible for Health and Labor, with
a specialised service SCPRI (Service Central de Protection contre
les Rayonnements Ionisants), whose approval is compulsory before
effluent releases can be authorized. SCPRI monitors and controls
releases and monitors radioactivity in the environment apart from
its role in health protection proper, as concerns labor in
particular.

3.2.

Waste management proper is the responsibility of the waste
producer who usually performs all necessary operations to put the
waste into a form suitable for disposal (i.e. conforming to ANDRA
specifications see below) until it is handed over to ANDRA for
disposal. As stated above, ANDRA is responsible for long term
management. As such, ANDRA :

. sets the requirements which waste packages must fulfill to be
accepted for disposal, it is up to ANDRA to see that these
requirements conform to RFS and satisfies the safety authorities
and to ensure quality assurance and control (as concerns waste
forms, waste packages, waste disposal facilities, etc. ).

. plans disposal facilities and their financing according to
needs.

. selects, constructs, operates and closes waste disposal
facilities.

4. Policy on spent fuel management

Reprocessing of spent fuel in La Hague (enriched U) and Marcoule
(natural U) installations. FBR fuel has been reprocessed both at
La Hague and in the pilot plant at Marcoule.

5. Overall Schedule :

- Low Intermediate short lived waste

. Centre de Stockage de la Manche operating since 1969. Due for
closure in the 90ies,

Centre de Stockage de l'Aube now building due for
commissionning 1990.

.1..I. ..
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- Long lived waste :

* Selection of site of In situ Site Validation Laboratory
launched in 1987. Due to end 1989 with proposal of one site
-(salt, granite, shale or clay),

. 1990 : start construction of ISVL,

. Early 2000s : start up of TRU-disposal-facility,

. 2010 : start up of HL glass disposal facility.

6. Total system costs and funding :

R&D on general management systems and safety is conducted and funded by CEA.
Technology R&D (treatment and conditioning, engineered barriers) is
also mainly carried out and funded by CEA, with some contributions
from the European Ccmmunity, from waste producers such as COGEMA
and from ANDEA. Total waste R&D annual budaet aDDroximates
300 MFF in 1988. Other waste producers (mainly EDF) and the
industry carry out research in their own laboratories, as also do
various Universities and Institutes.

Work on geological disposal site investigation, ISVL, disposal
lay-out, etc. being the responsibility of ANDRA, and either
directly carried out or more often contracted -out by ANDRA, is
financed by the waste producers through ANDRA, which charges them
their share of the cost according to their future delivery
forecasts. 120 MFF were spent in 1987 - 250 MFF are expected for
1988. The present site investigation program is reckoned to reach
a total cost of 1 billion FF. Constructing and operating the ISVL
is expected to cost 1.5 billion FF.

Short-lived waste disposal is payed by the waste producer to
ANDRA on a cost- basis. Annual turn-over is of the order of 160
MFF. To this must be added the Centre de stockage de l'Aube
construction cost (1000 million FF), also shared between the
producers according to the disposal volume they have booked.

7. Quality assurance considerations :

ANDRA ensures that specific measures -are established to guarantee
the quality of radioactive waste packages received at all
disposal centers.

To achieve this goal, ANDRA has a quality assurance system based
on the performance of systematic management and control actions
throughout the cycle of operations ranging from waste production
and packaging in appropriate containers up to and including
long-term disposal. This system specifies the required quality,
together with the means to achieve and maintain it.

. . . I . . .
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All actions undertaken for this purpose comply with official
French requirements, particularly those set forth in the
ministerial order dated August 10, 1984.

8. International co-operation :

France being a member of IAEA, OECD and EEC, is actively involved
in their overall waste management activities and in many specific
cooperative R&D projects. Moreover, bilateral R&D cooperation
agreements have been signed with US DOE, Sweden, Switzerland,
Spain and cooperative projects are actively pursued.

B/ STORAGE SYSTEM

1. National Policy

Storage of spent fuel first at reactor site (approx I year) then
at reprocessing plant site (2 to 3 years).

Storage of radioactive waste

LLW no long storage. Conditioned waste is shipped to disposal
site as soon as possible.

TRU at production site awaiting availability of repository centralized
storage at Cadarache.

HLW: id.

2. Requirements

Same regulation
Installations.

and procedures as all Basic Nuclear

3. Description :

LWR spent fuel : Pool storage AR and La Hague.

FBR spent fuel : dry storage.

HLW : . liquid : High integrity storage tanks at La Hague (LW
fuel) and Marcoule (Nat U fuel),

. vitrified : air-cooled vault at Marcoule and La Hague.

TRU & LLW : Engineered halls.

... I . . .



4. Schedule

S-ent fuel storage pools at La Hague

-NPH : 2000 t U 1981
C : 2400 t U 1984-
D :2400 t U 1986
E :4000 t U 1988

Glass storage : AVM Storage at Marcoule ; two storage facilities
at La Hague, one for each vitrification plant, R7 and T7 ;
capacity of first module : 4500 cannisters (reprocessing of 800
t/year for 5 years) to be commissioned 1988.

5. Costs and funding :

The costs for intermediate storing spent fuel and radioactive
wastes on the reprocessing site of La Hague are included in the
global cost of reprocessing service within the limits of time of
intermediate storage described before.

6. Experience/status.:

Spent fuel : the first spent fuels have been- received at La
Hague site in 1973. So far the largest storage period for some
fuels has been approximately 10 years.

Radioactive wastes : the -eldest wastes (FP solutions, liquid
wastes, treatment slurries... ) are stored in tanks and vaults
since 1966.

7. Safety consideration

For all the different types of storage, safety reports are
submitted to the agreement of the French Safety Authorities
(SCSIN).

8. Decommissioning consideration :

General studies for- decommissioning the storage facilities are
presently being carried out.

9. Quality assurance consideration

Quality assurance is implemented in the form of the general
program of quality assurance of Reprocessing Branch of Cogema.

. . . I . . .
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C/ TRANSPORTATION SYSTEM

1. National Policy

There is no national policy as such in France for transporting
spent fuel or radioactive waste the industry is free to
undertake transports which might be needed provided that the
relevant regulations are met and necessary formalities are
fulfilled.

2. Requirements

A full set of regulations exists regarding transport of spent
fuel and radioactive waste, practically all of them modelled
upon IAEA recommendations as far as safety is concerned.

3. Descriptions :

Many different types of transport casks are utilized for
transporting radioactive materials, most of them being of French
design. Concerning more particularly spent fuel and LWRs fuel,
Cogema has elaborated a set of standards for the design of casks
serving the French reprocessing plants (dry casks, steel body,
double containment, large capacity, standard sizes and ancillary
equipments). Transport is made preferably by rail from power
plants situated in continental Europe and by ship from Japanese
plants, with road transports generally limited to short distances
between a nuclear site and a rail siding equipped for transfer
from truck to rail car.

Short-lived waste are transported to the Centre de stockage de la
Manche by either road vehicles, 23 t to 27 tonnes semi-trawlers
or standard rail cars (56 t), either equiped for containers or
canvas-covered for concrete blocks.

4. Schedule :

Schedules for transporting spent fuel are generally dictated by
commercial considerations between utilities and the reprocessor,
with the reprocessor being, as a rule, in charge of taking
delivery of the spent fuel at the power plant when required by
the utilities.

Schedules for transporting LLW are agreed upon between the waste
producer, the freight company, and ANDRA.

5. Costs and funding :

Transport of spent fuel and more generally of nuclear materials
is considered in France as a normal industrial activity
suppliers and customers agree upon transport prices on a case by
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case basis, prices being established in order to -allow the
transporter to recover its investments properly and to leave a
reasonable margin considering the normal contingencies met in
this particular field.

6. Experience and status :

Spent fuel are transported on a routine basis in France since
1966 (GCR fuel) and 1974 (LWR fuel). Up to 1987 some 14 800
tonnes of -uranium in spent--fuel have been transported from
various power plants around the world to La Hague and Marcoule
reprocessing plants in 4 100 different casks movements.

Short-lived waste have been transported in France for over 20
years. Each year an average of 30.000 m3 are the subject of :

2800 road transports (- 400.000 km),
550 rail transports (- 420.000 km).

7. Safety considerations :

Being in charge of transporting the spent fuel, the industry is
responsible for taking all necessary care to assure operational
safety, subject to the controls imposed by regulation and with
the necessary back-up from the relevant public bodies in case of
emergency or accidental-circumstances.

8. Decommissioning considerations :

Decommissioning is considered by the companies involved in the
transport activity as part of their responsability. The
experience is relatively limited as of today, however several
units, including casks in the range of 50 tonnes have already
been decommissioned, with part of the body and the material being
decontaminated for re-use and the rest being cut and conditionned
in a form suitable for disposal by ANDRA.

9. Quality assurance considerations

In accordance with the IAEA recommendations and in full
-compliance with the instructions of the French Ministry of
Industry, the transport- industry is aiming to generalize the
implementation of Quality Assurance Programmes for the transport
(design and operation), specially regarding spent fuel transport.

The freight companies working for ANDRA are submitted to a
qualification procedure within -the frame of the ANDRA quality
assurance program.
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D/ DISPOSAL SYSTEMS (Repositories)

1. National Policy :

No spent fuel disposal. See section A/ 1. and A/ 2. for waste
disposal policy.

2./3. Requirements - Regulations

a/ Low and intermediate level short-lived waste disposal in
engineered surface facility.

Ruled by above mentioned RFS 1.2. edicted June 19, 1984,
Major provisions :

°< content

,=content limit : 370 Bq.g (0.01 Ci/t) averaged over
the site.

I< content limit per package : 3.7 kBq.g (0.1 Ciut), can
reach, on a case by case basis, 18.5 kBq.g (0.5 Ci/t) for
individual packages.

Site selection criteria

Seismicity, geotechnical and tectonic stability,
hydrology (good knowledge of local hydrogeology, low water table,
dilution capacity of draining water system).

Intrinsic safety : soil radionuclide retention capacity.

', Long lived waste disposal

No rules yet issued. Report by Ad Hoc Commission on
technical criteria for underground disposal, made public November
1987, to be considered by safety authorities.

4. Site Selection :

4.1. Short-lived radioactive waste

To replace the Centre de la Manche which will be filled to
capacity ea:ly in the. 90ies, ANDRA has looked for another site.
Exploration of several areas in France ted to the selection. of
the Soulaines site. This site fits a model concept which was
defined in order to add to the engineered barrier safety syst-em.
It is made up of a small hill of filtrating sandy-clay material,
over a water-tight layer which isolates the water table. The
hydrological system is therefore simple to study and control.
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4.2. Long-lived radioactive waste-:

Considering the broad variety of possible host rocks in France,
.it has been decided to investigate the possibility of creating an
underground repository in -different rock types : sedimentary rock
such as clay or salt and hard rock such as granite or schists.

The possibility of having suitable sites in several host rocks
provides an interesting flexibility for the final choice. The
first step of the site selection process described in the
National Program was to compile a national inventory of the
possible sites, based on criteria among which the most important
were- : long-term stability, and favorable hydrogeologic sites
with very low permeability and good physico-chemical properties
such as nuclide retention. The national inventory was completed
at the end of 1983. About 30 zones covering the four main typical
geologic settings : clay, outcropping granite, schists, and salt,
were identified as possible locations for -a future- repository. In
some cases a combination of layers of the different materials
improves the isolation capacity of the site.

Among the 30 zones, a preselection was made of the most
-attractive ones on which further investigations had to be carried
out. -The second step now- in progress is field investigations to
confirm the choice of the preselected sites and to meet the
Government's requirement that a candidate location be nominated
for the In situ Site Validation Laboratory (ISVL) by the end of
1990. The kind of work performed naturally depends on the type of
geologic formations, but in every case it needs geophysical
measurements from the surface and several deep drillings with
core recovery. This second phase started in 1987 on four zones
covering all the different typical kinds of host rock.

5. Underground Research

After a. candidate site has been selected, construction of the In
Situ Underground Site Validation Laboratory will start. The
laboratory will be the main tool to complete the site selection
process by validating the site. Validation means that, with the
data collected during this phase, it will be possible to
demonstrate the technical- feasibility and the economics of the
repository, and to prepare a preliminary safety impact report to
show that the future repository's consequences for the
environment are acceptable.

To achieve this, it is necessary to explore in depth the whole
volume of rock involved in the repository construction and to
carry out in-situ experiments to confirm thermal and mechanical
behaviour of the host rock and to evaluate and model the
isolation capability of the whole system of barriers, including
backfilling material and the different layers of the geosphere.
Construction of the ISVL will probably spread over two years and
its implementation will last between two and three years. If the
program proceeds normally, site evaluation will be obtained
before the end of 1995.

. . . .. .
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Prior to the actual setting up of the ISVL, a sizable R&D program
has been underway (in situ and in laboratories) for some years in
order to improve understanding of basic hydrological and
geochemical mechanisms, and to develop instrumention and
methodology for the demonstration of long-term safety.

6. Repository concepts : (ANDRA)

6.1. Short-lived waste :

The experience acquired at the Centre de la Manche enabled ANDRA
to develop a disposal system which results in protecting the
waste packages both from weathering and human intrusion for the
length of time necessary for decay (< 300 years).

This system is ensured through the quality of the waste package,
that of engineered barriers which protect them from water, a
surveillance network and the quality of the site itself.

6.2. Long-lived waste

ANDRA has not yet decided on a disposal lay-out. The various
concepts which can be envisaged for the reception, handling, and
lowering of the packages, for the drifts or silos etc, are being
examined for various host rocks.

The economic consequences of these concepts, according to the
data collected during the exploratory phase, could be one of the
factors for site selection.

7. Schedules : see A.5

8. Costs and funding : see A.6

10. Quality assurance considerations.

According to the ministerial order dated August 1984, every
element concuring to the safety of a Basic Nuclear Installation,
is submitted to a Q.A. program.
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RADIOACTIVE WASTE'MANAGEMENT COMMITTEE

Preparation of Status Reports
on National Radioactive Vaste Management Programmes

At the RVMC's Eighteenth Session on 11-12 June 1987, the U.S. proposed
that the NEA coordinate a compilation of status reports describing, for each
NEA Member country with nuclear power, the national-high-level radioactive
waste management programme, including information on administrative and
regulatory aspects of these programmes. The NEA Secretariat subsequently
-convened a-small RVMC Consultant Group (see Annex 1) on 27-28 October 1987 to
discuss this proposal for an NEA initiative in detail, and to prepare

X recommendations for consideration by the RWMC. -The'Consultant Group
recommended-that such status reports be compiled as a set-of restricted NEA
documents, with the general objectives of describing the-basic elements of the
'radioactive waste management programmes in Member countries, and-of providing
concise, factual information for-use by national authorities in discussing
their own-strategies in light of the approaches taken in other countries [see
RVM/DOC(88)61. At its Nineteenth Session on 29-31 March 1988, the RVMC
formally agreed to the preparation and submission to the NEA Secretariat of-
individual status reports, to be compiled for the use of RVMC members as a
restricted'document.

Thirteen national status reports were received at the NEA in-the period
April-December 1988, one from each Member country with a-nuclear power
programme - Belgium, Canada, the Federal Republic of Germany, Finland, France,
Italy, Japan, the Netherlands, Spain, Sweden, Switzerland, the United Kingdom,
and the United States. These are appended to this cover note. In line with
the more detailed suggestions of the Consultant Group,'for the most part these
status reports address all waste types--and waste management systems, with
emphasis, however,-on repository systems and high-level waste and spent-fuel
management. Regulatory aspects, such as long-term safety criteria, are
included in the reports, as are strategies for site selection and
characterisation.

The Consultant Group suggested that the reports be prepared according
to a common format and, for this purpose, developed an annotated outline (see
oAnnex 2). It was recognised that the proposed format could lead to a degree
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of repetition and that some useful information might not be elicited in this
way. Therefore, flexibility was advocated in the use of the proposed format,
and it was considered that national authorities should use their own judgement
in preparing their contributions and in adapting the proposed format to their
own particular situations. Nonetheless, with a few notable exceptions, most
countries chose to adhere closely to the annotated outline.

It was not considered appropriate to edit the reports at this point,
and they have therefore been collated by the NEA Secretariat more or less in
the form they were received. The status reports are to be filed in modular
format using the specially prepared binders, with printed country dividers, to
be provided at the Twentieth Session of the RWMC. Hodularisation and the use
of a ring binder will enable modifications to individual status reports to be
made easily, without disruption to the other reports. To keep the status
reports current, it is considered that each report should be periodically
reviewed and revised as necessary by the respective RWMC member(s), perhaps
prior to every meeting of the RWHC, but definitely whenever there is a major
change in national radioactive waste management policies, programmes, or plans.

As discussed within the Consultant Group and at the Nineteenth Session
of the RWMC, the status reports are not intended for broad, public
distribution. They are to be considered as restricted documents, and control
of their distribution outside of the RVMC is solely the responsibility of RVMC
members, using their own judgement, and on the basis of their own requirements.

The Consultant Group also considered that comments from readers
from other countries would be important in determining the need for
clarification or supplements to various sections of the reports. It is
immediately clear that the extent of information provided in the different
reports varies tremendously. To a certain degree, such variation is justified
and can be attributed to the widely varying sizes of nuclear power programmes
in the thirteen Member countries, and the extent to which waste management
plans, regulations, and schedules have been clearly articulated in a national
context. It is equally clear, however, that gaps exist in several of the
reports, and it is considered that comments and questions from RWMC members
will be of great value in assisting national authorities to revise their
reports so as to make the entire series of reports more useful.

Committee members are asked to review and comment on the thirteen
enclosed status reports. Comments and questions concerning the information
presented by other countries should ideally be prepared in advance of the
meeting, and provided to the NEA Secretariat at the meeting. After the
meeting, comments and questions pertaining to each of the thirteen status
reports will be collated and addressed to the relevant Committee member for
consideration in revising the national report.

The Committee is also asked to consider the need for expanding the
series of reports to include the radioactive waste management programmes of
other NEA Member countries (these would obviously not be concerned with
high-level waste management), or the radioactive waste management programmes
of the international organisations most active in this field, such as the NEA,
the CEC, and the IAEA.

Finally, the Committee is invited to discuss this project as a whole,
and to agree to the general arrangements proposed in this note.
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ANNEX 2

ANNOTATED OUTLINE
WASTE MANAGEMENT SYSTEM DESCRIPTIONS

A. GENERAL STRATEGY

1. Overall Vaste Management Strategies and Systems

General strategy and system description for storage, transport, and
disposal of radioactive waste

2. National Policy/Implementing Laws

General policies, laws, and procedures pertinent to radioactive
waste management (including public consultation and safety)

3. Organisational Structure

. Regulatory and operational responsibilities

4. Policy on Spent Fuel Management

. In particular, specific policies related to fuel reprocessing

5. Overall Schedule

. Schedule for implementing waste management programme

6. Total System Costs and Funding

Expected costs and planned budgets for implementing waste management
programme

Source and management of funds for implementing waste management
programme

* R&D budgets and funding

7. Quality Assurance Considerations

Specific guidelines for implementing quality assurance requirements
(either in general or specific sections)

8. International Co-operation

Description of co-operative programmes with other countries, and a
listing of bilateral agreements
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B. STORAGE SYSTEM

1. National Policy

* National policy for storing spent fuel and radioactive waste

2. Requirements

* Selected requirements for storing spent fuel and radioactive waste

3. Description

* Description of facilities and location

4. Schedule

* Schedule for constructing or expanding storage facilities

5. Costs and Funding

* Expected costs and planned budget for storing spent fuel and
radioactive waste

* Source of funds for implementing storage plans

6. Experience/Status

Length of time spent fuel and radioactive waste have been stored and
type of facility

7. Safety Considerations -

* Description of plans to assure operational safety and performance

8. Decommissioning Considerations

* Description of plans made to decommission the storage facilities

9. Quality Assurance Considerations

Description of how the quality assurance programme for storage
is being implemented

C. TRANSPORTATION SYSTEM

1. National Policy

-General policy for transporting spent fuel and radioactive waste

2. Requirements

Selected requirements for transporting spent fuel and radioactive
waste
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3. Description

* Description of transport casks plus the major characteristics of
truck, rail, and ship transport

* Description of the methods for transferring spent fuel and
radioactive waste between facilities and the transport modes

4. Schedule

Schedule for transporting spent fuel and radioactive waste to
storage and disposal facilities

5. Costs and Funding

* Expected cost and planned budget for transporting spent fuel and
radioactive waste

* Source of funds for implementing transportation plans

6. Experience/Status

Length of time spent fuel and radioactive waste have been
transported and cask type

7. Safety Considerations

. Description of plans to assure operational safety and performance

8. Decommissioning Considerations

Description of plans made to decommission the transport casks and
any other special facilities or equipment related to the transport
of spent fuel and radioactive waste

9. Quality Assurance Considerations

Description of how the quality assurance programme related to
transportation is being implemented

D. DISPOSAL SYSTEMS (REPOSITORIES)

1. National Policy

National policy for disposal of spent fuel and radioactive waste in
a repository (including public consultation)

2. Requirements

Selected requirements for disposal of spent fuel and radioactive
waste
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3. Regulations

Specific regulations governing the disposal of spent fuel and
radioactive waste in a repository

4. Site Selection

* Approach and methods used for site selection

5. Underground Research

* Plans for constructing and using an underground research facility to
understand the characteristics of a future repository

6. Repository Concepts

* Description

* specific description of repository concept, with references

* Waste Receipt and Handling

* description of spent fuel and radioactive-waste handling methods
at the repository

* Waste Package

* description of the waste package

* Emplacement

* process of drilling emplacement holes and placing waste packages
inside, or of placing waste packages in prepared tunnels, silos,
caverns, etc.

* Buffer, Backfill, and Seals

* description of the buffer, backfill, and sealing materials that
will be placed around the waste packages, and in galleries and
tunnels

* Temperatures and Pressures

* designed internal and external temperatures and pressures of the
waste package

* Radiation Protection and Safety Considerations

* design goals for radiation protection for routine and nonroutine
events

* description of plans to assure operational and postoperational
safety and performance
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* Decommissioning

* shaft sealing technology and criteria
* decommissioning plans for the surface facilities of the

repository

* Postclosure

* requirements for monitoring and retrievability

7. Schedule

Expected schedule for site selection, underground research,
construction, operation, and decommissioning

8. Costs and Funding

* Cost estimates for equipment and labour for site selection,
research, construction, operation, and decommissioning

* Source of funds

9. Experience/Status

. Experience in underground research, construction, and operation

10. Quality Assurance Considerations

Description of how the quality assurance programme is being
implemented

K-,~
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RADIOACTIVE WASTE MANAGEMENT IN ITALY '

A/ GENERAL STRATEGY:

1. Overall Waste Management Strategies and System.

In Italy there ore the following nuclear power stations:

- three plants 0OI riret generation, Duial in vne earjy -oust
. LATINA, a 160 MWe gas cooled reactor, definitively shut down in

1987;
. GARIGLIANO, a 160 MWe boiling water reactor, -shut down in 1978
and due to be decommissioned;

. TRINO, a 270 MWe pressurized water reactor, expected to operate
into the '90s:

- the CAORSO plant, a 882 MWe EWR, in commercial operation since
1981. at present shut down and awaiting to resume operation;

- the MONTALTO DI CASTRO plant, two 1000 KWe BWR units, now under
construction and planned to enter operation in 1991-92.

Following the November is8/ rererenaum on nuclear energy ano rne
decision to delay the construction of nuclear power plants for a
period of five years, the National Energy Pln. is now being again
examined and is expected to be reformulated.

ENEL (National Electricity Board) has carried out the management of
its spent fuel up to now in a flexible manner; in some cases the
spent fuel has been reprocessed, in others it has been stored.

For the Magnox fuel from the Latina reactor ENEL has entered specific
contracts for reprocessing with UKAEA and ENFL. The latest contract

signea in L we.ii cover aa.L1 ne zuej. ciscraargeu uu wi4c eriu ui. uti

plant's life.

Faced with insufficient storage capacity at the Trino station in 1979
ENEL entered a new contract with BNFL for 20t of fuel; this contract
was subsequently extended to 90 t to have a buffer available, should
unforeseen problems in fuel storage arise.

A centralized interim storage (50-70 years) is foreseen for vitrified
HLW and spent fuel elements. According to the agreement, the Latina
Vitrified waste, coming back from BNFL (Sellafield) after fuel
rapracaesaLme,- weiI bke 4r-nseerr.led Sa Ibly at tho boegnninag of tho

* The situation here reported is referred to policy and activities in
course before the referendum (1987) consultation on nuclear
engagement In Italy. Heavy modifications could affect future lines on
this subjects.
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Different solutions have been and are being considered including

various types of dry storage facilities and storage casks.

High-level waite is to be vitrified and stored in a centralized

storage (an interim storage period of 50-70 years is envisaged).

All long lived wastes i.e. THU ana h glass are to as uaupuvwu uA ui

emplacement in a suitable deep geological formation. At this aim
investigations have been particularly devoted to clay formations.

With regard to low and intermediate level wastes, the technologies

involved in their treatment and conditioning have reached a

sufficient industrial maturity; on the contrary the caracteristics of

the final products are not sufficiently established because, at the

moment, the construction of a permanent centralized deposit is not

yet decided and a national site is not even chosen.

mt present asi sflOIrL-kjvu lvw said± wadscvu-lu.l nu.L.. 1...4 *5

be conditioned according to the appropriate standards, methodologies
and guidelines established by the Italian Directorate for Nuclear

Safety and Health Proteotion (DISP) (technical Guid. n. 26, 1987).

Concrete in particular is the envisaged conditioning matrix.

The industrial operator for treatment, condttioning and storage of

low level radioactive waste is NUCLECO S.p.a. (60% AGIP S.p.s. and

40% ENEA).

With regard to the storage, the saturation of the existing

otonohounco mnd th euapanainn nf vatm~imnlng, mrke the finding of

sites for permanent deposits of immediate importance.

At the moment the exigencies in the field of low-level radioactive

wastes, that involve actions of development, promotion and

demonstration, are:

- development of standards and methodologies in the field of final

product qualification and certification;

- acquisition of one or more sites for permanent storage.

2. National Policy/Implementing Laws

A fully orgmnic and ermvpr&hvniivft WrAntA Mangmafmnt National Poligy,

which includes all the regulations concerning treatment,

conditioning, transport, storage and disposal of all kinds of

radioactive wastes, is not available at the moment.
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Nevertheless a lot of specific and general regulations, concerning

all basic nuclear installations, transportation and handling of

radioactive wastee have been given by the authorities:

- DPR 185 (l964) Peaceful uses of nuclear energy
- Technical Guides (1*26) edited by DISP

-L- loCCQ (n1: ) Gnnn iloA lOnlli/Ar man NWr.PiaAM. oin

transportation).

The Directorate for Nuclear Safety and Health Protection CDISP) ENEA

Is the Ministry of Industry's technical agency for licensing

nuclear-related activities. In this rgarda, the Directorate reoeives

back-up from the- Technical Committee for Nuclear Safety and the

Safeguarding of Health from Ionizing Radiation.

3. Organizational structure

3.1 Regulatory responaibilities

Tho broad outline of wvats menajmment nnlrny the nat1ons ri~s,
regulations and control, as well as the authorization and licensing

of nuclear installetions, waste disposal site included, are

responsability of the government, in particular of the Ministry of

Industry (see per. 2).

3.2 Operationel responsibilities.

Bodies producing radioactive wastes carry the direct responsibility

for their safe management, - according to the Nuclear Regulatory Body

(ENEA-DISP) rules.
Recently, the Government has assigned ENEL (the Italian National

Electricity Board) the responsibility of handling, through the

conditioning stage, the LLW and ILW produced by nuclear electricity

generation.

At the same time, the Government designated ENEA (the Italian

Commission for R&D Activities on Nuclear and Alternative Tnergy

Sources) to handle low level radwastes coming from all sources other

than ENEL.

ENEA, Is responsible for ensuring that there is an adequate programme

of research on treatment and conditioning of radioactive wastes in

Itely.

Arbsn1- fvnnm the Rmfn. ntiher ortv1ut¶k F rndewr tha reangnoibility Qf

ENEA, are also:
* the treatment, conditioning and temporary storage of specific

radwaste produced in its own facilities:
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* the supply of its own facilities for the management of radwaste

coming from operators other than ENRL (the 30 called "non electric"

wastes);

4 the supply of scientific and technical service to other national

operators, in particular:

. ENKL, the National Electricity Board, under responsibility of

which lies the management of radwaste produced by nuclear power

plants;

. KNEA-DISP the National Nuclear Regulatory Body, which is

responsible for issuing regulations and ensuring controls ror tne

management of radwaste produced in Italy;

. NUCLECO, an ENIA-AGIP joint venture, which ensures the

collection, treatment conditioning and temporary storage Of low

and medium activity wastes produced by different operators.

A. Policy on spent fuel (cf par. 1)

5. and 6. Overall schedule and total system costs and funding.

There are, generally, no time limits and no economic previsions. In

dUa4 4k& opea..mau b and tho 4f rl n3ru1e+m Intet Mnn f'infling fnr t1hm

future, have to take into account the National Energy Plan adjustment

and, of course, the consequences of the referendum on Nuclear energy.

The most important consequence is that the present situation of the

Italian electronuclear programme has forced the national operators

to:

. suspend every action directed to realize a national reprocessing

plant;

. rely on foreing plants for reprocessing the limited quantities of
Magnox fuel from the LATINA reactor and LWR fuel from Trino and
Garigliano power stations;

* JUIWA LL= A .D LI.-. ._ .aLmL iLoLtiUSd Cual

• put into effect "the delayed reprocessing" for all other fuels;
. reducing the R&D activities on reprocessing.

7. Quality assurance considerations.

The Directorate for Nuclear Safety and Health Protection (DISP)
supervises matters concerning quality assurance. It supervises, in

particular, the process and the product certification and guarantes
the required quality of waste packages (long-term. disposal included).



- 7 DEC. 19DB 5

8. International co-operation

Italy is member of IAEA, OECD and CEE and is involved in most R&D

projeets and in some waste management activities. It is also member

of some bilateral R&D cooperation agreements (eg. Australia-ANSTO,

France - CEA, China - IAE, Belgium --CEN/BELGOPROCESS)

B/ STORAGE SYSTKE

1. Naticnal Policy

.1.1 Spent fuel

The greater part of the spent fuel is stored in cooling pools aside

to the power stations: only a emall- quantity is sent abroad for

reprocessing (Sellfield-U.K.). Both the vetrified and the spent fuel

elements coming from Italian Nuclear Power Plants (Chapter A par. 1)

should be stored in a centralized storage for a period of 50+70

years,

1.2 Radioactive Waste.

LLW! probably at production site, awaiting availability of a

disposal site..

T1RIM, HT.W* tt rv1w awAlti ns t~hn rri.nl 1zation of

a centralized facility for interim storage.

2. Requirements

Moot of regulations, procedures and characteristics must be defined

and approved (ct. chapter A par 1 and 2)

3. Description

There is not, at the moment, any facility for long or interim storage

of waste-products. ;

FOA-0hil1tv stnadirF rrhArdinr A modular drY atorage ftail;ty qdpable
of receiving the spent fuel arising from Italian nuclear reactors

have been carried out.
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An "away-from reactor (AFR)" interim storage facility (high-density

storage racks) was obtained by refurbishing of a former pool type

research reactor (Avogadro RS_1 located at Saluggia near Turin), when

it was shut down, defueled and partially decommissioned and

decontamin3tod.

re*asbility *tuftev are hb*ims ms4Av nn dry Attnraad casks. ba.@4 Qn

experience obtained form AGN1 transport cask manifacturing and

qualification.

This new type of container could be suitable for transport and

storage of LWR fuel (e.g. CAORSO) and for vitrified HLW.

Paragraohs 5, 6, 7, 8, 9: to be defined according to the new
National Energy Plan, when it will be approved.

C/ TRANSPORTATION SYSTEM

1. National Policy

OaR be undaealten aseanrding to tranoportation laws (cf. p. 2) and tn
the technical Guides edited by DISP (N. 5 and 6) in other words

transportation is always possible, provided that the relevant
regulations are met and necessary formalities are fulfilled

(responsabilities! Ministry of Industry, Ministry of transports and

DISP). There is no special national transportation system.

2. Requirements

Italian regulations and definitions are in full agreement with the

IAEA recomendations.

3. Descriptions

Only one cask for transporting irradiated fuel (AGN-1) has been
designed and realized in Italy; it is a cask utilized by ENEL
(National Electricity, Board) for internal transportation of

Irradiate fuel.

The transport of spent fuel elements abroad (Sellafield, U.K.) is
performed using a specially designed ship charged with standard
transport containers.
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R, SI8!r88L 81'SYEIs (KBP8a!t8n!3)

1. National Policy

The Interminiaterial Committee for Economic Planning (CIPE) assigned
_ f to ENI, ENEL and ENEA, the teak of finding suitable disposal sites

for high level and long lived -wastes. The Italian tendency is now
addressed towards a site placed on the continent. However ENEA
partecipates in NEA'8 and In other international programs aimed at
verifying the disposal potentiality of the oceanic bottoms.

At the moment, the general trend towards a national solution for the
M WaOUVe Ut AU'icma wCOLZ 2uzu-u ZLOLY LU 1.Lu. a WuLWLAlC OuLuluS& uA

its-territory.
Work has taken plcee from long time in Italy with the aim of finding
and defining in a short medium range the appropriate site to build a
deep repositoty for geological disposal of long, lived and high level
waste to be used by the year 2020.

ENEA is in charge of the collection, qualification and future custody
of low and medium activity wastes. With regard to this waste
categories the tendency is finding, qualifying and acquiring one or
more sites for permanent storage of waste in surficial or

* ~ ~ ~ ~ ~ ~ ~ ~~.4 Li-

2. Requirements

To be defined after a final political decision as a consequence of
the negative-results of referendum on the Italian nuclear engagement.
The quantities of spent fuel accumulated up to 193 -amount to 1.200
tonnes. The exercise till now conducted in the disposal studies was

based on a total installed power of .10.00 MWe. The amounts of low
level waste are of the order of 10.000-m

3. Regulations

See point A/2.

4. Site selection

The basic criteria for site selection and qualification, have been
the following:

- Reliable natural and tecnnological evidences of suitable geological
formations for the feasibility of the disposal;
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- wide margins for the optimization of geological disposal in terms
of costs and operative duties;

- good probabilities of finding conditions of confinement mainly
L acJ -pus, LUIc acljwlL*L1uai w LsaLL C&I LML £A J=0 p

- need to provide demonstration of realiability of the deposits and
their feasibility with the technological means available today.

Among the numerous geological formations with general characteristics
suitable for the disposal of radioactive waste, Italy has chosen
pliocenie-quaternaty clays.
The choice of argillaceous formations is motivated by their
widespread distribution on the Italian territory which facilitates
the finding of reliable solutions that conform with logistic needs.

For their intrinsic characteristics in terms of composition andI~~~~~~~~~~~~~
geochemistry, the clays make an excellent barrier against the
potential migration of the radionuclides from the deep deposits to
the biosphere.

In addition, owing to their geotechnical characteristics, -the clays
tend to adsorb the setsmo-tectonic stresses, to favour the
self-sealing of the holes and to make various configurations of the
deposits possible. RNEA has listed the argillaceous formations in
Italy generally considered to be suitable for waste deposits. Surface
investigations have been aimed at:

- miniaim inftri m i nI g ranhmin ra nis i
- determination of the geotechnical and heat elimination properties;
- definition of the techniques of construction and management of the

deposits.

Studies on natural evidences, which have undoubtely proved the
containment capacity of migratory processes inside clays, lead to
particularly interesting results. The following studies have been, in
particular, carried out on this subject:
- heat effects on clays;
- migration of waters and fluids along the faults and fractures;
- effectiveness of geochemical barriers.

5. Underground Research

A deep experimental laboratory (about 160 m underground) has been
excavated. Such laboratory, which is not an elimination site, is
devoted to research in geotechnical, geothermal and geochemistry
fields. Because of local opposition every activity is at the moment
suspended.
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6. Repository Conceptxs

On tho bcwtio nr% tlts nliitati till nnw twn Drg~ugtI g tj0,aite have

been hypotized:
_ deep tunnels;
- deep holes matriceBsetarting from the eurfsoe.

Thi laste option -seem6 to -be a better solution, (or the -Italian
eleotronuolear program because it does ncot need fixed infrastructures

(entering, service and sir shafts) whose dimension and structure are

indepesndent from the quantity of wastes to be disposed of. :

Due to the physical/territorial situation of Italyr the envisagsed

repository typology for lowb end mcedium waste ares

- surfioie1 repositories on permea~ble leyer4:
1.lwu Sha aul~ius s Ia mowmonhln fnnmitinn'

- below the surface or et limitced depths in saline formation

c ontained in impermeable formations. ;

Deposits of the first end second type are possible ovecr most of

Italy.,
The thlrd type oS repositories are possible in more limited numbers,

loes than 101 in few areas.=

The referene6 manufects for present disposal studies ere the

vitrified waite coming. fromn the spent fuel reprocessing. These

,'anufaets, held in a eteel container of 1.5 x 0.3 m, are kept for

40-SO years in storage for an initial temperature and radioactivity
cecay oesore cisposaL. A; tne UQLpMu Siw: X.I&q LuicMtL Mi ,D L1t..

vaste Ininufact should be about 4x10 Wt the surface temlperature about

100 eC, radioactivity 1.1 x 10~ Ci.

In the field of low level waste the embedding in eoncrete is the

envisaged conrditioning practice.

* . ~The research activities ai1med Et verifyingE the feasibility and

realliability of deep deposits are articulated in two distinct phases.

For mnediulm term programmes (fiveo to seven years) the followin8

objectives hay, been established:
- preliminary selection of two to three argillaceous basins 4uitable

La keuba Es.. d&epeaal Papoei*IwI^-

- a project, on a suitable site, for a first '"cold" dem~onstration

plant;
-~~~ ^ n increase ln the Italian participation in the international

research (or seabed disposal.

9
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In the long term, the following actions are forecasted:
1. Building and management of a "cold" deposit, as mentioned before.
2. Final choice of a site for a final deposit.
3. Construction and management on the site of a "hot" demonstration

facility.

8. Cost and Funding

Funding in assured by the State; being some of the activities

coordinated within the framework of the EEC R&D Programmes RNKA

receives financial support from the communitary source,

9. Rxperience/Status

- Site selection in clay. Exploitation of natural analogues to

dimostrate the long term isolation capacity of day.

- Experience on thermal experimentation.

- Modelling on thermal as well on mechanical behaviour of clay.

10. Quality Assurance Considerations.

By means of the comparison of the results obtained with activities

conducted elsewhere.

A large part of the work carried out by ENEA, except that directed to

site location, is indeed supported by the EEC and compared with

parallel research carried out in other member States.
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RADIOACTIVE WASTE MANAGEMENT IN JAPAN

A. General Strategy

1. Overall Waste Management Strategy and System

The nuclear power capacity of Japan is about 26CWe (result of 1986) and

prospected to augment to 53GKe in 2000. The spent fuel of light water

reactors is to be reprocessed, and we plan to use the plutonium recovered

from fast reactors and LRs in order to establish the nuclear fuel cycle.

The low level radioactive wastes generated from nuclear power plants or

other nuclear plants are planed to be mainly disposed of in shallow land,

after the treatments such as appropriate volume reduction and solidification.

High-level radioactive waste separated from spent fuel in reprocessing

facilities will be disposed of in accordance with the basic course, which

consists of solidification in stable form, followed by 30 to 50 years of

storage for cooling, and ultimate disposal in underground formation deeper

than several hundred meters.

The process of the formation diposal of the high level radioactive

wastes is composed of 'selection of effective formations' (first stage),

'selection of the candidate disposal sites' (second stage), 'demonstration

of the disposal technology at the candidate disposal sites' (third stage) and

'construction, operation and closure of disposal facilities' (forth stage).

At present, we are in the second stage, executing the research and

development aimed at consolidating the geological disposal technology, the

surveys to evaluate the appropriateness of such things as the geological

environment, and the selection of the candidate disposal site.

The govenment will actively pursue the group separation and the

transmutation of the high level radioactive wastes.

1
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And with regard to the wastes containing TRU elements, we will

appropriately classify them in order to establish the rational disposal

methods depending on the classification.

2. National Policy/inplementing

2.1. National Policy

The waste management policy is shown in Long term program for

development and utilization of nuclear energy', published by the Atomic

Energy Comission on July 22. 1987.

2.2. Safety Review System

The safety review for the construction of the facilities concerning

the waste management is to be done pursuant to the following procedure:

First of all, competent authorities review the application for the

construction, and consult Atomic Safety Commission. After the Commission

examines the affair and submits the findings to competent authorities.

they give the license to the constructors etc. The steps of authorizati

ons for design and construction method, and pre-operation inspections will

be followed.

In the case that radioactive waste management business is not the part

of any other nuclear operations, it should be under application of the law

concerning the waste management (treatment and storage) business and the

waste burial business. These provisions were established in May 1986 as a

part of 'The Law for the Regulation of Nuclear Source Material, Nuclear

Fuel Material and Reactors', and control licensing, construction and

operation of the facilities, and so on.

2
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3. Organizational Structures

As for the shallow land disposal of the low level radioactive wastes

generated from nuclear power plants etc., the government fulfills safety

studies, and establishes safety criteria and guidelines. The disposal is to

be carried out by private companies, and waste generating parties (utilities)

appropriately support these companies-in order that the disposal may be

realized.

With regard to the high level radioactive wastes,-Power Reactor and

Nuclear Fuel Development Corporation (PNC) will construct and operate the

vitrification facility and construct plants for'.storage of the vitrified

solids.

Japan Atomic Energy Research Institute (JAERI) will carry out research

on safety assessment of vitrified solids, and other related matters. The

obtained results will be reflected on the solidification process and other

activities to be carried out by the private reprocessing enterprises.

The PNC will play a role of leading organization in the implementation

of R&D aimed at consolidating the geological disposal technology in the

Second Stage, under proper work share between such organizations as JAERI.

the Geological Survey of Japan. *As for the surveys to evaluate the

appropriateness of such things as the geological environment. The selection

of the candidate disposal site is the ultimate target of the Second Stage

and will be in charge of the entity playing a leading role in the disposal

business, which will be designated by the government.

The government will assume the responsibility regarding the proper and

secure execution of the disposal of high level radioactive waste.

The research and development of-the disposal technology of the wastes

containing TRU elements is to be performed by PNC in collaboration with JAERI.

The organisation which will play the most active part in the disposal

3
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operations of wastes containing TRU elements is going to be determined.

4. Policy on Spent Fuel Management

The reprocessing of spent fuel and utilization of the plutonium and

recovered uranium are our basic policy.

The spent fuels generated in LWRs have been reprocessed in the Tokai

Plant of PNC and foreign reprocessing plants.

In future. to secure the reprocessing capacity corresponding to the

estimated amount of the spent fuel (at least about 11OOt/y in 2000. and more

than 2000t/y in 2030), the first private reprocessing plant (800t/y) planned

to be constructed at Rokkasho-mura in Aomori prefecture will start its

operation in the mid 1990's. and the technology development activities will

be pursued in view of operating the second private reprocessing plant in

about 2010.

5. Overall Schedule

1) Low Level Radioactive Wastes

-April 1988: application of license of the waste burial business by Japan

Nuclear Fuel Industry Co.,Ltd (Rokkasho-mura in Aomori

prefecture).

(now under licensing procedures)

-about 1991: the start-up of operation

-capacity in the application: 40000m'

(corresponding to 200.000 drums of 200 liter

-capacity based on the present plan: 200.000m (1 million drums).

-final capacity: 600.00Om3 (3 million drums)

4
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2) High Level Radioactive Wastes

(treatment/storage)

-about 1991: start of operation of the Tokai vitrification facility of

P NC.

-after 1990's: start of operation of the storage plant of vitrified wastes

of PNC.

-after 1990's: start of operation-of the 'returnable residue storage

facility of Japan Nuclear Fuel Service Co..Ltd.

-after 1990's: the vitrification facility of Japan Nuclear fuel Service

Co.,Ltd.

(Disposal)

First stage: selection of effcetive formations (completed)

Second stage: selection of the candidate site (research and development

activities are now being done)

Third stage:- demonstration of the disposal technology at the candidate

disposal sites.

Forth stage: construction, operation and closure of-the disposal

facilities.

Concrete disposal schedule is not yet determined.

6. Total -System Costs and 'Fu'nding

The cost of the burial business of the low level radioactive wastes

will be payed to Japan Nuclear Fuel Industr) Co.,Ltd by the utilities, but

the definite amount is now being estimated in the-frame of the basic

accounting of the licensing procedure.

The cost for disposal of high level radioactive wastes will be borne by

utilities that operate nuclear power-plants, because the generation of the

wastes is closely related with nuclear power generation.

5
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7. Quality Assurance Consideration

As for the quality assuarance of radioactive wastes, operation parties

have their working criteria based on national safety criteria.

8. International Cooperation

Japan. as a member country of IAEA and OECD, participates actively in

many of the international joint research and development projects concerning

the waste management (OECD/NEA Stripa Project, Alligator River Analogue

Project etc.).

B. Storage System

1. National Policy

The spent fuel is to be reprocessed. Before that, they are provisionaly

stored in the site of nuclear power plant for a certain period, and

furthermore stored in reprocessing plants, until they are reprocessed.

The radioactive wastes generated from reprocessing should be stored in

the storage facilities until the final disposal.

2. Requirements

The storage facilities for spent fuel and radioactive wastes are also

subject to the legislative regulation similar to those for other nuclear

facilities. The authorization for the design, construction method and safety

regulations are required for the construction and opera.ion of the storage

facility of the spent fuel and radioactive wastes.

3. Description

-LWR spent fuel: stored in the pools in nuclear power plants and reprocessing

plants.

6
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-Low level radioactive waste and TRU waste: stored in the storage facilities

in the site where they were

generated.

-High level radioactive liquid waste: stored in Tokai reprocessing plant.

4. Schedule

Japan Nuclear Fuel Services Co.,Ltd is planning to construct and

operate a storage pool for spent fuels in the site of the reprocessing plant

expected to be constructed at Rokkasho-murazsite in Aomori prefecture about

in the middle of 1990's.

As for the low level radioactive waste, besides the storage capacity in

the sites of nuclear power plants gradually expanded. Japan Nuclear Fuel

Industry Co.,Ltd is planning to construct a shallow land disposal facility

at Rokkasho-aura in Aomori prefecture (its operation is expected in about

1991).

5. Costs and Funding

The cost of storage of the spent fuel and radioactive waste is included

in the total cost of the nuclear facility to which the storage facility is

attached.

6; Experience and Status

Spent fuel: it should be reprocessed after the interim storage in the

nuclear power plant and in the reprocessing plant. I

Radioactive waste: for the present, all the radioactive wastes are stored

in the site where they are generated.

7
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7. Safety Considerations

The safety of the storage facility of spent fuel and radioactive wastes

is secured by the legislative technical criteria and security regulations.

8. Decommissioning Considerations

The decommissioning of the storage facilities in the sites of nuclear

power plants is studied in the frame of the decommissioning of reactors.

9. Quality Assurance Considerations

The quality assurance of a storage facily is ensured by the

authorizations for the construction and operation of the facility and the

inspections and other means executed by competent authorities and operating

organizations itself.

C. Transportation System

1. National Policy

In Japan, the transportation of nuclear fuels and others should by

secured under the Nuclear Reactors Requlatory Act and others.

2. Requirements

The owner of reactor and others must take the necessary steps provided

by law for the security of the transport of nuclear fuel materials.

The legislative technical criteria were established in conformity to

the technical criteria of IAEA.

3. Descriptions

As for the type of the transport vessels of spent fuel, utilized in

Japan are HZ-75T. EXCELLOX and TN.

8
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Every transport vessel must comply with the legislative technical

criteria-and design criteria of corresponding reprocessing facility.

4. Schedule

The schedule of transport of nuclear fuel material and others should be

in general determined among the operating parties.

5. Cost and Funding

The cost of the transport of the nuclear fuel material and others should

be fixed rationally among operating parties.

6. Experience/Status -

.e have practical experience of transporting spent fuels to the

reprocessing plant of PNC and to the foreign facilities of BNFL and COGEKA

under the reprocessing contracts.

7. Safety Consideration

The conformity with the legislative technical criteria (for example on

surface dose rite) should be confirmed before the execution of the transport

of the nuclear fuel matreial and others. In case of emergency, it is the

shipping party that bears the responsibility of taking action necessary to

maintain safety, under the direction of the authorities.

8. Decommissioning -

Japan has not-practical experience of decommissioning of transport

vessels.

9. Quality Assuarance Consideration

The transport vessel for spent fuel must be inspected and its use

-9'
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approved at the time of manufacture by the competent authorities.

These approved vessels are subject to the performance check by the

authorities at regular intervals for the renewal of the approval.

D. Disposal system (disposal facility)

1. National Policy

*As for the waste disposal policy, refer to A.1 and A.2.

2. Requirements

The basic guideline for the safety regulations of shallow land disposal

of low level radioactive wastes is shown in 'The basic guidline for the

safety regulation of shallow land disposal of the low level solid radioactive

wastes' (dated October 11. 1985) and 'The basic guideline for licensing of

radioactive waste burial facilities' (dated March 7. 1988).

The government will define the technical conditions required in

connection with the geological environment of the candidate disposal site,

and will carry out studies regarded as necessary in connection with disposal

facilities for smooth implementation of future plans leading to siting of

facilities.

3. Rules

With regard to low level radioactive wastes generated from nuclear

power plants, Ordinance for the Enforcement of 'the Law for the Regulation

of Nuclear Source Material, Nuclear Fuel Material and Reactors' fixed the

upper limits of nuclide concentration in the wastes which can be disposed of

in shallow land, in order to ensure that the individual exposure dose after

the control period (about 300 years) will be less than 1 mrem/y.

As for the high level radioactive wastes, any regulations have not been

1 0
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established.

4. Site Selection

For low level radioactive wastes generated from nuclear power plants,

the construction of burial facility at Rokkasho-mura in Aomori prefecture is

planned.

In the case of disposal of high level radioactive wastes, the reseach &

development aimed at consolidating to the geological disposal technology and

surveys to evaluate the appropriateness of such things as the geological

environment are being made to complete the final target of the Second Stage

('selection of the candidate disposal site') in national program.

5. Underground Laboratory

In the frame of the study of the high level radioactive waste disposal,

examinations and researches will be done for two rock types, crystalline and

sedimentary rocks, especially, in order to understand hydrology. Therefore,

underground laboratory for each rock type is considered to be necessary.

6. Conception of the Disposal Facility

Low level radioactive wastes: in the burial facility. the engineered

barrier (waste disposal package and artificial structure) and natural

barrier (soil and geologic formation) are combined appropriately to manage

the disposed wastes depending on their level of radioactivity.

High level radioactive wastes: They will be disposed of in accordance

with basic course, which consists of solidification in stable form, followed

by 30 to 50 years of storage for cooling and ultimate disposal in underground

formation deeper than several hundred meters.

11
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7. Schedule

Refer to A. 5.

8. Cost and Funds

Refer to A.6.

9. Quality Assuarance Consideration

In the field of the disposal of the low level radioactive wastes

generated from nuclear power plants. the inspection and other actions are to

be executed on facilities and wastes by the government.

K' O

1 2
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Radioactive waste

Handling all kinds of nuclear waste (including high-level waste)
is the responsibility of the national radioactive waste company,
COVRA. COVRA is an industrial company in which the State (10%) and
the producers (the two NPP's and ECN, 30X each) are shareholders.
The State's participation is approved by separate laws, which give
it the right to veto all major decisions. On thas basis COVRA is
in the process of setting up various financial and other
provisions for purchase of all radioactive waste produced in the
Netherlands.
Low- and medium-level waste is stored at the nuclear power plants
befor~e being transported to the COVRA facility at Petten. Licences
based on the Nuclear Energy Act were issued in accordance with NEA
rules, taking into account the procedures of the London Dumping
Convention. However, the dumping activities ceased for political
reasons and a policy of long-term interim storage (storage on land
for up to 100 years) was adopted. A study on interim storage of
spent fuel and high level waste was carried out to review back-end
options, which may be applicable in the Netherlands.

It was decided that all storage concepts considered must meet the
technical requirements as well as safety and environmental
standards if appropriate measures are taken regarding construction
and procedure.
On the basis of this report, and taking into account the need for
an interim storage facility,-it was decided that a central interim
storage facility, based on the vault concept, would be constructed
for all categories of radioactive waste which were considered. The
usual physical planning and environmental procedures are followed
for the siting and licensing of this plant. A preliminary
(site-independent) environmental impact assessment was completed
in 1985. In June 1986 COVRA decided to concentrate further
preparatory activities on a site near the Borssele nuclear power
plant. It is expected that COVRA wil submit its application for a
licence under the Nuclear Energy Act at the beginning of 1989. It
will be based on a predesign by XEMA in cooperation with COVRA
itself. At the same time a site-specific environmental impact
statement-will be submitted to the licensing authorities.
Construction is scheduled to begin after receipt of the licences
(second half 1989). It is therefore expected that storage facility
will be ready in time to receive the high-level waste to be
returned under the terms of the reprocessing contracts.
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Final disposal

Reaearch of the options for the disposal of radioactive waste has
been the responsibility of the integrated National Research
Programme - Nuclear Waste Policy Committee (ILONA) since 1981. The
research work undertaken by the Committee has concentrated on the
disposal of nuclear fission waste and spent fuel, for which two
disposal options have been broadly considered:

- onshore geological disposal;
- disposal in an international context, including sub seabed

disposal and disposal in saltdomes under the North Sea.

Of these options, ILONA has given research priority to onshore
geological disposal. This was because the North Sea saltdome
option would, for financial reasons, require international
cooperation that could probably not be achieved in the foreseeable
future. In order to investigate this several bilateral discussions
were held with neighbouring North Sea states. Consequently, the
research of this option was interrupted. As to sub-seabed
disposal, the Netherlands is a member of the NEA Seabed Working
Group (SGW). In this international context a feasibility study is
carried out into the technical and environmental aspects of
disposal of high-level radioactive waste under the seabed. The
Netherlands actively participated in several SWG Task Groups,
notably the Site Selection Task Group.

Within ILONA, the onshore geological disposal option is the
responsibility of the OPLA (Onshore Disposal) Committee. The
Committee published a technical and scientific report at the end
of 1984. In this report it is concluded that the
results of the research carried out both in the Netherlands and
abroad justify the supposition that safe disposal of radioactive
wate in the deep subsurface is feasible. Furthermore the Committee
found it necessary to investigate to what extent the geological
and geohydrological conditions in the Netherlands would allow the
option to be utilized. The Committee came to the following
conclusions:

(i) Of the three types of host rock considered (rock salt,
clay and metomorphic rock) rock salt is the most
suitable for further study. The reasons are:
- the favourable properties of rock salt for the

disposal of radioactive waste, such as its creep
behaviour, good thermal conductivity and
exeptionally low porosity and permeability.

- the structure and composition of the subsurface in
the Netherlands.

- the mining engineering design of disposal in rock
salt can be based on existing techniques and
experience.



; 7 OCT. 196a

I

3

(ii) Further research on rock salt is desirable.

(iii) On the basis of an integral safety analysis the disposal
concept will have to be assessed in relation to
radiological criteria.

In February 1985 the
expert team of NEA's
Committee, the first

OPLA-programme was reviewed by an
Radioactive Waste Management
occasion on which this was done.

As part of the rock salt programme the Netherlands is
cooperating with the Federal Republic in the in situ
test facility in the former Asse salt mine. Information
is regularly exchanged on salt-specific issues, both
with the Federal Republic and with the USA.



RADIOACTIVE WASTE MANAGEMENT IN SPAIN

prepared for

Radioactive Waste Management Committee

of the

OECD Nuclear Energy Agency

October 1988

16605



TABLE OF CONTENTS

Page

A. GENERAL STRATEGY ..............- ................. 1

1. Overall Vaste Management Strategy and Systems ........... 1
2. National Policy/Implementing Laws ... .................... 1
3. Organizational Structure ........ ....... .. .. .. .. .. .. .. .. . 2
4. Policy on Spent Fuel Management ......................... 2
5. Overall Schedule ........................................ 3
6. Total System Costs'and Funding ......................... ... 3
7. Quality Assurance Considerations ........................ 3
8. International Cooperation ............................... 4

B. STORAGE SYSTEM ................ ....... 5

1. National Policy ........................ ........ 5
2. Requirements .idr n 5........................ .... 7
3. Description .ing Consideratio .......................... 5
4. Schedule .AunCndts........ 6
5. Costs and Funding ........ 7
6. Experience/Status .... ........... O...... ........... 7
7. Safety Considerations ............... 7........O.....*... 9
8. Decommissioning Considerations ................... 7
9. Quality Assurance Considerations ........

C. TASPOSAL SYSTEMS...RES............................ 0A

1. National Policy .............. 8 ................. 1
2. Requirements ................. 8 ................. 1
3. Description Rsr8 ......... . ...................... 1
4. Schedule .................................... 8
5. Costory Concepts ....................................... 1
6. Experience/Status ....................................... 8
7. S afety Considerations g...... ... ... ... .... .. .... 1
8. Decommissioning Considerations ................... . ...... 9
9. Quality Assurance Considerations ........................ 9

D. DI................MSPOSAL SYSTEMS (REPOSITORIES).... ........... 10

1. National Policy ....... 10
2. Requirements ...... 10
3. Regulations ...................- 11
4. Site Selection ....... 11
5. Underground Research ......... 11
6. Repository Concepts ...... ..... 12
7. Schedule .............. 13
S. Costs and Funding ........ *........ 0...14
9. Experience/Status .*i..............O... 15

10. Quality Assurance Considerations ...... . ... s*15



- 3 OC. 1988

3.10.88

D RA F T

RADIOACTIVE WASTE M4A AGEMENT IN SPAIN

A. GENERAL STRATEGY

A.I. Overall Waste Management Strategy and Systems

Radioactive wastes mainly arise in ==Spain from different

activities of the fuel cycle and also through the use of radioisotopes in

research,'medicine, agriculture and industry.

The primary objective for managing radioactive waste is to

protect the people-and the environment on a rationale basis, taking into

account that future generations should not bear the burden derived from

present activities. In this sense, Spain is taking steps to develop a
comprehensive strategy including handling, transport and storage and

disposal facilities that will allow the management of all radioactive

wastes produced up to now and wastes to be generated in the future, as
planned.

Interim storage of low and intermediate level wastes generated

by Nuclear Power Plants, the National Uranium Company (ENUSA) and the
Technological, Energy and Environmental Research Center (CIEBAT) is

taking place at their own facilities, until its disposal at centralized
facilities. Currently the only operating storage facility is at El
Cabril in Sierra Albarrana (C~irdoba), whirf at. present only IIW/T[1,
either conditioned by the CIEMAT or originated at the CIERAT itself are
stored. Plans for conditioning the Sierra 'Albarrana site are under way
and this disposal facility is expected to be finished by 1990.

Spent fuel is being stored in pools at the reactor sites and, as
the reprocessing option is not contemplated at the moment, additional
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Capacity will be needed to provide interim stnraga for about 4Q years
before its final disposal in a deep geological repository. Granite,
salt and clay are being considered as potential host rock formations for

final disposal and site prospection studies are under way.

A.2 National Policy/Implementing Laws

The policy of radioactive waste management in Spain has been set

out in the First General Radioactive Waste Plan (GRWP) submitted by the

Empresa Nacional de Residuos Radiactivos (ENRESA) to the Ministerio de

Industria y Energla (tIE) and approved by the Government in October 1987.

This GRWP must be revised and submitted to the tIE on a yearly basis.

The Nuclear Energy Act (Act 25/1964) was issued in 1964. This

Act constitutes the frame for the introduction and development of a

general programme of legislation in the nuclear field and contains, among

others, general provisions concerning protection against ionizing

radiation, general provisions regarding nuclear safety and specific,>

provisions related to the transport of radioactive materials in general.

Likewise, the Act of 1964 on Nuclear Energy laid 'out the

foundations for the rules concerning the approval of the Regulations on

nuclear and radioactive installations. The Decree 2869/1972 established

an administrative procedure, regulating the issuing of licenses for
radioactive and nuclear installations.

In 1980, the Nuclear Safety Council was set up by the Act

15/1980, as the only competent body in matters of nuclear safety and
leadiologIc&I protec l. TTMs Act ubstantially modified the

responsibilities assigned in the previous licensing system and is now the
basic law in force, superseding the previously mentioned Decree
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Royal Decree 2519/1982, rvpgilating the protection of workers n
the public against ionizing radiation, was issued in 1982 and revised in

December 1987. This Decree approved new radiation protection regulations

and contains provisions on radioactive waste and inspections of

installatIons.The new standards conform to international regulations on

radiation protection and nuclear safety, in particular the

recommendations of the IAEA.

The transport of radioactive and nuclear materials is regulated
by Decrees issued by the Government. These regulations conform to the
IAEA Regulations on the Safe Transport of Radioactive Materials.

Finally, the foundation of the National Radioactive Waste

Management Company (ENRESA) was approved by the Government in *1984. The

Royal Decree 1522/1984 authorizes the constitution of ENRESA and defines

its tasks and responsibilities. This Decree was complemented by the

Royal Decree 1899/1984, which regulates certain questions related to the

activities of the back-end of the nuclear fuel cycle.

A.3 Organizational Structure

In Spaint nuclear activities are under the responsibility of the

Ministry of Industry and Energy, except those expressly assigned to other

ministries or competent bodies. The Nuclear Safety- Council (CSN) was

founded as the only competent body in matters of nuclear safety and

radiological protection.

Nuclear and radioactive installations require authorizations to

.be granted by the Ministry of Industry and Energy. Depending on their
nature, these installations are subject to different licensing
procedures, which are conducted by the MIE. Any license granted by the

MIE Incorporates the corresponding preceptive and legally binding report

of the CSN. During the process of site selection, local and regional

authorities are consulted.
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The CSN is a body governed by public law

administrative and financial autonomy, being independent

administration and reports directly to the Parliament. It

responsible for the regulation and supervision of nuclear

in matters of nuclear safety and radiological protection.

The CIEMAT is a public institution, responsible for

development activities in the nuclear field and provides

support for ENRESA, the CSN and the MIE.

and enjoys
of the publis_,J
is generally
installations

research and
technological

The National Radioactive Waste Management Company (ENRESA) is

responsible for all activities related to the management of radioactive

wastes, including spent fuel. ENRESA is a limited liability company, the

shareholders of which are the CIEMAT and the National Institute of
Industry (INI) and is devised as a management company, whose policy is

define and control activities to be developed by other companies

organizations.

to
or

ENRESA is responsible for

conditioning the radioactive wastes

constructing and operating the storage

types of wastes.

handling and, in some cases>__

as well as for siting, designing,

and disposal facilities for all

Those wastes generated at the nuclear power plants and in

ENUSA's and CIEMAT's installations are to be conditioned by the

generators of such wastes. ENRESA shall prepare technical

specifications, establishing the acceptance requirements for the

conditioned waste for its storage or disposal at a given site. The

wastes generated by small producers (applications of radioisotopes in

research, medicine, industry and agriculture) shall be conditioned by
ENRESA, either through CIEMAT or at its own facilities, once available.

A.4 Policy on Spent Fuel Management

In accordance with the
long as the reprocessing option is

1983 National Energy Plan (PEN 83), x

not contemplated, the spent nuclea -
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fuel from the Spanish nuclear power plants is considered as high level

waste, except the fuel of Vandell6s I (GCR), which is sent to France for

its reprocessing. However the steps to be taken-throughout the spent

fuel management shall be compatible with the reprocessing alternative, in

case it should be considered convenient in the future.

A.S. Overvall Schedule

Low and intermediate level-wastes.

The -disposal facility of El Cabril (only LLW and ILW) is

scheduled to be finished by the year 1990.

High level waste

* Interim storage
Currently, spent fuel is I
each NPP; additional interim :
be provided by the year I993.

being stored in reactor pools at

storage capacity is expected to

* Final disposal

The selectioi

around the ye,

chosen site

facility is

century.

t of several potential 'sites is projected
ir 2000 and the final characterization of

and the construction and operation of
expected for the second decade of the a

for
the
the
next

A.6. Total System Costs and Funding

All costs associated with the radioactive waste management are

borne by the producers of the wastes. Since 1983, the Spanish legislation

has provided for the constitution of a national waste management fund

with a fee on electricity sales revenue and a direct cost on services

provided by ENRESA to other waste producers (small producers), to be

approved annually by the government.
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The percentage fee in force until the year 1988 was 1.4%. Due t

the fact that for the period 1988-2000 the calculated values of the

theoretical fee are close to 1.3% and that with this value, if held

constant during the mentioned period, the average financial needs of

ENRESA would be covered, the percentage fee to be applied to the total

electric energy sales for the year 1988 is 1.3%.

An orientative break down of costs, for two assumptions (low and

high) is shown below.

| O~~~~~~~~ft.,, 198.71 Lw 4.~~~~~~~~~~~~CNET --- CS _MP _6

| Resvrch and IveWopmOn CW ........ _ _ 40000 46.000

Transponalion .. 22.200 25.530
Low and intetmediatt Wvei ast ssal .... ...... ......... ........ 40.100 _16.1 20
Ht'h fevel wastt dis05saI

Iftlemtdiatt stora ............... ..... ..__ ..-- 78.350 90.100
FTNil disposal ...... ... ........... 233Ias0 75.i30

Soent full feprocassing of VandeIlos I NP_ ..........P..... . 69.400 79.800.
Qecommissionang of instlbltions... . .......- ...... .._...........5.3.00 178.600

SUm . 645.200 741.980 Y
Un:dl Ist Januay 1987 4.630 4.630

HIFRENSA amounts dut for etpoctssing 6.490 6.490

TOTAL 656.320 . 753.100

A.7. Quality Assurance Considerations

ENRESA has defined its own quality assurance policy in its Q.A.

Manual, which is consistent with the IAEA 50-C-QA common practices and

with the national standard UNE 73-401, equivalent to ISO 6215-19B0; it

also conforms to the content of Appendix B to 10 CFR 50.

Besides, detailed Quality Assurance Programmes, were developed

for each of the different projects related to the waste management

activities in ENRESA's scope.
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A.8. International Cooperation

Spain being a member of the IAEA, .OCDE/NEA and EEC is now
involved, to various extents, in their radioactive waste R+D programmes,

and a broader participation is foreseen for the future. Likewise,

bilateral agreements have already been signed with France and the Federal

Republic of Germany and signing of collaboration agreements with

institutions of a similar nature as ENRESA in other countries is

presently in progress.

B.- STORAGE SYSTEM

B.1. National Policy

Low and intermediate -level waste

Currently, wastes generated at nuclear power plants and CIEMAT

are being stored on an interim basis at the production sites until their

final disposal at centralized facilities, once available. The only

centralized storage facility operating at the moment is in Sierra

Albarrana (El Cabril), where only wastes originated at the CIEMAT or

conditioned by the CIEMAT (wastes generated from the' use of
radioisotopes) are stored.

H High level waste

According to the 1983 National Energy Plan, spent fuel is

considered as high level waste and the reprocessing option is not

contemplated, except the fuel of Vandellos I (GCR), which is being sent
to France to be reprocessed.

At present, spent- fuel is being stored in the reactor pools of
each NPP, but as the capacity of these pools is limited, additional

capacity will be needed to provide interim storage for about 40

yearsbefore its final disposal. The alternatives currently being

considered are either to build a centralized storage facility or to

provide additional capacity at each reactor site.



-3 OCT. I9P

8

B.2. Requirements

As previously stated in item A3, any nuclear or radioactive
installation requires a license to be granted by the MIE with the
corresponding licensing report Issued by the CSN. Interim storage of
LLW/ILW and spent fuel at nuclear power plants is subject to the general
terms and/or specific provisions stated in the operating license of each
plant.

Acceptance criteria for conditioned LLW/1LW to be collected by
ENRESA are being included as Technical Appendices to the contracts to be

signed with the main waste producers, i.e. NPPs, CIEMAT and ENUSA. These

acceptance criteria contain limit values for different characteristics of
the matrix and the waste, as well as the general acceptance methodology.

B.3. Description

Low and intermediate level wastes produced at nuclear pow\ >
plants are stored in storage buildings available at each plant until they

are collected to be disposed of.

Wastes from the CIEMAT and small producers (hospitals,
agriculture, industry and research) are stored at the Sierra Albarrana

site in 3 surface modules.

Spent tuel trom light water reactors is being stored under water
in the reactor pools at the NPPs. Spent fuel from Vandell6s I (GCR) is

being sent to France for reprocessing.

8.4. Schedule

Low and intermediate level wastes are only being stored on an

interim basis, while the disposal facility is not available. There are
no plans at the moment to build additional intermediate stora'

facilities.



- 3 DCT. imR

Plans to provide additional storage capacity for spent fuel are

under way and they are expected to be fulfilled in the nineties. However

this will depend on the solution adopted. A site independent design for

an Intermediate spent fuel storage- facility, contemplating different

alternatives, has been completed in 1988.

8.5. Costs and FundinQ

B.6.

See item A.2 of this report.

Experience Status

Spent fuel has been stored in reactor pools since the early

1970's.

B.7. Safety Considerations

Operational safety of wastes and spent fuel, while they remain

stored at the nuclear power plants, is accomplished through the

operational procedures and provisions included in the operating licenses

granted by the competent authorities.

Operational safety of wastes stored at the intermediate storage

facility of Sierra Albarrana (El Cabril) conforms to the terms of the

license granted for such purpose.

B.8. Decommissioning Considerations

In principle, no dismantling-of the LLW/ILW intermediate storage
facility is contemplated. In case it should prove to be necessary,
buildings would be decontaminated in order to be used for other purposes.
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C. TRANSPORTATION SYSTEM

ENRESA is responsible for the transport of all types of

radioactive wastes from the moment of receiving the waste.
Transportation services arQ normally subcontracted to specialized

companies. Such transportation conforms to the National Regulations for

Transportation of Dangerous Materials by Road and Railway (TPC and TPF)
developed in accordance with the IAEA Regulations on the Safe Transport

of Radioactive Materials.

The Ministry of Industry is responsible for issuing licenses,

when needed, in the light of a report submitted by the Nuclear Safely

Council.

Royal Decree 2519/1982, establishing Regulations on radiation

protection provides in a Supplementary Section that any transport of

radioactive material which is not governed by specific regulations, is

subject to the provisions of the 1982 Regulations supplemented by tK >
technical standards in the latest edition of the IAEA Transport
Regulations.

The Nuclear Safety Council is responsible for monitoring and

enforcing safety and radiation protection requirements in the field of

transport.

D. DISPOSAL SYSTEMS (Repositories)

D.I. National policy

Low and intermediate level wastes.

These type of wastes will be disposed of in a centralized

disposal facility, for which the concept chosen is the shallow land

burial with concrete structures as fully engineered barriers.

. High level waste
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Disposal in deep geological formations will be provided for

spent fuel and vitrified waste resulting from reprocessing the spent fuel

of Vandell6s I nuclear power plant, which will be returned from France.

D.2. ReQuirements

The centralized disposal facility of El Cabril will provide

capacity for 58000 m3 of low and intermediate-level wastes estimated to

be produced until the year 2000.

Wastes to be disposed of in this installation will require

conformance with the acceptance criteria established by ENRESA, which in

turn, will be approved by the CSN.

The disposal facility will be designed for an operating life of

several tens of years and a maximum control and surveillance period of

300 years.

D.3. Regulations

Applicable general regulations were described in Item A.2.

The Nuclear Safety- Council has recently issued technical

criteria for site selection and stated two important criteria with regard

to dose limitation and waste acceptance. -An individual risk limit of

10-6 per year must be considered as an objective and waste acceptance

criieria will be contemplated specifically on a project basis.

D.4. Site Selection

- Low and intermediate level waste.

The adecuacy of El Cabril site as a disposal facility for low

and intermediate level wastes was based on previously available

information of the site and on further investigations and studies carried

out from 1986, included in the Preliminary Safety Analysis Report. This

report was submitted to the HIE and CSN in May 1988, as part of the

information needed to applicate for the construction permit.
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Among others, the following studies concerning the site we<_,j

performed:

. Regional geological studies

. Detailed geological study of the site

. Seismotectonic and seismic risk studies

. Hydrogeology studies

. Meteorological studies

. Microseismicity studies

. Physico-chemical parameter studies

- High level waste

Currently, the site selection process for the deep geological

disposal of spent fuel and other high level wastes contemplates studies
in granite, salt and clay, considered as the most favourable formation'
to host, at a depth of 300-900 meters, a disposal facility for this tyj__>
of waste.

The methodology for the site selection process includes several

steps, from the elaboration of a National Inventory of Favourable

Formations to the characterization of potential sites through a number of

geological studies on progressively reduced areas or zones.
Simultaneously with the elaboration of the National Inventory of
Favourable Geological Formations, a Spanish Catalogue of geological
formations was prepared in colaboration with the EV., in order to
complete the European Catalogue. This Catalogue was completed in March
1988 and eleven regions were analyzed.

The selection of several potential sites is projected for around
the year 2000, which possibly will enable the final characterization of
the selected site and the operation of the disposal facility within the
second decade of the next century.
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D.5. Underground Research,

Collaboration projects in the framework of the CEC R+D Programme
are being undertaken, such as the participation in the project HAW in the

Asse salt mine (F.R. Germany).

D.6. Repository Concepts

Due to the early stages of the programme at the moment, no
details can be given with regard to high level waste disposal concepts.

Tentative cost estimates are shown in item A.6.

Low and intermediate level waste

After analyzing the different options available worldwide to

dispose of this type of waste, ENRESA selected the near surface disposal

concept with engineered barriers, taking as a reference the French model
of the disposal centers of La Manche and L'Aube.

The disposal center of El Cabril -s currently at the design

stage and the Preliminary Safety Analysis Report was submitted to the MIE

and CSN in May 1988 as part of the application for the construction

license.

D.6.1. Description

The dispos..l center- of El Cabril; will be equipped with two

different kind of installations, i.e. those disposal structures in which

the waste packages will 1e emplaced and those auxiliary installations
as needed for conditioning some wastes and auxiliary services.

The disposal structures will be constructed on a modular basis.

Each module will be independent from the others and, will basically

consist of a concrete base slab and four concrete walls, in which the

waste packages will be emplaced in layers; the gaps between packages
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being filled with mortar, once each layer is completed. Each layer ok,>
packages, once backfilled with mortar, will serve as a supporting base
for the next layer to be placed inside the module. Once a module is
completely filled, a cover concrete slab Is placed on top.

Two type of modules are contemplated in function of the dose
rate of the waste packages.

While a module is in the operating phase, i.e. waste packages
are being emplaced inside, a mobile structure roof covering the module
is provided, in order to prevent the entrance of rain water.

D.6.2. Waste Receipt and Handling

The disposal center of El Cabril is conceived only for low and
intermediate level wastes and only solid form wastes conforming to the
safety specifications will be accepted to be disposed of.

ENRESA establishes Acceptance Criteria for receiving waste

packages on a contractual basis, with the producers of the waste.

The processes of receipt and acceptance of wastes packages are
subject to conform to the specific Quality Assurance programmes.

D.6.3. Waste package

Only solid form waste packages will be accepted to be disposed
of at this center. Waste packages will conform to the requirements
provided in the Acceptance Criteria.

D.6.4. Emplacement

See item D.6.1.

D.6.5. Buffer, Backfill and seals

See item D.6.1.
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D.6.6. Radiation Protection-and Safety considerations

In the design of the installation the main safety goals are
directed to protect the people and the environment in the near and long
terms. I

The near term

phase does not imply any
radioactive Installation

the long period involved,

protection, corresponding to the operational
special consideration compared to any other
however the long term protection poses, due to

more specific requirements.

The safety goals are achi
radioactivity disposed of and by
radionuclides. Isolation will I
interposed between the waste and the
reaching the waste during normal
radioactive materials transported by
potential accidental infiltrations,

may be considered as negligible.

leved by means of isolating the
limiting the initial inventory of
be achieved by a set of barriers
environment, preventing Water from
situations and limiting the amount of
water to very low levels during

so that the radiological consequences

D.7. Schedule

The disposal facility of El Cabril is expected to be operative
by the year 1990. The Preliminary Safety Analysis Report was submitted to
'lie HIE in May 1988.

D.8. Costs and funding

See item A.6.

D.9. Experience/Status

The disposal concept chosen
experience in this type of installation

is back supported by the French

K> D.1O. _ualitZ Assurance Considerations

See item A.7.
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SWEDEN

A. GENERAL STRATEGY :

1. Overall strategy and system

Transport, storage and disposal facilities will be
designed to handle all radioactive wastes from the
nuclear power reactors, the Studsvik Research Center
and hospitals, Universities and industry as well.

Spent fuel is stored at reactors (which are all on the
sea coast) for about-l to 5 years, then transported by
ship to a single national storage facility where it
will be stored for 30-40 years. The aging makes the
repository design simpler and repository volym smaller.
Following interim storage, the spent fuel will be shipped
to a geologic repository in crystalline rock (granite,
gneiss or gabbro), without reprocessing. Long-term safety
depends on multiplie barriers: spent fuel, canister, buffer,
and host rock. Disposal of long-lived ILW is also planned
similarly after interim storage. Short-lived wastes will
be disposed of without interim storage. Some LLW will be
disposed by shallow land burial at the reactor sites. All
decommissioning wastes will be included in the waste
management system.

A site license application for the geologic, repository
will be submitted about the year 2000. Repository
construction will start about 2010.

2. National Policy/Implementing Laws

The management and disposal of radioactive wastes in
Sweden are regulated by:

- The Act on Nuclear Activities (1984)

- The Radiation Protection Act (1985)

- -The-Act-on Financing of Future Expenses for
Spent Nuclear Fuel etc. (1981)

All waste generated from Swedish nuclear power plants
shall be disposed of in Sweden. A solution of the waste
problem shall be devised by the same generation that utilizes
the nuclear electric power. Nuclear wastes from other countries
will not be accepted in Sweden. Disposal of spent fuel will be
in a deep geologic formation.

The Stipulation Act of 1977 required that the nuclear power
utilities "demonstrate" a safe method for disposal of spent
fuel or vitrified HLW before a nuclear power plant due for
commissioning could receive a permit to fuel the reactor.
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The Act on Nuclear Activities of 1984 aiended the 1977
Stipulation Act by requiring that the owner of nuclear
reactors shall bear the responsibility for all steps
necessary for safe handling and final disposal of all
radioactive residues from nuclear energy production,
including the costs. The Act also requires a comprehensive
plan by waste generators for R&D that will lead to final
disposal.

Based on a 1980 referendum on nuclear power, Parliament
decided to phase out all nuclear power by the year 2010.

The public must accept and support the waste management
system. The local government has veto power over having
a waste management facility on land within its jurisdiction
as it also has on other industrial installations which
may have an impact on environmental quality.

3. Organisational Structure

The responsibilities of the four nuclear utilities are
handled by their jointly owned company, the Swedish
Nuclear Fuel and Waste Management Co (SKB). SKB carries
out the R&D program for handling and disposal of the
waste which by the Nuclear Activities Act shall be
submitted to the Government every third year.

The National Board for Spent Nuclear Fuel, SKN, reviews
and comments to the Government on the SKB program. SKN
also proposes the fee on nuclear electricity that the
utilities must pay to a special fund stipulated to
cover the costs for present and future handling and
disposal of spent fuel and for decommissioning of the
nuclear power stations.

The Swedish Nuclear Power Inspectorate, SKI is the
safety authority for nuclear facilities. SKI licenses
and inspects repositories with respect to safety. The
National Institute of Radiation Protection, SSI supervises
in the same way the implementation of the Radiation
Protection Act. The license to construct and operate a
repository is given by the Government on recommendation
from SKI and SSI. In practice the three authorities act
closely together to cover all aspects of final disposal
in a consistent manner.

4. Policy on Fuel Reprocessing

Reprocessing of 140 MTU has been contracted with UK
(Sellafield). This quantity has been shipped and will
be reprocessed. No waste will be returned to Sweden.
About 730 MTU was contracted with France (La Hague).
Sweden has shipped 57 MTU, however, these 57 MTU have
been exchanged with West Germany who will take care of
the Pu and the waste. Sweden in turn will take care of
24 MTU MOX-fuel for Germany. The MOX-fuel is less suitable
for reprocessing and will be disposed of directly.
The remaining quantities contracted for reprocessing at
La Hague will not be used by Sweden. Instead, about 25 %
of the contracted amounts have been transferred to other
Cogema customers. Efforts are in progress to do the same
with the remaining 75 %.
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5. Overall Schedule

- 1977 Start repository R&D and site investigations
- 1985 Start up of CLAB central storage facility for

spent fuel
1- 988 Commission SFR for disposal of short-lived

radwastes
- 1992 Start up underground research facility
-'1998 Complete site characterization for spent fuel

repository
- 2000 Site license application
- 2010 Start construction of spent fuel repository
- 2020 Commission spent-fuel repository and start

emplacement
- 2050 Complete operational phase of spent fuel

repository-

6. System Costs and Funding as of 1/88. (Life-Cycle
through 2050

- 3840 MSEK Administrative, R&D, siting, URL
- 7920 MSEK Decommission all nuclear power reactors
- 7760 MSEK CLAB central spent fuel storage
- 16350 MSEK Spent fuel repository with receiving and

encapsulation facility
- 1290 MSEK Repository for long-lived LLW and ILW
- 1840 MSEK Repository-for-short-lived LLW and ILW
- 1790 MSEK Transportation of all wastes
- 4790 MSEK Foreign reprocessing of 640 MTU spent

fuel
-'45580 MSEK Total Program

Funding is collected at a present rate-of 0.019 SEK/kw-hr
of nuclear electricity by the National Board for Spent
Nuclear Fuel. This rate is reassessed yearly by the Board
in the light of cost developments for the planned waste
management system. The funding shall cover all costs for
spent fuel management off the plant premises and for
decommissioning of the'plants. The dues are deposited at
the National Bank of-Sweden. The interest is added to the
fund to preserve the real value of the funded capital.
The SKB is reimbursed from the fund for its costs for waste
management R&D and costs for construction and operation of
facilities. Costs for operating wastes from reactors including
their disposal are not covered from the fund. They are born
directly by the utilities.

7. System Decommissioning Considerations

Decommissioning of all parts of the system must be done
by dismantling to unrestricted use of the nuclear
sites.

8. Q/A Considerations

The main objective is to provide assurance that there
are no deviations from the desired quality that can
significantly impair the system safety. A systematic
program of quality control, as typically done in nuclear
activities, will be applied to the design, manufacture
and construction of the various parts of the system.
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9. International Co-operation

SKB has bilateral agreements with AECL (Canada), IVO
and TVO (Finland), CEA (France), Nagra (Switzerland), US
DoE and Euratom (CEC) and multilateral agreements on
the NEA Stripa Project, on glass leaching and on
natural analogues.

SKI has initiated international intercomparison and
validation studies of safety assessment codes
(Hydrocoin, Intraval) and participates with ANSTO
(Australia), JAERI and PNC (Japan), UK DoE and US NRC
on the Alligator Rivers Project.

SSI has initiated international cooperation on development
of biosphere transport models, Biomovs.

SKI and SSI cooperate with authorities in the Nordic
Countries, Switzerland and UK on development of criteria
for HLW disposal.

B. STORAGE SYSTEM

1. National Policy

In-pool storage of spent fuel at reactor sites is used
for about 1 to 5 years, followed by central interim
storage for 30 to 40 years. Interim storage was proposed
by a Government appointed Parliamentary committee in
1975/76 to allow time to resolve final waste management
plans. Since then, storage is also desired to allow
decay of spent fuel radioactivity to allow for cooler
repository temperatures and for more efficient repository
design.

2. Requirements

Central storage is required for total Swedish production
of spent fuel (ca. 7800 MTU) and core components of
decommissioned reactors until a repository is commis-
sioned. If the repository is delayed, storage for
longer than 30 to 40 years may be required at the
central facility. Handling capacity is to receive or
discharge the total inventory of spent fuel in 25
years.

Storage at a central site was picked over reactor sites
based upon economics. Wet storage was selected over dry
storage based upon available experience.
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Wet storage has been well demonstrated all over the
world to be safe, it allows for,-handling and cooling of
short-cooled fuel, and it minimizes fuel degradation by
keeping spent fuel temperatures low.

Underground storage was selected after cost studies
showed costs for above-ground and below-ground storage
were a standoff. Also, Sweden has much experience in
using underground storage for other materials, and
underground.storage provides protection from outside
activities such as sabotage or war.

3. Description

The central storage facility for spent fuel (CLAB) is
located adjacent to the site of the Oskarshamn nuclear
power station. CLAB consists primarily of an above-grade
spent fuel receiving and handling facility and an
underground, man-made rock cavern in granite about 30
meters below grade at the sea coast site. The rock
cavern is completely lined with reinforced concrete,
and the ceiling is lined with sheet metal. Handling
capacity is 300 MTU/year. Pool water is cooled by
exchange with sea water to a normal temperature of 32 C.

The initial facility has a storage capacity. of 750 NTU
in each of four stainless-steel-lined concrete pools
(plus one spare). Later expansions will be added by
excavating more caverns parallel to the first and using
the same handling facility.

The spent fuel in transport casks is unloaded and
transferred to open, square handling canisters under
water in the surface facility. The canisters are
lowered to the storage area in a water-filled elevator.
In the storage area, they are moved under water by
another transport system to the final storage location
in storage racks.

4. Schedule

- 1977 Siting application submitted
- 1978 Siting application approved
- 1979 Construction permit application submitted
- 1980 Construction permit granted and construction

started .
- 1985 Operating permit granted and facility was

commissioned -
- 1995 Approximate date for needed expanded CLAB

capacity
- 2050 Approximate date for emptying and

decommissioning

5. Experience/Status

Storage of spent fuel in reactor pools since 1973.
Interim storage of spent fuel in CLAB since summer
1985. 770 MTU is stored at CLAB as of.6/88.-
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C. TRANSPORTATION SYSTEM

1. National Policy

Spent fuel and wastes are to be transported in casks
placed in the hold of a specially-built ship and
transported along the sea coast by ship. The nuclear
power stations CLAB, and repository sites are all on
the coast. Sea transport is seen to be advantageous
over land transport for the very heavy packagings
required, and Sweden and other countries have much
favourable experience in sea transport of numerous
materials, including early use for transporting spent
fuel from Sweden to foreign reprocessing plants.

2. Requirements

Transport the approximately 7.800 MTU of spent fuel
from the four nuclear power stations to the CLAB
interim storage facility between 1985 and about 2015.
Then transport the same spent fuel from CLAB to the SFL
deep geologic repository between 2020 and 2050.

Transport the short-lived LLW and ILW from reactor
operations to the SFR repository from 1988 to 2010 at
which time all reactors will be shut down. Transport
the long-lived LLW and ILW from reactor core components
and from certain reactor decommissioning activities to
the SFL repository between 2020 and 2050.

3. Description

Spent fuel is shipped in TN 17/MK2 nitrogen-filled
casks. Cask capacity is 17 BWR or 6 PWR assemblies
(about 3.2 MT fuel), and cask empty weight is about 76
MT. The cask is sized as the maximum capacity that can
be handled at all the Swedish nuclear power stations..
Larger casks are planned to be used from CLAB to
repository. The casks use conventional technology.
Similar casks will be used to transport the long-lived
core components from the reactors to the deep geologic
repository.

Casks are transported from the reactor stations to the
CLAB on a specially designed ship, MS Sigyn ( which can
hold 10 transport casks, or about 32 MT fuel). The ship
is designed for roll-on/roll-off or lift-on/lift-off
handling and is classified for use in ice. The ship
will also transport the short-lived LLW and ILW to the
SFR repository starting in 1988. These latter wastes
will be in large, rectangular concrete or steel
containers.

At the reactor, the cask loaded with spent fuel is
lifted out of the pool and placed horizontally on a
transport frame with the cask trunnions used for
mounting and tie-down. A special one-piece overweight
truck is used for driving the casks, mounted on its
transport frame, to/from the reactors and on and off
the transport ship. At the CLAB port, the process is
reversed.
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The short-lived wastes,-in their large steel or concrete
containers, are handled in similar manner. The wastes
in their respective containers can also be lifted on
-and off the transport ship by crane after removing the
cover blocks for the ship holds.

4. Schedule

- 1981 Order the transport ship M/S Sigyn from
France

- 1983 Commission transport ship M/S Sigyn and
transport spent fuel to France

- 1984 Cease transporting spent fuel to France
- 1985 Initiate transport of spent fuel to CLAB
- 1988 Start transporting short-lived reactor wastes

to the SFR repository
- 2015 Complete shipment of all spent fuel to CLAB

and short-lived reactor wastes to SFR
- 2020 Start transporting spent fuel and long-lived

reactor wastes to the SFL respositories for
long-lived wastes

-:2048 Complete transporting spent fuel and
long-lived reactor wastes to SFL repositories
for long-lived wastes

5. Experience/Status

Transport of approximately 60 MT spent fuel to France.
Transport of 750 MT of spent fuel and 20 MT of MOX-fuel
to CLAB as of 6/88.

6. Q/A Considerations

IAEA transport standards have general Q/A requirements,
which are being followed.

D. DISPOSAL OF SPENT FUEL AND LONG-LIVED WASTES

1.National Policy

Containment of the fuel in long life canisters and
disposal at depth in the Pre-Cambrian crystalline rock
was selected at the outset as the best way to satisfy
the 1977 legislative requirement to show how and where
spent fuel or vitrified high-level waste could be
safely disposed. This policy has been maintained while
studies have progressed on the design of the repository
including variants of the initial design.

The site will be sought so that all fuel can be disposed
of in one location. Other long-lived wastes from
nuclear industry and research will be disposed at the
same location ina aseparate repository.
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Multiple barriers will be used to provide redundancie
and diversity of barrier function. The adequacy of the
planned design of the repository and of the R&D
programme on disposal is being assessed from time to
time. In these assessments advice has been sought from
the international research community including expert
panels set up by IAEA and NEA. A high level of safety
is considered essential for public acceptance of the
disposal.

2. Requirements

Disposal is required for approximately 7.800 MTU of
spent fuel, approximately 19.000 cu. m (volume as
emplaced) of long-lived wastes from reactor internals
(including fuel channels from BWR fuel assemblies and
poison rods from PWR fuel assemblies), and
approximately
6.000 cu. m (volume as emplaced) of long-lived wastes
from other activities in Sweden.

3-. Site Selection

General reconnaissance surveys for potential site
started 1976. A total of about 900 sites have been
reviewed using data from aerial and satellite photographs,
geological and geophysical mapping. Since 1977, geologic
investigations have been carried out on a total of 14
study sites, with limited investigations (i.e., mostly
surface work, sometimes with a borehole) at 6, and more
extensive investigations at 8 sites (includes geophysical
tests, several small boreholes and corings down to and
below disposal depth, water injection tests, modelling).

Studies to date have focused on fractures in bedrock,
hydraulic properties of bedrock, chemical composition of
groundwater, and chemical properties of rock types and
fracture minerals. These studies will be continued
through the 1980's. A procedure for successive narrowing
down of the inventory of potential sites will be
implemented through the early 1990's. A few sites will
then be thoroughly investigated as candidates for a
site license application. It is expected that one site
will suffice for the disposal of all Swedish spent fuel
and long-lived ILW.

4. Underground Research

An underground research facility was established in an
old Swedish iron mine at Stripa in granite in 1977.
This facility was operated with U.S.A. cooperation
until 1980, and with expanded, multi-national cooperation
(NEA auspices) starting in 1980. The initial studies
were focused on measuring thermomechanical, geophysical
and geochemical properties of the granite. Phase II,
running between 1983 and 1987, performed geohydrological
investigations of the granite, and migration tests in
simple and complex fracture systems; chemical investi-
gations of the groundwater; techniques for detecting
and characterizing fracture systems; and studies of
bentonite clay for use as a backfill and seal material
in fractured bedrock.
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Phase III, the final phase-, will, run from 1986 until 1991.
Phase IlI will focus on applying'past experience to an
undisturbed granite rock volume, and coupling field
measurement technologgy to mathematical modelling to 'compare
values.

Current plans for a new underground research laboratory
are:-

1986-88 Preliminary investigations at Simpevarp site
including some borehole drilling and measure-
ment.

1988 Final decision on site.

1988-89 Final investigations from surface and
facility layout work.

1989-92 Excavation and related research

1993- Experimental work at "repository-depth" can
start. Expected to continue for 15 years.

This underground research laboratory will be used for
detailed investigation of the natural barrier in
bedrock of a final repository character, for in-situ
'tests on performance/interaction between the engineered
and natural barriers, for validation of models, for
development of-excavation, construction, and Q/A
methods, and for demonstration of the system and its
technology.

Sweden (SKB) has been cooperating with the Canadian
(AECL) underground research laboratory in granite by
exchange of information

5. Repository Concepts

A reference repository concept was developed in 1977-
1978. Refinements and variants of this are being
studied. A final concept will be selected for approval
around the year 2000. The description relates to the
KBS-3 concept used to prove the feasibility of safe
disposal as required for- the fuelling of the last two
reactors in 1984.

Description In the reference concept, spent fuel is
received at the surface facility at'the repository site
where it is packaged with several fuel assemblies into
a high-integrity canister. The canister is lowered through
a-large shaft to a repository-in granite-or gneiss about
.500 meter below the surface. From there, the canistered
spent fuel is transported through tunnels to the emplacement
area where one canister is emplaced in each vertical hole in
the floor of a horizontal emplacement tunnel. The individual
holes are then backfilled with a buffer material. After all
holes are filled in an emplacement tunnel, the emplacement
tunnel is backfilled-and sealed. There are a large number of
parallel emplacement tunnels with a total length of about 38 kni
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-' The other long-lived wastes /reactor core materials)
will be received at the surface receiving facility for
spent fuel disposal. There they will be encapsulated
into long-life containers and transferred to a separate
repository at some distance. The containers will be
lowered through shafts to the repository level about
300 m below grade. There, the waste containers will be
deposited into troughs in large rooms or stacked in
tunnels, depending on the waste type. Backfill will be
with concrete or a buffer material.

Waste Receipt and Handling Spent fuel is received from
the CLAB . The spent fuel assemblies are placed in a
pool. For BWR spent fuel, the fuel channels are removed
under water and moved to a separate facility for
encapsulating these wastes. For PWR spent fuel, any
poison rods are also removed under water and moved to
the separate facility. The spent fuel is then moved to
the dry hot cells where encapsulation is done.

Waste package The basic package concept involves
encapsulation of whole spent fuel assemblies in a metal
matrix that provides shielding as well as a high level
of corrision resistance (life expectancy is a few
million years). Each package contains about 1.4 MTU.

The canister is copper, 10-cm thick, 0.8 m in diameter
and 4.5 m long. Total weight of the filled canister is
22 MT (2.0 MT fuel assemblies, 10.5 MT lead, and 9.5 MT
copper). The canister material with the internal fill,
provides high-crush resistance; the thick canister
shields ground water from a high radiation dose that
might cause electrolytic decomposition of ground water.
An alternate concept involves filling the canister
(containing 2.3 MT fuel assemblies) with powered copper
followed by hot isostatic pressing into a solid body of
copper. The alternate is considered to be easier to
implement and circumvents the toxicity problem
accompanying the use of lead.

No overpack is planned exept for the buffer material
around each canister in its emplacement hole.

Emplacement Drilling of each emplacement hole is
preceded by drilling a small core hole from which a
judgement is made about the suitability of the location.
After suitability is confirmed, the larger emplacement
hole is drilled. Before emplacing a canister in its hole,
the compressed rings of the buffer materials are added to
the hole.

Buffer and backfill The buffer material in the
emplacement holes is pressed bentonite. Backfill of the
tunnels is to be with 90 % sand! 10 % bentonite mixture,
which has been shown to be practical to use. It provides
good sorbent characteristics and good structual support
of the excavation. The top of each emplacement hole is
also to be filled with this material; gaps in emplacement
holes are not backfilled because bentonite will provide \_/

good sealing. Main tunnels, shafts, and fracture zones are
to be plugged with pressed bentonite blocks to minimize water
infiltration.
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Temperatu-ies and Pressures The external pressure on the
canister will depend on hydrostatic pressure (depth)

-and on-the-swelling pressure of the bentonite. The
internal pressure from helium gradually builds up to
about 15 MPa.

Rock or barrier material temerature limit is set at
80 C. The limit was picked to provide chemical
stability and durability of the bentonite, which is
expected to be stable for one million years at 100 C.
Also, lower temperatures minimize thermal and structual
effects on the rock and bentonite and reduce thermal
convection of ground water to insignificant levels.

Radiation Protection Regulatory guidelines and radi-
ation protection criteria are-being developed by SKI
and SSI. The presently applied criterion is that the
contribution to the radiation dose to the most highly
exposed public group shall constitute only an insignificant
portion of the dose from natural background and shall lie
within the natural range of variation.

SSI has in its assessment of the KBS-3 repository design
-made-a-distinction between radiation dose criteria for the
first thousands of years after repository sealing or at
most up to the next glaciation, and for more distant times.
Conventional dese calculations are appropriate for the first
time period and the requirement is that the calculated doses
shall be below 0,1 mSv/year to the most exposed group.
For more distant times SSI is developing new concepts and
policies for judgement of the acceptability of a repository
system. SSI has thus proposed that criteria are developed
which are based on comparisons of calculated releases of
waste radionuclides to the biosphere with natural releases
of radionuclides from weathering of the bedrock.

Occupational exposures have to be kept within IAEA and
ICRP limits (50 mSv/y). The maximally-exposed individuals
.are not expected to receive more than 5 mSv/y (most of
this will be from transport cask handling).

Decommissioning Final sealing of shafts is to be done
with the same 90 % sand/l0 % bentonite as used to
backfill the emplacement tunnels. The shafts also will
have several large plugs of compacted bentonite blocks.
At the top of each shaft, which is covered by soil to
grade level, will be a Jarge concrete plug below which
will be-compacted morair. to a depth of abcut 100 m.

Boreholes will be plugged with perforated metal tubes
filled with pellets of compacted bentonite.

Post-Closure Monitoring is not expected to be needed
for long-term safety.

In crystalline rock, the waste will in fact be retrievable
for a very long time - it is a matter of cost and keeping
records. Exception is very deep borehole disposal at a
depth of several thousand meters.
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6. Schedule

- 1976 Start reconnaissance surveys for repository
sites

- 1977 Initiated research in Stripa mine
- 1993 Start up underground research laboratory
- 2000 Submit license application for repository
- 2010 Start construction of spent fuel repository
- 2020 Commission spent fuel repository and start

emplacement
- 2050 Complete operational phase of spent fuel

repository
- 2060 Complete decommissioning of spent fuel

repository

7. Experience/Status

Sweden has much experience in underground storage of
other materials such as oil. Research has been performed
in Stripa mine since 1977. Detailed analyses and conceptual
design for a repository have been completed. Repository
siting studies are done since 1977. Research is done on
hydrology, rock characteristics and performance, waste
package and engineered barriers design and performance,
repository performance assessment and modelling, and
natural analogues.

E. DISPOSAL OF LLW AND ILW

1. National policy

LLW and ILW from operation of the Swedish reactors will
be disposed of in a central repository (called SFR).
Some LLW will be disposed by shallow land burial at the
reactor sites.

The waste in the central repository will also include
similar types of radioactive waste from other industries,
research and medical activities.

2. Requirements

Disposal volume is required for 90.000 m3 of waste
packages. This is the calculated amount of operational
LLW and ILW in Sweden until the year 2010.

The total acticiy content is calculated to be 1016Bq
(mainly Co -60 and Cs - 137).

The environmental impact shall be very low. The design
goal is that calculated dose to most exposed individual
shall be below 10 Sv/y.

3. Regulations

In Sweden no specific regulations have been given from
the authorities for the design of a repository for
radioactive waste. A preliminary safety report was
prepared by SKB based on a preliminary design of the
repository.
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The application for a licerse to construct arid operate
the facility was submitted to the Government. The
preliminary safety report was reviewed by the authorities
and they recommended that a license should be granted with
specified conditions.

The license is subject-to certain stipulations. The
most 'important are:

- ' SKB shall furnish information to the public
on the progress of the project and measures
against the release of radioactivity from the
repository.

- A-comprehensive quality control program
backed up by a test and verification-program
shall be carried out during the construction
phase.

-Further studies of gas production reactions
shall be conducted, as well as a study of the
gas transport capacity of the rock.

- ' The Swedish Nuclear Power Inspectorate
shall scrutinize the design and construction
work and, if necessary, issue further
requirements. '

- Before commissioning, SKB has to apply for a
license to operate the facility.
The application shall be based on-a final
safety report.

- Final sealing will require a special license
based on a reevaluation of the safety
assessment.

'4. Site Selection

Due to geological and hydrological conditions in Sweden
it was early decided that the repository should be
located under ground in rock caverns. It was also a
primary requirement that it should be located adjacent
to one of the five nuclear facilities:
Barseblck,'Forsmark, Oskarshamn, Ringhals or Studsvik.

The sites were evaluated on the basis of Livailable data
concerning the geological situation and other information
of importance for site selection. This work indicated that
the host rock was best at the sites on the east coast.
In the next phase geological--surveys were carried out at
Oskarshamn, Forsmark and Studsvik.-Different locations of
the repository on-the sites were also considered during
this phase. The surveys included' geophsyical tests and
geological mapping of the enviroment.

The geological and hydrogeological situation at Forsmark
and'Oskarshamn were found to be suitable for siting of
the planned'type of repository. When all-aspects were
considered, Forsmark came out as the best site for SFR.
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5. Repository Concept

Description

The repository is situated in the bedrock under the
Baltic Sea, with a rock cover of about 60 m. The host
rock is gneiss-granite with dykes of pegmatite and
amphibolitic compositions that occur quite frequently.
From an engineering geology point of view, the rock
mass has been as good as expected on the basis of the
results of the geological surveys.

The location of the SFR under the bottom of the sea
ensures that the hydraulic gradient and thereby the
groundwater flow is very low in the repository area.
It also ensures that no well will be drilled in the
vicinity of the repository for at least 1000 years
while the area is covered by the sea. ( The rate of
land uplift is at present 6 mm/year.) The seawater
also provides a recipient with a high dilution capacity.

The SFR has various storage chambers with different
barriers, depending on the waste to be disposed of.
The function of the engineered barriers is to limit the
release of radioactivity to the groundwater. 40% of the
waste volume contains most of the activity (90%) and will
be deposited in large concrete silos situated in 70 m high
cylindrical rock caverns.

The concrete silos will be sorrunded by a clay barrier
with low permeability. This ensures very low release
rates from this part of the repository to the groundwater,
since release of nuclides has to take place by diffusion
through the concrete and the clay barriers.

160 m long rock caverns will be used for the less active
waste. The design of the storage chambers is dependent on
the type and dose rate of the waste packages. The release
of activity from these caverns will mainly be governed by
the exchange rate of groundwater inside the caverns.

Waste Receipt and Handling

Most of the operating waste will be transported by sea on
M/S Sigyn. Low-level waste that does not have to be radiation-
shielded will also be transported by road, in ordinary freight
containers.

The gross weight of the shielded transport container will be
limited to 120 tonnes. The limiting factor is the maximum
payload of the ship. These shielded containers have to be
designed to accept the additional loading and acceleration
associated with transport on a ship in rough seas. Different
materials have been investigated for construction of the
containers. Steel was found to be the best material.

The containers are handled with a specially designed termik_
vehicle with one diesel engine and one electric motor. The
electric drive will be used in the tunnels and caverns. The
total weight of the vehicle with load will be about 155 tonnes.
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The ILW-packages will be unloaded by remote .ontrolled
handling machines. LLW will be handled with ordinary
forklift truck.

Waste Packages

The reactor waste that will be stored in the SFR
consists mainly of iron-exchange resins and filter
material from different water treatment systems. Other
waste categories are contaminated components and material.
trash, and ash from the incineration of combustible waste.
Before transport to the SFR, the waste is conditioned and
stored at the reactor plants.

The main part of the waste is enclosed in the following
types of packages with maximum surface dose rate as follows:

LxWxH(m) Dose rate Max.weight
mSv/h (tonnes)

- Concrete containers 1.2x1.2x1.2 < 30 4
with resins solidi-
field in cement

- Drums with bitumen- 00.6x0.9 < 500 0.5
ized resins

Steel containers 1.2x1.2x1.2 <500x 4
with resins solidi-
fied in cement

- Concrete tanks with 3.3x1.3x2.3 < 20 20
dewatered resins

x) Pending approval by the authorities

Buffer, Backfill and seals

The use of buffer, backfill and seals differs for the
various parts in SFR. The most extensive system is used
in the silo repository.

The concrete silo is surrounded by a clay barrier with
low permeability. This ensures very slow release rates
from this part of the repository to the groundwater,
since release of nuclides has to take place by
diffusion through the concrete and the clay barriers.

In the concrete silo the waste packages are
subsequently backfilled with concrete.

When the silo repository is filled with waste a
concrete lid will be cast-on top. The buffer will be
completed with a layer of sand and bentonite clay over
the lid. The space above will be backfilled with sand.

<2 Concrete is used for backfilling of ILW in the other
rock caverns.
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Concrete plugs will be used to seal the tunnel
entrances to the varios caverns. The access tunnels
will be sealed with concrete plugs in combination with
bentonite.

Radiation Protection and Safety Considerations

Measures have been taken to reduce doses to the
operational staff. The handling of ILW is carried out
by remote controlled machines. The terminal vehicle can
also be operated by remote control.

The conservatively calculated dose for routine
operation is 25 mMan Sv/y.

Decommissioning

Buildings on ground level are planned to be demolished
and deposited on site.

Post-Closure

There are at present no decisions on post-closure
surveillance

6.Schedule

The construction work started in the summer 1983 when
the license was granted. Testing and commissioning was
finished in March 1988.

7. Costs and Funding

The total cost for the first construction phase is
calculated to be 740 MSEK, The cost for site selection
and preliminary safety report are not included (13
MSEK).

The costs for the first phase can be devided as
follows:

Geological surveys, other research and FSR
Administration
Engineering and design
Civil engineering works
(and provisional facilities on site)
Mechanical and transport systems
Auxiliary systems
Electrical and control systems

20 MSEK
30 "

115 Ad
420.

60
50 "
45 "

Total (current prices) 740 MSEK

The costs for the second construction phase is
calculated to be around 200 MSEK (price level 1987).
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The calculated costs for 25 years of operation is 360
MSEK and additional 100 MSEK for closure and sealing
(price level 1987).

For the expansion of the repository for the
decommissioning waste an additional 440 MSEK is

-- - required for construction and operation.

85% of the costs are covered directly by the reactor
owners. Remaining part comes from the waste management
fund.

8. Experience/Status

The experience from construction of the repository is
very good. The excavation of tunnels and caverns went
very well. The results from the geological surveys
complied very well with the real conditions during
excavation.

The construction work was finished by the end of 1987.
Commissioning took place in the beginning of 1988. The
first waste was emplaced in April 1988.

9.Quality Assurance Considerations

A traditional quality assurance program has been
conducted for the construction work, with emphasis on:

- Excavation anf reinforcement of the rock.

- The bentonite material and performance of the
buffer around the silo.

- The construction work for the concrete silo
(slipform technique).

- Manufacturing of handling machines and
terminal vehicle.

For the quality assurance of waste packages there is a
separate program. The waste packages are divided into
groups. For each type of waste package the following
steps are performed:

- Detailed description of the waste package
with regards to raw waste composition,
container, solidification materials,
solidification process and process variations.

- Analysis of the planned handling sequence for
the waste package type and identification of
the functional requirements on the waste package
in each step of the handling sequence, e.g.
surface dose rates, stacking capability and long-
term integrity. Determine the limiting functional
requirements.



- - ANUT ia1988

Conversion of the limiting functional require-
ments to desired waste package properties, e.g.
activity content, compressive strength and water
resistance.

Compilation of tests and calculations performed
on the waste type to verify that the packages
have the desired properties. Identify what
complementary investigations are needed and perform
these.

Based on the results of the tests and calculations
acceptable waste and process variations are
established.

Definition of quality control measures; e.g.
process control and product sampling.

When this assessment has been done it is reported in a
"waste type description" which will have a status similar
to a safety report. The "waste type description" will also
be used as a reference in the final safety report for the
disposal facility, SFR, and must be approved by SKI and SSI
before that waste type can be disposed of in SFR.
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-Nuciear Waste Management in Switzerland~~-..-*,u ,a , teMnag-r

(Status Overview November 1988)

'A . GENERAL STRATEGY -

A.1 Overall Waste Management Strategies

(NTB 83-02,- NTBZ83-03,gNGB 85-09) Spent fuel elements are reproces-
*sed-abroad and the resulting vitrified HLW -and conditioned LLW/ILW
-(including TRU) are returned to Switzerland. Centralised interim
storage :is foreseen for HLW,.spent-fuel elements.and some LLW/ILW
from reprocessing. In Project Gewahr 1985, the total interim storage
time-(= removal,;of fuel elements -to final disposal) for HLW is taken
as,40,years..

All.radioactive wastes-are to undergo.final disposal in repositories
. situated in suitable, 'geological foriations. The principal goal is
ensuring long-7term safety after closure of the repository - no spe-
.cialprovisions -for -later retrieval of the waste are foreseen since
these could prejudice the long-term safety goals. The repositories
must fulfil the protection -objectives of the 6uideline R-21 (cf.
chapter A.2). - - -

_W ee,- .onXt e pr ma r HL

Two repository -types are foreseen, one primarily for HLW (Type C
repository) and one primarily for LLW/ILW (Type E).-.Waste sorts are
defined with regard to maximum allowable radionuclide concentrations

-for the individual -apository types as derived from the R-21 protec-
tion objective requirements. -TRU waste from reprocessing will be
disposed of in either the B or -C type repository, according to the
maximum allowable -radionuclide concentrations forl the Type B reposi-
tory as-derived from safety analyses based upon -the'-actual site
data. In .the repositories, 'the wastejis7'isolated -from the human en-
vironment- by -a series of ,safety barriers, ̂ Yari ous engineered
(technical) and natural :(geological) barriers are employed, depen-

-_ding upon the waste sort -and its-toxicity.-.

The responsibil ity :for -waste management -is divided between the uti-
lities operating nuclear power plants and a special waste disposal

;coimpany,,cal led Nagra (cf.chapter.A.3). -

a ; ~~- -- I tw

A.2 . ational ,Policyo- Implementing taw - -- ;

- Reprocessing of-spent fuel is -foreseen',-but the.-option of disposing
of non-reprocessed fuel elements is. kept open.-Equally, the option
of disposing of high level waste ab'road within a framework of inter-
national cooperation is kept open, since this would be preferable
from an economic point of view. However, because political factors
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make full preparation for disposal in Switzerland necessary, it is
planned to continue the high-level waste research programme at least
up to the stage where selection of a repository site is possible.
For the low- and intermediate-level waste, a final repository shall
be constructed in Switzerland in any case.

The Federal Government Ruling of 6th October 1978 on the Atomic Act
designates the guaranteeing of "permanent safe management and final
disposal' of radioactive waste as a prerequisite to future develop-
ment of use of nuclear energy in Switzerland. Because the 5 nuclear
power plants already existing (in total about 3'000 MWe, i.e. 40 %
of Swiss electricity production) are outwith the scope of the Fede-
ral Government Ruling, the Federal Department of Transport, Commun-
ication and Energy (EYED) demanded a project which offers a guaran-
tee of feasibility and safety of final disposal as a prerequisite to
the extension of operational licences beyond the year 1985. This
project - the so-called "Project Gewahr" - was submitted to the Fe-
deral Government by Nagra on 23rd January 1985.

Based upon several reviews by Swiss Nuclear Safety Authorities and
government experts between 1985 and 1987, the Council of Ministers
announced its final decision on Project GewAhr in June 1988. The fe-
asibility and safety of projects for disposal of LLW is unconditio-
nally accepted and efforts should be made to implement an appropria-
te repository project. For HLW the safety analyses (performed for a
model-site with data based on Swiss field investigations) were also
accepted as a demonstration that safe disposal is feasible. The que-
stion of a specific HLW repository site is still open, however, and
further geological investigations - including sedimentary host rocks
- should be performed. This overall positive decision on the feasi-
bility issue justifies the continued operation of the existing nu-
clear power plants.

The safety conditions which the final repositories must satisfy are
defined in the Guideline R-21 (October 1980) of the Federal Commis-
sion for Safety in Nuclear Installations (KSA) and the Nuclear Safe-
ty Department of the Federal Office of Energy (HSK). The Guideline
states two objectives: 1. Radionuclides which escape into the
biosphere must not at any time lead to individual doses exceeding
10 mrem per year; 2. A repository must be designed in such a way
that it can at any time be sealed within a few years. After it has
been sealed, it must be possible to dispense with safety and sur-
veillance measures. A further Guideline, R-14, regulates the condi-
tions for interim storage of radioactive wastes.

The siting and construction of a repository and all preparatory work
(i.e. mainly geo- and hydrogeological investigations) is regulated
by the Federal Law. However, the local authorities of the community
and state (in Switzerland Canton) involved',as well as'the popula-
tion concerned, must accept the repository. Without the consensus of
the population, long delays will result, even if a formal federal
licence has been granted.
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A.3 Organisational Structure

._According to Swiss law, the producers of nuclear waste are responsi-
ble for waste management (for all waste categories). Hence, the
electricity supply--utilities- involved -in nuclear-power and the Swiss
Confederation (being responsible for the waste from medicine, indu-
*stry and research) joined together in 1972 to form the 'National Co-
operative for the Storage of Radioactive Waste" (lagra). Nagra is
responsible for the final-.disposal'and possible final conditioning
of wastes, as well as for the preceding controls; the responsibility

... . .-- a ...for spent .fuel reprocessing and transport, for the waste conditio-
ning and for interim storage remains with the utilities.

:.- - f . TheFederal Government is supported in its decisions on waste mana-
gement topics by the 'Federal Interagency Working Group on Nuclear
Waste Management" (AGNEB), by the 'Federal Commission for Safety in
Nuclear.Installations* (KSA) and by-the "Nuclear Safety Department"
(HSK) of the Federal Office of Energy. Several other federal offices
-and scientific institutions are involved in the regulatory, control
and supervisory work.-

A.4 Policy on Spent Fuel Management

cf. chapter A.2

A.5 Overall Schedule

No time limits are set in the-Federal Government Ruling for carrying
out the preparatory work or for-the emplacement of waste in the re-
pository. The programming of the work has to take into account the
technical and scientific necessities (e.g. site characterization),
the operational input (e.g.-dates of the waste return to Switzer-
land) and the political-issues (licensing procedures, both federal
and local). -- -

With all caveats regarding the licensing procedures and the 'outstan-
ding decision of the Federal Government on Project Gewahr, Nagra has
developed the following plans for disposal of L/ILW, HLW and TRU:

HLW repository - -LWILW/.-repository

- 1978 genericstudies -generic studies

I979 - 84 . pre-evaluatIon of about
100 potential sites,

0 A. ,'* I, 5,= -''''', ,selection of 3 priority
sites

- i;* - - ,
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HLW repository LLW/ILW repository

1980 - beginning of regional model project based on
investigations of the one of the three sites
crystalline bedrock in
the northern Switzerland

1985 >>> Submission of Project Gewahr to the Authorities <<<

1985 - continuation of regio- beginning of investi-
nal bedrock investi- gations of the 3 selected
gations, desk studies sites, selection of a
on'sediment sites fourth site for investi-

gations

1993 - selection of one site final site selection,
(crystalline or sedi- general application for
ment) for further a LLW/ILW repository,
investigations by thereafter construction
drillings etc.

1998 - application for an beginning of waste
underground rock emplacement in the
laboratory on the repository
repository site

2010 results of the final
site characterization

2010 - 25 engineering and construction
of a Swiss repository
- or participation in an
international project

A.6' Total System Costs and Funding

In Project GewAhr (NGB 85-09) the construction costs of the HLW re-
pository have been estimated at 600 million Swiss Francs and the
construction costs of the LLW/ILW repository at 320 million Swiss
Francs. For the preparatory work (including the geological investi-
gations), the total expenditure of Nagra'up to the end of 1988 will
amount to about 350 million Swiss Francs.

The costs'of waste management are borne directly by the waste produ-
cers, i.e. mainly by the electricity supply utilities operating nu-
clear power plants, according to their power production. A minor
contribution (calculated for a virtual "power equivalent") is made
by the Swiss Confederation which is responsible for the management
of wastes arising from medicine, industry and research.



- NOV 1988
Nuclear Waste Management in Switzerland . . Page 5

The project costs are paid directly by the waste roducers; there is
no state organization for collecting and redistributing the funds.

-A.7 . --Quality Assurance Considerations -

The main-objective is to provide assurance that-there are no devia-
tions from the desired quality~which could significantly impair the
system safety. A systematic quality control programme will be ap-
plied to the design and construction of the various parts of the sy-
stem. A special quality assurance programme is under development for
waste conditioning, interim storage and transport (cf. NGB 85-02).

A.8 International Cooperationn

-Nagra is an active participant in international research programmes
X : ~-(e.g. JSS.JINTRACOIN, HYDROCOIN,: INTRAVAL, BIOMOVS, Pogos de Caldas

..... Nagra-is also a member-of the international Stripa project ba-
:- sed on an underground rock laboratory in Sweden. -

*There are several cooperation agreements withorganizations in fo-
reign countries-(Sweden - SKB,-USA -. DOE andRC,-Federal Republic
of Germany ~- PTB,: BGR and GSF, European Community,-'France - CEA and
: Andra,--Finland - -TVO and -IVO,- United Kingdom --NRPS, BGS and BNF,

.:. :Belgium -ONDRAF, Japan -. PflC). Intensive contacts are established
with NEA/OECD and IAEA. -Several, foreign countries {Germany, USA,
France, Sweden) have also participated in research work at the Swiss

.- :. s -underground rock -laboratory (Grimsel Test $ite, cf.- chapter D.5).

-B . --.--Interim Storacie System -

*(NTB 83-02, NTB 83-03, KGB 05-09) Spent fuel -is stored in storage
-pools at.nuclear power plants,-.then transported-for reprocessing ab-
.-road (mainly France, partly UK). The resulting radtoactive waste
will be returned to Switzerland (after 1992) and stored in a central
interim storage facility for a total of 30 - 40 years (HLW).

A project is in preparation which will serve as -a basis for the li-
* cence application. The project is characterized by the following

. -. --points: --

Dry storage ofWfuel elements or ILW in transport -containers
.-<CASTOR-Type) in surface'halls. . .

- LL'/ILW will be stored in separate'surface halls.

- Storage capacity for interim storage of-spent fuel elements and
HLW will be sufficient for the present nuclear power plants (3'000
MW). The construction of the store shall proceed--in stages. The
first stage caters for the capacity requirement of the next 15 to
20 years.

More details can be given only after completion of the project.
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C Transportation System

The transport of the spent fuel elements to the reprocessing plants
abroad is performed using standard transport containers on road ve-
hicles. The usual international and national regulations for the
transport of radioactive materials are observed. However, due to the\-v
small amount of material to be transported and to the relatively
short distances, no special "national transportation plan" has been
developed to date. The same applies to the transport of wastes.

o Disposal System - High-Level Waste Repositorv

0.1 National Policy

Geologic disposal was selected as the best way of meeting the requi-
rements of the Federal Law. In 1978, a concept for final disposal in
Switzerland was presented; this leaves-several options open with re-
gard-to the specific choices of the construction concept and the
host rock. According to the general concept, the repository could
be, for example, a mined system of tunnels and silos,.a fan-like
arrangement of deep boreholes from the earth's surface into the host
rock, or a combination of both systems with underground tunnels in
stable rock and deep boreholes into underlying host rock. Impermeab-
le clays, anhydrite formations, crystalline bedrock and others can
be considered as host rocks.

For Project Gewahr 1985, a system of mined tunnels and silos at a
depth of around 1200 m in the crystalline bedrock in Northern Swit-
zerland was selected. However, this choice in no way prejudices la- A
ter planning of a repository project with regard to the host rock,
the region of the repository site or the engineering design. The sa-
fety analyses in Project Gewahr are based (in the form of a model
data-set) on a representative geological situation, the repository
being assumed to be located in a stable granite block between two
major faults of the crystalline basement overlayedMby several hun-
derd metres of sediments.

D.2 Requirements

In the model repository of Project Gewahr there was provision for
disposing of up to 1'120 m3 of vitrified HLW, corresponding to a
spent fuel inventory of 7'900 tU, and up to 53'000 m3 of TRU. This
would be sufficient for 40 years of operation of twice the nuclear
power capacity presently installed (so-called 240 GWa scenario).

D.3 Regulations

cf. chapter A.2
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-D.4 Site Selection' -

To date, no site selection programme in a strict sense of the word
has been performed. The investigations concerned a region for poten-
tial sites, rather than concrete sites.-, - -

After the decision on crystalline-bedrock as-the host rock of first
priority, a regional.-investigation programme was -initiated in 1978
in an area of about 1200 km2 in Northern Switzerland, with a network
of seismic lines and, up to now, 7 deep boreholes, each penetrating
through the overlaying sediments and about -1000,m deep into-the be-
drock. The investigations led to the discovery of a Permocarbonife-
rous trough which is now fairly well outlined-in- the investigation
area. Moreover, the hydrogeological-and geochemical-characteristics
of the bedrock have been investigated thoroughly.

for Project Gewahr,- amodel-site was--chosen using geo- and hydrogeo-
-logical data mainly from-the-B6ttstein drill-hole. The safety analy-
-sis proved-that the-assumed site characteristics allow the protec-
-tion objectives of R-21 toie.fulfilled, -provided there is a suffi-
ciently -large area-of-host rock-with the modelled properties (which
still-has to-te-established--definitively).. Further characterization
-work on'sites'with-crystalline- rocks and-also on -sedimentary alter-

- : -atives 1is-continuing. A major evaluation-report on sedimentary
*---rocks in -forthern-Switzerland is nbeing issued dttthe end of 1988.

- --The site (and-prior-to-this the host. rock) selection will be made
-according to the time schedule in-chapter A-5.

D.5 -Underground-Research i. i...- . -

Before final site confirmation,--there will probably have to be a
deep underground rock laboratory at the potential repository site

--(cf. A.5). In the meantime, especially foritesting and development
of-investigation techniques and-tools, an-underground rock laborato-

- '- -. .ry has been established-at the-Grimsel pass-in the-Swiss Alps. The
research programme-includes projects within-the scope of internatio-
nal cooperation agreements-(cf. :chapter A.8).

--The-Grimselrock laboratorys-situated in-granite beneath the Juch-
listock massif, about:-one kilometre-inside-the mountain at an eleva-

' - tion of 1730 metres above-.-sea-level.`The rock overburden is around
.:7' -450 m. The-granitethere-is particularly suitable for rock mechani-

cal, geophysical and hydrogeological investigations since, within a
- - - restricted area, ;dry-and-impermeable.'rock-'areas,-damp zones and

- .water-bearing fissures-canbe found.- An-extensive research programme
-has beencarried -out at'the-Grimsel -Test--Site-since 1984, including
*-.methods -for non-destruct~e.rock examination(electromagnetic high
frequency borehole radar, underground seismics), rock movement mea-
surements by tiltmeters, various tests regarding rock mechanics
(investigation of the decompression zone, rock stress measurements,
heat tests) and an extensive hydrogeological experimental programme
(fracture system flow tests, migration of radionuclides, ventilation
test etc.).
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The continuation of the Grimsel Test Site research programme until
at least 1990 was agreed upon at the end of 1987.

0.6 Repository Concept

All of the section D.6 is based upon the design work done for a HLW
repository within the scope of Project GewAhr.

D.6.1 Description

The current reference repository project (Project Gewahr, NGB 85-09)
is characterized by the following:

- The repository is foreseen for HLW and TRU wastes. The multiple
safety barrier system for HLW consists of a leach-resistant glass
matrix, a corro-sion-resistant steel canister surrounding the
glass cylinder, a layer of highly compacted bentonite surrounding
the canister and, finally, the crystalline host rock and its sedi-
mentary overburden. The TRU waste is embedded in a leach- and
dissolution-resistant solidification matrix (cement or bitumen),
emplaced in a cylindrical concrete silo and surrounded by special
concrete. The space between the filled concrete silo and the rock
wall of the cavern in the host rock is backfilled with bentonite.

- Disposal of HLW is in horizontal, mined tunnels, while TRU is dis-
posed of in vertical silos. The tunnels and silos are conceived in
such a way that they can be positioned to take account of the geo-
metry of disturbed zones in the host rock at the repository depth
without compromising the long-term safety. The silo and tunnel
areas are spatially separated in order to avoid any undesirable
(mainly chemical) interaction.

- Large disturbed zones of the host rock in the repository area are
avoided'by observing a sufficient safety clearance. Zones of les-
ser disturbance which intersect-the tunnel system are dealt with
by storing no waste in their vicinity and sealing the relevant
section of the tunnel with backfill.

- Before final closure of the repository, a safety evaluation of a
long-term, in-situ experiment will take place (observation of ma-
terials used in the repository over several decades). Retrieval of
the waste would be technically difficult but not impossible.

- The construction and operational phases of the repository run si-
multaneously. Appropriate arrangement of the repository installa-
tions ensures that continuing mechanical excavation with tunnel-
ling machines is spatially separated from the emplacement opera-
tion.
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0.6.2 Waste Receipt and Handling
.TUw teisre ivd fro th FSf

- HLW and TRU waste is received from the interim storage facility in
-- ' approprate transportation casks. The waste is'prepared for empla-

cement.i' the surfatce'reception area,-the 111 in particular being
- -encapsulated in corrosion-resistant'repository-canisters. All wa-

ste - the 'encapsulated-flLW and the TRU waste as delivered - is
conveyed to-the repository'.in additional transport shielding and
work in-zones with higher local radiation doses is done by remote

_X. .. cntrol.

- The-delivered-waste containers and the-encapsulated waste for dis-
posal undergoquality control. Facilities for-back-up work, repla-
cement'of defective HLW- canisters, decontamination of container
surfaces etc. are foreseen, as well as measuring equipment for mo-
nitoring the radioactive inventories of the waste containers. Or-
ganisational measures ensure that an inventory.is kept'of-all de-
livered and stored waste.

D:6.3 - Waste 'Vackacie

- 0 -^Therepo'sitory canisters; (overpack) for1W are designed to with-
:'stand thetchemical,:radiological and mechanics conditions in the
repository for aiiiiiilmum lifetime ofi`100Wyears. The chemical mi-
='lieu isconseratively-established-'taking into consideration the

'roundwater chemistry tnd the possible'.adiolysis of water. The
h': .eat fromradloactive dcaywi 1''resultin a'maximum temperature

-->-, -of-about-150FiC at the'-outer wall-of-the canister. The swelling
-- pressure of the backfill material and the hydrostatic pressure
n willnot exceed a value of 30 MPa. There US -no overpack for TRU.

- Cast steel (GS-40) was selected as a self-supporting canister
'- : shellfor-HLW.:The canister design selected can be fabricated
using technology available today (traditional moulded steel
method). The cylinder body and base of the canister have a maximum
total length of ca. 2000--m and a maximum outer diameter of 940
mm. The totalweight of the filled and sealed.canister is 8.5 t.
-Thebody and its hemispherical lid are pressed and welded toget-

-her.

- Canister' quality is guaranteed primarily by the simple production
method. In addition to the normal checks_ done during the produc-
tion process, the completed components undergo.metallurgic inspec-

-t1on for faults. The welded-jointsi(possibly7stress-relieved) can
be tested using ultrasonics and gas leakage methods.

D.6.4 Emplacement - *--- -; !. -

-' The repositorycis accessible by two independent vertical shafts.
----One of these handlestransportation for the construction opera-
':'-:- tions and, at the same time,-serves asa% fresh air inlet for the
underground mining. The other shaft is for' the conveying of radio-
active waste and the backfill material and also serves as an air
outlet.
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- From an underground central area at the bottom of the shafts, two
main tunnels lead to the repository area for HLW. Between the main
tunnels, a system of parallel repository tunnels is mechanically
excavated. These tunnels have a circular profile of around 3.7 m
diameter and lining of the tunnel walls is not envisaged. The HLW
canisters are placed in the tunnels axially at regular intervals
of 5 m and the remaining space is sealed with bentonite backfill.

- The TRU silos are in a separate area. The silo caverns have a
depth of around 55 m and a diameter of 10 m. Each silo consists of
a concrete structure standing free of the rock in which the waste
is emplaced and immobilised with a special concrete. The space
between the rock and the silo wall is backfilled with bentonite.

D.6.5 Buffer. Backfill and Seals

- During emplacement of HLW, the waste canisters are surrounded by
compacted bentonite blocks. A specially developed handling machine
is used to emplace the prefabricated bentonite blocks. The convec-
tive water flow through the bentonite layer is negligible and so-
lute transport to and from the waste canister occurs primarily by
diffusion. Bentonite also acts as a chemical buffer and strongly
retards diffusion of many important radionuclides by sorption -
the retention of many significant radionuclides at the repository
location thus being up to a hundred thousand years. Many radionu-
clides will decay to insignificance before they can penetrate
through the bentonite into the surrounding geological formations.

- Before final closure of the repository, shafts and cavities under- '
ground are isolated and infilled (i.e. sealed). Selected key zonesl_'
are sealed using bentonite blocks or a bentonite / quartz sand
mixture, the remaining space being infilled by other materials.

D.6.6 Temperatures and Pressures

- The maximum temperature in the axis of the'vitrified waste is
estimated to be 195 0C 1.1 years and about 115 0C 50 years after
emplacement. The respective values for the canister are 153 IC and
100 0C, for bentonite 5 cm from the canister 146 0C and 95 0C, and
for the rock wall 76 0C and 73 'C.

- The maximum total presure at the canister wall is estimated to be
30 MPa.

D.6.7 Radiation Protection and Safety Considerations

The design goal stipulated by the Swiss regulations is that the
expected contribution to the radiation dose for the most highly
exposed group of public must be less than 10 mrem per year (cf.
Guideline R-21, A.2).
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D.6.8 Decommissioning.

- Final sealing of shafts is to be done-as mentioned under D.6.5 by
sealing critical key zones with bentonite and infilling the remai-

* .- . ning spaces with a bentonite./ sand mixture or other materials
-. - (concrete). Also,.exploratory boreholes which may-potentially com-

.promise the long-term safety of the repository shall be sealed in
-a similar way.

0.6.9 Post-Closure

- Swiss law requires-final disposal of the waste, the final reposi-
t-ory being defined as a facility for which--".it must be possible to
-dispense with safety and surveillance measures-once the reposito-
ry-has been sealed, Hence, no.special monitoring is expected to be
needed for long-term safety. The records about'the location of the
repositorvy area and other relevant information'will be kept by the
Federal Government..-

-In crystalline rock,-the waste will.incfact be retrievable from
its bentonite surrounding for a very long time -albeit at a rat-
-her high cost.,

0D.7 .Schedule

The repository will not be-needed before the year-2020 ... 2025.
Hence, the-programme of-further.action foresees-thorough evaluation
;of host rock options,-with host -rock -and latersite selection and
-characterization up tothe y.ear2010. Thereafter it-will be decided
whether'a final repository-in Switzerland shall-be-constructed or if
-an international proJect."can.be joined. For a-more systematic over-
-view cf.-chapter A.5.

D.8 Costs and Funding - -. - -

cf. chapter A.6

- D.9 - Experience /:-Status -

..-..:- f Switzerland has much-experience in tunnel construction but less in
underground-mining and~deep geological explorations. Nagra has sup-
ported the build-up of the necessary experience-during the last
eight years or so, and today state-of-the-art exploratory, proces-
sing and modelling techniques are available. At the Grimsel Test
Site, valuable experience in underground testing has been acquired.
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E Disposal System - Low- and Intermediate-Level Waste Repository

E.1 National Policy

Because of the high population density in Switzerland, no shallow
land burial has been foreseen for LLW. Geologic disposal in the so-
called Type B repository was selected as the best way of meeting the
requirements of the Federal Law and assuring the necessary public
acceptance even for LLW. Certain low- and intermediate-level wastes
- e.g. operational waste from nuclear power plants and waste from
medicine, industry and research - already exist in a form suitable
for final disposal. The Type B repository is therefore required more
urgently than the HLW repository and it is intended to be operatio-
nal before the end of this century (1998, cf. chapter A.5). The Type
B repository will be constructed in Switzerland even if the HLW (and
TRU) should be disposed of abroad within the framework of an inter-
national cooperative project.

In the Type B repository, the waste is Isolated from the biosphere
by both natural and engineered safety barriers. Key parameters for
the realisation of the general multiple safety barrier concept are
the choice of the host rock (e.g. clay, marl, anhydrite, crystalline
or others), the engineering design of the repository and the speci-
fication of the waste categories to be accepted for emplacement in
the repository. A mined cavern system with access through a horizon-
tal tunnel in an alpine formation of Valanginian marl was selected
as the reference repository concept for Project Gewahr 1985. The sa-
fety analyses were performed for a model-site based on the present
knowledge of one of the potential repository sites (Oberbauenstock,
cf. chapter E.4). All LLW and ILW were assumed to be disposed of in
the Type B repository, including some TRU waste. However, the speci-\__)
fic waste acceptance criteria will be defined only later after the
repository site has been finally specified, taking into account the
Guideline R-21 protection requirements. Hence, depending on the real
geosphere situation at the chosen site, more or less of the TRU will
have to be emplaced in the HLW repository (or in a special interme-
diate type repository).

E.2 Requirements

In the reference repository of Project Gewahr 1985 there was provi-
sion for disposing of 200'000 m3 waste, corresponding to 40 years of
operation of twice the present NPP power output (240 GWa scenario,
cf. chapter D.2). The repository to be realised will be somewhat
smaller.

E.3 Regulations

cf. chapter A.2
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E.4 Site Selection

The site selection for a LLW/ILW repository proceeded in several
stages and is described in the Nagra reports NTB-81-04 und NTB 83-
-15. First of all, Nagra-selected possible host rocks according to
hydrogeological and geological criteria and evaluated a total of 100
potential sites in the-years 1978 - 81. The results led to a selec-

-tion of.20 potential sites for which additional.non-licenced inve-
.sti~gations.;were .undertaken.

Evaluation of-these 20 sites was performed in 1982 - 83 and led to
the selection of three sites - Bois de'la Glaive (anhydrite), Ober-
bauenstock.(Valanginian marl) and Piz Pian Grand (crystalline) -

' .=. '.which are being investigated- as a firstpriority.- Five further ex-
ploratory areas were designated as second priority; the remaining 12
sites'have-been deferred from further investigations. For the three

. top priority sites, Nagra prepared relevant applications for explo-
ratory drillings.and tunnels and submitted them at the end of 1983

' '=to the Federal Government.

The necessary licences were granted in September 1985; however, the
decision on Phase II of the work -:the construction of exploratory
tunnels' -has-'been postponed until the results of Phase I have been
'' ' presented. In the years 1986.--87, Nagra-performed investigations at
Oberbauenstock and at Piz Pian Grand and finished Phase I at these
.-two sites. No licensed work has been done at Bois de la Glaivaz due
to severe political'obstructionat thissite.'The reports on results
- : of Phase I and the applications -for exploratory tunnels in all three
sites will be ready-at'the .end ofi1988.'

In addition to the'three sites mentioned,, afourth has been selected
at Wellenberg in Canton Nidwalden, where the geometry of the Valan-
sinian marl could allow the construction of, a-horizontally accessi-
ble LLW/ILW repository combined-with a-repository cavern for TRU at
a depth of 300 m (or so) at the-same site.. The necessary applica-
.tions-were submitted 'to otheFederal Government in June 1987, and a
positive decision wastaken-in July 1988. Local'-pldnning permits are

.now being obtained and the'detailed field work -is planned to begin
: in'early 1989. -

-E.5 Underground Research'

At the most promising potential repository-site, an exploratory tun-
.. nel will be constructed- (cf.'chipter E.4).-At the Wellenberg site,

the licensing application includes proposals.fora small underground
- rock laboratory-.which'shoiuld allow- Nagra to perform marl-specific
underground.experiments. In addiftionl;'at-the Gri sel Test Site (D.5)

. more general methodology development and specific crystalline expe-
riments are taking place.
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E.6 Repository Concept

E.6.1 Description

The reference repository project (Project Gewahr 1985, NGB-85-09) is
characterized by the following:'

- Disposal is in underground rock caverns with access through hori-
zontal tunnels and the reception area is also underground.

The system of technical safety barriers comprises the waste soli-
dification matrix (cement, bitumen, polymers); possible grouting
of the waste drums with liquid cement in a concrete container;
backfilling of remaining empty space with special concrete; con-
crete lining of the disposal caverns and sealing of access tunnels
on closure of the repository. The'waste is delivered in conditio-
ned form, 'i.e. in the solidification matrix. All remaining techni-
cal barriers are provided during construction, operation and clo-
sure of the repository.

There exists the possibility of dividing the waste into several
toxicity classes in order to maximise the barrier potential of the
repository by emplacing waste with higher toxicity in areas with
longer migration paths to the biosphere.

The construction and emplacement phases are separated, the whole
repository lay-out being complete before the commencement of waste
emplacement. (This is assumed for Project Gewahr but, for a real
project, construction in phases or simultaneous construction and
emplacement will probably be considered).

E.6.2 Waste Receiot and Handling

- The waste is brought to the' underground reception area through the
access tunnel by road or by rail vehicles. The mechanical condi-
tion, surface contamination etc. of the delivered'waste is checked
in the reception area. The radioactivity inventories of waste un-
its are checked on the basis of the accompanying documents or com-
plementary direct measurements if necessary. Waste with nuclide
concentrations which exceed maximum permissible values specified
for the repository is transferred to the HLW-repository.

- An inventory is kept of delivered and emplaced waste. This provi-
des information on the waste in each drum or container and the re-
spective emplacement positions in the disposal caverns. It also
gives a continuous overview of accumulated quantities of signifi-
cant radionuclides in the waste already emplaced.

E.6.3 Waste Package

- No overpack is foreseen for LLW/ILW.
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E.6.4 Emplacement

- In -the re-ositorycaverns the waste is- placed in the emplacement
position by remote-handling equipment.

E.6.5 Buffer.' Backfill and-Seals

- The empty space remaining in the repository. caverns after emplace-
ment of the waste will be backfilled wlthspecial concrete. After

-therepository is filledto capacity, backfill-ng and sealing of
the remaining empty space is -the final step of-repository opera-
tion. The method of sealing (concrete ? bentonite ? etc.) is not
yet specified; the relevant experiments are foreseen for the marl
underground laboratory at Wellenberg.

E.6.6 Temperatures and Pressures
.~ ~ ~ ~ ~ ~ ~ ~ ~ ~~- . .:s ..ma tha

- The heat production-of-the'LLW/ILW considered -is so small that
there is no significant temperature elevation over the normal un-
derground values. The pressure corresponds to the geological over-
burden of the repository caverns, there will be provisions for the
gas produced to escape without unacceptable increase of the pres-
sure in the repository. -

E.6.7 Radiation Protection and Safety Considerations-

* The design goal stipulated by the Swiss -regulations is that the
expected contribution to the radiation dose -even -to the most
b highly exposed group if public-shall be ,less'th an 10 mrem per year
(cf-. Guideline R-21, A.2).

The safety analyses of Project Gew~hr 1985 indicate that this goal
can be achieved. For the model-site, the release of radioactivity
into the biosphere was also calculated for an unfavourable trans-
port path to a road tunnel in the neighborhood (assumed to be
collapsed) and from there into small springs and surface groundwa-
ter. Even then radiation doses lie under the protection objective.

- Release scenarios which take long-term geological changes into ac-
count included complete exposure of the repository by erosion af-
ter 1001000 years. The calculated radiotoxicity of the soil mix-
ture formed - even for this extreme assumption - is still below
natural values.

E.6.8 Decommissioning

- Final sealing of access tunnels is to be done either by concrete
plugs or by bentonite, the decision on the method still being
open.
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E.6.9 Post-Closure

- Disposal is conceived in such a way that no control and supervi-
sion is necessary after repository closure and a high level of
long-term safety can nevertheless be ensured (in accordance with
the Swiss law requirements., cf. chapter D.6.9). 1

- Quality control during emplacement and subsequent backfilling is
ensured. Before final closure of the repository, long-term in-situ
experiments will be evaluated from a safety viewpoint. Retrieval
of the waste after closure is not envisaged but may be possible,
albeit at considerable expense.

E.7 Schedule

The overview of the time schedules has been given in chapter A.5.
The LLW/ILW repository is scheduled to start operation in 1998, as-
suming that there are no unexpected politically motivated delays in
the licensing procedures and no geological surprises.

E.8 Costs and Funding

cf. chapter A.6

E.9 Experience / Status

Switzerland has much experience in tunnel construction which is suf-
ficient for the construction of horizontally accessible repository _
caverns envisaged for the LLW/ILW repository. With regard to the
geological explorations, Nagra supported the build-up of the neces-
sary experience during the last eight years or so and today state-
of-the-art exploratory, processing and modelling techniques are
available.

(B:NEA81210.TXT. 9.12.1988)
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A/ GENERAL STRATEGY

1. Overall Waste Management Strategies and Systems

The United Kingdom has a long established nuclear generating programme, having
been in 1956 the first country to deliver electricity to the National Grid from
a commercial power station. It has for many years produced electricity ,

commercially from both Magnox Reactors and Advanced Gas Cooled Reactors (AGRs). -

In 1977 the Central Electricity Generating Board (CEUB) declared its intention
to establish the Pressurised Water Reactor (PWR) as a valid option for the
United Kingdom. The Government in confirming its agreement to this intention
took the view that subject to the necessary consents and safety clearances a
PWR should be the next nuclear power station. The first of the PWR power
stations has been agreed and is under construction at Sizewell in Suffolk.
while an application to construct the second at Hinckley Point is currently the
subject of a Public Inquiry. Around 20% of electricity available from the UK
public supply comes from nuclear power stations.

In the UK radioactive wastes are categorised as either very low, low (LLW)
intermediate (ILW) and high-level waste (HLW) according to their radioactive
content and heat output. The bulk of these wastes arise from nuclear fuel
cycle activities associated with electricity generation. No more than 20% by
volume of UK arisings come from defence sources while a significant proportion
(mainly very low - and low-level) arise from hospitals, industry and research
establishments. UK Nirex Ltd and the Department of the Environment maintain a
joint inventory of current and projected waste arisings in the UK.

The current national strategy for waste disposal involves the use and
development of a range of treatment, storage and disposal facilities and a
continuing programme of research and assessment to ensure that each type of
waste is disposed of in the most appropriate way. Disposal facilities for LLW
already exist at Drigg in Cumbria operated by British Nuclear Fuel and at
Dounreay "operated" by the UK Atomic Energy Authority. The task of disposing \__
of low and intermediate-level waste in the future rests with UK Nirex Ltd. the
Nuclear Industry Radioactive Waste Executive.

2. National Policy/Implementing laws

The control of radioactive substances in the UK is set out in Annex 1 to this
paper. Discharges and disposal of radioactive waste are only permitted to take
place in accordance with specific authorisations issued by the Authorising
Departments. These Departments include the Depirtment of the Environment,
Scottish Development Department, Department of the Environment for Northern
Ireland, the Welsh Office and Ministry of Agriculture, Fisheries and Food. The
organisations which produce radioactive waste must carry a direct
responsibility for taking the necessary actions for the safe and effective
management of such waste, and for meeting the full cost of such actions. This
accords with the polluter pays principle, which is now generally accepted in
all industrial countries. Following publication of the sixth report of the
Royal Commission on Environmental Pollution in 1976, it was accepted that the
primary responsibility for the regulation of radioactive waste disposal lies
most appropriately with the Secretary of State for the Environment in
conjunction with his ministerial colleagues. The Government of the day
formulated a number of specific policy objectives, which continue to apply:

1/ to ensure that the creation of wastes from nuclear activity is
minimised;

2
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2/ to ensure that waste management problems are dealt with before any
large nuclear power programme is undertaken;

3/ to ensure that .the handling and treatment of wastes is carried out
with due regard to environmental considerations;

4/ to secure the programmed disposal of wastes acummulated at nuclear
sites;

5/ to ensure that there is adequate research and development on methods
of disposal; and

6/ to secure the disposal of wastes in appropriate ways at appropriate
times and in appropriate places.

The responsibility in the UK for achieving these objectives rests with the
Department of the Environment (DOE) through Her Majesty's Inspectorate of
Pollution (HMIP) or its equivalent in Scotland (SDD, HMIPI) or Northern Ireland
(NI DOE). The Health and Safety Executive (HSE) has a duty to ensure that the
strategy fully takes account of nuclear hazards. In discussing with the waste
producers how best to deal with particular types of waste, the various
inspectorates seek to achieve the best practicable environmental option (BPEO)
in each case.

The waste management plan for a particular waste stream is evolved through the
following successive stages of discussion between regulatory bodies and waste
producers:

1/ all parties review the priorities for disposal taking account of
operational factors and safety;

2/ identification of the broad options for treatment, storage, transport
and disposal;

3/ selection of preferred options for further development. The initial
selection will be made by the waste producer, but it is important that all
parts of the waste management procedure are considered together in order
to avoid conflicts between, for example, the requirements for interim
storage, transport and disposal;-

4/ discussion of options in order to resolve any potential conflict with
national strategy, leading to the agreement in principle by regulatory
bodies to a preferred option;-

5/ appropriate approvals by regulatory bodies of detailed design
construction and commissioning of facilities; and

6/ supervision and inspection of operational facilities.

Approval by the regulatory bodies will not therefore involve merely a single
decision but will depend on a close analysis at various stages of what the
waste producers have in mind-and of all the available options.

To be comprehensive, the UK strategy has to cover waste from defence as well as
civil sources. These are a relatively small- part of the picture. They are the
responsibility of the Ministry of Defence, which liaises with the appropriate
civil regulatory Departments to ensure that they are dealt with to standards
compatible with, and at least as rigorous as, those applied to the civil waste.

3
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In 1984 the Government published the principles which will apply for the
protection of the human environment when assessing proposals to develop a
repository. These include radiological safety criteria to be met by the
developer and an outline of the environmental assessments expected. The
general principles are set out in Annex 2.

The Government has also decided that waste disposal sites should be licensed.
Regulations will be made to bring them within the HSE's licensing regime which \,j
is administered by HM Nuclear Installations Inspectorate (NII). The NII has
already published its safety assessment principles for licensing purposes and
it intends to publish a paper describing the licensing process as it will apply
to repositories. An outline of the procedures is provided in Annex 3.

3. Organisational Structure

The organisational structure within the United Kingdom for the regulation and
control of radioactive waste is outlined in Annex 4.

The Environment Secretaries of State obtain advice on major issues of policy,
and on monitoring and research, from the Radioactive Waste Management Advisory
Committee (RWMAC), which has an independent chairman and a majority of
independent members with relevant backgrounds and knowledge, together with some
members drawn from the nuclear and electricity generating industries or from
nominations made by the Trades Union Congress (TUC). RWMAC publishes annual
reports, and maintains liaison with the Advisory Committee on the Safety of
Nuclear Installations (ACSNI), an independent body appointed to advise the
Health and Safety Commission and relevant ministers. Independent and authorita-
tive advice on issues which affect radioactive waste is also available, as and
when appropriate, in the periodic reports of the Royal Commission on Environ-
mental Pollution. In addition the independent advisory committee COMARE
advises Government on the health effects of natural and man-made radiation in
the environment and to assess the adequacy of the available data and the need
for further research. This Committee is composed of an independent chairman
and independent members with relevant backgrounds, knowledge and either
scientific or medical expertise.

The National Radiological Protection Board (NRPB) was established in 1970 by
the Radiological Protection Act and its responsiblities include the provision
of advice to those in the UK who have duties to protect people from radiation
hazards. NRPB is an independent body, with its own scientific staff, and with
members of its board appointed by the Health Ministers. It is required to
advise on the acceptability to, and the application in, the UK of any
recommendations on radiological protection made by international or
intergovernmental organisations, including the International Commission on
Radiological Protection, the Commission of the European Communities and any
agency of the United Nations. The NRPB carries out work on a number of aspects
of radioactive waste management and in particular provides guidance on the
radiological protection standards to be applied to waste management practices
and advises on the acceptability, from a radiological protection point of view,
of present and planned practices.

Transport arrangements for waste have to comply with regulations made by the
Department of Transport, which incorporate international standards. The purpose
of the regulations is to ensure that such materials are safely conveyed on
whatever journeys may be undertaken. Decisions about routing are generally the
responsibility of the waste producer and the transport operator.

4
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Individual waste producers undertake research and development related to the
treatment and conditioning of their -own waste. HMIP is responsible for
ensuring that there is an adequate national research and development programme
on methods of disposal and commissions research required for its own regulatory
functions, including some long term research. There are currently four general
areas:

1/ Radioactive waste management strategy and system studies

2/ Radioactive waste quality assurance and treatment

3/ Underground disposal of radioactive waste and assessment of the
impact of disposal options

4/ Radioactivity in the environment.

The HMIP research budget for the financial year 1988/89 is £11.lm. MAFF also
carries out commissioned research in support of its regulatory function. Total
national expenditure on waste management R&D in 1987/88 was around £50m.

Responsibility for the safe management and disposal of radioactive waste
produced in the UK rests with the producers. In 1982 the Government announced
that- a Nuclear Industry Radioactive Waste Executive (Nirex) was to be
established with the task of providing disposal services. Disposal facilities
for LLW already exist at Drigg, operated by BNFL, and ]Dounreay, by the UKAEA,
for both low and intermediate level waste. In November 1985, Nirex was
incorporated as United Kingdom Nirex-Limited (UK Nirex Ltd). Shares are held
by 4 partner organisations: British Nuclear Fuels PLC, the Central Electricity
Generating Board, the South of Scotland Electricity Board and the United
Kingdom Atomic Energy Authority. One special share is held by the Secretary of
State for Energy on behalf of the Government. Nirex has indicated that it is
prepared to deal with defence waste and waste from outside the industry, as
well as those from the partner organisations. Although Nirex was set up with
the agreement of Government, it is not a Government Body: the-development of
disposal facilities will be subject to both authorisation by the Authorising
Departments and licensing by the Nuclear Installations Inspectorate (NII).
Nirex also submits periodic reports on its activities to the three Environment
Secretaries of State, and these reports are published.

4. Policy on Spent Fuel Management

The management strategy for the United Kingdom's irradiated fuel and HLW from
reprocessing is to:

1/ continue to reprocess irradiated- Magnox fuel and to reprocess
irradiated AGR fuel in THORP (Thermal Oxide Reprocessing Plant) when it
becomes operational around 1992, allowing the separation of waste products
and the recovery of uranium and plutonium; -

2/ continue to store the high level liquid waste from reprocessing at
Sellafield in cooled stainless steel tanks pending operation of the
Windscale Vitrification Plant;

3/ store the vitrified high-level waste from reprocessing in engineered
stores at the surface for at least 50 years before disposal, to allow heat
and 'radiation to reduce and to allow time for evaluation of options for
disposal;

5
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4/ continue to develop scientific and technical knowledge on options for
the final disposal of conditioned high-level waste.

5. Overall Schedule

The Government policy for the disposal of radioactive waste is to secure the
disposal of waste in appropriate ways at appropriate times in appropriate
places. Liquid and gaseous effluents containing very low levels of activity
are discharged routinely, under authorisation, from major nuclear
installations, industry, hospitals and research centres. Most important of
these is the BNFL plant at Sellafield. Very low-level solid waste is disposed
of direct or by 'special precaution burial' at municipal landfill sites. Low-
level waste is disposed of at the Drigg facility in Cumbria and at Dounreay in
Scotland. Intermediate-level waste is stored pending the availability of a deep
disposal facility to be developed by Nirex over the next few years. High-level
waste from reprocessing will be stored for 50 years after vitrification
(starting around 1992) when a decision will be taken on the most appropriate
form of disposal.

6. Total System Cost and Funding

The basic principle adopted in the UK to meet the cost of disposal is that the
"polluter pays". While responsibility for overall policy and strategy rests
with Government it is the producers that must provide the cost of disposal. UK
Nirex Ltd is the main example of this in practice. Not only does Nirex provide
services for major shareholders (BNFL, CEGB and UKAEA) but also for hospitals
and other small producers of waste.

The policy of the Generating Boards is to charge their consumers at a rate that
properly reflects the past and projected future cost of providing electricity.
Accordingly, provision is made over the operating life times of nuclear power
stations for the expected cost of reprocessing irradiated fuel, decommissioning
the stations and treating, storing and disposing of the radioactive waste
products that will arise.

The cost of BNFL's facilities and their operation are recovered in prices
charged to BNFL's customers. Development and operation costs incurred by Nirex
are borne by the shareholders and the other users of Nirex facilities. Research
and development for the disposal of vitrified high-level waste is covered by
Government funding administered by the Department of the Environment.

7. Quality Assurance Considerations

Her Majesty's Inspectorate of Pollution is developing facilities for quality
checking of waste forms due to be disposed of by authorised routes. These are
based at the Winfrith Laboratory of the Atomic Energy Authority. Rigorous
quality assurance procedures are carried out by waste producers at the points
of arising of the waste, points of packaging and points of storage and
disposal. These are carried out in compliance with regulations and
authorisations issued by the Authorising Departments and the Nuclear
Installations Inspectorate.

8. International Cooperation

The United Kingdom participates in numerous international activities organised
by the International Atomic Energy Agency, the OECD Nuclear Energy Agency and
the Commission of the European Communities. The latter has bi-lateral
agreements with a number of countries including the United States, Sweden and u
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Canada on the exchange of information on radioactive waste management
programmes and research. The UK participates actively in these exchange
agreements and there are many bilateral contacts between UK organisations and
their counter parts abroad. A number of research projects are also carried out
in co-operation with researchers elsewhere. For example, the Department of the
Environment and UK Nirex Ltd participate in the INTRAVAL Project organised by
the Swedish Nuclear Power Inspectorate -(SKI) which is designed to help test
(validate) geological pathway models against laboratory or field observations.
The UK also participates in similar intercomparison projects such as BIOMOVS,
PSACOIN and HYDROCOIN.

7
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8/ STORAGE SYSTEM

1/2. National Policy and Requirements for storage:

Irradiated fuel discharged from reactors is stored for a period at the power
stations, to allow short-lived radioactivity to decay and heat output to fall,
before it is transferred to the BNFL reprocessing site at Sellafield. The fuel
is cooled in ponds at all power stations except one, Wylfa, where it is held in\,J
an air-cooled vault. At Sellafield the fuel is stored in ponds to allow further
decay of radioactivity until it is reprocessed and to provide an operational
buffer.

Containers holding vitrified waste from reprocessing spent fuel will be placed
in an air-cooled store. In its second annual report, issued in May 1981, RWMAC
suggested that containment within a storage system for at least 50 years may be
the best way to deal with solidified high-level waste prior to disposal. This
would permit radioactive decay to reduce the thermal radiation emmission from
the waste which would greatly simplify the disposal operation. A subsequent
Government White Paper, Command 8607, established this approach as part of the
UK's radioactive waste management policy. This policy was further endorsed in
Command 9852. the Government's response to the House of Commons Environment
Committee's report on radioactive waste management, published in 1986.

The long term storage of irradiated fuel is also under consideration. The
development of such longer term storage options would provide flexibility in
the timing of the reprocessing of irradiated oxide fuel beyond the first ten
years of THORP operation. In this respect the CEGB is developing a design of
dry buffer store suitable for longer terms of irradiated AGR fuel. The PWR
stations built in the United Kingdom will be equipped with ponds which will be
capable of holding around 18 years worth of fuel arising.

3/4/6. Description, Schedule, Experience/Status:

Magnox fuel cans and the uranium metal itself are susceptible to corrosion in
water. Careful control of storage water chemistry is essential to ensure that
excessive corrosion does not lead to significant release of fission products
into the storage water. If storage periods are extended much beyond 1 to 2
years, this problem may become difficult to control. Construction of a new fuel
handling plant and an effluent treatment facility at Sellafield will avoid any
unacceptable situation occurring, but the basic susceptibility of Magnox spent
fuel to corrosion in water storage remains. Early reprocessing is seen as an
essential part of the Magnox fuel cycle. Irradiated fuel discharge from the
CEGB Magnox reactors at Wylfa is stored in a gaseous environment; initially in
carbon dioxide, later in air. Although it is policy to transfer all Magnox fuel
to Sellafield for reprocessing on an early time scale, some fuel has been
subjected to dry storage at Wylfa for up to 14 years for experimental purposes.
It remains in excellent condition.

Light water reactor fuel, clad in zircaloy, is designed to operate in water at
high temperature and pressure. Evidence shows that it can be stored for many
decades in water after removal from the reactor. This type of fuel has been
stored at Sellafield since 1972, awaiting reprocessing in THORP. An extensive
fuel monitoring programme has not revealed any degradation. Sufficient
experience has now been gained with prolonged underwater storage of zircaloy
clad fuel for this to be regarded as proven technology.

8
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In contrast, AGR fuel is designed for operation in carbon dioxide gas at high
temperatures. During reactor operation, changes have been found to occur in the
properties of some of the stainless steel cladding and fuel element components.
These changes can make the fuel susceptible to slow corrosion during subsequent
underwater storage. It is currently considered prudent not -to plan to store
substantial quantities of AGR fuel in water in excess of about a decade. As
noted earlier, AGR fuel discharged from the UK Generating Board's stations is
currently stored in ponds at Sellafield awaiting reprocessing in THORP. Given
the limitations on prolonged AGR fuel storage under water, additional
flexibility in spent fuel management can be gained by the construction of a dry
spent fuel buffer store, acting to decouple station operation from the
subsequent stages in spent fuel management. Such a buffer store would allow
routine maintenance in any refurbishment required for THORP to be carried out
while safeguarding AGR electricity generation. The AGR dry buffer store is seen
as a complement to THORP and a way of optimising the use of the plant over a
prolonged period.

While most very low and low-level wastes can be disposed of at present, inter-
mediate-level wastes require storage pending the availability of a suitable
deep disposal facility. Intermediate-level waste includes a range of liquid
and solid materials, largely arising at the reprocessing site and consists of,
for example, spent Magnox fuel cladding material, the higher activity
components of some effluent streams, etc. The major part-of intermediate-level
waste arises at Sellafield and will continue to be stored at Sellafield until
the planned treatment plants are brought into operation beginning with the
first phase to encapsulate Magnox fuel cladding in cement-based' matrix, in
1990. The products from these facilities, which are -subject to standard
planning procedures, will be safely stored in engineered facilities until
disposal routes are available.

5. Costs and Funding:

The funding of storage of wastes is provided by the producer of the waste, in
large part the Generating Boards, by British Nuclear Fuels plc and the Atomic
Energy Authority. The following undiscounted global estimates are available
for the costs of storage:

(i) Pond storage: £25,000-£50,000/tU depending on
quantity of fuel and timing of
delivery/storage.

3(ii) Vitrified product storage: £100,000-£150,000/m product.

(iii) Encapsulated ILW product storage: £10,000430,000/rn product
depending on activity of waste.

7. Safety Considerations:

All facilities for storage of radioactive waste are subject' to regulatory
control in the UK, largely through the Nuclear Installations Inspectorate of
the Health and Safety Executive. Also, facilities have to satisfy planning and
other legislation prior to construction and during their operation.

8. Decommissioning Considerations:

At the current time no firm plans have been made for the decommissioning of the
storage facilities.

9
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C/ TRANSPORTATION SYSTEM

1. National Policy:

Broadly speaking there are four types of radioactive material transported in
the UK:

1/ Radioactive materials for use in medicine and industry

2/ Uranium oxide ore concentrate, uranium hexafluoride, and unirradiated
nuclear fuels

3/ Irradiated fuels

4/ Radioactive waste.

- ne regulations governing the transport of waste materials are exactly the same
as for any other radioactive material. The requirements laid down in the
regulations are that the package shall be of a type and structural strength
commensurate with the radionuclides being carried, their activity and physical
form. For regulatory purposes radioactive materials for transport are
categorised according to the types of package involved, which are in turn
related to the activity and physical form of their radioactive contents. The
main types of package are: Exempt packages (for certain very small quantities
of radioactive materials), Industrial packages (for materials of which the
amount of radioactivity per unit is very low or which is in a form which is not
easily dispersed), Type A (for relatively small quantities of radioactive
materials, such as radio-pharmaceuticals, or radiochemicals) and Type B (for
large amounts of radioactive materials such as irradiated nuclear fuel).

-. Requirements:

.11 national and international regulations concerning the safe transport of SY
radioactive materials to, from or within the UK are based on recommendations
made by the IAEA. One of the early tasks taken on by the IAEA when it was
established in 1957 was to develop widely applicable safety rules for the
transport of radioactive materials, covering all modes of transport. It is of
course the international nature of transport operations that makes agreement on
the regulatory controls which apply particularly important. For the purposes of
the IAEA regulations each member state designates a "competent authority". The
competent authority in the UK is the Secretary of State for Transport in
respect of all modes (except by post where certain very small risk consignments
can be carried with the approval of the Post Office as the competent authority
in the UK). The executive role is carried out on behalf of the Secretary of
State by the Department of Transport.

Regulating the transport of radioactive materials necessitates certain basic
Provisions which may be summarised as follows:

- Limitation of the external radiation levels

- Containment of the materials

- Dissipation of any heat generated

- Prevention of criticality (for fissile materials)

- Operational controls (eg separation between packages and people).

10
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The IAEA regulations provide for these by prescribing radiation levels and
radioactive release limits for normal conditions of transport and in the case
of type B packages, for accident conditions. Also, there are two fundamental
tenets which underline the IAEA approach in this regard:

1/ The IAEA advisory material states: "in many ways design safety is
preferable to operational safety, because the former relies to a much
lesser degree on human intervention and is less influenced by the
associated human errors and omissions. Hence, as far as practicable, the
IAEA regulations aim to achieve a high safety standard through design,
thus reducing the operational control requirements to a minimum".

2/ The responsibility for ensuring safety during transport belongs to the
consignee, to the greatest possible extent, and the controls then required
for carriers are minimised. Those who prepare the package for shipment
therefore have the main responsibility for ensuring regulatory require-
ments are met.

The main burden of regulatory control falls on the design and construction
of packaging. Clearly different types of radioactive material require different
forms of packaging to ensure proper control of the material.

3. Description:

The major movements of Irradiated Fuel in this country are from civil power
stations. The fuel is transported in massively-constructed steel containers
called flasks. These flasks are usually cuboidal or cylindrical in shape.

Irradiated fuel flasks are usually moved by rail, preceded in most cases by a
short road journey from the power station to the railhead. Road journeys are
made on low loaders which under heavy load road regulations are limited to a
maximum speed of 12 mph. At the railhead the flask is transferred onto a
dedicated railway wagon known as a "flatrol".

High level waste is not currently transported in the UK. It is anticipated
that this material will be vitrified and-the product stored for at least 50
years to allow decay of thermal power and radioactivity. If it is necessary for
it to be transported then it will be carried in flasks that have been designed
to meet the IAEA Regulations.

4. Schedule

Although organisations transporting nuclear materials operate to a programme
there is no overall national schedule at present.

5. Costs and Funding:

The cost of transport is met by the organisations which produce the material,
such as the Central Electricity Generating Board and British Nuclear Fuels plc.

6. Experience/Status

The United Kingdom was one of the first countries to use nuclear materials
commercially. Experience in transporting such materials is therefore
extensive. The UK has used this experience in contributing to the development
of internationally agreed transport regulations.

11



I t O Is JC-

7. Safety Considerations:

The IAEA regulations prescribe tests (where appropriate) to prove that each
package design meets the relevant requirements. It must be shown that the
package design is capable of complying with these tests without any significant
loss of contents or significant increase in external radiation hazard.
Compliance with this specific test condition may be achieved by a number or
combination of methods including the performance of tests at full scale or on
reduced scale models, reference to previous satisfactory demonstrations of a
sufficiently similar nature, calculation and reasoned argument. Packaging
design and testing requirements are graded: the requirements become more
stringent as the hazard posed by the contents increases. Details of these are
given in Annex 5.

Packages must also be classified for labelling in one of three categories
defined in terms of their external radiation level and any potential in respect
of criticality safety. Each of these categories has its own distinctive label
marked with 1, 2 or 3 bars, as appropriate, to simplify recognition and
facilitate controls in handling. The labels relate to specific limitations on
how packages can be stowed or stored to ensure appropriate control of radiation
doses and of nuclear criticality.

Regulatory control includes monitoring of the external radiation level of
individual packages against the package category and the associated label, as
well as against the transport documentation itself. The IAEA regulations cover
the information which must be given in that documentation.

In addition to setting particular requirements for packaging, package testing
and labelling of radioactive materials for transport (and associated require-
ments related to stowage, handling, etc), the IAEA regulations lay down certain
requirements with respect to monitoring and enforcement of the regulations.
Thus, in order to provide for proper systems to ensure that the regulations are
met, and are seen to be met, the IAEA recommends two activities:

1/ Quality assurance (QA)
2/ Compliance assurance (CA)

These two functions constitute the basis for regulatory practices in the UK.
Quality assurance falls principally on the operators and compliance assurance
on the competent authority. It follows from the responsibilities which fall on
the competent authority that it needs to satisfy itself on two counts. First,
it needs to be satisfied that the operators have proper QA systems established.
Second, it has to be satisfied (through an effective QA programme) that in
practice the QA system is effective in ensuring the regulations are being met.
The competent authority is required to have a system for auditing the
operators' QA systems and another system for inspecting their operations. In
the UK the competent authority for the purposes of this compliance assurance is
the Department of Transport.

8. Decommissioning Considerations:

The materials from decommissioning will be similar to, and fall under the same
categories as any other radioactive material. It will have to meet the same
regulatory requirements. The main problem with decommissioning waste will be
the large bulk of some items, such as heat exchangers. The onus will be on the
operator to meet regulatory requirements.

12
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9. Quality Assurance Considerati6ns:

Quality assurance considerations are described above under heading 7-Safety
Considerations.

13
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D/ DISPOSAL SYSTEMS (Repositories)

1. National Policy

As described in section A, in the UK there exist stringent regulatory controls
both over the disposal and storage of waste. The volume of radioactive waste
arising in the UK is relatively small compared with the volumes of other
industrial waste. In 1986 the DOE produced its best practical environmental
options (BPEO) study for solid low-level waste and intermediate-level waste
management. This concluded that, on economic and radiological grounds, early
disposal was the optimum strategy. Also in 1986 the House of Commons Environ-
ment Committee published a report on radioactive waste, which concluded that
indefinite storage of waste was unacceptable and that safe disposal routes were
available in the UK. In its response to this report, the Government welcomed
this endorsement of its policy.

In some cases, as with heat generating waste, there are specific technical
advantages in deferring disposal for a lengthy period because the amount of
radioactivity present will be substantially reduced by natural processes; the
Government policy takes account of this. In contrast, for low and intermediate-
level waste, the technical considerations favour early disposal. There is no
advantage from delay.

The purpose of disposal is to provide the waste with satisfactory containment,
in geological or engineered form, and to achieve a solution in which safety is
not dependent on continuous supervision and surveillance and which can
therefore be permanent. Satisfactory containment means that the waste should be
isolated from man's environment for a time that relates to the life and
toxicity of the radioactive substances involved. Achieving this requires a
multi-barrier concept of containment in which the waste form, packaging,
engineering and geology all play a part. In any event monitoring will be
carried out both while the facility is being filled and for as long as
necessary after it has been closed. The organisation operating the facility
will be required to keep accurate and detailed records of the characteristics
and location of packages within the facility.

2. Requirements:

Principles for the protection of the human environment in the disposal on land
of low and intermediate-level radioactive waste were issued by the Authorising
Departments in December 1984 (see Annex 2). The principles are those which the
Departments propose to apply in considering whether they should give general
authorisation for any proposed disposal facility for low and intermediate-level
radioactive waste under the Radioactive Substances Act 1960 (the Act).

The formal issuing of a general authorisation will be a lengthy and comprehen-
sive process beginning with informal discussions between the developer and the
Authorising Departments. An authorisation will not be given unless the
Authorising Departments are satisfied, after careful scrutiny, that the
proposed site has been properly chosen, that the facilities can be fully
developed, that the wastes proposed for disposal are appropriate to the
engineered structure and geological and hydrogeological environment, that their
disposal complies with the national strategy for waste management, and that the
proposals will secure the protection of man and his environment on a continuing
basis. There are powers under the Act to impose conditions on an authorisation
and among the matters covered in conditions attached to a general authorisation
will be the design and method of construction of the disposal facility, its



- capacity, type of waste for disposal, and methods for emplacing individual
waste packages, the rate at which disposal may be undertaken, and the provision
of suitable arrangements for carrying out operations.

Before giving a general authorisation under the Radioactive Substances Act
1960, the Authorising Department will consult the local planning authority (as
well as such River and Water Authorities or other public or local authorities
as appear proper) in' accordance with the requirements of section 8 of the Act.
Before a public inquiry is held into whether planning permission should be
granted to construct such a facility, the Authorising Departments will give
their provisional view on whether the proposed facility would be suitable for
authorisation. Consultation with the local planning authority and other bodies
will take place before- that provisional view is given. The stage of formal
authorisation will not be reached until a facility has been constructed and is
ready for operation.

After the facility has been constructed and authorised, waste producers
consigning waste to the facility will have to apply to the Authorising
Departments for separate authorisations for the disposal of the waste from the
site from which they have originated. The conditions attached to the latter
authorisation will include the type of waste, the radionuclides contained in
the waste, their radioactivity and their volume-and packaging.

3. Regulations:

In addition to the need for authorisation under the Radioactive Substances Act
1960, proposals for new disposal facilities will be governed by legislation in
two other major ways:

a. The requirements of the Town and Country Planning Acts must be met.
Application for planning permission, to develop a site by constructing a
disposal facility, will have to be made -to the local planning authority
within whose boundaries the site is situated. The initial action of local
planning authority on receiving an application will be to carry out the
normal consultations. It is the intention of the relevant Secretary of
State to call in any application for his own determination, and there will
then be a public enquiry.

b. Under the Health and Safety at Work 'etc Act 1974, the Health and
Safety Executive (HSE) has responsibilities- for securing the health,
safety and welfare of persons at work and for protecting others against
risks to health or safety in connection with the activities of persons at
work. The Nuclear Installations Act 1965 (as amended) -is a relevant
statutory provision for the purposes of the Health and Safety at Work etc
Act 1974 and requires the licensing of nuclear installations. The Nuclear
Installations Act 1965 will apply to disposal facilities. Conditions will
be attached to the licence covering the safety of workers and the general
public.

At present there are several international requirements to be fulfilled in
developing a disposal facility. Under Article 37 of the Euratom Treaty of the
European Community: "each member state shall provide the Commission with such
general data relating to any plan =for the disposal of radioactive waste in
whatever form as will make it possible to determine whether the implementation
of such a plan is liable to result in the radioactive contamination of the
water, soil or airspace of another member state". The data have to be provided
to the Commission before construction starts but after planning permission has
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been granted. Data required for this purpose will be supplied to the
Authorising Departments by the developer. They are submitted to the Commission
by the UK Government. The Commission delivers its opinion about the plan after
consulting with a group of experts. In addition safety regulations governing
the transport of radioactive waste by all modes require compliance with the
safety standards recommended by the International Atomic Energy Agency. Also,
disposal is subject to the lonising Radiation Regulations 1985 which implement
the EC Directive on basic safety standard.

4. Site Selection:

Nirex is currently investigating the possibilities for the development of a
deep underground disposal facility for both low-level waste (LLW) and
intermediate-level waste (ILW). In selecting a site Nirex intends to follow
guidelines suggested by the International Atomic Energy Agency. The IAEA
suggests a three stage process comprising:

a/ National Survey and Evaluation:

This defines areas offering potentially suitable geologies which are then
characterised in terms of transport implications, planning issues and
relevant socio-economic factors.

b/ Site Identification:

The areas defined in Stage A are scanned for available sites and desk
studies are carried out to assess their suitability so that a small number
of the most suitable sites can be investigated.

c/ Site Confirmation:

Those sites identified in Stage B are investigated thoroughly by
geological and geophyiscal means to confirm the desk studies.

Nirex is currently working on the second stage of this process.

5. Underground Research:

It is envisaged that the site confirmation phase of repository development will
include detailed characterisation of the repository site. Part of this will
include underground research and measurements during the excavation phase of
the repository. This information will be required for final safety assessments
of the repository site.

Although there is no purpose built underground research laboratory in the UK,
both the Department of the Environment and Nirex sponsor research that is
carried out at various underground research laboratories abroad; including the
Stripa Mine in Sweden via the International Stripa Project and at the Mol Un-
derground Research Laboratory in Belgium.

6. Repository Concepts:

Nirex are currently considering three concepts for the disposal of Intermediate
level Waste combined with Low-level waste:

a/ Under land, accessed from a land base;
b/ Under the seabed accessed from a coastal land base; and
c/ Under the seabed accessed from an offshore structure.
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In addition to a selection of concepts for disposal, a parallel search for the
most appropriate host rock is being carried out. Three particular hydro-
geological environments have been selected by Nirex for further study, largely
on the basis that they possess more easily predictable geological environments:

a/ Hard rock'in low relief
b/ Small islands
c/ Seaward dipping and offshore sediments

As far as the disposal of high-level waste is concerned the Department of the
Environment -maintains a watching brief on research carried out abroad. No
specific concept for the disposal of high-level waste has been chosen.

7. Schedule:

As mentioned above, Nirex are currently in the middle of the programme designed
to select a site for the location of-a deep repository for the disposal of LLW
and ILW. A preliminary search has been carried out and it is anticipated that
an announcement on the location of potential sites will be made towards the end
of 1988 or early 1989. Detailed site evaluation and confirmation will follow
within the next few years. No specific schedule for the development of a
repository has been decided upon. However, it is thought that at least 10 years
will be required between site selection and repository operation.

It is current UK policy for high-level waste from reprocessing of spent fuel to
be stored for at least 50 years when a decision will be made on an appropriate
method of disposal. The 50 year period will start from the commissioning of the
thermal oxide reprocessing plant (THORP) around 1992.

8. Costs and Funding

No cost estimates for the equipment and labour required for site selection,
research, construction, operation and decommissioning are available.

From work carried out so far by Nirex the estimated cost of disposing of ILW to
a facility accessed from land is -in the range of £2000-£7000 per cubic metre,
depending on the hostrock and method of construction. Preliminary cost
estimates for the disposal of ILW in a large diameter deep borehole accessed at
sea could be upto £10,000 per cubic metre. Estimated unit costs calculated on
a discounted cash flow basis for the disposal of LLW along with ILW in a deep
repository are in the range of £750-1200 per cubic metre.

9. Experience/Status:

Liquid and Gaseous Discharges

9.1 Liquid discharges are of relatively minor importance, with the exception
of those from the BNFL plant at Sellafield, which represent the most immediate
issue for radioactive waste management. - The Sellafield discharges have been
substantially reduced in recent years (they are now one tenth of what they were
in 1979), by the use of interim treatment methods, by redirecting certain waste
streams, and by temporary storage to take advantage of radioactive decay.
Further major reductions will be made when future investment plans come to
fruition (Table 1).
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TABLE 1

MAJOR INVESTMENTS IN RADIOACTIVE WASTE
TREATMENT PLANTS PLANNED FOR SELLAFIELD

Plant Function Operational Date

Waste Vitrification High-level waste 1990
Plant (WVP) Vitrification

Encapsulation Intermediate-level 1990 (EPI)
Plants (EP1 and EP2) waste immobilisation 1992 (EP2)

in concrete

Enhanced Actinide Liquid effluent 1992
Removal Plant (EARP) and treatment by floc
associated Waste Packing precipitation and
Encapsulation Plant (WPEP) ultrafiltration

Waste Treatment Complex Plutonium contaminated Early 1990s
material (PCM) treatment
and packaging

9.2 The Government has accepted that future discharges from Sellafield,
particularly of alpha activity, should be critically reviewed in relation to
those from similar plant in other countries. The UK is also committed under
the Paris Convention on the prevention of marine pollution from land-based
sources, and the Ministerial Declaration issued after the Second International
Conference on the Protection of the North Sea (held in London in November 1987)
to take account of the best available technology in order to minimise
radioactive discharges from all nuclear industries, including reprocessing
plants. The aim must be to ensure that the environmental impact of Sellafield
meets the highest standards that are reasonably achievable.

9.3 Regular discharges to the atmosphere of low-level gaseous wastes from
Sellafield and other sites are of less importance. Such concern as has been
expressed about them relates to the possible long-term build-up in the
atmosphere of certain long-lived radionuclides. The position in this respect,
both in the UK and internationally, is kept under review by the Government. A
new gaseous discharge authorisation for Sellafield was issued on
1 January 1988.

Solid Low-level Wastes

9.4 All radioactive wastes are controlled by the Radioactive Substances Act
1960. However, certain wastes have a sufficiently low level of activity that
they can be safely disposed of, in controlled quantities, with ordinary
household refuse. Larger quantities of more longer-lived wastes may also be
disposed of to municipal land fill sites but an authorisation is required.

9.5 At the upper end of the range LLW from industrial and non-industrial
sources is currently disposed of at shallow sites controlled by the nuclear
industry. Most goes to the BNFL-owned Drigg disposal facility located about 6
Km southeast of the company's site at Sellafield. It has been the principal
dedicated site in the United Kingdom for low-level radioactive waste disposal
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since 1959. The majority of the wastes which are disposed of at Drigg come
from Sellafield (by rail). The remainder comes from other sites operated by
BNFL, the nuclear industry and other users of radioactive materials.

9.6 Her Majesty's Inspectorate of Pollution recently revised the authorisation
for disposal of radioactive wastes at Drigg. Limits on the activity of wastes
were set in the 1971 authorisation. These refer to daily averages of alpha and
beta activity and include a restriction of surface dose rates. The new
authorisation extends this principle to set limits for individual waste
consignments and further- limits for the total quantities of groups of
radionuclides disposed of at the site in any one year. The consignment limit
for alpha activity is 4 GBq per tonne and for beta activity 12 GBq per tonne.
Annual limits on the disposal of specific-radionuclides have been derived based
on- BNFL's risk assessment. The aim is to ensure that the disposal of
radioactive wastes does not give -a risk to an individual in a year equivalent
to that associated with a dose of 0.1 mSv. The annual activity limits are
based on an assumed site operational period of 30 years. In addition, certain
alpha and beta limits have been grouped separately to take account of any
possible additive risks between individual radionuclides. Also, tritium has
been limited separately because, though radiologically insignificant, it is
disposed of in substantial quantities at Drigg.

9.7 Until recently disposal operations have involved the use of trenches cut
into glacial sediments found at Drigg. Seven trenches have been used to date,
each with its base in low permeability clays. BNFL have been required to
upgrade the Drigg facility and in future a system of concrete lined 'vaults'
will be used.

9.8 By the end of 1988 all existing trenches will be capped to reduce the
ingress of rainwater. These and other improvements which are in hand relfect a
need to ensure that the dose risk to the public is as low as reasonably
achieveable. This commitment involves a capital investment programme at Drigg
of over £5M. The main developments to be introduced are as follows:

i) the orderly emplacement of compacted wastes contained in drums or
boxes in concrete lined trenches;

ii) the capping of existing and future trenches to limit the ingress of
rainwater and so substantially reduce the quantity of contaminated
leachate and hence radioactivity leaving the site;

iii) the refurbishment of the on-site drainage system for the collection
of trench leachate and the installation of improved sampling systems;

iv) the re-direction of trench leachate from the Drigg stream direct to
sea via an existing but refurbished pipeline; and

v) the imposition of rigorous quality assurance procedures supported by
the provision of quality checking facilities for the instrumental
monitoring of wastes.

9.9 As part of a continuing process of review, the Department of the
Environment is sponsoring further research into the assessment of the Drigg
site. Authorising Departments intend to review the authorisation in the light
of these studies within three years of the date of issue. Low-level wastes
that cannot be disposed of to Drigg and intermediate-level waste arisings are
currently stored pending the provision of a new disposal facility as soon as
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practicable. Until the moratorium on sea disposal introduced in 1983, some
low-and intermediate-level wastes were disposed of at sea in the NE Atlantic.
However, the Government has since reaffirmed its wish to keep the sea disposal
option open so that it can be used; if appropriate, for large decommissioning
items and tritium. This reflects the findings of the DOE's BPEO study [5)
which concluded that sea disposal was the best option for such wastes.

10. Quality Assurance Considerations:

Currently the onus for Quality Assurance is placed on the producer and operator
of waste management facilities. The Nuclear Installations Inspectorate and HMIP
seek to satisfy themselves that Quality Assurance procedures are adequate. The
Department of the Environment (DOE/HMIP) is developing a Quality Assurance
Laboratory at AEE Winfrith which eventually will provide HMIP with an
independent analytical facility to monitor the quality of waste packages
produced by the Nuclear Industry.
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ANNEX 1

CONTROL OF RADIOACTIVE SUBSTANCES IN THE UK

1. The use of radioactive substances anywhere in the UK must be registered.
Accumulation of radioactive waste and its disposal to land, air or water must
be authorised (a). Registration and authorisation are the responsibility of
the appropriate Secretary of State or Minister (b). Environmental
considerations are a major factor in the decision.

2. Inspection activities to ensure compliance (c) take place on non-nuclear
sites, such as universities and hospitals, as well as on nuclear sites.

3. Commercial nuclear installations (eg CEGB sites) are subject to regulatory
control by the Nuclear Installations Inspectorate which is part of the Health
and Safety Executive (d). This includes public health and safety aspects. In
England DOE and MAFF are responsible for agreeing to the waste management
arrangements for new or modified plant at such sites.

4. Various Government departments (e) share the responsibility for developing
a radioactive waste-management strategy. The HSE has a duty to ensure that the
strategy fully takes account of potential nuclear safety hazards.

Notes

(a) The Radioactive Substances Act 1960 regulates the keeping and use of
radioactive material (Section 1) and provides for the disposal and
accommodation of radioactive waste (Sections 6 and 7). It extends to all parts
of the United Kingdom. Nuclear licensed sites and Atomic Energy Authority
sites are exempt from registration and authorisation for accumulation of waste.
However, AEA sites are expected to be licenced-from October 1990.

(b) At nuclear sites in England, MAFF are joint authorisers with DOE. There
are no nuclear sites in Northern Ireland.

(c) The work is undertaken by HMIP and MAFF in England and Wales, HMIPI in
Scotland, and the Alkali and Radiochemical Inspectorate in Northern Ireland.

(d) The main legislation is the Health and Safety at Work etc Act 1974 (HSW
1974) and the relevant statutory provision of the Nuclear Installations Act
1965. Under HSW 1974 there are specific regulations, the Ionising Radiations
Regulations 1985, for the radiological protection of persons arising from any
work activity, including the handling and storage of radioactive wastes.

(e) Department of the Environment, MAFF, Welsh Office and Scottish Office.
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ANNEX 2

GENERAL PRINCIPLES

The authorising Departments, in exercising their functions under the 1960 Act,
will assess proposals for new land disposal facilities against the following
general principles:

a. the site should be chosen and the facility should be designed so that
the risk or probability of fatal cancer, to any member of the public, from
any movement of radioactivity from the facility, is not greater than 1 in
a million in any one year;

b. future movement of radioactivity from a facility should not lead to a
significant increase in the radioactivity naturally occurring in the
general locality of the facility;

c. a site must be selected where it is unlikely that future development
of natural resources, or of the site, will disturb the facility;

d. there must be adequate provision for environmental monitoring,
including the determination of background levels, in order to provide a
baseline for assessment of future performance;

e. the proposed treatment and packaging of waste, and its assignment to a
particular facility must conform with the national strategy developed by
the Environment Departments;

f. there must be adequate provision for detailed records of the wastes
and their location within the facility to be maintained in a format agreed
with the authorising Departments;

g. there must be evidence that, using established technology, the
facility can be closed and surface installations removed, and there must
be adequate assurance that funding for these operations will be available;

h. the necessary arrangements must be made for post-closure institutional
control, including the preservation of details of the facility and records
of the type and location of waste.

These general principles may be augmented as research and development proceeds,
and in the light of advice and recommendations from other bodies.
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ANNEX 3

RADIOACTIVE WASTE DISPOSAL FACILITIES
REGULATORY AND LICENSING PROCEDURES OF EM NUCLEAR INSTALLATIONS
INSPECTORATE

1 Under the Nuclear Installations Act 1965 (NIA 1965) no site may be used
for the purpose of installing or operating a commercial nuclear installation
unless a nuclear site licence has been granted by the Health and Safety
Executive (HSE). This Act does not at present extend to radioactive waste
disposal sites but Ministers have decided that such sites should be licensed
and regulations will be made jointly by the Secretaries of State for Energy and
Scotland to -bring them within the licensing regime. -HM Nuclear Installations
Inspectorate (NII) is that part of 'the HSE responsible for administering the
licensing function, and it may attach to a site licence such conditions as it
sees fit in the interests of safety. Under the conditions licensees are
required to establish their own standards and procedures necessary to meet
their safety responsibilities. Furthermore, under the Health and Safety at
Work etc Act 1974 (HSWA 1974) a nuclear site operator is required to ensure so
far as is reasonably practicable that no harm comes to his employees and to
other persons, on or off his site, from work undertaken on that site. Under
this Act there are specific regulations, the Ionising Radiations Regulations
1985 (IRR 1985), for the radiological protection of persons against ionising
radiations arising from any work activity, including the handling and storage
of radioactive wastes.

2. The NII's approach to licensing and regulation of waste disposal sites
will be similar to that used for other nuclear installations of comparable risk
and complexity. NII requires the licence applicant to prepare an acceptable
safety case to support his proposal.' For waste repositories the safety case
for each proposed site will be expected to cover the design, construction and
operation of the site up to closure and for some time beyond that. The licence\oJ applicant-will be required to show that the risks of accidents at the site
leading to-a release of radioactivity and the risks from external hazards such
as seismic events are acceptably low. The applicant will also need to deal
with the question of radiation doses to workers on the site and to the public
and will be required to demonstrate that these doses are within the prescribed
limits of the IRR 1985 and are also as low as reasonably practicable.

3. The NII adopts a step by step approach to licensing and its requirements
are made up of a number of elements. Before grant of a site licence the
applicant is required to produce a Preliminary Safety Report (PSR) and a Pre-
Construction Safety Report (PCSR). The PSR gives the main features of the
design and shows in principle how the design meets the licence applicant's
design safety criteria. A preliminary analysis of the likely doses arising
from normal operation and fault conditions is also included. The PCSR is based
on the detailed design of the plant to be installed and gives a comprehensive
statement of the safety case.

4. The safety case will be assessed by the NII against its Safety Assessment
Principles. Similarly, in assessing the overall radiological and environmental
consequences, the authorising Departments (Department of the Environment, Welsh
Office, Scottish Office and Ministry of Agriculture Fisheries and Food) will
use their Principles for the Protection of the Human Environment. A decision
on the acceptability of the proposal for licensing would be made by the NII
with advice from the authorising Departments and the provisions of the
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Memorandum of Understanding between the HSE and authorising Departments will
ensure the effective cooperation between the Inspectorates involved with the
decision [Note: the agreement between HSE and SDD has yet to be ratified].

5. The NII will be expected to give a provisional view at a public inquiry on
whether a licence would be granted for a proposed waste disposal facility. The
PSR and draft PCSR will therefore need to be submitted to both the NII and the
authorising Departments 24 months before the Public Inquiry.

6. The draft PCSR may require revision as a result of, assessment and
possible design changes both during the period leading up to the public inquiry
and the public inquiry itself. A licence for the site, with subsequent consent
to allow construction to start, will not be granted by the HSE until it is
satisfied with the revised PCSR. In reaching that decision appropriate
consultation with the authorising Departments will have taken place.

7. The granting of a site licence will show that the NII is satisfied with
the design intent although a considerable amount of detailed assessment of the
safety case will remain to be carried out during the construction phase. In
particular, the NII will wish to be satisfied that the assumptions made in the
PCSR, relating to the suitability of the site are fully realised in practice.
As the NII's assessment proceeds the licensee will be required to update the
safety case and in due course submit a final safety report, sometimes referred
to as a pre-operational safety report. This report will form the basis of the
HSE's acceptance of the site for commercial operation.

8. During the period that a licence is in force the responsibility for
regulating the health and safety of the workers against radiation hazards will
rest solely with HSE (NII). For public protection, however, there will be
close liaison between HSE (NII) and the authorising Departments in accordance
with the Memorandum of Understanding. Once the licensing regime is brought to
an end, which may be some decades after closure, the safety of the installation
would be solely a matter for the authorising Departments who will need to be
satisfied of the ability of the repository to retain radioactive wastes
disposed of there.
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ANNEX 5

PACKAGE TEST CONDITIONS

Type A test conditions

The first set of test conditions is intended to simulate the 'normal'
conditions which packages may experience during transport: exposure to rain,
rough handling and minor mishaps. They apply not only to Type A but also to
Type B packages. Some of the tests also apply to the industrial packages.

WATER SPRAY TEST: The package is subjected to a water spray which is
approximately equivalent to a rainfall rate of 5 cm per hour, uniformly
distributed and for a duration of one hour. Packages have to be subjected to
this test before the other tests given below are carried out.

FREE DROP TEST: The package is dropped onto a hard target (a concrete block) so
as to inflict maximum damage to the safety features to be tested. For most
packages, the height of the drop measured from the lowest point of the package
to the upper surface of the target is 1.2m. Heavier packages, over 5,000 kg,
are dropped from lower heights. For packages which are intended to have liquid
or gaseous contents the drop height is 9 m.

COMPRESSION TEST: The package is subjected for a period of 24 hours to
compression load equal to the greater of five times the weight of the actual
package, or the equivalent of 1,300 kg m multiplied by the vertically projected
area of the package. The load is applied uniformly to what is considered the
top of the package.

PENETRATION TEST: The package is placed on a rigid, flat, horizontal surface,
and a bar of 3.2 cm diameter with a hemispherical end and weighting 6 kg is
dropped from a height of 1 m (1.7m in the case of packages which contain a,
liquid or a gas), with its longitudinal axis vertical, so that it falls onto'
the centre of the weakest part of the package.

Type B test conditions

Type B packages are proven against mechanical, thermal and water immersion test
conditions to demonstrate their ability to withstand accident conditions. The
test conditions assume cumulative effects of the mechanical tests and the
thermal test in that order; the water immersion test conditions are applied
separately.

THE MECHANICAL TEST: Any given package must undergo two tests. For most
packages an impact and a penetration (or puncture) test are required. These
consist of dropping a package onto two different targets in such a way that
maximum damage results. In one drop test, the package falls from a height of 9
m onto a flat, horizontal unyielding surface. In the other drop test, it falls
onto a mild steel bar, 15 cm in diameter, from a height of 1 m. The bar is
rigidly mounted, is perpendicular to the target surface and must project at
least 20 cm above the base.

In the 1985 edition of the Regulations, an alternative to the 9m drop test has
been added: some light-weight Type B packages are required to withstand the
effects of a crush test. This consists of placing the package on the
unyielding target in such an orientation that it will experience maximum damage
when a 500 kg steel mass is dropped onto it from a height of 9m.
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THE THERMAL TEST: The package is required to be fulls engulfed in a thermal
environment having a temperature of not less than 800 C for not less than 30
minutes. Any combustion of components of the package must be allowed to
continue to self extinction.

WATER IMMERSION TEST: Most packages are required to be immersed in water at a
pressure equivalent to a depth of at least 15 m for not less than eight hours.

In the 1985 edition of the Regulations, en additional water immersion test has
been added: some packages containing irradiated fuel will be required to be
immersed in water at a pressure equivalent to a depth of at least 200 m for not
less than one hour.
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PREFACE

This overview provides a brief description of the civilian
radioactive waste management systems in the United States. It
includes a description of the policies, strategies, and
requirements to ensure safe and environmentally acceptable
disposal of nuclear waste.

Every effort has been made to present up-to-date information;
however, the reader is advised to seek current information as the
programs evolve.
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GENERAL STRATEGY

OVERVIEW OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT
IN THE UNITED STATES

The policies, strategies and programs for managing civilian
radioactive waste in the United States are described in this
overview. Included is a description of the management of wastes
resulting from the production of electricity by nuclear power
plants (commercial wastes). Wastes from uranium mining, milling,
conversion and enrichment, as well as fuel fabrication-are not
included.

NATIONAL POLICY

The primary objective of radioactive waste management in the
United States is to protect: 1) the health-and safety of the
public and 2) the quality of the environment. Management of
radioactive wastes is considered the responsibility of the
present generation and should not be left for future generations.

The U.S. Congress recognizing that a national problem exists due
to the accumulation of commercial spent fuel and-high level
wastes, and that an environmentally acceptable method of
permanent disposal is needed, enacted the Nuclear Waste Policy
Act Of 1982 (NWPA) and in 1987 amended the act through the
Nuclear Waste Policy Amendments Act (NWPAA), (hereafter called
the Amendments Act). The two Acts provide the current bases for
the safe, timely,- and effective storage, transport and disposal
of spent nuclear fuel and high-level waste (HLW) waste.

The general policy for the disposal of commercial low-level waste
(LLW) is provided in the Low-Level Waste Policy Act of 1980
(LLWPA) and the 1985 amendment to the Act (hereafter called the

LLWPAA). The LLWPA and the LLWPAA assigned to the individual
States the responsibility for providing disposal capability for
all commercial LLW generated within their borders. The Act
encourages States to form interstate-agreements in order to share
responsibility for disposal of-LLW.

For HLW at the West Valley (New York) facility,-the West Valley
Demonstration Project Act of 1980 sets-the general policy on
activities to be conducted. While this waste was of commercial
origin, it is now considered to be a Department of Energy (DOE)
waste. West Valley was a commercial nuclear fuel reprocessing
facility which was transferred to Federal responsibility in 1980.

1
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NATIONAL STRATEGIES

The major policies and strategies included in these laws are as
follows:

Nuclear Waste Policy Act (as amended)

- Establishes a Federal program and responsibility for a
geologic repository for permanent disposal of spent fuel
and HLW.

- Provides for the permanent disposal of commercial spent
fuel and HLW in a manner that ensures the protection of
public health and safety, and the environment.

- Names the Yucca Mountain site in Nevada for detailed
site characterization to determine its suitability as
the first repository.

- Requires a report on the need for a second repository
between 2007-2010.

- Provides for Nuclear Regulatory Commission (NRC)
licensing of repositories for spent fuel and HLW.

- Provides for the appointment of a Nuclear Waste
Negotiator to seek a volunteer host State(s) for a
repository or a Monitored Retrievable Storage (MRS)
facility.

- Provides for benefits compensation to the host State in
which a repository or MRS facility is located.

- Authorizes DOE to seek, to enter into, and to negotiate
written consultation and cooperation agreements with the
State of Nevada.

- Authorizes an MRS facility but requires a number of
conditions be met before construction can start.

- Establishes a system for safe transportation of waste to
a repository or to other waste management facilities.

- Assigns responsibility for interim storage to the
owner/generators of civilian spent fuel. Directs the
Federal Government to expedite approval of new
technologies to expand at-reactor storage. Provides
for limited Federal interim storage capacity.

Provides the State of Nevada and interested parties full
and open evaluation of the civilian radioactive waste
management program.

2
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- Provides for costs to be borne by the waste generators
through the establishment of the Nuclear Waste Fund.

K> ' West Valley Demonstration Project Act of 1980

- Authorizes DOE to carry out a nuclear waste management
project at the West Valley facility in New York.

- Provides for a demonstration that liquid waste from
reprocessing of spent fuel can be managed safely.

- Requires DOE to:

o solidify liquid HLW in a form suitable for transport
and disposal.

o develop waste containers suitable for permanent
disposal.

o transport the solidified HLW as soon as feasible to
a Federal repository for permanent disposal.

o dispose of low-level and transuranic waste produced
by the solidification of the HLW at West Valley.

o decontaminate and decommission the facilities and
equipment used in the solidification and temporary
storage of HLW at West Valley.

K> Low-Level Waste Policy Act of 1980 (as amended),

- Requires each State, either alone or in cooperation with
other States (referred to as agreement states), to
provide for the disposal of commercial low-level
radioactive (LLW) waste generated within its borders.

Establishes a schedule that the State must meet in
providing the required disposal capability. Critical
dates are: (1) identification of the host state
responsible for a siting plan by January 1, 1988; (2)
submission of a license application by January 1,' 1992;
and (3) provision of disposal capability by January 1,
1993.

Establishes penalties in the form of surcharges for
those States not meeting the schedule. States not
having disposal capability by 1996 must take title to
the waste.

- The 1985 Amendment of the.Low-Level Waste Policy Act
made Greater-than-Class C waste disposal a Federal*
responsibility.

3



WASTE SOURCE AND TYPE

Radioactive wastes are broadly classified as follows:

Spent Nuclear Fuel. Nuclear fuel withdrawn from a commercial
nuclear power reactor following irradiation that has not been
reprocessed.

High Level Waste (HLW). The product primarily generated from
reprocessing of spent fuel that contains the heat producing and
other fission products.

Low-Level Waste (LLW). Low-Level waste is defined by DOE as all
wastes which are not classified as spent nuclear fuel, HLW,
transuranic waste (TRU), or by-products material, as well as those
wastes that the NRC, consistent with existing law, classifies as
low-level radioactive waste.

In 10 CFR 61.55 (Code of Federal Regulations), the NRC has
classified LLW into three categories (Class A, Class B, and Class
C). These categories are based on considerations of the
concentration of long-lived radionuclides and the length of time
they could cause exposures, and on the concentration of shorter-
lived radionuclides for which requirements on institutional
controls, waste form, and disposal methods are effective in
isolating the waste.

WASTE INVENTORY

The current and projected inventories of commercial radioactive
waste are shown in Table 1 below.

Table 1, Current and Projected Cumulative Inventories of
Commercial Radioactive Wastes and Spent Fuel (a)

Waste Source and Type 1986 2000 2010 2020

HLW glass canisters 0.0 0.2 0.2 0.2
(W. Valley)

LWR spent fuel, MTHM
Upper reference case (b) 14,045 41,000 62,900 98,300
No new orders case 14,045 40,000 60,000 77,800

Greater-than-Class C, m
LLW from operations, m
LLW from D&D, m

Classes A, 3, and C -- 0.0 93.3 .786.4

(a) DOE/RW-0006. Integrated Data Base for 1986: Spent Fuel and
Radioactive Waste Inventories, Projections, and
CharacteristicsTables 0.4 and C.11, Department of Energy,
Washington, D.C., 9/87

(b) Includes all existing reactors (either completed or under
construction) plus additional new reactors beyond the year 2005.

4
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CONSIDERATIONS IN STRATEGIC PLANNING

The overall commercial radioactive waste management in the United
States includes the following activities:

- Development and implementation of regulations to ensure long-
term protection to public health and safety and to ensure
compliance with environmental standards.

- Development of an integrated system(s) for the storage,
transport,,-and disposal of spent fuel and HLW.

- Implementation of joint U.S. industry programs to develop and
demonstrate new technologies and systems for interim storage
of spent fuel.

- Establishment of a disposal system(s) for LLW from commercial
and institutional sources through the collaboration of States
and industry, and the Federal Government.

- Demonstration of decontamination and decommissioning
technologies for nuclear power reactors and other nuclear
facilities.

IMPLEMENTING AGENCIES

Within DOE, the Office of Civilian Radioactive Waste Management
(OCRWM) is responsible for implementation of the NWPA and its
amendment. DOE's Office of Nuclear Energy is responsible for the
development and demonstration of methods for "decontamination and
decommissioning" of commercial facilities and for the West Valley
facility.

The Nuclear Regulatory Commission (NRC) has the primary
regulatory responsibility for OCRWK activities. The NRC is
responsible for setting technical standards and criteria for the
civilian repository and for implementing overall off-site release
standards set by the Environmental Protection Agency (EPA). This
includes requirements for licensing and operating storage and
disposal facilities, as well as, the certification of
transport cask for spent fuel and HIM. The NRC also regulates
LLW waste'disposal along with agreement States.

The EPA is responsible- for-developing generally applicable
environmental standards for the management and disposal of LLW,
HLW, and spent fuel. The EPA-is also responsible for setting
general standards for the protection of the environment from off-
site release of radioactive material after disposal.

The Department of Transportation (DOT) is responsible for
regulating transportation of-radioactive materials.

5
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OVERALL SCHEDULE

The key milestones of the U.S. waste management programs include:

Civilian Radioactive Waste Management Program

1987 - DOE is directed to perform detailed site
characterization on the Yucca Mountain site, Nevada

1994 - DOE recommends repository .site to the President, if
approved, DOE will then submit an application to the
NRC for construction of the repository.

1994 - Select a site for a Monitored Retrievable Storage
(MRS) facility.

1998 - Begin construction of geologic repository and an MRS
facility for spent fuel and HLW.

2003 - Begin operations at repository.

Civilian Low-Level Waste Management Program

1988 - Identification of host States for siting.

1992 - Submission of license applications.

1993 - States must have disposal capability available for
low-level waste.

1996 - States not having disposal capability must take title
to the waste.

TOTAL SYSTEM COSTS AND FUNDING

SPENT FUEL AND HLW

The NWPA prescribes that (1) -the owners and generators of spent
fuel and HLW will pay the full costs of its disposal; and (2)
a Nuclear Waste Fund is established to cover the cost of the
civilian radioactive waste management program. This fund
receives revenue from an adjustable on-going fee charged for the
net electricity generated by commercial nuclear power plants,
beginning in April 1983, as well as a one-time fee charged for
spent fuel generated prior to April 1983. The on-going fee
for electricity generated is currently set at 1 mill ($0.001) per
kilowatt-hour (net).

The total cost for disposing of commercial spent fuel and HLW has
not been determined as yet based on the requirements of the 1987
Amendments of the NWPA.

6
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On April 5, 1985, a Presidential decision following a study made
pursuant to Section 8 of the NWPA authorized DOE to proceed with
plans and arrangements to dispose of DOE HLW-in the civilian
repository. OCRWM's cost for the disposal of the waste will be
paid by DOE's Defense Programs, which receives annual defense
appropriations from Congress.

LOW-LEVEL WASTE

The costs for management and disposal of LLW vary due to
differences in disposal concepts, management practices, and
characteristics of the wastes. Estimates for various assumptions
are presented in the storage, transportation, and disposal
sections of this report. Each generator-of commercial LLW
provides the funds for storage from its operating budget.

Funding for commercial LLW disposal is provided through current
charges levied on the waste generator by a disposal site operator
upon receipt of the wastes. Initial cost for developing LLW
disposal facilities are borne by the State (or agreement States)
and the facility operator.,,-

INTERNATIONAL COOPERATION

The United States cooperates with foreign nations and
international organizations to further the development of
technology for the management and disposal of-radioactive wastes.
Presently DOE has bilateral agreements with the Commission of the
European Communities and the following countries: Belgium,

K> Canada, Federal Republic of Germany, France, Japan, Spain,
Sweden, Switzerland and the United Kingdom. DOE also cooperates
with the Nuclear Energy Agency of the Organization of Economic
Cooperation and Development, and the International Atomic Energy
Agency in projects, workshops, and meetings.

STORAGE SYSTEMS

NATIONAL POLICY

Spent Fuel and High-Level Wastes -

As designated in the NWPA, commercial nuclear power plants are
responsible for interim storage of spent fuel. Commercial power
plants are encouraged to expedite the-effective use of-existing
spent fuel storage facilities and to cooperate with DOE in the
development and demonstration of technology to increase at-
reactor storage (wet storage and/or dry storage).

The Amendments Act authorized an MRS facility but established a
Commission which will determine the need for such a facility by
June 1, 1989. Several alternative processes for siting the

7
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facility are specified. The siting alternatives to be
implemented by DOE will provide opportunities for public
participation and grant funding for affected parties. In the
siting alternative to be implemented by the Nuclear Waste
Negotiator, participation and funding are also provided in a
parallel but somewhat different manner.

A construction license for an MRS from the NRC is required.
Construction will take about four years to complete. The MRS
facility will store up to 15,000 MTU of spent fuel and HLW.

The proposed MRS facility would receive spent fuel from power
plants, consolidate the spent fuel rods into canisters, and
provide dry storage of the consolidated fuel until shipment to
the repository in large capacity casks transported in multi-car,
dedicated trains.

Commercial Greater-than-Class C Low-Level Wastes

The small amounts of commercially generated Greater-than-Class C
LLW are stored by the generators until a disposal facility has
been specified.

Low-Level Wastes

Generators of commercial LLW generally store the wastes on-site,
usually in covered storage areas, in the containers that will be
used for transport. Storage is usually for short time periods
(e.g., a few weeks to a few months) until enough waste is
available for a sufficient shipment to a disposal site. In
addition, because of the rapidly increasing costs for disposal,
many commercial LLW generators now reduce the volumes of their
LLW before shipment, by mechanical compaction and other means.

REQUIREMENTS

Spent Fuel and High-Level Wastes

In general, storage of the commercial spent fuel and HLW is the
responsibility of the generator.

Storage of spent fuel in an MRS facility is to be regulated by the
NRC under 10 CFR 72. Various safety features must be
incorporated into the design of any storage facility for
commercial spent fuel and HLW to protect the health and safety of
the facility workers and the public. In addition to the standard
industrial safety regulations, the facility must operate under
the radiation protection standards established by the EPA and
NRC. A Safety Analysis Report (SAR) must be submitted with the
application for a NRC license to construct and operate a storage
facility.

8
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Commercial Greater-than-Class C Low-Level Waste

No regulatory requirements have been issued by U.S. regulatory
authorities regarding the duration of interim storage of these
wastes prior to disposal. Storage-of commercial wastes at the
generator's-site is regulated through a KRC license or agreement
State license for the facility.

Low-Level Wastes

Storage of LLW at commercial generator sites is regulated by the
NRC and the agreement State license for the operating facility. No
regulatory requirements have been issued by the regulatory
authorities in the United States regarding the time period for
interim storage of LLW prior to disposal.'

If the commercial waste storage container is to be used for
transport and disposal, then the container must meet the
requirements for transportation as set forth in the-DOT and NRC
regulations.

DESCRIPTION AND EXPERIENCE/STATUS

Spent Fuel and High-Level Wastes

Since the late 1950's, most commercial spent fuel has been stored
"on-site" at the nuclear power -plant sites in metal racks
submerged in water pools. Many power plants are installing high
density metal racks that incorporate solid neutron absorbers to
allow for closer spacing of fuel assemblies and thereby increase
the total storage capacity. Some nuclear power plants are
considering or demonstrating consolidation of the rods from spent
fuel assemblies. Two types of on-site dry storage facilities for
commercial spent fuel have been demonstrated and are licensed by
the NRC. One is using metal storage-,casks. The casks are stored
vertically on an outside concrete pad on-site. The other type
uses a series of modular horizontal concrete chambers placed next
to one another on concrete pads.- Each module is cooled passively
by convection.,

A licensed dry metal cask storage facility has been in use at the
Virginia Power Surry plant since 1986. -At the Carolina Power and
Light H.B. Robinson-plant, modular concrete vaults for dry-
storage will-be demonstrated to increase at-reactort
storage. Three modules will be loaded by 1989.- At the Duke
Power Oconee plant, there are plans to install 10 modules using
24 intact PWR assemblies per module.

A small scale demonstration was completed in the fall of 1987 at
the Northeast Utilities Hilestone-2 nuclear power plant,
successfully consolidating six PWR assemblies. Several other

9
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small scale demonstrations have been completed at Idaho National
Experimental Laboratory (INEL), West Valley, and Battelle
Columbus.

The liquid HLW, alkaline sludge and acid waste, have been safely
stored at the West Valley facility in large underground tanks
since 1966.

Commercial Greatar-than-Class C Low-Level Wastes

Most of commercial Greater-than-Class C LLW in the United
States is located at the West Valley facility and at the Three
Mile Island nuclear power plant in Pennsylvania. These wastes
consist of trash, spent resins, filters, and contaminated
equipment. Other Greater-than-Class C LLW are very small
quantities of miscellaneous solid materials stored at numerous
research facilities. These wastes are typically stored in sealed
metal containers, many in 55-gallon drums, in enclosed dry
storage facilities. Most of the commercial Greater-than-Class C
LLW have been stored at the generator's sites since the 1950's.

Low-Level Wastes

Commercial LLW is stored in a variety of facilities and
containers since the mid 1950's. Listed below are descriptions
of the typical structures and containers used.

Large Engineered Structures: These are permanent buildings
designed specifically for the extended storage of LLW. They
may be reinforced concrete structures or steel frame
buildings with metal siding and roofing. Overhead bridge
cranes are used for handling of waste packages that require
remote handling.

Shielded Storare Modules or Bunkers: These are concrete
structures with removable covers. Waste containers are
emplaced or retrieved with an overhead crane.

Shielded Storage Casks: These are all-weather concrete
containers, usually cylindrical, that can be placed outdoors
on pads and are designed to hold waste drums.

Minimum Unshielded Facilities: These are simple fenced-in
outdoor pads or storage sheds. These facilities are
generally intended as holding areas for waste packages
awaiting pick-up for transport to disposal or long-term
storage.

Most LLW storage containers are 55-gallons steel drums. Other
types of container include plastic drums, one-inch thick plywood
boxes (some with and some without fiberglass or plastic
reinforcement or lining), resin liners which are cylindrical
steel containers, and "dumpsters" which are large steel boxes.

10
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SCHEDULE

Spent Fuel and High-Level Wastes

Y> The NRC has determined that, if-necessary, spent fuel generated
in any commercial reactor can be stored safely and without
significant environmental impact for at least 30 years beyond the
expiration of that reactor's operating licenses.

The schedule for an MRS facility includes at least 18-24 months
for siting the facility and preparation of associated reports, 30
months for the NRC review and granting of a license, and
approximately four years for construction.

Commercial Greater-than-Class C LLW

The small amounts of commercial Greater-than-Class C LLW have
been stored at the generating sites since the start of their
generation in the late 1950's. Storage is expected to continue
there until a decision on disposal is made.

Low-Level Wastes

Storage facilities for commercial LLW are constructed by the
individual waste generators as needs develop.

COSTS

Spent Fuel

The cost of spent fuel storage in a concrete cask is
approximately $50,000-$80,000 per MTU and consolidation and
storage in a metal cask is estimated to be $80,000-$100,000 per
MTU. Consolidating spent fuel assemblies is-not yet established
but-is estimated to be between $10,000-20,000 per XTU. The total
cost to site, develop, construct, operate, and decommission the
MRS facility as proposed is currently estimated to be between 2.8
and 3.2 billion (1986) dollars. The cost of an MRS facility
includes many activities beyond storage.

DECOMMISSIONING CONSIDERATIONS

Spent Fuel and High-Level Wastes

Decommissioning storage facilities allows for the responsible
management of radioactively contaminated facilities after their
useful life. The objective of decommissioning is to release the
site for unrestricted use. The regulation of decommissioning
activities at commercial facilities is the responsibility of the
NRC.

11
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The criteria for licensing of an independent spent fuel storage
installation (ISFSI) states that such a facility shall be
designed for decommissioning.

Commercial Greater-than-Class C Low-Level Wastes

Commercial Greater-than-Class C LLW storage facilities will be
decommissioned when the respective operating facility is
decommissioned. This will be done under NRC decommissioning
criteria for the operating facility.

Low-Level Wastes

Decommissioning of commercial LLW storage facilities will likely
occur when the operating facility that generates the LLW is
decommissioned. This will also be done under NRC decommissioning
criteria.

QA CONSIDERATIONS

Spent Fuel and High-Level Wastes

The general quality assurance (QA) criteria in the regulations
for commercial nuclear power plants and fuel reprocessing plants
(NRC 10 CFR 72) apply to all commercial spent fuel storage
facilities. The QA program takes into account the need for
special controls, processes, test equipment, tools, and skills to
attain the required quality, and the need for verification of
quality by inspections and tests.

Commercial Greater-than-Class C Low-Level Wastes

Commercial facilities are regulated by the NRC. The QA program
is developed and monitored by the generator.

Low-Level Wastes

QA for commercial LLW storage facilities is regulated by the NRC
and/or the agreement State. The QA program is developed and
monitored by the generator.

TRANSPORTATION SYSTEM

NATIONAL POLICY

The Hazardous Material Transportation Act of 1973 (later amended)
established a National policy for the transportation of hazardous
materials. Radioactive waste is consider in the Act as hazardous
material.

12
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Overall regulation of transportation of radioactive materials in
the civilian sector is the responsibility of the NRC and the DOT.
Their requirements are generally consistent with the
international transportation standards-promulgated by theY> Znternational Atomic Energy Agency (IAEA) as of 1979 and are
being revised to adopt the 1985 IAEA rules. Economic regulation
of rail and motor carriers is the responsibility of the Federal
Interstate Commerce Commission (ICC).

Transportation of most commercially-generated radioactive wastes
is the responsibility of the waste generator (except as discussed
in subsequent subsections) using commercial carriers. Commercial
radioactive wastes are transported by truck and conventional
rail.

Spent Fuel and High-Level Wastes

Transportation of commercial -spentlfuel between-nuclear
power plants or to licensed commercial interim storage facilities
is the responsibility of the waste generator. This
transportation may be carried out under contract with commercial
carriers or by the waste generator. Transportation is by truck
or rail, using exclusive-use shipments in type B transport
packages similar to those designated in the IAEA standards.
Spent fuel and HLW that are transported by truck must follow
preferred highway routes as specified by the DOT.

Transportation of commercial spent fuel and HLW to Federal
storage and disposal facilities-is the responsibility of DOE.

Commercial Greater-than-Class C Low-Level Wastes

Because there has been so little generated, the transportation
of commercial Greater-than-Class C LLW has not occurred except
for a few unusual situations. The few shipments of commercial
Greater-than-Class C wastes that have taken-place, and those in
the future, are the responsibility of the waste generator.
Transportation is typically carried out under contract with
commercial carriers under NRC and DOT regulations.
Waste is transported by truck-or rail, using exclusive-use
shipments. Greater-than-Class C wastes can be transported
in Type A or Type B transport packages, depending on the
radioactive content and waste form.

The DOE will be responsible for transportation from commercial
power plants and/or Federal storage to the Federal disposal site.
These exclusive-use shipments will be transported in Type B
transport packages by truck or rail.

Low-Level Wastes

Transportation of commercial LLW is the responsibility of the
commercial waste generator. These wastes are-usually transported

13
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by truck in exclusive-use shipments under contract with
commercial carriers using equipment that meet regulations of NRC
and DOT.

Type A or Type B transport packages are generally used for LLW
depending on the content and form of the waste and on whether or
not other materials are transported in the same shipment.

REQUIREMENTS

The general requirements of a transportation system are to
transport the wastes from the source of generation to the
disposal facility within the United States. In some cases, such
as may occur with commercial spent fuel, an additional transport
step to an interim storage facility may be required before
shipment to the final disposal facility. The packaging and
transportation of radioactive materials is regulated by the NRC
(and other affected agencies such as DOT)under 10 CFR 71 and
Parts 20, 21, 30, 40, 70, and 73.

Spent Fuel and High-Level Wastes

Spent fuel from commercial nuclear power plants will be
transported from reactor sites to the geologic repositories.
Transport distance will average about 3000 km if spent fuel and
HLW are transported to the Yucca Mountain site in Nevada. In some
cases, spent fuel may be first transported between the
originating nuclear power plant and another power plant or to
storage facility before transport to the repository.

The solidified HLW from West Valley will be transported to the
geologic repository by the DOE.

Low-Level Wastes

LLW is currently being transported from the waste generating
sites to one of three shallow-land burial sites for commercial
wastes. When all agreement States or individual States have
their respective LLW disposal facilities, transport will be in
accordance with the NRC, EPA and host State regulations.

DESCRIPTION AND EXPERIENCE

Spent Fuel and High-Level Wastes

More than 6,000 spent fuel assemblies have been shipped from
nuclear power stations to other sites in the United States over
the past 30 years.

Currently, DOE is developing procedures, institutional
relationships, and transportation equipment for shipping spent
fuel and HLW to a repository.

14
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DOE has solicited, received, and evaluated proposals from private
industry on design concepts for transportation casks. Contracts
for further development have been awarded.

t _Future casks-for transporting commercial spent fuel will beK> designed for fuel that is approximately 10 years old. The
current reference capacities, which are the-starting bases for
the development of-the future ca-sks,-are two PWR or five BWR
spent fuel assemblies for legal-weight truck (tWT) casks (double
that for over-weight truck (OWT) casks), and 14 PWR or 36 BWR
assemblies for a rail cask. Cask capacities are expected to be
higher than these values, and concepts are being considered that
could increase the capacities by as much-as a factor of two.
About 30 percent of the spent fuel shipped from nuclear power
plants is expected to be transported by truck, and-up to 70
percent is anticipated by rail.

Low-Level Wastes

Commercial LLW have been transported to commercial shallow-land
disposal facilities since 1962. In calendar year 1986, 1,800,000
cubic feet of LLW were shipped to the three existing commercial
LLW near surface disposal facilities. Total volume of commercial
LLW transported to LLW disposal facilities through 1986 is
42,000,000 cubic feet.

Non-exclusive-use shipments of commercial LLW which-are of low-
activity must be transported either in strong-tight packages or-
in Type A or Type B transport packages,-depending on-the form and
content of the waste.

SCHEDULE

Spent Fuel and High-Level Wastes

1988 - Contract awarded for LWT and Rail/Barge casks

1995 - Certification of LWT and Rail/Barge transport'cask

2003 - First shipments of spent fuel to geologic repository

Low-Level Wastes

1993 - First shipments of commercial'LLW to agreement State
or individual State disposal facilities for commercial
LLW.
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COSTS

Spent Fuel and High-Level Wastes

The estimated costs for transporting spent fuel from nuclear
power plants directly to the Yucca Mountain site are listed.
Costs are in millions of 1986 U.S. dollars, and are total life
cycle costs for transporting 106,300 MTU equivalent of spent fuel
and 8000 MTU equivalent of DOE HLW and 600 MTU of HLW from West
Valley.

Millions
Total development costs for transportation system $ 920

Total transportation costs for commercial spent fuel 2,130

Decommissioning costs (decom. costs equal salvage value) 0

Total transportation & development costs, spent fuel and HLW 3,330

Low-Level Wastes

Transportation costs for commercial LLW depend on negotiated
contracts with the carriers and are highly variable. In
addition, costs are dependent on the part of the country, whether
or not shielded casks are needed (which incur-costs for a return
trip) and numerous other factors.

DECOMMISSIONING CONSIDERATIONS

Decommissioning of transportation equipment is typically carried
out by decontamination to allow unrestricted use. The
decontaminated materials are then salvaged for re-use. Fixed
transportation maintenance and operating facilities are typically
decommissioned in a similar manner.

QA CONSIDERATIONS

Quality assurance (QA) requirements for transportation of
commercial waste are established by the NRC and DOT. QA
requirements are applicable to all aspects of the transportation
system. Each organization that participates in transportation of
wastes is required to have a regulatory-approved QA program and
to execute it to the satisfaction of all applicable regulatory
criteria. The QA programs and activities of all participating
entities must be audited periodically, and records must be kept
for the duration period of the regulatory requirements.
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SAFETY CONSIDERATIONS

Regulations for commercial transport is generally consistent with
W ~-IAEA Transportation Safety Standards. To obtain certification of

transport packages by the regulatory authorities, safety may be
demonstrated by approved destructive testing or by approved
methods of analysis, or by a combination of testing and analysis.
Each reusable transportation packaging must be recertified by the
regulatory authority every five years. Other specific safety
requirements are identified below.

Spent Fuel and High-Level Wastes

Currently, truck shipments require communication with the
dispatcher every two hours. Rail shipments are followed through
the standard train tracking system.

Low-Level Wastes

Some truck shipments of commercial LLW may contain sufficient
radioactive materials to require control of the highway routing.

Pre-notification of expected arrival time at a State border is
required. No major additional safety requirements are needed
beyond those in the IAEA transportation regulations.

DISPOSAL SYSTEMS

NATIONAL POLICY

Spent fuel and High-Level Wastes

DOE siting guidelines (10 CFR 960) establish requirements for a
geologic repository system, define technical and environmental
qualifications that a candidate site must meet, and specify the
site selection process.

After site characterization, if Yucca Mountain is a suitable site
for a repository, DOE will then submit to the President a Site
Recommendation Report accompanied by an Environmental Impact
Statement. After Presidential approval of-the site, DOE must
then file an application to NRC for authorization to construct
the repository. Once the repository facility is constructed, DOE
must obtain license from the NRC to operate the repository.

Concurrently, under the NWPAL, DOE may enter into a benefits
agreement with the State of Nevada concerning a repository.
However, if the State of Nevada signs an agreement with DOE, the
State relinquishes its right to submit to Congress, a "notice of
disapproval" of the site selection.
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Waste acceptance specifications and requirements for vitrified
HLW will define the minimum acceptable waste form and canister
requirements and the documentation required for disposal in the
repository.

Low-Level Wastes

The LLW Policy Act of 1980 (as amended) requires that each State
develop a disposal system, either through an agreement with more
than one State or individually, according to a defined timetable
or incur penalties. States lacking a disposal system by 1996
must take title to a generator's waste and assume liability for
not having a disposal facility. Power plants are required under
the Act to meet certain waste volume specifications during a
seven-year transition period which is provided for the opening of
new disposal sites under arrangements by States or agreement
States.

REQUIREMENTS

The EPA is responsible for setting general standards for the
protection of the environment, which includes regulations for
radioactive and other hazardous materials. NRC is responsible
for specific regulations relating to radiation protection and
radioactive materials. The NRC radiation protection regulations,
which are being amended to be consistent with those of the
International Commission on Radiation Protection (ICRP), are
given in 10 CFR 20, "Standards for Protection Against Radiation."
These regulations establish the general requirements for
radiation protection, including general amounts and
concentrations of radionuclides that may be released to the
environment or disposed of in the ground.

Spent Fuel and High-Level Wastes

The EPA issued environmental standards for the management and
disposal of spent nuclear fuel, HLW and TRU waste (40 CFR 191) in
1985. These standards limit the radiation doses to members of
the public from the management and storage of radioactive wastes
at repositories during the preclosure period to the same level as
those for other nuclear fuel cycle operations. These limits are
75 mrem/year to the thyroid and 25 mrem/year to the whole body
and any other critical organ. EPA standards also set a maximum
limit the projected cumulative releases of radionuclides to the
accessible environment for 10,000 years after disposal to
specific numerical values. These values are based on limiting
the resulting premature cancer deaths to no more than an average
of 0.1/year from disposal of each 100,000 MTU equivalent of spent
fuel and HLW.

NRC regulations (10 CFR 60) require the preservation of the
option of waste retrieval (50 years) throughout the preclosure
period. For the postclosure period, the primary specific
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technical requairements are: (1) substantially complete.
containment within the waste package for 300 to 1,000 years, (2)
a maximum radionuclide release rate from the-engineered barrier
system of one part in 100,000/year of the 1,000-year inventory of

i_ that radionuclide, and (3) a pre-emplacement ground-water travel
\..-time from the "disturbed zone" around the underground facility to

the accessible environment of at least 1,000 years. 10-CFR 60
also contains siting, facility design, and waste package-
criteria; and criteria pertaining to land ownership and control
as well as requirements for the establishment of.programs for
perf9rmance confirmation, quality assurance,,and personnel
training and certification.

The DOE siting guidelines (10 CFR 960) identify the-factors to be
considered in evaluating and comparing sites on the basis of the
regulatory preclosure and postclosure requirements. ..

Low-Level Wastes

The regulations governing the disposal of commercial LLW are
found in the following:

1. NRC 10 CFR 61, "Licensing-Requirements for Land Disposal
of Radioactive Waste." This regulation-applies to all
disposal in the subsurface of the land. Specific
technical requirements are given for near-surface (up to
approximately 30 meters deep) disposal.

2. EPA Draft of-Proposed 40-CFR 193, "Environmental
Radiation Protection Standards for Management and Land

K....? Disposal of Low-Level Radioactive Waste," September
1987. This proposed regulation would provide overall
environmental standards for disposal of commercial-LLW
in near-surface disposal facilities.

10 CFR 61 establishes, among other things, (1) performance
objectives for disposal facilities during operations and after
closure (including inadvertent intrusion), (2) requirements for
institutional controls after closure, (3) technical requirements
for near-surface disposal sites and facilities, and (4)
definitions of the upper radionuclide limits for the three
classes of LLW. Class A wastes-require.100-year isolation:
Classes B and C wastes require 300 years of isolation: Class C
wastes require additional intruder protection for.500 years.

The proposed EPA.standard 40 CFR 193.would (1) define limits on
radiation exposure of the public resulting from management and
storage of LLW before disposal, (2) define criteria for .
classifying those LLW that have so little radioactivity as-to be
"Below-Regulatory-Concern," (3).define limits on potential -
exposures from LLW disposal systems and establish requirements to
ensure that these limits will not be exceeded, (4) provide four
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principles for ensuring compliance with the long-term containment
requirements, and (5) define ground-water contamination limits
from LLW management and disposal.

SITE SELECTION/CHARACTERIZATION

Site characterization consists of surface-based investigations
conducted by means of shallow and deep boreholes, laboratory
tests, and tests conducted in the host rock at the proposed depth
of the repository to determine its suitability as a potential
repository site.

Spent Fuel and High-Level Wastes

The NWPA requires DOE to issue a Site Characterization Plan (SCP)
for the Yucca Mountain site. In January 1988, a consultative
draft SCP for the Yucca Mountain site was issued. After
consultation with the State of Nevada and the NRC, DOE will issue
the SCP, hold a formal comment period and hold public hearings on
the SCP. When site characterization has been completed and
assuming the characterization shows the site is suitable, the
site will be selected for development into a repository. DOE
will then issue the Site Recommendation Report with an
Environmental Impact Statement on the site.

Low-Level Wastes

Selection of a commercial LLW disposal site is the responsibility
of each State, which may conduct the selection as part of a
compact with other States. Selection of a site is done through a
screening process which requires characterization of available
land and comparison of the potential sites with the site
selection criteria of NRC in 10 CFR 61.

UNDERGROUND TESTING

Spent Fuel and High-Level Wastes

The Yucca Mountain site was recognized in the late 70's as a
possible site for an underground repository. As a result, the
Nevada Nuclear Waste Storage Investigations (NNWSI) program
was initiated in 1977. Underground testing was performed in both
tuff and granite. Experiments were conducted to obtain data on
radionuclide migration and rock mechanics in tuff. In the early
1980's, 11 canisters of spent fuel were placed in a granite test
facility 1400 feet below the surface within the Climax granite
stock (Spent Fuel Test - Climax) to evaluate granite as a method
for deep geologic disposal of spent fuel and HLW.
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During detailed site characterization at the Yucca Mountain site,
an exploratory shaft facility (ESF) for in-situ testing will be
constructed. The ESF will consist of two exploratory shafts, a
drift that connects the shafts, other drifts and underground

y rooms for testing, and associated surface facilities.

Site characterization will be conducted in two phases. The first
phase, construction testing, is defined as the tests beginning
during shaft construction and continuing until underground
connection of-the-shafts is completed. The second phase, in-situ
testing, will begin after excavation of-the subsurface facility
and continue until sufficient-data have been collected. These
tests will concentrate on characterizing the rock mass (e.g. in-
situ stress and permeability), thermomechanical parameters,
geochemical properties, thermal properties, and heat dissipation.

This information is required to support the Site Recommendation
Report, the license application to NRC, and the Environmental
Impact Statement.

Low-Level Wastes

Extensive R&D has been done to develop an understanding of the
characteristics of existing disposal sites for commercial LLW and
of potential improvements at these sites. No plans currently
exist for construction and use of a research facility to
characterize a-potential new site.: Each State that-hosts a LLW
disposal site is responsible for developing its own plans for
site characterization.

DISPOSAL CONCEPTS DESCRIPTION AND EXPERIENCE

Spent Fuel and High-Level Wastes

The repository for spent fuel and-HLW will resemble a mine with
both surface and underground facilities. The -surface facilities
will receive and handle the wastes and transfer the wastes down
to the underground disposal galleries. -

The underground facilities will consist of the underground
structures and components, including engineered-barriers not
associated with the waste package such as shaft seals and
backfill, and the host rock that supports them.

In addition to testing experience, the United States has shared
experience through cooperative programs in underground research
laboratories in Canada, Sweden, Switzerland, the Federal Republic
of Germany, and in cooperative-studies-with the Nuclear Energy f
Agency, International Atomic Energy Agency, and-the Commission of
European Communities. - -
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Low-Level Wastes

A total of six shallow-land disposal facilities for commercial
LLW wastes have been sited, developed and operated; of these,
three were shut down and three are still in operation and
expected to operate at least until replacement facilities can be
developed (no later than 1996).

Near-surface disposal in excavated trenches is presently in
general use for commercial Class A LLW. Class B and C LLW are
disposed of in similar but separate trenches, or in isolated
parts of the same trenches. Class C LLW are typically back-
filled in part with concrete to provide additional intruder
protection.

It should be noted that near-surface disposal has not been
selected by the United States as the preferred method for
disposal of LLW. Several alternative disposal methods are
currently being considered, such as engineered systems.

DISPOSAL CONCEPTS - WASTE RECEIPT AND HANDLING

Spent Fuel and High-Level Waste

Spent fuel and HLW will be received at the repository by rail
and/or truck. HLW will be unloaded from the shipping cask and
placed in interim storage racks in a hot cell. Subsequently the
spent fuel and HLW will be encapsulated in a disposal container
and moved to a gallery room for disposal.

Low-Level Wastes

For current disposal of commercial LLW, the waste packages are
usually unloaded from the transport vehicle onto an on-site
trailer or platform by fork lift and crane. Temporary shielding
may be used to handle wastes with high radiation levels. Waste
packages with high radiation levels are usually placed near the
bottom and center of the trench to allow for shielding from
surrounding packages. Partially-filled trenches are typically
backfilled periodically to minimize exposure of the waste
packages to the accessible environment.

DISPOSAL CONCEPTS - WASTE PACKAGE

Spent Fuel and High-Level Wastes

Until December 1987, site-specific waste packages for each
candidate waste site were being developed; since then, only waste
packages for the Yucca Mountain site are under development. As
part of the design effort, reference and alternative materials
have been chosen for the waste container.
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The reference material for the waste container is stainless steel
for a repository in tuff. Copper and selected copper-based
alloys are also being studied for waste containers in tuff.

kU The HLW waste form is monolithic borosilicate glass that is
filled into the canister to a height of 91 inches. Conceptually
the canister is 0.375-inch thick stainless steel, 24 inches in
diameter and 118 inches in overall length.' The canister is a 98-
inch-long cylinder with a reverse-dish head on the bottom and an
elliptical head on the top that includes a five-inch diameter
filling nozzle. The filling nozzle is sealed with an oversized
plug by pressing with high pressure and fusing electrically.

Low-Level Wastes

Commercial LLW packages disposed of in near-surface disposal
facilities cannot be made of cardboard'or fiberboard (NRC,
10 CFR 61.56). The most common LLW package is the 55-gallon
steel drum (wall thickness ca. 0.12 cm) that is painted,
galvanized, or plastic-coated.' In 1981,''55-gallon drums
comprised 84 percent of all the LLW packages, but accounted for
only 26 percent of the waste volumes that were disposed.

Other sizes of steel drums are also used, ranging from five
gallons to 80 gallons. In addition, cylindrical containers made
of plastic, fiberglass-plastic, and reinforced concrete are used,
particularly for Classes B and C wastes ranging in size from 30
gallons to about-500 gallons.

DISPOSAL CONCEPTS - BUFFER AND BACKFILL

Spent Fuel and High-Level Wastes

No buffer material will be used around the waste packages (with
either-spent fuel or HLW) at the Yucca Mountain site because the
waste package is designed to be surrounded by an air gap. Open
areas of the repository will be backfilled with crushed tuff
during closure of the repository.

Low-Level Wastes

No buffer materials are used around packages for commercial LLW.
Backfill is typically the soil material that was excavated to
make the disposal trenches. In some cases for Class C wastes,
cement backfill is used around the waste package-to enhance
intruder protection.

DISPOSAL CONCEPTS - TEMPERATURE AND PRESSURED

Spent Fuel and High-Level Wastes

Near-field temperature limits in a tuff repository are under
consideration. A preliminary goal for near-field is to limit
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the maximum temperature to about 235 C and to limit the waste
heat loading to 57 KW/acre (i.e., room scale). For the far-
field (i.e., regional scale), the temperature increases will be
limited to temperatures of about 5 C in the aquifer and 0.5 C in
the earth surface. Further evaluation is underway to determine
if these tentative limits are appropriate.

Low-Level Wastes

LLW commercial disposal facilities have no temperature
requirements. Class A LLW have no specific structural
requirements except they must withstand the forces of normal
operations and should show no deformation before emplacement.
Commercial Class B and C LLW are required to maintain gross
physical properties and identity for 300 years, and are required
to maintain structural integrity from external pressures of 50
pounds/sq. inch and from 30 heating-cooling cycles. High-
integrity containers for Classes B and C LLW that do not meet the
waste form stability requirements must maintain integrity under
the structural forces from cover material and equipment at the
disposal facility.

DISPOSAL CONCEPTS - DECOMMISSIONING

Spent Fuel and High-Level Wastes

After the repository has been filled and the caretaker and
performance-confirmation program (about 25 years) has been
completed, the DOE plans to submit to the NRC an application for
a license amendment to close the repository. After NRC approval,
the DOE will seal the repository and decommission the surface
facilities. Repository shafts will be sealed; surface facilities
will be decontaminated and dismantled; the mined rock that is not
used in backfilling will be stabilized or moved off the site; the
surface area will be returned to its original natural condition
to the extent feasible: and permanent markers will be erected.

Low-Level Wastes

The operator or holder of the license for a commercial LLW
disposal facility must dismantle/decontaminate surface facilities
to the extent defined in the site closure plan provided in the
original license application. The disposal facility operator
must show by measurements and modeling that the closed facility
will met regulatory requirements without active controls.
Permanent markers must show locations of all burial trenches. A
passive site security system must be installed that requires
minimum maintenance. The disposal facility is turned over the
State for custodial care for the time period requiring
institutional controls.
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DISPOSAL CONCEPTS - POST-CLOSURE

Spent Fuel and High-Level Waste

The total preclosure time is estimated to be about-90 years for
\.W the repository. Six years of this 90-year period-will be used

for construction and 28 years for repository operation. The
repository design will provide the capability for retrieval at
any time for 50 years after the start of waste package
emplacement. The remaining 34 years is the length of time
assumed to be necessary for waste retrieval if waste retrieval is
determined to be necessary at the end of the 50-year
retrievability period.

10 CFR 60 requires that a description of the program for
monitoring of the repository during the post-closure period be
included in the license amendment for permanent closure.

However, because the performance confirmation program during the
retrieval period is expected to provide final assessment of
facility performance, additional monitoring subsequent to post-
closure is not expected to be necessary.

Low-Level Wastes

For commercial LLW disposal facilities, post-closure activities
by the State custodian for the duration of institutional control
will involve periodic visits, inspections, maintenance (if any),
and environmental monitoring of the performance of the site. The
period of institutional control will be determined by the NRC,
but may not be relied upon for more than 100 years-in evaluating
the license application.

SCHEDULE

Spent Fuel and High-Level Wastes

1988 - Consultative draft of Site Characterization Plan for
Yucca Mountain site for repository issued

1989 - Exploratory shafts and construction-phase testing of
site characterization initiated at the Yucca Mountain
repository site

1991 - Start in-situ testing at Yucca Mountain site for
repository

1995 - Submit license application to NRC to construct repository

1998 - Receive construction authorization from NRC for
repository and start construction

2003 - Start Phase 1 operations (400 ITU/year receipt)
at repository
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Low-Level Wastes

Three sites are currently operating for commercial LLW and the
plans for additional sites vary from state to state. The Low
Level Radioactive Waste Policy Amendments Act of 1985 establishes
a schedule that each State must meet for commercial 1LW or face
penalties.

COST

Spent Fuel and High-Level Wastes

The estimated total life-cycle cost to sits, develop, construct,
operate, and decommission the repository are presented on the
following page. The costs are reference case estimates for a
repository in ant-"improved performance" waste management system
(i.e., which includes a Monitored Retrievable Storage facility in
the system) containing 70,000 MTU-equivalent of commercial spent
nuclear fuel and HLW. The costs are also based on the schedule
presented above.

Estimated Repository Costs in
Millions of 1986 Dollars

Selected
Repository in Tuff

Development and Evaluation $ 5,600
Socioeconomic Impact Mitigation 300
Construction 800
Operation 4,200
Decommissioning 400

Total $11,300

Low-Level Wastes

Costs for commercial LLW disposal vary due to differences in
disposal facility concepts and management practices, and the
characteristics of the radioactive wastes received.

A recent study comparing alternative disposal systems for
8,800,000 cubic feet of commercial LLW over a 30-year period
developed the following cost estimates which includes pre-
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operating, operating, closure, and post-operating costs for each
type of disposal (in millions of 1986 dollars).

Near-surface burial $ 406
Intermediate-depth disposal 421
Below-ground vault 617

Above-ground vault 790
Modular concrete canisters-- 630
Earth-mounded concrete bunker 893

RADIATION PROTECTION

During the operational period, releases of radioactive materials
to the general environment from a repository for spent fuel and
HLW and from commercial LLW disposal-facilities must not result
in an annual dose to any member of the-public in excess of-25
millirems to the whole body, 75 millirems to the thyroid, and 25
millirems to any other critical organ. Occupational doses at
repositories are limited to 3 rems/calendar quarter and an
occupational lifetime average of 5 rem/yr. However, the
principle of ALARM must also be applied, and occupational doses
significantly below this value is anticipated.

QA CONSIDERATIONS

Spent Fuel and High-Level Wastes

The NRC's 10 CFR 60 mandates that the general Quality Assurance
(QA) criteria of NRC's regulation 10 CFR 50, Appendix B, "Quality
Assurance Criteria for Nuclear Power Plants and Fuel Reprocessing
Facilities," shall be applied to disposal of commercial spent
fuel and HLW. An extensive program has been developed by DOE to
assure quality in the total commercial waste management system.

A major goal in the commercial waste management activities is to
sustain a high level of quality, both technically and
administratively, in all activities. This concept is referred to
as "Managing For Quality," and QA is an important aspect of this
broad concept. QA includes elements of management planning and
control, verification, and overview. QA elements are
systematically and selectively applied in a formal and auditable
QA program that is designed to: (l) assure compliance with
regulatory and other programmatic requirements and standards; and
(2) demonstrate technical appropriateness, adequacy, and
completeness.

Low-Level Wastes

All regulations by NRC, EPA, and the States require that a
stringent QA plan, approved by the regulatory agencies, be in
effect for all disposal facility siting, verification,
evaluation, design and construction, operations, and
Iecommissioning.
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SAFETY CONSIDERATIONS

Spent Fuel and High-Level Wastes

Analytical techniques developed for and successfully used in the
radiological assessment and licensing of other nuclear facilities
are being used for estimating public and occupational radiation
doses from waste disposal facilities. For long term safety,
performance assessment includes estimation of the potential
release of radionuclides to ensure that release levels are below
the NRC criteria and EPA standards. All commercial spent fuel
and HLW storage and disposal facilities and activities are
monitored by the NRC.

Commercial Greater-than-Class C Low-Level Wastes

Stringent industrial and radiological safety requirements are
dictated by the Federal, DOE, or State agencies responsible for
regulating the various aspects of commercial Greater-than-Class C
wastes.

Low-Level Wastes

All commercial LLW disposal activities are monitored by
regulatory personnel from the NRC or the host State, and by other
regulatory and enforcement organizations to ensure that facility
activities conform to applicable industrial and radiological
safety regulations.

A/;
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