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FOREWORD

A common method for the disposal of low level radioactive waste
involves the emplacement and burial of wastes at relatively shallow depth,
usually less than 20 m. The emplacement can be in shallow land trenches,
engineered structures, rock cavities and mined-out facilities. In any case,
an important issue in low level waste disposal is the establishment of waste
acceptance criteria to ensure an acceptably low risk to humans and the
environment. The two basic options for the establishment of waste acceptance
criteria for disposal options are the definitions of universally valid
reference limits, and the adoption of site-specific criteria depending on the
unique site characteristics and facility design.

Different options for the safe land disposal of low level waste have
been developed and practised on an industrial scale in a number of Member
States. In addition, some of these options have also been used for disposal
of intermediate level waste. All options take into account the nature of the
waste and the local site characteristics, as well as the repository design.
Some engineering concepts also incorporate features such as monitoring and
surveillance systems which complement the basic technical elements of a
comprehensive and integrated system.

The contents of this document reflect the results reported on by a
number of Member States who participated in its development and preparation.
A draft of this report was prepared by consultants from Czechoslovakia,
France, the United Kingdom and the United States of America in April 1990 and
experts at the Advisory Group Meeting (AGM) from Belgium, Canada, France,
Hungary, Spain, Sweden, Switzerland, the United Kingdom, the United States of
America and the Soviet Union conducted a review of the document in October
1990. Comments from the AGM were resolved by consultants from Czechoslovakia,
France and the United States of America in June 1991 and final revisions were
made by Messrs Z. Dlouhy and D.J. Squires of the IAEA Division of Nuclear Fuel
Cycle and Waste Management.
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1. INTRODUCTION

1.1 Background

Low level radioactive waste (LLW) has been safely disposed on land for
several decades in countries operating large nuclear programmes and it is
generally recognized that this practice will increase in the future. Since
many countries worldwide produce LLW, the need for low level waste disposal
facilities is becoming apparent not only for countries with large nuclear
programmes but also for countries producing only institutional radioactive
wastes in relatively small quantities.

Land disposal is considered an integral part of radioactive waste
management, which covers all the actions undertaken for the purpose of
protecting the public and environment from unacceptable risks under all
reasonable circumstances. To determine what are acceptable risks, appropriate
lengths of time, and reasonable circumstances, is a matter of national
strategy, including public opinion; the necessary decisions are generally
based on safety analysis and environmental impact studies.

Different options for the safe land disposal of low level waste have
been developed and practised on an industrial scale in a number of Member
States. In addition, some of these have also been used for disposal of
intermediate level waste. All options take into account the nature of the
waste and the local site characteristics, as well as the repository design.
Some engineering concepts also incorporate features such as monitoring and
surveillance systems which complement the basic technical elements of a
comprehensive and integrated system.

International experience in developed Member States operating low level
waste disposal facilities can be particularly important for countrfes that are
planning and starting their own disposal programmes. For developed countries
intercomparisons can be used as guidance for improving their low level waste
disposal programmes.

1.2 Objectives

The main objectives of this document are to provide developing
countries the following:

current information on the options available;



- information on economic factors associated with those disposal
options;

- the process required to implement a disposal option.

A secondary objective is to provide a reference document to other
Member States as well as contribute to the Agency's further documentation in
the field of land disposal of low level radioactive waste.

This report is, however, not intended to provide a comprehensive review
of designed, constructed and operated land repositories, nor to provide a data
base of such a nature as to recommend a particular disposal method.

1.3 Scope

The scope of this report includes:

- descriptions of the options available
- identification of important elements in the selection process
- discussion and assessment of the relevance of the various elements

for the different options
- cost data indicating the relative financial importance of different

parts of the systems and the general cost level of a disposal
facility.

Thus, Chapter 2 presents an overview of the types of wastes included in
low level waste categories and an approach to the LLW management system.
Chapter 3 presents a generic description of the disposal options available,
and Chapter 4 describes the main activities involved in implementing the
different options. Chapter 5 presents more detailed descriptions and cost
information on low level waste disposal facility concepts in a number of
Member States. Conclusions from the report are given in Chapter 6.

In addition, this report provides a commentary on various aspects of
land disposal, based on experience gained by IAEA Member States. The document
is intended to complement other related IAEA publications on LLW management
and disposal. It also demonstrates that alternative solutions for the final
disposal of LLW are available and can be safely operated but the choice of an
appropriate solution must be a matter for national strategy taking into
account local conditions.



2. WASTE MANAGEMENT

2.1 Philosophy

The development of a national strategy for the storage and disposal of
radioactive waste is essential to ensuring that a*comprehensive system is
developed which is safe, efficient and economically viable. A comprehensive
strategy provides for the management of radioactive wastes from generation to
disposal. An important objective of such a strategy is to ensure that all
aspects of the waste management system are developed on a co-ordinated time
scale in such a manner that national requirements are met [1].

Although national strategies related to LLW management may vary from
country to country depending on national objectives and needs, the overriding
objective is to develop a comprehensive management system which provides
protection of human health and safety, and ensures that the quality of the
environment is maintained. For countries generating low volumes of
radioactive wastes, it may be more practical to provide for monitored interim
storage of such wastes until sufficient volumes are accumulated to make
disposal a more cost effective alternative. However, storage of this material
can only be regarded as a temporary measure and maintaining safe storage will
have substantial costs. Final disposal of the waste will provide for the most
practical long term solution in ensuring that the health and safety of future
generations is protected.

Development of facilities which provide final disposal of LLW must be
consistent with the established national strategy and objectives. Generally,
such objectives include, but are not limited to:

- protection of the general population from releases of.radioactivity

- protection of individuals during facility operation

- protection of individuals from inadvertent intrusion after the
facility has been closed

- long term stability of the disposal site after closure to provide
for effective isolation of the waste from its environs

The goal of any waste management programme or process is to ensure that
objectives such as these are achieved. There are several different approaches



which may be implemented to develop a LLW disposal facility which allow these
objectives to be met. Major components of such a process include:

project planning and general studies
waste inventory analysis and characterization
selection of a disposal option
site screening, selection and characterization
facility design and engineering analysis
safety and environmental assessments
facility construction, operation and closure
environmental monitoring and long term surveillance
public involvement and information.

Although the achievement of the above will vary according to national
policies and regulatory requirements, each step is critical to the successful
development, operation and closure of a LLW disposal facility.

A fully developed quality assurance programme should be adopted at the
outset of the project to cover every aspect of the project from its inception
at the siting stage, through the design and operation of the facility and
eventually its closure [2, 18].

2.2 Definition of LLW

2.2.1 General

Low level radioactive waste is ordinary industrial and research waste
that has been contaminated by radioactivity; it is generally in solid form,
although some liquid waste may be present. The levels of radioactivity in
such wastes vary widely, but generally are quite low. The IAEA defines low
level waste as categories III and V. [3] (see Table I).

Low level waste is generated by nuclear power reactors, nuclear fuel
cycle facilities, hospitals, universities, radioisotope manufacturers,
research institutes and other organizations using radioactive materials. Some
forms of low level waste, such as paper, protective clothing, tools, and
metallic and glass equipment are common to all generators. Other low level
wastes are unique to their kind of operation. Nuclear power reactors produce
low level wastes in several forms, including resins from water cleanup
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TABLE I. SIX CATEGORIES OF SOLID WASTE CLASSIFICATION
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equipment, filters, sludges, lubricating oils and greases. Hospitals and
universities generate liquids used in diagnostic testing and medical treatment
and used laboratory equipment. Another source of LLW is the manufacture of
the radioisotopes used by these institutions. Some low level waste is
produced by the manufacturing process for machine parts, plastics, smoke
alarms, emergency signs, and other consumer goods, as well.

In addition to these wastes, low level waste is generated by the
decommissioning of nuclear power reactors, other nuclear fuel cycle
facilities, and by industrial, research and university organizations which use
radioactive materials. The main difference between operational and
decommissioning low level waste is generally in physical size and
radiochemical composition.

2.2.2 Waste classification

Low -level waste arises in a wide variety of physical and chemical
forms. Waste must generally be in a solid form for emplacement in a disposal



facility. Hence, classification parameters typically relate to that solid
form of the waste which is identified for disposal purposes.

»

In addition to the solid waste form requirements, waste will be
conditioned to meet the standards required for safe handling, transportation
and disposal. This can involve such processes as volume reduction by methods
like compaction or incineration. Encasement in a concrete or other matrix or
packaging in a container of standard dimensions to assist with handling and
disposal operations may also be required. All these processes will aid in
producing a waste form which is suitable for disposal and is compatible with
the intended transportation and disposal operations. The waste in its final
conditioned form can then be allocated to the appropriate repository types.

Wastes can be classified in various ways. Some general attributes that
are important are: chemical and physical stability, chemical content, density,
flammability, the radionuclides present and the level or concentration of
radioactivity. An important source for such information is the process which
created the waste originally, but sampling could also be necessary. Most
importantly, waste property information should be sufficiently comprehensive
to satisfy the input data requirements for the transport and disposal safety
assessment for the particular option under consideration. Non-radioactive
properties of the wastes may also be important and need to be considered.

Wastes can be classified according to the potential risk they pose as a
result of radiation exposure to humans. Radionuclide content, mobility and
decay properties may also be considered in this classification process.

The IAEA document [3] discusses the subject of classification. It
recommends that as all radioactive wastes will eventually have to be disposed
of, a classification system based on waste disposal hazards could be of
greatest use and proposes six solid waste categories as illustrated in Table I

Although this document focuses on options for disposal of low level
waste (categories III and V), these disposal options are also appropriate for
some category IV waste (short lived intermediate level waste) where it is
likely that it will decay in a short period of time to be low level waste.

It is the responsibility of each Member State to establish their waste
categories and concentration levels. Generic reference classification
categories and concentration levels are being developed at the international
level Ref. [3].
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It is important to consider the relatively low concentrations of long
lived radionuclides which are frequently associated with the short lived
ones. The long lived radionuclides can present the dominant risks to the
local population many centuries after the closure of the repository.

Sources of waste that may be disposed in the disposal facilities
described in this report include:

- reactor operation (solid trash, solidified sludges, and ion exchange
resins falling into category IV or V)

- reprocessing plants (operational type waste falling into categories
III, IV and V)

- medical or industrial use of isotopes and sources (category IV or V)
- nuclear research centres (category IV or V)
- decommissioning operations (categories III, IV and V)

2.2.3 Chemical and physical properties

Chemical and physical properties of the waste must be considered in the
development of a LLW disposal facility. Ideally, the material should be
chemically inert and physically stable and should not be pyrophoric,
flammable, explosive, or toxic. In addition, land disposal of radioactive
waste has to take account of the chemical and physical properties that would
influence the mobility of the radioactive content of the waste and the
stability of the waste form since the environment within the repository can
change significantly by slow interactions between the various components of
the waste and its surroundings. These properties may also be important in
considering the non-radioactive impact of the disposal site.

The structural integrity of the waste repository may depend on the
physical and chemical properties of the waste, the waste packages and the
structural capability of the disposal facility into which they are emplaced.
Waste conditioning and packaging can be used to enhance the chemical and
physical properties of the waste in order to meet the necessary structural
standards. Waste compaction, the performance capabilities of the container
and the possible use of a matrix material, such as concrete, additionally need
to be considered. The potential for gas generation, and the influence of
waste leachability after emplacement, will also need to be assessed. Again, a
matrix or solidification material may be required to achieve immobilization of
the waste under the foreseeable conditions.

\
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Waste should not be disposed of in a radioactive waste repository if
reasonably practical measures can be adopted to segregate it to allow safe
disposal under the exempt category. In all cases the quantity or volume of
LLW arising from any source should always be minimized. Waste segregation may
also be necessary to take account of any selective system for waste
emplacement in the repository. Waste properties which influence segregation
such as long term stability, should be included in the classification system.

2.2.4 Fissile content limits

In general, for LLW, criticality is not a problem but nevertheless, the
fissile materials accepted for waste disposal at a LLW disposal facility must
be evaluated. Limits for fissile materials should be established as part of
the waste classification system [2].

Controls will be required for waste containing fissile isotopes if the
levels exceed certain concentrations and these should be defined for the
particular repository design and operating procedure. The radionuclides of
particular interest are U-235, Pu-239, and Pu-241.

2.2.5 Waste acceptance criteria

Waste acceptance criteria can be divided into three categories: safety,
technical and administrative.

- Safety

Operational and post closure performance of a low level waste
repository must meet safety standards in compliance with accepted practices
and must comply explicitly with the requirements of the regulatory authorities
of the country. The discussion above covering waste classification has
indicated the many properties which affect the disposal system performance.

- Technical

Standards should be developed well in advance of waste receipt and take
into account waste conditioning, plant requirements, handling and transport
considerations and the needs and requirements of the repository. For example,
all packages should conform with the required standards for dimensions,

14



weight, lifting attachments and void fraction. Packages should prevent loss
of contents for a defined number of years taking note of exposure to
prevailing environmental conditions and internal characteristics of the waste
including any potentially corrosive components. It is often important that
the scale of the waste transport and repository operations are kept to a
minimum. To achieve the goal, waste producers should be encouraged to reduce
radioactively contaminated waste by implementing waste minimization programmes
at the waste source. Waste volume reduction by compaction, incineration and
other processes should also be considered. Waste containers should permit
placement in the repository with low void fraction and low total volume.
Efficient packaging, stacking and emplacement configurations will generally
result in less handling during operations and hence lower radiation exposure
to the operational workforce. A low potential risk of normal industrial
accidents should also be realized.

- Administrative

In its final form, the waste should be packaged, labelled and recorded
to defined standards according to a predetermined quality assurance
procedure. The package and content identification must be clear, unambiguous
and recorded. All labels must be adequately affixed and contain the
appropriate waste classification information. Inspection records for quality
assurance purposes must be maintained. The consignment must be accompanied by
a properly completed shipping form. The consignment must correspond in all
respects with the specified waste acceptance criteria. It should be made
clear that non-conformance to these criteria will result in non-acceptance by
the disposal facility.

To help assure the waste will be accepted at the disposal site, it is
sometimes necessary and generally beneficial to prepare a document detailing
the arrangements established within the consigning organization to ensure the
effective management and control of the waste from the point of generation to
the point of acceptance at the repository. This document should show that the
measurement techniques, treatment, collection, packaging, monitoring,
labeling, preparation, and transportation of the waste comply with the
authorization and terms of the transport and repository regulatory
requirements.

Many countries require additional characterization and verification of
waste packages and content when they are received for disposal.

15



A comprehensive inspection and verification programme may incorporate random
inspections, audits, sampling and verification of waste packages. Viable
methods involve destructive sampling and non-destructive inspection techniques.

2.3 Systems approach

Waste disposal must be considered as a total system that encompasses
all the facilities and activities necessary for an acceptable result. For
this purpose, it is desirable that a comprehensive radioactive waste inventory
be developed which documents existing waste and waste disposal predictions for
some predetermined period of time for the future. The waste inventory
projection should be prepared in conjunction with waste generators as well as
those responsible for the development of the disposal facility.

This activity is an important component of the facility development
process, as accurate information is required to ensure that the disposal
concept is compatible with projected waste volumes and characteristics.
Accurate identification of anticipated waste inventories will additionally
provide information related to waste treatment or conditioning which may be
required to ensure that waste acceptance standards for disposal are met.

The bulk of national waste inventories in those states having nuclear
power programmes will come from nuclear power plants over a period of
operation and shutdown of about 50 years. Additional wastes will be generated
during decommissioning. If waste generation forecasts are well established,
it may be possible to develop, with reasonable certainty, an expected
inventory for many decades into the future. This then permits good forward
planning of national disposal requirements.

Complementary to the above, the overall project must also be considered
as a total system. Since the disposal facility will eventually cease to be
under institutional control, a systems approach should be adopted to consider
all aspects of the lifetime of the facility. Such an approach, would break
down the activities into discrete activities to include:

- site screening, identification and characterization
- design and construction
- operational phase of the facility
- closure of the facility
- monitoring and surveillance

IAEA documents [1,5,6] should be considered in this respect.
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3. DISPOSAL CONCEPTS

3.1 Introduction

Alternative methods are available for the safe land disposal of low
level radioactive waste, having been developed and practised on an industrial
scale in a number of Member States. These methods can be grouped into two
general disposal concepts:

- near surface disposal
- subsurface disposal

All concepts take into account the nature of the waste, site
characteristics, and local considerations. Each concept may present
variations which allows a close adaptation to climate, geological and
hydrological conditions, as well as to characteristics of the waste package
and delivery methods. Furthermore, the use of a multibarrier system with
either concept may provide added assurance that the performance requirements
will be met and may thereby be more acceptable to the regulatory body and the
public.

This chapter presents a general discussion of the disposal concepts. A
more detailed description of several concepts is provided in Chapter 5.

3.2 Near surface disposal

Near surface disposal in unlined trenches or pits or in engineered
structures is a disposal option which is currently practised in a number of
countries. The basic objective of near surface disposal is to isolate the
waste from water and the human environment under controlled conditions and for
a period of time long enough to allow the radioactivity to either decay
naturally or slowly disperse to an acceptable level. This option implies that
waste to be disposed contains mainly short half-life radionuclides of low or
medium specific activity with only low amounts of long lived radionuclides
(categories IV and V of IAEA classification) and that a maximum authorized
activity has to be fixed. Furthermore, the length of institutional control is
an important consideration.

3.2.1 Near surface disposal without engineered barriers

The oldest and simplest method of near surface disposal, also called
shallow land burial, consists of placing untreated solid wastes without
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engineered barriers, directly in excavated trenches and covering the wastes
with a layer of soil. Improvements have been made by improving the waste
packages, backfilling voids between the containers with sand or other suitable
earthen material, compacting the backfilled material, and covering the waste
with a cover or cap of earthen material. In humid areas, the practice has
typically been to locate trenches above the groundwater level and sometimes on
a layer of low permeability material with good retention characteristics for
most radionuclides present in the waste.

In this concept, the primary protection is provided by the sorption
properties of the overlying and surrounding soil. Erosion, intrusion by
animals and deep root vegetation, and percolation of rainwater are the main
processes adversely affecting this disposal option. It is generally
recognized that this concept is best suited for very low level waste disposal.

Examples of this type of repository are trenches for lower activity
(class A) waste at the Barnwell site in the United States of America and the
trench disposal at the Drigg site in the United Kingdom [7].

3.2.2 Near surface disposal with engineered barriers

Near surface disposal facilities have undergone extensive evolution as
a result of operational experience and requirements to improve radiological
and environmental safety of this disposal option. The improvements have
resulted in increasing the number of engineered barriers to limit or delay
radionuclide migration from the repository, and in increased knowledge of the
overall disposal system. In addition, experience has shown that wastes not
acceptable for disposal in a simple trench may be acceptable in a near surface
repository with a multibarrier system.

Many near surface repositories in operation or in the design phase are
equipped with engineered barriers and drainage systems for control of water
infiltration, to meet the safety regulation or to offer more flexibility for
waste packaging. Typically, the disposal units are lined with concrete,
bitumen or other material to improve isolation of wastes. The space between
the waste packages is often filled with soil, clay, or concrete grout. Low
permeability covers are put above the disposal unit to minimize the
percolation of surface water to the waste. Water diversion and drainage
systems are used to direct water away from the disposal units. The system can
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further be protected from erosion by planting vegetation or covering the
surface with rock rubble. In some countries, wastes are combined with
protective materials in monolithic blocks. Examples of these concepts can be
found in France, Spain, Czechoslovakia and the United States of America, as
described in Section 5.

The disposal units are usually located above the water table, however,
in some countries, the local conditions require the disposal vaults to be
constructed below the water table. The latter option calls for use of
materials with low permeability to ensure low penetration of water into the
disposal area and additional measures to control water infiltration, a matter
of primary importance. In Section 5, the concept developed in Japan to deal
with near surface disposal below the water table is described.

3.3 Subsurface concepts

The primary distinguishing feature of subsurface concepts as compared
to near surface concepts is that the distance below the ground surface is
adequate to essentially eliminate the concerns of intrusion by plants, animals
and humans. The subsurface disposal concept has potential for a number of
applications, i.e., different cavity types located at various depths in
different geologic environments can be used for different kinds of wastes. In
relation to their origin, the cavities may be classified into the following
types:

- specially excavated cavities
- unused mines

natural cavities.

Specially excavated cavities for emplacement of waste can have various
shapes and volumes which depend on the planned disposal method, the waste type
and quantity, and the geometry of the host formation. The shape of the
repository can include tunnels, vaults, vertical or horizontal caverns, or
some combination of these mined openings. Flexibility in design is the major
advantage of this disposal concept.

In some countries, unused mines serve for disposal of certain
categories of wastes. This option is attractive because disposal
cavities/vaults already exist, as well as access in the form of mine shafts
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and adits. However, for disposal of other than LLW, the primary requirement
is for a geologic environment providing highly favourable waste isolation
features. Also, because the mine was excavated for a different purpose than
waste disposal, the excavation methods used may raise questions about the host
material integrity and its original state.

With increasing emphasis on safety-related aspects of disposal, it is
highly doubtful that natural cavities will be utilized for a waste repository
as they are normally formed by discontinuities in the geologic structure and
hydrological conditions. Thus, they are generally wet, have an aesthetic
value or are protected as natural phenomena. Engineering or socio-political
considerations will probably rule out the use of existing natural cavities for
waste disposal purpose.

In subsurface concepts, the surrounding rock typically provides for:

(a) a barrier against external factors and events, e.g., erosion,
human intrusion

(b) a barrier against radionuclide release

(c) a barrier for water flow

Generally, mined cavities/vaults suggested for the disposal of LLW,
whether based on existing or specially developed mines, are perceived as being
underground facilities which are well isolated from the biosphere by their
depth of placement. Cavities/caverns in salt, anhydrite, granite, or
limestone beds and tunnels in clays have been considered [7].

A mined cavity would have little vulnerability to disruptive events and
processes at the surface because of the cavity's depth. The physical setting
of the cavity would represent a significant barrier to biological and human
intrusion, although future intrusion might be invited by the known presence of
minerals in the region. The geological barriers against water intrusion and
radionuclide migration would be largely site dependent. The potential for
water infiltration in existing mines is usually higher due to the use of
mining techniques which may impair the natural structure by cracks and
microfractures.

For more information on several applications employing this design
concept see IAEA publications [6,8,9].
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An important radionuclide migration pathway for subsurface disposal is
transport by underground water. Hydrogeological conditions at the site are
therefore of particular importance. Additional protection can be provided by
multiple barriers. Barriers that may reduce water intrusion into the
repository are the filling and sealing of all openings including tunnels,
shafts and boreholes with low permeability material. A large number of
designs and materials have been considered for this purpose [10].

Subsurface repository concepts have been developed for more than one
category of radioactive waste, e.g. category II and III (long lived, ILW and
LLW). Even the disposal of all waste categories in a single deep repository
has been considered, particularly by some countries with small nuclear power
programmes. In such 'combined ' repositories, the various waste types are
disposed of or planned to be disposed of in separate sections, galleries or
cavities/vaults.

Among the factors involved in the design, construction and operation of
subsurface concepts, the factors related to the site and geological
characteristics play a much more important role for the detailed layout of a
subsurface repository than for a near surface concept, particularly if the
concept also involves disposal of wastes of category II. The depth and the
condition of the site will also determine the approach in the underground
development (adits or shaft access for instance). The nature of the host rock
will determine the methods to be applied for the construction of such concepts.

Experience in the construction and operation of subsurface repositories
for LLW is found in Asse and Morsleben, Germany and in Forsmark, Sweden.
Other facilities are under construction or licensing in Olkiluoto, Finland and
Konrad, Germany or under design in Switzerland and the UK [7]. It is noted
that subsurface LLW repositories in Sweden and Finland are only several tens
of metres below the ground surface while Konrad is a geologic repository
located at significant depth and has an isolation potential also for non-heat
generating wastes of higher activity (and longer lifetimes).



4. IMPLEMENTATION ACTIVITIES

During the development of a waste disposal facility, a number of stages
or activities can be identified. These include site selection, licensing,
construction, operation and repository closure. However, in practice, these
may not always be independent in time. For example, one part of a repository
may be in operation whilst another part is being constructed. Nevertheless,
each of these principal activities are outlined in this chapter. Some
activities will differ significantly in nature and have different aspects
dependent on the disposal concept (Chapter 3) being developed, and this is
noted where applicable. This chapter also serves as descriptive background
for information given in Chapter 5.

4.1 Project management

Although not an implementation stage in itself, the management of
repository development is a key feature. This will need consideration at the
outset of a project, although clearly it will itself need to progress and
change in some areas as the project develops.

Project management involves planning, directing and controlling a
number of activities ranging from general planning for a disposal system to
the post-closure survey, and including items such as financing, safety,
licensing, quality assurance, public acceptance, etc. Good project management
plays a key part in the successful development of a project. More detailed
discussion is contained in the following sections of this chapter.

The project team will vary in size according to the status of the
project and will depend on the type of repository being developed. The team
will be multidisciplinary in scope with specialists in various fields as well
as with experience in handling radioactive wastes. Wider experience of both
managers and specialists can be beneficial in broadening the expertise of the
team and assisting in its operation. It is also important to have good
communications within the management team and at all levels with the
implementing and licensing organizations.

4.2 Siting of LLW disposal facilities

The basic objective of the siting process is to select a suitable site
for LLW disposal and to demonstrate that this site meets the disposal concept
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requirements to provide sufficient isolation of radionuclides from the human
environment. To meet this objective, the siting process has to be conducted
in a well organized manner which enables incorporation of the specific needs
of a disposal option, reflects specific national requirements, and results in
selection of a suitable site [11].

The siting process begins by establishing site selection criteria
considering the proposed waste disposal concept. If there are no pre-existing
constraints/boundary conditions, it is possible to organize the siting process
in a stepwise manner through the planning, survey, characterization, and
confirmation stages. A large region is then surveyed for potential sites
using reconnaissance level information. Several candidate sites are
identified which are then analysed in more detail using an expanded
information base, and a suitable site (or sites) is selected for detailed
characterization.

However, specific sites may be designated for consideration by a local
or national authority. Alternatively, .only sites with public ownership may be
considered. Existing nuclear sites or land adjoining existing nuclear
facilities may be identified as worthy of special consideration, because of
the potential benefits of such co-location, particularly in relation to
reducing waste transportation requirements. Additionally, it might be
possible to solicit volunteer sites from communities or land owners. In all
these cases, available sites may be judged against the established criteria.

In the stepwise approach, a high level of technical effort and
intensive accompanying work is required to ensure full public information.
This approach may place large strains on the manpower and financial resources
of countries having low waste volumes and, as a result, a full range of
options may not be studied. However, a stepwise approach based on thorough,
well-documented investigations may provide wide experience and specific
knowledge which is invaluable in explaining why a specific site was selected.
In examining a full range of technical options, confidence may increase that
studies will be thorough and that the selected site will fully meet the
requirements.

While in many countries, the stepwise screening approach is used,
specific needs or conditions of a Member State may result in the choice of a
different approach.

23



Regardless of the approach that is selected, the methodology should
include the following activities:

(a) establishment or review of the requirements based on regulations
and the characteristics of the disposal concept, that guide the
site selection process

(b) development of siting criteria based on regulatory and
implementor's requirements

(c) collection of data required in various stages of the siting
process

(d) application of .criteria to select suitable sites
(e) confirmation of selected site(s) to ensure that the site

exhibits the desired characteristics

Data collection and management are often the most costly activities in
site selection. Therefore, the stepwise screening approach needs to maximize
use of available data in order to reduce time and expense for collecting new
data. After narrowing of suitable sites, additional detailed data will be
desired to increase confidence in the site selection procedure. In the
solicitation or designation approaches, substantial site specific data may
already be available. It should be noted that the deep disposal concepts will
require more time and higher costs to investigate.

As a first stage of the site selection process, key decision points
should be defined on the bases of needs and timing for the repository. With
respect to the types and quantities of wastes to be disposed of, the
appropriate disposal option should be selected and the likely waste acceptance
and safety criteria for the repository identified. The conceptual repository
design should be developed at this stage.

In the subsequent stages, site selection criteria are applied with a
view to assessing the proposed disposal option, taking into account the type
of waste to be disposed of. For example, in the case of near surface disposal
facilities, characteristics such as surface hydrology (potential for
flooding), will play an important role in site selection; whereas in the case
of deep geologic disposal, groundwater hydrology is of greater importance.

After suitable sites are selected, site confirmation studies are
conducted. In this stage, detailed site investigations are undertaken to
confirm the site's acceptability from the safety and environmental aspects.
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The investigations will be directed at providing technical data as an input to
the final design and to construction of the repository, for performing a
detailed safety analysis but also for verifying the models and the methodology
applied.

4.3 System design and engineering

Development of a facility which meets established performance
objectives, national requirements and is operationally functional must be
based on sound engineering and scientific principles [12]. The overall goal
of the design process is to develop a LLW disposal facility which meets all
regulatory requirements at the lowest practicable costs.

The design of a LLW disposal facility is a multistaged process which
begins with the development of functional and operating requirements and in
many cases, continues throughout the life-cycle of the facility. For example,
construction of additional subsurface caverns (or additional near surface
modules) while operating others needs to be taken into consideration during
the initial design stages.

A review of available disposal options should be conducted before site
selection to evaluate their capability to meet national requirements. Once a
technology has been selected, a preliminary design can be developed. As a
basis for preliminary design, the following have to be taken into account:

functional and operational requirements, based on approved safety
principles and operational considerations. On the basis of functional
and operational requirements design basis criteria can be developed,
specifying the minimum technical requirements for the disposal
facility. They would include a comprehensive listing of applicable
national and international standards and technical criteria specific to
the disposal facility (design life, projected waste volume and
characteristics, packaging constraints, material properties, etc).

acceptable characteristics of the site(s) and waste forms. As it is
emphasized in the IAEA's documents [2,6,13] a systems approach should
be applied, where deficiencies in one or another barrier can be
addressed by putting more emphasis on others in the system consisting
of waste form - engineered features - geological environment.
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there could be non-safety related requirements that the design has to
meet, such as aesthetical, social, environmental, etc.

It is important to incorporate into the preliminary design all parts of
the facility and to consider also the post closure conditions even if only a
part of the disposal structures will be constructed at the beginning. Once
completed, independent technical reviews and evaluations should be conducted.
The characteristics of the preliminary design have to be used in a preliminary
safety and performance assessment which, in many cases, is subject to
licensing.

Detailed technical design has to be completed prior to construction and
generally has to be approved by competent national authorities. Therefore, it
is necessary to reflect and incorporate into the documents the results of:

- detailed site characterization;
- environmental impact studies;
- waste characterization and acceptance criteria;
- performance assessments and safety analyses.

Detailed engineering drawings and instructions must be prepared in
sufficient detail for construction. Detailed technical analyses and cost
projections can be finalized during this phase.

The results of the detailed technical design will be used in the final
safety analysis and performance assessment. New site information or
modifications of the detailed design must be evaluated to determine their
effect on the performance of the overall waste disposal system.

In order to facilitate closure activities and maintain accurate
historical accounting of the facility design, it is very important that the
"as-built" configuration of the facility be well documented. Accurate
engineering drawings, along with comprehensive waste emplacement records, will
assist in performing future maintenance and if necessary taking remedial
actions during facility operation, closure, and post-closure phases.

4.4 Performance assessment and safety analysis

The IAEA defines "performance assessment" as an analysis to predict the
performance of a system or subsystem, followed by comparison of the results of
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such an analysis with appropriate standards or criteria [14]. When the system
under consideration is the overall waste disposal system, and the performance
measures (or criteria) are radiological impact or some other global measure of
impact on safety, performance assessment becomes the same as safety
assessment. Regardless of whether system performance (i.e., safety) or
subsystem performance is being considered, a,common goal is to use the best
available methods and all available information as effectively as possible,
including information from the field, laboratory, and from natural analogues.
Assessments of system and subsystem performance play a primary role in
repository development programmes.

Regulatory criteria may demand separate assessments, or such
assessments as may prove useful in site selection or optimization of
engineering design. Furthermore, in practice, the behaviour of the complete
disposal system is usually evaluated by analyzing radionuclide transport
through particular subsystems and appropriately handling the interface between
these subsystems. The international community has made good progress in
reaching a consensus on a framework for performance assessment [9].

The assessments can be generic or site specific. Generic assessments
are not based on data representative of any particular site, and they may be
undertaken for at least three different reasons:

(i) to assist in making decisions between different possible
disposal concepts;

(ii) to assist in demonstrating the safety of or in gaining
acceptance for a particular disposal concept; and

(iii) to demonstrate the use of performance assessment methodologies
and techniques that may later be used for site selection or
licensing purposes.

Generic assessments for LLW disposal have been carried out in most countries
with nuclear power programmes; such assessments have also been carried out at
an international level [15].

Site specific assessments are an integral part of the decision making
process during the siting, design, construction, operation, and closure of
radioactive waste disposal systems. For any particular site, an updated



system assessment is usually performed at appropriate intervals; such
assessments are needed periodically to understand if further information is
required to provide a sufficient database for licensing purposes and, if so,
what types of information should be collected. Such assessments form an
important part of the licensing documentation.

The general framework for performance assessment comprises a number of
interrelated and iterative elements, as follows:

(i) identification of all categories of features, events and
processes (FEPs) that could initiate release of radionuclides
from the waste and cause their transport through the geosphere
and biosphere to man, or influence release and transport rates;

(ii) definition of those combinations of features, events and
processes (termed scenarios) of critical importance that should
be assessed in characterizing disposal system performance;

(iii) identification of those scenarios which are potentially
important and require consequence assessments to be carried out
(elements i, ii and iii are collectively referred to as
"scenario development");

(iv) development, verification, and validation of models, databases
and computer codes to analyse the disposal system and to
simulate its behaviour;

(v) calculation of the consequences of relevant scenarios (iv and v
are collectively referred to as "consequence analysis");

(vi) estimation of the uncertainties in the results and
identification of the parameters and assumptions that are of
most importance ("uncertainty and sensitivity analysis"); and

(vii) comparison of results with the appropriate standards or criteria.

The emphasis given to each of the elements may vary according to the
purpose of the assessment and the stage of understanding of the system. Thus
in preliminary assessments designed for screening sites and analysis of
options, it may be sufficient to include only the most likely radionuclide
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release and transport scenarios and to deal with probabilities and
uncertainties qualitatively. But a full assessment designed to provide input
for final decisions on disposal sites and methods would generally require
treatment as comprehensive and quantitative as possible. Both deterministic
and probabilistic approaches may be used [14].

The radionuclide release pathway generally of most importance is via
groundwater with transfer to man's immediate environment, for example via a
groundwater well or into surface streams or soil. Consideration is also
necessary as to the likelihood and consequences of various types of possible
inadvertent human intrusion, especially for near surface LLW disposal
facilities. A third group of pathways are those concerned with gas
generation, from waste degradation and also metal corrosion, and its possible
migration to the surface.

It is important to recognize that all sites and concepts have some
level of uncertainty associated with them and therefore it is important to
consider what level of uncertainty is acceptable.

The evaluation process for the total repository system including the
waste, its packaging, the engineered features, the geology and the biosphere
commences at the conceptual stage and does not finish until the facility has
been closed. The evaluation process is not only ongoing throughout the life
of the repository which can be a total time cycle of decades, but it addresses
the post closure performance of the repository which involves hundreds if not
thousands of years. It is most important that these timeframes are addressed
at each stage of the assessment.

To assess compliance with the safety principles and adherence to the
technical criteria, acceptance criteria are needed. The international safety
standards present a flexible framework which national authorities often take
into consideration in developing their respective standards. The criteria and
timeframes to be considered will be dependent on national standards and may
differ from country to country. However, radioactive releases do not respect
national borders; moreover, present borders may be meaningless in the long
term. Hence, harmonization of the national waste disposal standards and
establishment of international agreement on a minimum set of standards is
desirable.
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4.5 Construction

Having an approved detailed design, the necessary licensing approval, a
QA programme and the site, construction vork can begin. Construction lasts to
the operational phase and includes not only the building activities on the
site, but also the construction of access road/railway/harbour and services
(electricity, water supply) as well. Continued construction may extend
through the operational phase to provide additional trench or vault space for
wastes as they are received.

Part of the construction work is safety related, and must be so
specified in the detailed design, with all appropriate requirements regarding
materials, technologies, control methods, etc.

Construction of a near surface disposal facility includes the following
activities:

- site preparation, such as earthworks for grading, building of roads,
drainage systems, water supply (drinking, fire protection), physical
protection, fences, etc.

- erection of buildings and structures, for example central service
buildings, visitors' centre, auxiliary stores, garages, etc.

- initial excavation and construction of trenches or waste disposal
modules,

- equipment procurement
- installation of monitoring systems to establish baseline data for

both environmental and engineering parameters.

Construction of a subsurface disposal repository facility includes the
following activities:

- site preparation, such as earthworks for grading, building of roads,
drainage systems, water supply, physical protection, fences, etc.

- surface auxiliary and service buildings, for example central service
buildings, visitor's centre, auxiliary stores, garages, etc.

- excavation and, if applicable, lining of access openings (adits,
shafts) and underground reception area

- excavation and, if applicable, lining of disposal units (cavities,
tunnels)

- equipment procurement
- installation of monitoring systems
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Construction is completed when the disposal facility is successfully
commissioned, however, construction may be phased as disposal space is needed,
resulting in different operational modes.

For both near surface and subsurface repositories, the method and
extent of the host formation excavation must be carefully considered to assure
its waste isolation capability remains acceptable. Also, provisions must be
made to preserve the integrity of the operational part of the repository while
constructing additional disposal capacity. Construction personnel should not
be allowed to enter the controlled operating zone of the repository.

4.6 Repository operation

During the operational phase, all activities must be carried out in
accordance with regulations, license conditions and documented operating
procedures. Access to the disposal facilities, and any associated waste
conditioning and handling areas, is controlled during this period to ensure
adequate radiation protection of the workforce and the public.

Aspects of operations include a number of activities, such as:

- site security
- transport arrangements
- staffing and training
- waste receipt, control and record keeping
- waste conditioning (if secondary wastes are generated)
- waste emplacement
- backfilling of completed repository sections
- health physics control
- environmental monitoring
- site infrastructure requirements, including maintenance and support

facilities
- site and corporate management
- quality assurance
- emergency management.

These are discussed in more detail in specialized literature, e.g.
[4,16,18].
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It is important that the operations activities be conducted in a manner
to assure the waste is disposed safely and to maintain the regulator's and
public's confidence and trust.

4.7 Closure

Closure occurs after waste receipts stop and operations are completed.
Where appropriate, the disposal facility should be prepared for the
institutional control period. Closure is complete when the site satisfies all
the requirements for the institutional control period to begin. During this
time, the facility may be considered to be in "active" operation whereas
during the institutional control period, it should be considered a "passive"
facility. Closure of a disposal site may take several years and may be
carried out on waste filled modules while others at the disposal site are
still receiving waste.

There are several approaches to closure of a LLW disposal site and some
may be applied with benefit to all types of disposal concepts. The general
framework is well described in [16] and includes completion of the waste
isolation system such as:

- additional devices or barriers deemed necessary through operational
experience or licences of the disposal facility;

- placement of the final cover for a near surface disposal facility or
backfilling and sealing the access of a subsurface disposal facility.

Closure may also include preparations for monitoring during the
institutional control period. Also, closure generally involves
decommissioning and dismantling auxiliary facilities and engineered systems,
such as pipelines, sewage, drainage, etc., which are no longer needed,
generating secondary radioactive waste which may require disposal.

It is also of prime importance to update the disposal archives to
ensure that accurate records are available in the event that remediation or
maintenance is required in the future. As a minimum, the following documents
should be revised to reflect the closed condition of the facility:

- location and engineering drawings of disposal structures
- location and engineering drawings of drainage and boreholes

location of packages in structures
- data concerning the content of packages
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A closure safety report may be required by the licensing authorities.
This report includes information on:

- how the safety of the repository has been preserved during the
operational period

- whether the integrity of waste isolation has changed during the
operational phase

- how the radioactivity of the environment is monitored
- the updated prediction of the impact of the repository on man and

the environment.
Approval by the licensing authorities is required before the repository

can be closed.

4.8 Post-closure period

The post-closure stage will generally have two phases. Firstly, a
period during which access to the site will be controlled and post-closure
surveillance and monitoring carried out. The length of this period is
generally determined by national authorities, with input from the results of
the post-closure safety assessment, and may last up to several hundred years.
During this period, a principal requirement is protection against human
intrusion into the repository, particularly for near surface facilities. If
drainage, water infiltration, or barrier integrity rely upon maintenance, its
continuation may also be required during this period. The institutional
control requirements and period will consider the type of site, disposal
concept and waste characteristics. They will likely be different for near
surface and subsurface disposal facilities. The ownership and use of the
land must be strictly controlled during this period, therefore government
ownership is generally desirable.

Access to the site must always be guaranteed to a responsible authority
to allow monitoring activities to be carried out, even if the land on which
the repository is located is owned by someone else.

It is likely that the level of monitoring and site restrictions can be
reduced over time. This may be the second phase of institutional control.
However, it is likely that the state may retain ownership.

During the post-closure institutional management period, a programme of
monitoring will be carried out. This will be developed from the monitoring
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activities carried out during the operational phase. Some elements of the
monitoring system for some subsurface disposal concepts are likely to have a
limited life as it may be impractical to replace them when they fail. The
monitoring programme will generally need to be submitted to and approved by
the regulatory authorities. Some type of approved marker system may be put in
place and records archived for future generations to be made aware of the
existence of the facility.

The monitoring will include both environmental and engineering
aspects. Environmental monitoring will of course include monitoring for
radionuclides both in surface materials such as surface waters and local
foodstuffs and in subsurface materials, principally groundwater accessed via
monitoring boreholes. Non-radioactive species may also be monitored.
Engineering parameter monitoring is likely to include as a minimum, visual
inspections or surveys to detect and locate any significant deterioration in
engineered barriers, for example subsidence and cracking of the cap. Some
remedial measures may be anticipated and need to be carried out during this
period. Specific instrumentation may be installed to meet the various needs.

It is to be expected that the surveillance and monitoring programme
will change, with agreement from the regulatory authorities, during the
post-closure period as the programme is implemented and the database of
results develops. The frequency of measurements may generally decrease, and
also .the nature of the monitoring and of the analyses may change.

4.9 Quality assurance

Quality assurance is an activity closely associated with each stage of
the development and operation of a waste disposal facility. A quality
assurance programme should-be established at the outset of the project,
addressing each stage and aspect of it.

The implementing organization should identify the activities,
structures, systems, and components to be covered by the QA programme and the
major organizational units participating in the programme. This programme
should provide control over all activities affecting the quality of the
identified activities, structures, systems, and components to an extent
consistent with their required performance. Procedures for implementing the
QA programmes on a planned and systematic basis for different stages of the
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project should be developed and documented by the organization performing the
activities. The procedures should be periodically reviewed and updated to
ensure adequate coverage of these activities.

Documentation will generally consist of several levels, from an
overview document stating the quality assurance policy on how the project is
to be managed and the areas of responsibilities. More specific documents will
address each of the principal implementation activities and will include, at
the appropriate time, the details of specific procedures to be carried out
together with the actual operating instructions. Records of the actual
details of each activity are then taken as the project develops and these
should be retained in a properly established archive system.

As examples, such a system will hold details of:

- site characterization data
- design drawings and specifications
- the as-built repository construction documents
- safety documentation and reviews
- license documents
- records of the origin and nature of wastes and their disposal

location
- occupational and environmental monitoring results, together vit'n

records of any abnormal or non-routine occurrences on site
- site closure details
- post-closure surveillance and management plans
- safety management systems.
- performance requirements on any part of the system (e.g., wastes,

containers, cover) along with procedures for ensuring that these
requirements are met.

Quality assurance documentation should be subject to periodic, regular
review to ensure it fully reflects the current management status of the site.
A programme of audits should also be established at an early stage and
maintained throughout the life of the facility. These audits should consider
not only compliance with procedures but, should also consider the adequacy of
the procedures and technical control of the repository. Periodic revievs by a
group of external experts is also useful. It is also likely that the
licensing authorities will carry out inspections and tests from time tc time.
Additional guidance for developing a quality assurance plan is available in
Ref. [18].



4.10 Licensing aspects

The licensing procedures, standards and requirements and the r'elative
roles of the implementor of the repository and the licensing authorities
differ from country to country. Only a brief outline can therefore be given
here. General guidance on the development of regulatory procedures for
licensing of waste disposal facilities has been published by the IAEA [16,17]
and may provide useful background. It is essential however that early contact
with the licensing authorities be made to establish their requirements.

The regulation of a waste disposal programme may be carried out by a
single national authority or it may involve several authorities with
responsibilities for different aspects - for example on-site safety,
radiological impact offsite, non-radiological aspects. Also, the licensing
process is very likely to involve several stages, with conditions or
restrictions applied at each step. These stages are generally:

- site selection
- repository construction and commissioning
- waste acceptance specifications
- receipt of wastes and repository operation
- facility decommissioning and repository closure
- post-closure management (including surveillance and monitoring)

but hold points may be inserted by the licensing authority at any stage
pending satisfactory safety analysis and regulatory reviews before
commencement of the next stage. (Licensing is a major activity and effort and
time required should not be underestimated).

Whilst procedures differ between countries, the requirements should be
clearly defined by the national regulators. Also, discussions and exchanges
between the repository developer and the licensing authorities are helpful and
will assist in ensuring the requirements of the regulators are understood and
complied with.

The principal elements of a licensing process generally include:

waste disposal criteria and how they will be met
selection of the appropriate disposal system
justification for the chosen site

- occupational dose controls
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radiological and non-radiological impact on the public, both during
operation and in the post-closure phase

- compliance with the license during the operational phase
- plans for repository closure
- quality assurance plan
- personnel qualification/training
- operational and emergency plans
- transportation plans
- radiological surveillance.

4.11 Public acceptance

Public acceptance is an important feature in developing and operating a
low level waste disposal site. It is not only important during the site
selection phase but continues through all phases of the project. A programme
of public involvement will need to be incorporated into the development
schedule. This will include opportunity for the public to see the proposed
developments and obtain information of the various stages as the project
proceeds.

The nature and extent of the public role may vary from country to
country. In some countries, the public has a direct effect on the formulation
of public policy, while in others the inputs can be indirect, but not
necessarily less influential. As the demands for public participation grow,
the need for information grows correspondingly.

There is a wide range of channels through which information can be
distributed, including

- speeches, debates, seminars, meetings and presentations
newspaper bulletins, brochures and other publications

- film and video
visitor centres, exhibitions and guided tours

- media relations.

In some countries, public hearings are incorporated into the licensing
process itself. These hearings and inquiries must be properly conducted to
avoid significant project delays. In general, acquiring public acceptance can
be a lengthy and difficult process. Therefore, a public acceptance programme
should be developed and carried out by skilled professionals. It is also
crucial that the public authorities coordinate closely with the technical
staff to ensure correctness of the information given.
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5. DESCRIPTION AND COSTS OF DISPOSAL CONCEPTS

5.1 General

Chapter 3 presented a general description of near surface and
subsurface disposal concepts. This chapter expands that effort by providing
brief description of 17 specific disposal concepts in Member States and cost
estimates for most of them. Because costs are calculated differently in many
countries, the method used for collection of cost data in this report is
discussed below.

The previous chapter outlines the various activities needed to
implement a low level waste disposal system. Each of these activities can
involve significant costs, the magnitude of which depends on a number of
factors such as, the complexity of the system, its scale or size, the
management structure, the duration of the programme and, the disposal concept
itself. Also, some systems are designed for wastes from several sources
(nuclear power plants, nuclear research institutes and radioisotope producers
and users) whereas others are primarily for wastes of one type.

Some of the cost components may be related to the activities only in
specific stages of the disposal project, for example its design. Others may
include a continuing effort (such as licensing) that extends from the
initiation of the project to its final stage. Also, some of the costs are
related directly to the amount of waste to be handled, whereas others are
relatively insensitive to the scale of operation or to its duration. Thus,
the cost values cannot all be expressed on the same basis. For example, the
costs for siting a facility need to be considered in terms of the scope of the
site selection process. If a large part of a region or country is screened to
obtain a number of potential sites, and then the programme is eventually
focused on one or two sites for detailed characterization, the cost will
reflect the number of sites considered. If however, preference is given to
sites already hosting a nuclear facility, the costs of siting the disposal
facility will be significantly less. Thus, some of the cost ranges presented
are quite broad. Additionally, the cost of providing the space in which the
waste is to be emplaced, for example the volume of concrete vaults, can best
be expressed as a unit cost, e.g. in US dollars per cubic metre of waste,
rather than as a total project cost.
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The rough estimates of costs in the life cycle of LLW repositories
quoted in the projects hereafter are subdivided according to activity, namely:

project management
licensing
siting

- system design and engineering
- construction
- operation

closure

Project management Conventionally under this component are included not only
management activities, but all other activities not directly linked to
scientific or technical parts of the project, such as part of overhead input
to the project, public information, community incentives, etc. This component
is thus identified from the very beginning of the project up to start of
operation of the facility. Further management cost for operation is included
in operation cost.

Licensing The cost of licensing includes activities from the start of the
project through the construction phase up to the authorization to begin
operation. Cost of actions by the Safety and/or Licensing Authorities during
the operation period are included in operation cost.

Siting The costs of selecting and characterizing a new or first site in a
region may include more resources than if disposal is to be conducted at
existing nuclear sites, for example at a nuclear power reactor or research
site. In the case where the process included preselection of several sites,
the cost of all field experimentation is included in the siting component.

System Design and Engineering Selection of the disposal concept will often
include activities both before and after site selection, as an iterative
process. However, the activity is an important part of the design process as
a means of incorporating competing requirements into the overall system.
Similarly, other iterations may occur as a result of the development of the
waste acceptance criteria (e.g. the scope of admissible waste types, the
degree of standardization of containers, the extent of generator-supplied
waste characterization, and the preparation, refinement and iteration of the
safety analyses.



Construction The costs reported under the construction category include all
of the activities at the selected site to prepare it for operation. Thus it
includes the services, access preparation, support buildings, security
arrangements, as well as the operating equipment and first stage of
emplacement space needed to accommodate the first transports of waste. It
does not include cost of constructing rail or road access, but this item can
be a decisive matter for the choice of the site.

Operation The major contributors to the operating costs are usually the
personnel costs and the continued costs of constructing new space for wastes,
whether it be additional excavated space or more concrete modules. Operation
may also include the closing of individual spaces or modules that have been
filled with waste. Radiological monitoring and environmental surveys as well
as public information should also be included in this component.

Closure Once all the wastes to be received by the facility have been
accommodated, additional costs will be entailed in preparing the site for
eventual closure. Some of these tasks will be completed in the first few
years after the operational phase and others such as monitoring and access
control may continue through the period of institutional control.

5.2 Facility descriptions and cost estimates of near surface disposal

5.2.1 Near surface disposal in Canada

Site:
Location:
State:
Repository type:
Type of waste:
Repository capacity:

Start of operation:

IRUS
Chalk River AECL Site
Canada
near surface disposal with engineered barriers
categories III, IV, V
volume 8,000 m
beta gamma emitters not specified
alpha emitters not specified
mid 1990s

Description:

AECL has managed radioactive wastes at its Chalk River site for over
40 years based on several types of interim storage facilities. The potential
benefits of permanent disposal have led AECL to undertake a development and
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FIG. 1. IRUS below ground concrete vault in Canada during the operational phase.

demonstration programme to make the transition from storage to disposal. The
first of the new disposal facilities will be a pair of below ground concrete
vaults situated above the water table in a sand formation on the AECL
property. The vault concept is known as IRUS, an acronym for Intrusion
Resistant Underground Structures.

Construction of the IRUS units is the culmination of a programme that
has included development of the background information and techniques to
assure licensability of the disposal system. The regulatory requirement is
that serious health risks to individuals be less than one in a million per
year as a result of migration of nuclides from the waste through pathways in
the environment, or by inadvertent intrusion into the waste. The programme
has included concrete durability studies, behaviour of nuclides under various
conditions and the formulation of a performance assessment code, COSMOS,
specifically tailored for the important processes to be encountered in below
ground vault disposal.

Each concrete vault consists of six cells with an overall length of
about 30 m, providing about 4000 m of space for waste and backfill. Waste
is loaded by a remotely operated crane in a temporary re-usable building
(Figure 1) to protect operations from interference by weather conditions.
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FIG. 2. IRUS below ground concrete vault in Canada after closure.

Once filled, the vault will be capped with a self-supporting cover of concrete
and soil (Figure 2). The building will then be moved to service the next IRUS
unit.

An important feature of the concept is the permeable floor of the
vault, designed to minimize contact of water with the waste. Since the wastes
will contain small concentrations of very long lived nuclides, it is
anticipated that eventually water will infiltrate the vault through long term
deterioration of the concrete while a significant inventory of radioactivity
remains. Rather than fill the vault and inundate the waste, the water will
readily drain through the floor which is formed of two layers of mixtures of
sand, clay, and natural zeolite. The adsorptive properties of the layers will
retard the escape of most nuclides which may have been picked up by the water
in its passage through the vault.

Despite the retardation, the performance assessments have shown that
the peak potential radiation doses to nearby residents occur as a result of
the flush of long lived but mobile nuclides as the vault deteriorates.
Depending on the roof performance for shedding water, the peak dose occurs
typically about 1500 years after vault closure.
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Estimated costs 1̂' Millions of 1990 US$

Project management 2
Licensing (2) 7
Siting (3) 0.2
System design and engineering -2
Construction (4) 8
Operation
Closure 2

(1) Caution should be observed in using these figures for evaluating the
start up costs of a belowground vault system elsewhere because of
particular factors that affect the degree to which the costs are
repetitive. For example, the R&D costs associated with the first
licensing of the disposal units would not need to be repeated.
Similarly, engineering of additional units should be considerably less
expensive. On the contrary, site selection and characterization costs
could be appreciable in other circumstances, whereas studies leading to
the approval of the Chalk River site were minimal because of the
extensive monitoring experience accumulated from previous activities.

(2) including R&D
(3) designated site
(4) including reusable buildings and crane

5.2.2 Near surface disposal in Czechoslovakia

Site: Dukovany and Mochovce
Location: Treble and Levice
State: Czechoslovakia
Repository type: near surface disposal with engineered barriers
Type of waste: IV & V
Repository capacity: Dukovany Mochovce

3* 3**volume 310,000 m 220,000 m
beta gamma emitters 15,000 TBq 10,000 TBq
alpha emitters 0.4 TBq 0.3 TBq

Start of operation: Dukovany - 1992
Mochovce - 1993

* (currently 62,000 m )
3** (currently 44,000 m )



fabricated reinfocced concrete bkxks

FIG. 3. Section of disposal facility at Dukovany, Czechoslovakia.

Description:

In Czechoslovakia two near surface repositories will be in operation,
at Dukovany in the Czech Republic in 1992 (Figure 3) and at Mochovce in
Slovakia in 1993. They are each located close to existing nuclear power
plants. The facilities are intended for low and intermediate level waste from
the Czechoslovak nuclear power programme and are constructed in a similar wayj
the trenches have reinforced concrete walls that have been water proofed. The
trenches are divided in modules with internal dimensions 18 m x 6 m and 5.4 m.

Filled trenches are covered with concrete caps followed by a layer of
impermeable soil and overburden graded for drainage.

The results of safety analyses have shown that in case of water ingress
into disposal modules, the efficiency of the concrete walled structure may not
prove sufficient, since it allows water to percolate at rates of 10 m/s.

_9To attain the required level of 10 m/s, it was necessary to provide the
structure with an additional barrier; in the case of Mochovce, a layer 2 m
thick of clay has been added, whereas in Dukovany, the required degree of
isolation has been obtained by 0.3 m thick layer of asphalto-propylene-concrete
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The geological formation of the Dukovany site consists of gneiss
partially covered with tertiary and quarternary sediments. Surrounding
formations at the Mochovce site are tertiary sediments (sand-sandy clay-clay).

Estimated costs MKcs (millions of Czechoslovak crowns - 1986)

Project management
Licensing
Siting
System design and engineering
Construction
Operation
Closure

not available
5.0
20.0
41.0
110.5
380
120

Total 676.5

5.2.3 Near surface disposal in France

Site:
Location:
State:
Repository type:
Type of waste:
Repository capacity:

Start of operation:

Centre de la Manche
Cap de la Hague, Manche
France
near surface disposal with engineered barriers
III, IV V
volume 485,000 m
beta gamma emitters 2 x 10 TBq (approx.)
alpha emitters
1969

3.7 x 10 TBq (approx.)

Description:

Centre de la Manche is the first French near surface disposal facility
for LLW. It has been in operation for 20 years on a 12 ha. site at the tip of
the Cotentin Peninsula near the town of Cherbourg. It was developed using the
multibarrier principle to isolate the wastes.

Disposal structures consist of concrete pads of approximately
50 m x 50 m. The structures include peripheral gutters to collect possible
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infiltrated water through the disposal units after the cap is put in place,
and rainwater when the structure is in operation. Each structure is connected
to an underground gravitary catchment system surrounding the disposal units in
an underground gallery, which enables the collection and monitoring of suspect
water.

According to their radioactivity content, the type of the conditioned
matrix, and the characteristics of the container, packages are directly placed
on the concrete pad in a so-called "tumulus" module, or placed in cubic
reinforced concrete modules backfilled with concrete, so-called "monoliths".
When modules are completed, a sophisticated cover made with watertight
artificial and natural materials will protect the structures against
infiltration by rainwater.

Each package disposed in the repository is recorded. The main
characteristics and the final location data are stored in different places for
several hundred years, corresponding to the institutional control period. A
permanent inventory of the activity contained in the wastes is regularly
updated.

3Centre de la Manche received 30,000 m of waste packages yearly,
coming from nuclear power plants, fuel fabrication and reprocessing, research
institutes, hospitals and universities. Its capacity is 485,000 m .
According to the present rate of deliveries, it will be filled in 1992-1993.
At this time, the total activity anticipated is approximately 1,7.10 Bq for
strontium-90 and 1,3.10 Bq for cesium-137.

Estimated Costs Millions of 1990 US$

Project management not available
Licensing "
Siting
system design and engineering "
construction "

*operation 30 M$/year
Closure 80

estimated for 35,000 m of waste per year (including construction costs)
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5.2.4 Near surface disposal in France (2)

Site:
Location:
State:
Repository type:
Type of waste:
Repository capacity:

Start of operation:

Centre de l'Aube
Souiaines Dhuys -Aube
France
near surface disposal with engineered barriers
III, IV, V
volume
beta gamma emitters
alpha emitters
1992

1,000,000 m
7xl05 TBq

7.4xl02 TBq

Description:

The decision to construct a second facility for the disposal of short
lived low and medium level waste was made in 1984 and the centre started
operation in early 1992.

The site was chosen based on its stratigraphy, consisting of an
unsaturated layer of sand covering a thick layer of clay, well characterized
hydrology, and because its performance could be easily modelled and shown to
be acceptable.

The technical options employed result from 20 years of operating
experience of Centre de la Manche and can be summarized as follows:

- isolation of waste in strong concrete structures built above the
highest level of the ground water table,

- protection of the disposal units against rainwater infiltration
using a watertight cover of artificial and natural materials,

- collection and monitoring of possible water infiltration through the
disposal units,
elimination of rainwater collecting in the structures during
operation by protecting them under mobile buildings until
preliminary cover is placed over the filled modules,

- use of remote handling in order to reduce radiation doses received
by workers,

- comprehensive planning for the use of the land so that the
structures in operation are separated from those under construction
throughout the operational period of the disposal.

47



LIMITES ADMINISTRATIVES,
ORGANISATION GENERALE DU CENTRE
PLAN DE MASSE

tim.1« oe CKOCX^I
tinni« au s* nuO
1-m.te <V> M N 8

© Poste O gante
(7) AMI«? oe mécanique
0 Bäumen! vans«
Q Ouvrage teflTMial R S G E
©Bailment AC O
QBaunent des senne«
& Group« é<eoroç«ne
0 Bâtiment adnwvsiratrl

O Bass« tforage
Ô SUMn tf «puration
O Su*on <M pompage

et d* potatxksaban
O nésenc <r«au poubte

<5 Ouvnges de aocfcae«
POCUUT6T

couvert*« <MMm

FIG 4 Centre de stockage de l'Aube, France

The Centre de Stockage de l'Aube (CSA) (Figures 4 and 5) is located
200 km east of Paris 80 km from the town of Troyes, in the Champagne
district. It has a nominal capacity of 1 million cubic meters. Its size and
the characteristics of its principal equipments were established on the bases
of mid-term waste package delivery forecasts established by the waste
generators. On the basis of an annual delivered volume of 35,000 m , the
facility's operating period is on the order of 30 years.

Estimated Costs Millions of 1990 US$

Project management (1) 35 M$
Licensing A M$
Siting (2) 17 M$
System design and engineering (3) 45 M$
Construction (4) 75 M$
Operation (5) 50 M$/year
Closure (6) 165 M$
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FIG 5 Disposal boxes at Centre de stockage de l'Aube, France.

(1) including overheads of the national waste management agency 'ANDRA',
public information, communication incentives, and taxes

(2) including work pursued on two other sites not retained
(3) including quality assurance and quality control
(4) including all facilities for technical support and logistic

(administration building, laboratory, workshops, buffer storage,
restaurant, public information building, ...) not included are disposal
structures which are part of the operation cost, nor conditioning
facility, road access, and terminal railway station

(5) estimated on the basis of 35,000 m of waste delivery per year
included is construction of disposal structures

(6) based on experience of Centre de la Manche

5.2.5 Near surface disposal in Hungary

Site:
Location:
State:
Repository type:
Type of waste
Repository capacity:

Start of operation:

not specified
not specified
Hungary
near surface with engineered barriers
IV, V
volume 42,000 m (approx.)
beta gamma emitters 0.1 TBq
indefinitely postponed
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Legend:

1-Central building
2 -Was te storage trenches
3-Rainwater control
>*-Concrete pump washer
5-Fire water pool

6-Communal sewage pit
7-Communication tower
8-Watch towers
9-Precipitation draining

FIG. 6. Layout of proposed final repository in Hungary.

Description:
Disposal is planned into 48 concrete trenches, divided into cells, with

internal dimensions 7.8 m x 8.9 m cross section and 12.65 m depth. The outer
wall thickness is 0.7 m, the internal walls dividing the trench into cells are
0.5 m thick. Each cell has an independent water isolation made from 4 mm
thick carbon steel lining. Sixteen cells can be served by a crane, performing
emplacement of waste packages. One cell can accommodate 12 layers of 400 1
drums or 14 layers of 200 1 drums. When a layer is full, the space between
waste packages is filled with concrete, and an approximately 0.2 m thick
concrete cover is made to form a relatively horizontal surface for the next
layer. When a cell is full a 0.5m thick protecting concrete layer is made,
providing shielding against radiation and necessary protection against
inadvertent intrusion.

The layout of the repository is shown in Figure 6. Disposal of various
waste forms is separated. One trench will be filled with solid wastes,
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FIG 7 Proposed formation of the f inal earth capping in Hungary

another two will be used for solidified wastes. There is a double fence
system dividing the site into controlled and uncontrolled areas.

A temporary clay cover (1 m) is envisaged for the filled trenches
during the operational phase. The basic functions of this cover are to
protect concrete during winter periods against freezing cycles and to lower
radiation levels (occupational exposure of workers) down to the values allowed
for an uncontrolled area.

At the end of the operational phase a final cover will be built. The
proposed structure is shown in Figure 7. Following the closure of the site at
least 50 years of institutional control are required. During this period
environmental monitoring and operation (maintenance and service) of surface
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drainage systems are planned. The site remains a closed and controlled area
for this time.

Political opposition, coupled with other local issues resulted in a
decision of the responsible Ministry to stop work to develop the site.

5.2.6 Near surface disposal in Japan

Site:
Location:
State:
Repository type:
Type of waste
Repository capacity:

Start of operation:

Rokkasho disposal
Rokkasho Village, Aomori Prefecture
Japan
near surface disposal with engineered barriers
not specified
volume 40,000 m
beta gamma emitters not specified
alpha emitters not specified
mid 1990s

Description:

Japan has developed the conceptual design of a near surface disposal
facility to be located at Rokkasho Village, Aomori Prefecture, northeastern
Japan (Figure 8). It is located on marine terraces about 40-50 m above sea
level.

The bed rock at the site is Tertiary sandstones and tuff. Quarternary
deposits, unconformably overlying the Tertiary, are extensively distributed in
this area, and are divided into terrace deposits (mainly composed of medium to
coarse sand), volcanic ash, and alluvium deposits for a thickness of about 3
m. The disposal units will be founded directly on Tertiary rocks. .The
regional climate is characterized by cool and short summers, and cold and long
winters. The water table is about 2 m below the ground, both before and after
site grading work, and rises almost to the ground surface during snow-melting
and after heavy or continuous rainfall.

Disposal will take place in concrete pits emplaced below the water
table. The wastes to be buried are conditioned liquid waste concentrates,
spent resins, waste sludges, and other operational wastes generated by Japan's
nuclear power plants. The wastes are conditioned with cement, bitumen or
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FIG. 8. Layout of the Rokkasho Village land disposal facility, Japan, and section
illustrating reinforced concrete vaults.

polyester and contained in 200 liter steel drums. One pit can accommodate
approximately 5,000 drums. After the drums are placed in the pit, the void
space between the drums will be filled with mortar. Reinforced concrete cover
will be placed thereon. The burial area will be backfilled, and there will be
an earth covering of 4 m thickness over the top of the pits.
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In the first phase, 40,000 m of waste will be disposed of during
10-15 years. Afterwards the facility could be expanded as needed. After
closure the repository will require institutional control for approximately
300 years.

Development and operation costs not available.

5.2.7 Near surface disposal in Spain

Site: El Cabril
Location: Sierra Albarrana, Andalucia
State: Spain
Repository type: near surface disposal with engineered barriers
Type of waste: III, IV, V 3Repository capacity: .volume 50,000 m

beta gamma emitters 10 TBq
alpha emitters 37 TBq

Start of operation: forecasted mid 1992

Description:

In December 1989, construction work began on the new low and
intermediate level radioactive waste disposal installation in the hills of the
Sierra Albarrana. This installation, named "El Cabril" by ENRESA in keeping
with the local name for the site, is foreseen to start operation in mid 1992.
El Cabril was previously a mining site belonging to the former "Junta de
Energia Nuclear" or Nuclear Energy Board, and has been used for the storage of
radioactive wastes since 1961.

El Cabril is located in the municipality of Hornachuelos, in northwest
Cordoba province, in a sparsely populated area some 130 kilometers by road
from the provincial capital. The facility is located on a geological
formation comprised of gneisses and mica schist more than 300 m thick.

3The total disposal capacity is 50,000 m , with an expected yearly
rate of 3,000 m coming from nuclear power plants, fuel fabrication,
research institutes, hospitals and universities.

The waste packages, mostly 0.22 m drums, are stored inside 11 m
concrete disposal containers (Figure 9). These drums are immobilized in the
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container, forming a concrete block weighing 24 tons. These containers are
piled inside the disposal structures, each capable of holding 320 containers
of the type described above, and measuring approximately 24 x 19 x 10 m (outer
dimensions).

The lower slab of the disposal unit is the main element of the storage
structure, and is designed to channel whatever water might have entered the
unit to the infiltration control network (ICN).

The design of the disposal cells allows the construction, at the end of
the operational phase, of a low permeability cover made up of alternating
layers of impermeable and drainage materials which would provide long term
protection for the containers in which the drums are stored and ensure their
durability.

Estimated Costs Millions of Spanish pesetas Millions of 1990 US&

Project management 500 4.5
Licensing 200 1.8
Siting 1,000 9.1
System design and engineering 2,000 18.2
Construction 8,000 72.7
Operation 15,000 136.4
Closure 2,000 18.2

(1 US$ 1990 —— 110 pesetas 1991)

5.2.8 Near surface disposal in Sweden

Site: Oskarshamn/Forsmark, Stvtdsvik
Location: southeastern Baltic sea coast
State: Sweden
Repository type: near surface without engineered barriers
Type of waste: V 3Repository capacity: volume 10,000 m

beta gamma emitters 0.1 TBq
alpha emitters negligible

Start of operation: 1986
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Description:
According to Swedish policy near surface repositories for very low

level wastes can be established. One fundamental principle is that the
repository shall be located at the nuclear site and in such a way that leakage
of radionuclides into the local environment shall not significantly change
existing radiation exposure levels in the area. Further, the radioactive
inventory in the repository must be so low that institutional control of the
repository, for radiological reasons, must not be required for more than
100 years after closure. This will place strong restrictions on the total
activity that can be disposed of in the repository.

The waste packages are emplaced directly on the ground and subsequently
covered by at least l m soil and clay to prevent water intrusion. The waste
disposed of is ordinary trash containing clothing, paper, plastics, wood,
packing material and scrap. Before disposal, the waste is normally compacted
and covered by plastic to prevent contamination during handling; no
conditioning is performed.

When 1200-1500 m of wastes have been collected at the site, the
containers are transported to the burial site and emptied if they can be
reused. The waste packages are piled up on the ground in a planned way to a
height of about 4 m. As fill between the packages, sand and gravel are used.
On top of the pile a sheet of plastic will be used as a hydraulic barrier and
as substrate for about l m of sand and gravel and about 0.2 m of soil. In
order to stabilize the surface, grass seed will be sown in the soil.

Provisions are made for monitoring water leakage from the repository.
Up to 1989, three sites have been licensed; at the Oskarshamn and Forsmark
nuclear power plants (HPPs) and at the Studsvik nuclear research centre. The3combined capacity of the repositories at the NPPs is roughly 10,000 m and
the approved activity limit is only 100 GBq at each site.
5.2.9" Near surface disposal in the United Kingdom
Site: Drigg
Location: Cumbria, northwestern England
State: United Kingdom
Repository type: near surface without engineered barriers
Type of waste: III, V 3Repository capacity: volume 800,000 m (approx.)

beta gamma emitters 0.012 TBq/t
alpha emitters 0.004 TBq/t

Start of operation: 1959
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Description:
The disposal site at Drigg occupies about 110 hectares of coastal

land. It is the principal disposal site for LLW in the UK. Although now being
phased out in favour of disposal in concrete vaults (Section 5.2.10), to date
disposals have been principally by tumble tipping into trenches. These have
been up to 750 m long and 30 m wide and excavated so as to have their bases at
depths of 6 to 8 m in the clay of the glacial deposits at the site.

Wastes are received from a wide range of establishments and comprise
paper, packaging materials, scrap items, reactor wastes, spoil and other
materials. Specific activity limits of 4 and 12 GBq/t alpha and other activity
respectively are applied, together with annual activity limits on specific
nuclides or nuclide categories. The total volume of LLW disposed to 1990 is
about 750,000 m , with current disposals of the order of 20,000 m per
year.

After disposal the wastes are covered by 1.5 m of cover materials. The
trenches are drained via a pipeline to sea. Completed trenches have been
capped with an earthen mound incorporating an impermeable membrane. Prior to
site closure a final cap with a clay layer to act as a low permeability
barrier is to be installed.

5.2.10 Near surface disposal in the United Kingdom (2)

Site: Drigg
Location: Cumbria, northwestern England
State: United Kingdom
Repository type: near surface with engineered barriers
Type of waste: III, V

3Repository capacity: volume 1,000,000 m (approx.)
beta gamma emitters 800 TBq
alpha emitters 20 TBq

Start of operation: 1988

Description:

The engineered structure of the repository consists of a concrete base
and walls with an underlying drainage layer. This is shown schematically in
Figure 10. The structure is below ground and is founded on clay. The clay
may be natural clay or, in areas where the clay was poor or absent, an
engineered clay of bentonite and graded aggregate. The drainage from within
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FIG. 10. Drigg vault, United Kingdom.

the vault and from below the vault can be independently monitored and are then
routed to a site water management system and discharged to sea via a marine
pipeline.

Wastes are emplaced in the vault in steel containers 6 m long and 2.6m
wide with full- and half-height versions of 2.8 and 1.2 m high respectively.
Currently, wastes are not grouted within the containers, but from 1994, wastes
will be grouted and the half-height container adopted as the standard
package. The containers are being designed to minimize voidage associated
with them and are close-stacked; no backfilling is necessary.

The wastes to be disposed of are from a wide range of sources including
fuel reprocessing facilities, nuclear power plants, isotope manufacturing
works, industrial sites and small amounts from medical and university
establishments.

After completion of the operational phase of each vault, expected to
last some 10 years or so, the vault will be capped with a multilayer structure
and drainage, layer which includes low permeability materials to divert
infiltrating rainwater away from the vault.
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5.2.11 Near surface disposal in the United States of America

Site:
Location:
State:
Repository type:
Type of wastes-
Repository capacity:

Start of operation:

Barnwell, South Carolina
Barnwell, South Carolina
united States of America
near surface disposal without engineered barriers
III, IV, V
volume 800,000 m
beta gamma emitters not specified
alpha emitters not specified
1971

Description:

The Barnwell South Carolina site was opened in 1971 and presently
receives about 34,000 m of waste per year. The total capacity of the site

3is estimated to be about 800,000 m of waste. The site is scheduled to be
closed at the end of 1992.

The soil is primarily clay, but a certain percolation of water occurs.
The disposal system consists of trenches with a slightly sloped floor covered
with a layer of sand to facilitate collection of percolating water in a trench
drain. The trench drain ends in a sump which is monitored.

Waste, packaged in boxes, drums and casks, is stacked in the trenches.
Higher activity wastes are conditioned with concrete, bitumen or other low
leachability materials or placed in high integrity containers to achieve
structural stability. Unstabilized wastes are disposed of in separate
trenches. The space between the waste containers is filled with dry soil.
The cover of the trench consists of a 0.6 m layer of native clay and a 0.9 m
layer of soil.

Estimated Costs

Project management
Licensing
Siting
System design and engineering
Construction
Operation
Closure

Millions of 1990 US$

4.4 M$
1.2 M$
3.8 M$
1.0 M$
10.2 M$
6.2 M$/year
35.0 M$
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5.3 Subsurface disposal

5.3.1 Subsurface disposal in Czechoslovakia

Site: Richard
Location: Litomerice
State: Czechoslovakia
Repository type: subsurface abandoned mine
Type of waste: III, IV, V
Repository capacity: volume 17,000 m4beta gamma emitters 10 TBq

alpha emitters not specified
Start of operation: 1964

Description:
The Richard mine (Figure 11) is a large underground structure built

inside a hill on the right bank of the Elbe River, 2 km west of Litomerice.
Institutional radioactive wastes, (mostly short lived) are emplaced in a part
named Richard II 70-80 m below the surface. Richard I is a World War II
monument.

There are two entrance galleries to the underground system but just one
connects the repository with the surface facilities. Apart from the
repository, there are a few ventilation shafts to the surface. Marly
limestone and marlstone are the host geological environment. The abandoned
mine system is dry at present, but early hydrogeological data are missing. On
the basis of an additional safety analysis performed in April 1990, it appears
the site can be used only for storage unless more detailed geological
investigations are performed and structural support of areas surrounding the
repository is provided.

*Estimated Costs Millions of Czechoslovak Crowns

Project management 0.5
Licensing 0.2
System design 0.5
Construction 20.0
Operation 40.0
Closure 70.0
Total 131.2
*1 US$ equals 30 Kcs (1990).
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FIG. 11. Proposed underground disposal at the abandoned Richard mine in Czechoslovakia.

5.3.2 Subsurface disposal in Finland

Site:
Location:
State:
Repository type:
Type of waste:
Repository capacity:

Start of operation:

Olkiluoto
southwest of Finland
Finland
subsurface purposed structure
III, IV, V

3volume 8,400 m
beta gamma emitters 240 TBq
alpha emitters 0.016 TBq
1992

Description:

This repository on Olkiluoto island, is located in hard rock less than
1 km from a two unit nuclear power plant. The underground part of the
repository, at a depth of 60-100 m below surface (Figure 12), consists of a
waste vault with two silos (in the lowest half of the repository) and
auxiliary facilities. Non-heat generating bituminized wastes will be placed
in one silo and dry LLW in the second one. The diameter of the silos is 23 m
and the height about 34 m. The silo for bituminized waste will be lined with
a 60 cm reinforced concrete wall which functions as an extra barrier.
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FIG. 12. Repository for the TVO's operating wastes at OIklluoto, Finland.

Handling and emplacement of the waste will be performed remotely. Waste
packages will be emplaced into the silos in large self-supporting concrete
boxes. A box has room for sixteen 200 liter drums.

The repository can house about 3,000 m (25,000 drums) of compacted3and non-compacted low level maintenance waste and about 3,500 m (17,400
drums) of bituminized wastes.

Backfilling materials for disposal vaults will be crushed and ground
host rock. Sealing along the major water-bearing fracture zones crossing the
access tunnels will be with concrete plugs. The upper end of the tunnel will
be sealed with a concrete plug to hamper human intrusion. The vertical shaft
will be filled with a mixture of boulders and loose concrete, and sealed with
concrete plugs.

The host geological environment of the Olkiluoto repository is of
tonalité massif surrounded by mica gneiss. The construction of the repository
cost approximately 85 M FIM (1990). In addition, during operation the
concrete boxes will cost approximately 17 M FIM.
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5.3.3 Subsurface disposal in Germany

Site: Morsleben
Location: State of Sachsen-Anhalt
State: Germany
Repository type: subsurface abandoned mine
Type of waste: IV, V

3Repository capacity: volume m
beta gamma emitters not specified
alpha emitters not specified

Start of operation: 1950s

Description:

A former salt mine near Morsleben in the former German Democratic
Republic at the depth of 400-600 m was selected and adapted as a repository
for low and intermediate level wastes from nuclear reactors and from the
production and use of radionuclides.

Essentially, three procedures have been used for disposal in this
facility:

(a) piling of 200 liter drums in disposal chambers;

(b) emplacement of solid, unpackaged or unconditioned waste directly
into an underground cavity;

(c) in situ solidification of liquid, low level waste in a disposal
cavity.

The abandoned mine is situated in salt.under a layer of clayey
sediments. The disposal system was constructed as a laboratory where real
influence and radiation effects were investigated by in situ experiments.

NOTE: The Asse salt mine was also operated as an experimental laboratory for
radioactive waste disposal. From 1967 to 1978 124,500 containers of LLW and
1,300 drums of ILW were buried in Asse. No more waste is being disposed of at
present.
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5.3.4 Subsurface disposal in Germany (2)

Site:
Location:
State:
Repository type:
Type of waste

Konrad
State of Lower Saxony
Germany
subsurface abandoned mine
IV, V

Repository capacity: volume
beta gamma emitters
alpha emitters

Start of operation: 1996

650,000 m
1 x 105 TBq
not specified

Description:

The Konrad facility is a former iron mine located in sandstones
surrounded by clayey sediments. The mine comprises six main levels situated
at depths of 800-1300 m (Figure 13). The host formation is a combination of
porous and fissured medium of low hydraulic conductivity which is dewatered by
the mine openings driven into it. The mine is exceptionally dry for an iron
ore mine. The mean rate of water access into the entire mine is about
50 1/min.

The radioactive waste will be stacked in a series of large volume
disposal galleries, to be constructed along an inclined panel. The galleries
containing wastes in drums or contaminated components can be backfilled and

Principle of the planned excavation
and emplacement operations at the Konrad mine

854 m level

1000 m level

1100 m level

1200m

1300 m levé

transport paths of
the waste

transport paths of
the excavated rock

FIG 13 Cross-section of the proposed disposal levels at the Konrad site, Germany
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sealed, as well as the rest of the mine. The licensing procedure for the
construction and operation is pending and if a construction approval is
granted in 1993 disposal operations may start about 1996.

5.3.5 Subsurface disposal in Sweden

Site: Swedish Final Repository (SFR) for reactor operational
wastes

Location: Forsmark
State: Sweden
Repository type: subsurface purposed structure with engineered barriers
Type of waste LLW, ILW
Repository capacity: volume 60,000 m

beta gamma emitters none specified
alpha emitters none specified

Start of operation: 1988

Description:

The first construction phase, which has now been completed, includes
buildings on the surface, tunnels, operations facilities and rock caverns for
60,000 m of waste. A second construction phase which will provide disposal3capacity for an additional 30,000 m of waste is planned to be built and
licensed around the year 2000.

The repository is built in crystalline rock about 60 m under the sea
bottom and has been designed with different chambers adapted to the disposal
of various short lived wastes.

The layout of the rock chambers has been adapted to the different waste
types, their radioactive content, composition and handling requirements. The
waste packages containing most of the activity (about 90%) are placed in the
50 m high silo-shaped cavern (Figure 14) while waste with lower activity
content is placed in the horizontal, 60 m long rock chambers. The waste in
the silo is isolated by a multiple barrier system consisting of:

the waste form and waste package (steel or concrete);
the concrete wall of the silo (about l m thick);

- a bentonite clay buffer; and
- the rock mass.
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FIG 14 Forsmark repository in Sweden

When the facility is in full operation, about 6000 m of waste will
be received annually. During initial disposal activity, the SFR was put into
active operation area by area, starting with the rock chambers.

5.3.6 Subsurface disposal in Switzerland

Site:
Location:
State:
Repository type:
Type of waste:
Repository capacity:

Start of operation:

not specified
not specified
Switzerland
subsurface, horizontal access, large overburden
III, IV, V

3volume 200,000 m
activity not specified
~ 2000



FIG. 15. Repository concept for LLW in Switzerland.

Description:

In Switzerland, disposal of low and intermediate level waste is
conceived to be performed in underground concrete lined caverns with access
through horizontal adits (750-1,300 m overburden) (Figure 15). Auxiliary
facilities are also foreseen underground. Various rock types are being
considered for hosting such a repository; however, an alpine rock formation of
Valanginian marl is being extensively evaluated at present with regard to long
term safety and construction feasibility.

Solidified waste, conditioned with a variety of materials (cement,
bitumen, polymers), would be poured in drums which then would be encased in
concrete containers, with dimensions of 4,78 x 2,18 x 2,08 (or 1,63) m
(Figure 16). The containers would then be stacked in the disposal caverns.

Closure of the repository would involve backfilling of underground
voids with a special cement and sealing adits and other connections to the
surface. Potential exfiltration paths (springs, etc.) can be monitored during
the post closure period.
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FIG. 16. Storage module concept in Switzerland.

The multiple safety-barrier system is comprised of:

A solidification matrix for the waste (primarily cement, bitumen
and resins)
Embedding of the waste blocks in containers using special porous
cement mortar
Concrete containers
Backfilling of the remaining empty storage space in the repository
caverns with special cement
Concrete lining of the storage caverns
Sealing of the access tunnels and reception area upon the closure
of the repository
Geological strata.

The disposal of the various waste types in separate sectors of the
repository would allow optimization of waste containment. Site selection for
a repository location is presently going on in Switzerland.

Implementation and operation cost

A reliable estimate of the costs is impossible because the project is
still at an early stage. It is expected that total costs for the L/ILW
facility will be in the neighborhood of 1,300 million SFR. Of this, 20% is
for preparations (incl. siting), around 45% the cost of implementing the
facility and the rest is for operation and final closure.
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6. CONCLUSIONS

General conclusions of the report are:

o Options are available for the safe disposal of low level
radioactive waste in the ground, both near surface and
subsurface. Some of these options have been implemented for
several decades in countries operating large nuclear programmes.

o The planning, development, licensing, operation and closure of a
disposal facility is a major effort requiring a broad range of
technical and management skills and significant funding.

o When considering a low level waste disposal site, the knowledge
acquired by other Member States should be utilized, including a
review of the disposal options available. Selection of the
disposal option is the responsibility of the host country who
must consider the needs of public health and safety as well as the
geological and demographic conditions within the country.

o Both near surface and subsurface disposal options provide safe
disposal of low level waste. Each concept has certain features
that should be considered when selecting a concept to best meet
the specific needs of the Member State. Some of the primary ones
are as follows:

near surface concept

simplicity
flexibility
relatively low costs for investment and operation

subsurface concept

increased protection against human activities
- can provide better isolation of long-lived radioisotopes

reduced land surface consumption

o There are many areas of cost that must be considered when
estimating the total cost of a low level waste disposal facility,
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as described in Chapter 5. It is difficult to compare the costs
for different concepts because the repositories vary widely in
stage of development, differences in cost accounting methods, and
differences in labor and material costs between countries.
However, cost estimates are provided for some of the concepts in
Chapter 5 to-serve as benchmarks.
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