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Preface

This report describes the results of a study performed to obtain an overview of the
radiation risk management issues associated with the decommissioning of nuclear
installations and of the relevant guidelines and legislation.

The study was carried out by the Nuclear Energy Business Unit of the Netherlands
Energy Research Foundation and was financed from ECN's "samenwerkings-
financierings" programme which is funded by the Dutch Ministry for Economic
Affairs; ECN project number 71075.

© Netherlands Energy Research Foundation, Petten, 1996.
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Summary

Once nuclear fuel cycle facilities have permanently stopped operations they have to be
decommissioned. The decommissioning of a nuclear facility involves the surveillance
and dismantling of the facility systems and buildings, the management of the materials
resulting from the dismantling activities and the release of the site for further use. The
management of radiation risks associated with these activities plays an important role
in the decommissioning process.

Existing legislation covers many aspects of the decommissioning process. However, in
most countries with nuclear power programmes legislation with respect to
decommissioning is incomplete. In particular this is true in the Netherlands, where
government policy with respect to decommissioning is still in development. Therefore
a study was performed to obtain an overview of the radiation risk management issues
associated with decommissioning and the status of the relevant legislation. This report
describes the results of that study.

It is concluded that future work at the Netherlands Energy Research Foundation on
decommissioning and radiation risk management issues should concentrate on
surveillance and dismantling activities and on criteria for site release.
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1. Introduction

There are currently approximately 430 commercial nuclear power plants in operation
worldwide. Of this number a significant fraction will reach the end of their operational
life in the coming decade. Several tens of nuclear power plants have already
permanently stopped operations. In addition to nuclear power plants, a number of
facilities at other stages of the nuclear fuel cycle have either reached or will shortly
reach the end of their operational life. Once such nuclear fuel cycle facilities have
permanently stopped operations they have to be decommissioned. The
decommissioning of a nuclear facility involves the surveillance and dismantling of the
facility systems and buildings, the management of the materials resulting from the
dismantling activities and the release of the site for further use. The exact activities
undertaken when decommissioning a particular facility, and the timescale over which
those activities are carried out, depend upon the strategy chosen for that facility.

The management of radiation risks plays an important role in all major aspects of the
decommissioning process. Surveillance and dismantling activities have to be carried out
with due regard for the health and safety of the workforce. Such activities could lead
to releases of radioactive materials from the installation and hence exposures in the
general population. Similarly the activities associated with the management of materials
resulting from the dismantling activities (wether these materials are treated as waste or
as resources) could lead to exposures in the occupational and general population.
Finally, future exposures as a result of residual radioactive material are an important
consideration in the release of the site for further use. Radiation risk management
issues are taken into account in the legislation which governs nuclear fuel cycle
activities. Existing legislation covers many aspects of the decommissioning process.
However, in most countries with nuclear power programmes legislation with respect to
decommissioning is incomplete. In particular this is true in the Netherlands, where
government policy with respect to decommissioning is still in development.

In the framework of the Netherlands Energy Research Foundations' research into the
radiological impact associated with the operation of nuclear fuel cycle facilities a study
was performed to obtain an overview of the radiation risk management issues
associated with decommissioning and the associated legislation. This report describes
the results of that study. In Chapter 2 an overview is given of the different
decommissioning strategies for nuclear power reactors and of the strategies actually
chosen in European Union member states and in the U.S. for permanently shutdown
facilities. A short description of the situation in the Netherlands is also given. In
Chapter 3 the management of the radiological impacts associated with the surveillance
and dismantling activities undertaken as part of the decommissioning of a nuclear
power plant is discussed. The risk management issues associated with the management
of materials which arise from the dismantling process are discussed in Chapter 4.
Attention is given to the various material management options, the justification and
optimisation principles and the related legislation. In Chapter 5 an overview is given of
the radiation risk management issues for the release of a facility site for unrestricted
further use. The relevant existing guidance and legislation are reviewed. In Chapter 6 a
number of recommendations are made for further work on these topics.

HEX? PAOi(S)
!®f t PLANK

ECN-I--96-040



2. Decommissioning Strategies

In this Chapter an overview is given of the different decommissioning strategies for
nuclear power reactors and of the strategies actually chosen in European Union
member states and in the U.S. for permanently shutdown facilities. Section 2.1 covers
the stages of the decommissioning process, the definitions of the decommissioning
strategies as used in the United States and the factors which determine which strategy
is chosen. In Section 2.2 examples are given of the decommissioning strategies chosen
for permanently shutdown facilities in European Union member state countries and in
the United States. Brief consideration is also given to the situation in the Netherlands.

2.1 Decommissioning Activities and Strategy Choice

The decommissioning of a nuclear facility is formerly defined as "the actions taken at
the end of the useful life of a facility in retiring it from service with adequate regard
for the health and safety of workers and members of the public" [1]. The objective of
the decommissioning actions is the release of the facility site for further unrestricted
use. The exact activities undertaken when decommissioning a particular facility, and
the timescale over which those activities are carried out, depend upon the strategy
chosen for that facility.

The strategies chosen for decommissioning nuclear facilities differ between countries
and between operators within any one country. In general decommissioning strategies
are defined in terms of the three basic stages in the decommissioning process described
by the IAEA [2]:

Stage 1: A facility has reached stage 1 decommissioning or 'storage with
surveillance' once the reactor fuel and heat transfer fluids have been
removed and the facility has been physically prepared for a, possibly
lengthy period, of storage before further decommissioning activities are
undertaken. The containment barriers are kept intact and openings from the
primary containment are blocked. During the storage period after
decommissioning to stage 1 several facility systems remain in operation and
the facility is kept under continuous surveillance.

Stage 2: Decommissioning to stage 2, 'restricted site release', involves the removal
of easily removed contaminated materials and the decontamination of
significant parts of the plant. Remaining areas are sealed to prevent
unauthorised access.

Stage 3: Stage 3 decommissioning, 'unrestricted site release' or 'greenfield site',
involves the removal of all remaining contaminated materials and the
decontamination of all plant site areas to such a level that the site may be
released for unrestricted further use.

The IAEA definitions are only intended as guidelines and have helped to standardise
and facilitate communication. The activities generally taken to decommission a nuclear
facility to each of these stages and the general physical state of the facility after
installation to a particular stage are covered in more detail in Chapter 3.
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Decommissioning and Material Recycling

In the United States, three global strategies were originally defined for the
decommissioning of nuclear power reactors:

DECON: The DECON decommissioning strategy involves the direct dismantling of
all facility structures and the decontamination of the site so that the site
is suitable for unrestricted release.

SAFSTOR: The SAFSTOR decommissioning strategy involves placing the facility in
storage, generally for several decades, and then performing the
dismantling and decontamination activities necessary for the unrestricted
release of the site.

ENTOMB: The ENTOMB strategy involves the partial dismantling of the facility
followed by the entombment (i.e. covering with earth) of the remaining
site buildings.

The ENTOMB option is no longer seen as feasible by either the regulatory authorities
or the facility operators [3].

A number of factors influence which decommissioning strategy is chosen for a
particular facility. The most important factor is the estimated cost of each strategy. The
estimated costs are determined by many factors, including:

the assessment of the specific actions which have to be performed (including
the actions required during the surveillance period and administrative actions
such as the regular updating of the site documentation);

the assumptions used with respect to the necessary expertise and technology;

the assumptions used with respect to the costs associated with the disposal of
radioactive waste;

the assumptions used with respect to the relevant national legislation (for
example, radiation protection requirements and the legislation covering
financial obligations such as insurance);

the discount rate used for future costs.

Clearly there are significant uncertainties involved in estimating the costs of future
activities associated with decommissioning, some of which are not readily quantifiable.
This, together with the structure of the electricity generation market in a particular
country, also has an impact on the choice of strategy chosen: private generating
companies in particular are critical of future risks. Examples of other important factors
in the choice of decommissioning strategy are:

the availability of expertise and facilities necessary to perform the
decommissioning activities;

the availability of disposal site for radioactive waste;
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Decommissioning Strategies

2.2 Current Status of NPP Decommissioning

To date approximately 37 nuclear power plants in European Union member states and
20 nuclear power plants in the United States have been permanently shutdown. These
plants are listed together with their net electrical output and start-up and shutdown
dates in Appendix A. At the majority of these plants little decommissioning work has
yet taken place. In the United States 2 plants have been decommissioned to IAEA
Stage 3, one of which however only operated for the equivalent of 2 full-power days.
In the European Union no power reactors have yet been decommissioned to 'greenfield
site' status. Below an overview is given of decommissioning policy in France, the
United Kingdom, Germany, the United States and the Netherlands. One major
difference between these countries is the number of operators of nuclear power plant in
each country: in France all nuclear power plants are owned by a single utility whereas
in Germany and the United States many utilities operate nuclear power plants.

France
All nuclear power plant in France are operated by Electricite de France. Electricity de
France's current decommissioning policy is to defer complete dismantling for some 50
years after shutdown [4].

United Kingdom
The nuclear energy sector in the UK is currently being restructured. Following the
partial privatisation of the electricity industry in the early nineties all nuclear power
plants were grouped into 2 state-owned companies: Nuclear Electric and Scottish
Nuclear. Recently the Size well B PWR and the advanced gas-cooled reactors were
transferred to a holding company: British Energy. British Energy is to be privatised in
the summer of 1996 [5]. The magnox reactors are to remain in state ownership. British
Energy has proposed a SAFSTOR-type decommissioning strategy for all its reactors.
This involves: the removal of all non-nuclear plant and buildings and the defueling of
the reactor in first 3 years; the reduction of the height of the reactor hall in next five
years and the construction of a SAFSTOR containment; the facility will then be placed
in storage with surveillance for a period of 70 to 135 years, following which the
remaining structures will be dismantled and the site released for unrestricted use [5],

Germany
In contrast to France and the United Kingdom, a significant number of (private)
utilities in Germany operate (or have operated) nuclear power plants. The
decommissioning of VVERs inherited from the former East Germany is being paid for
by the German federal government. The decommissioning of the other nuclear power
plants is (will be) paid for by the utilities which own the plants and the choice of
decommissioning strategy is therefore the responsibility of those utilities.

The above implies that different utilities within Germany may opt for different
decommissioning strategies. The Lingen and Gundremmingen power plants form
examples of delayed and immediate decommissioning strategies in Germany:

The 268 MWe Lingen BWR was operated from 1968 to 1977 by Vereinigte
Elekrizitatswerke Westfalen AG (VEW). In 1978 VEW decided to
decommission the Lingen plant to Stage 1 and place it in SAFSTOR. In 1985
SAFSTOR-type authorisation was granted for 25 years [6].
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The 250 MWe KRB A Gundremmingen BWR was operated from 1966 to 1977
by Kernkraftwerk RWE-Bayernwerk GmbH and Bayernwerk AG. In 1986 the
operators decided to dismantle the plant completely (i.e. to stage 3) by the year
2000 [6].

United States
Like in Germany, the nuclear power plants in the United States are operated by many
different utilities. There are currently 17 power reactors in the United States which are
in the decommissioning process: for 2 the process is essentially complete, major
component removal is taking place at another, 9 have approved SAFSTOR
decommissioning plans and the decommissioning plans of 5 others are currently being
reviewed by the Nuclear Regulatory Commission [7]. Due to the unavailability of spent
fuel storage facilities in the United States, the spent fuel at many American reactors
will remain at the reactor site during the SAFSTOR period. This is in contrast with the
situation in the European Union member states.

The Shoreham and Fort St.Vrain sites have been decommissioned to 'greenfield' site
status. Neither reactor, however, can be considered as typical for the world reactor
park:

The 809 MWe Shoreham BWR operated for an equivalent of only 2 full-power
days and was permanently shutdown in May 1989. The activation and
contamination levels in the Shoreham plant were therefore not representative
for reactors shutdown at the end of their planned operating life.

The 330 MWe Fort St.Vrain high temperature reactor was operated from 1972
to 1989 by the Public Service Company of Colorado. Detailed consideration
was given to both the SAFSTOR and the DECON decommissioning strategies.
A decommissioning plan based on the DECON strategy was chosen because of
a number of concerns about the costs and uncertainties associated with the
SAFSTOR strategy [3]: the costs of on-site staffing (and training) during
SAFSTOR period; the possibility of changes in nuclear regulatory environment
(in particular changes in site release criteria); the costs associated with the
maintenance of the safety level (i.e. building support systems, radiation
monitoring, fire protection systems and maintenance of external structures), the
necessary administrative functions (i.e. the maintenance of licence
documentation) access control and emergency response planning during the
SAFSTOR period; and property and liability insurance costs over this period.
Additionally a SAFSTOR strategy would lead to only slightly lower waste
volumes. All dismantling activities at Fort St.Vrain have now been completed
and the final site release survey work is due to take place in the summer of
1996 [8].

Major dismantling activities are currently taking place at the Trojan plant:

The 1095 MWe Trojan PWR was operated from 1976 to 1992 by Portland
General. The decision was made to permanently shutdown the pant in 1993
following a leak in a steam generator. Portland's decommissioning plan for
Trojan was recently approved by the United States Nuclear Regulatory
Commission (US NRC) [9]. This plan involves the construction of an on-site
dry cast storage facility for spent fuel and the dismantling and decontaminating
of the rest of the site for unrestricted use.
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The plants which currently have approved SAFSTOR decommissioning plans include:
Dresden 1, Humbolt Bay, Indian Point 1, LaCrosse, Peach Bottom 1, Rancho Seco,
San Onofre 1 and Vallecitos. Rancho Seco have recently submitted an application to
the US NRC to convert their current SAFSTOR plan to a DECON plan. The motivation
for this decision is a reassessment of the costs associated with the two options [10].
Yankee Atomic Electric Company are pursuing a DECON plan for their plant near
Rowe, MA. This policy is being contested by interest groups on the basis that it fails
to meet the US NRC's ALARA requirement.

The Netherlands
There are two nuclear power plants in the Netherlands: the 56 MWe Dodewaard
boiling water reactor and the 449 MWe pressurised water reactor. The Dodewaard
reactor is operated by N.V. Gemeenschappelijke Kernenergiecentrale Nederland (GKN)
and started operation in 1968. The Borssele reactor is operated by N.V. Elektriciteits-
Productiemaatschappij Zuid-Nederland (EPZ) and started operation in 1973. According
to the current planning both reactors will be permanently shutdown in the first decade
of the next century.

GKN, EPZ and N.V. Samenwerkende Elektriciteits-Produktiebedrijven recently
published a joint report which details the decommissioning strategy both the operators
currently intend to adopt [11]. In the report a number of possible decommissioning
strategies are discussed. For each power plant the different decommissioning strategies
were evaluated by the Germany Engineering Consultancy firm NIS using the computer
programme STILLKO. Little details of the calculations are given in the report. For both
power plants the deferred decommissioning (for 40 years) strategy was chosen to be
the optimal strategy.

left BLANK
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3. Surveillance and Dismantling

In this chapter the management of the radiological impacts associated with the
surveillance and dismantling activities undertaken as part of the decommissioning of a
nuclear power plant is discussed. In Section 3.1 an overview is given of the major
activities which have to be performed at each stage of the decommissioning process
and the public radiological impacts associated with these activities. In Section 3.2 the
relevant legislation is discussed.

3.1 Risk Management Issues

The surveillance and dismantling period can be defined as the period covered by the
decommissioning licence. The decommissioning licence for a nuclear installation
should replace the operating licence at the end of the facilities operating life and will
remain in place until the regulatory authorities are satisfied that the conditions for
unrestricted site release are satisfied. A number of activities associated with the
shutdown of an installation could conceivably take place under the operating licence or
the decommissioning licence: this will depend upon the national legislation. In this
chapter the stepwise three-stage concept of the decommissioning process as developed
by the IAEA will be used to classify the activities which need to be carried out [2].
According to this concept the decommissioning licence covers the following general
stages:

Decommissioning to stage 1;

Storage (decommissioned to stage 1);

Decommissioning to stage 2;

Storage (decommissioned to stage 2) and;

Decommissioning to stage 3 and site release.

The radiological impact incurred by the occupational and general populations during
each stage of the dismantling and surveillance period is essentially determined by the
activities carried out at the plant during that stage (including surveillance, inspection
and testing activities) and the magnitude and composition of the radionuclide
inventory. In this section the activities which will generally be performed at each of
the stages and the public radiological impacts associated with each stage are outlined.
The occupational radiological impact associated with each stage depends upon
precisely what activities have to be performed, how they are performed and on facility
specific factors. No further consideration is given here to this occupational radiological
impact.

Decommission to stage 1
The following major activities generally have to be performed to decommission a
nuclear power plant to Stage 1 [2]:

Defuel the reactor core and transport the fuel from site (these activities may
take place under the operating licence);
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Remove the primary circuit fluids;

Remove certain (i.e. easy-to-remove) contaminated materials;

Block and seal all mechanical openings to the primary containment and;

Generally the secondary containment (i.e. reactor building) has to be
maintained.

Once all the reactor fuel has been removed from the site the total site inventory will
decrease significantly and will consists of the following:

Activation of the reactor vessel and internals and biological shield;

Contamination on system/building surfaces and;

(Unconditioned) operational wastes.

The activities necessary to decommission a nuclear power plant will lead to
atmospheric releases (e.g. as a result of the removal of components, cutting and sealing
activities, etc) and liquid releases (e.g. as a result of the removal of primary circuit
fluids, general cleaning activities, etc). During this period the gaseous and liquid
radioactive waste handling systems will still be functional.

During this period there is also the possibility of releases following an accident. While
the reactor fuel is present there is the risk of criticality accidents as a result of internal
or external events. Once the fuel has been removed there is the possibility of releases
from unconditioned operational wastes and contaminated surfaces.

Storage (decommissioned to stage 1)
After decommissioning to stage 1 the plant may be placed in storage. During this
storage period the atmosphere within the plant has to be controlled [2]: the plant
ventilation system and other building service systems have to be kept operational. In
addition a number of access control, plant surveillance and testing requirements will be
specified by the regulatory authorities. Typically the following activities would be
required [2]:

Continuous on-site surveillance to ensure that the physical barriers and
administrative procedures for controlling plant access are maintained;

Regular monitoring of radiation levels inside and outside the plant buildings
and;

Regular inspection and testing to ensure contamination control systems and
barriers are functioning correctly.

The plant inventory during this stage is significantly less than that of an operating
nuclear power plant. The radioactive inventory of the Lingen BWR in Germany after
decommissioning to stage 1 is given in [6]. This data is reproduced in Table 1.

10 ECN-I--96-040



Table 1:

Activity

Radioactive

Specification05

inventory in Lingen BWR after

Surveillance

decommissioning

and Dismantling

to stage 1

Inventory (Bq)

Reactor vessel and internals 8.2 1015

Core elements (control rods, etc) 1.1 1015

Contamination of system surfaces 2.1 1013

Contamination of building surfaces 1.7 10'

Operational wastes (unconditioned in exchange resins, etc) 1.8 1014

Total 9.5 1O1S

Note — — ™«-™™_~_ _

(1) All data from [6]

During the storage period after decommissioning to stage 1 a limited amount of
radioactive material will be released from the plant to the atmosphere via the
ventilation system and as a result of containment leakage. The releases from the
Lingen BWR during 1 year shortly after commencement of the storage period were
dominated by tritium: 1.3 108 Bq [6]. Small amounts of Cd° (100 Bq) and
137Cs (21 Bq) were also released. In addition, the operation of the ventilation system
will result in radioactive wastes. For the Lingen BWR the accumulated activity in the
ventilation system condensate was: 1.6 104 Bq ^Co; 6.0 104 Bq 137Cs and; 5.3 107 Bq
tritium [6]. Both the releases and the operating wastes are several orders of magnitude
lower than those produced by operating nuclear power plants. The level of releases is
similar to those from a radionuclide laboratory.

Accidents during this stage of decommissioning will not lead to major releases of
radioactive material. Minor releases (in particular of surface contamination) are
possible as a result of internal (e.g. internal fire) and external (e.g. aeroplane crash)
events.

Decommission to Stage 2
The following major activities generally have to be performed to decommission a
nuclear power plant to stage 2 [2]:

Decontaminate all contaminated areas as far as possible. The remaining
contaminated areas are sealed off to prevent unauthorised access;

Remove certain contaminated materials;

Dismantle all active building support and safety systems as far as possible and;

Possibly release some parts of site for further use.

As for decommissioning to stage 1, the activities undertaken will lead to atmospheric
releases (e.g. as a result of the removal of components, cutting and sealing activities,
etc) and liquid releases (e.g. as a result of general cleaning activities) of radioactive
materials. Temporary systems for handling the gaseous and liquid waste streams may
have to be installed. Clearly there is also the possibility of radioactive releases
following an accident during this stage.

ECN-I-96-040 11
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Storage (decommissioned to stage 2)
After decommissioning to stage 2 the plant may be placed in further storage. In general
the surveillance, monitoring and inspection requirements specified by the regulatory
authorities will be less stringent than in the previous period. Typically the following
would be required [2]:

- Continuous on-site surveillance will generally not be required. Access to the site
may be controlled by means of a perimeter fence with warning signs citing laws
prohibiting access and;

- Limited monitoring of radiation levels inside and outside plant in accordance with
regulatory requirements.

Leakage from the sealed plant buildings forms the only regular source of releases of
radioactive material during this stage. These releases will generally be very low.
Clearly releases as a result of accidental occurrences are still possible during this
period. Additionally there is the possibility of exposures as a result of unauthorised
access to the site.

Decommission to Stage 3
During this stage all remaining activities are undertaken to enable the site to be
released for unrestricted further use. Essentially this involves removing or
decontaminating all remaining materials with radioactivity levels above the relevant
limits [2]. As for the activities undertaken to decommission to stage 1 and to stage 2,
these activities could lead to exposures in the general population. Future exposures are
considered in the derivation of the relevant release limits (see chapters 4 and 5).

3.2 Legislation

Radiation Protection Legislation
The occupational and public exposures which result from the dismantling and
surveillance activities undertaken when decommissioning a nuclear installation are
subject to the requirements of existing European or national legislation on radiation
protection [12,13]. In accordance with this legislation the decommissioning of a
nuclear installation can be treated as a practice. This implies that the occupational and
public dose limits apply and that dose constraints can be set.

In European Union member states the effective dose limit for radiological workers is
100 mSv over a period of five years with the additional requirement that the dose in
any one year does not exceed 50 mSv. In addition, the existing legislation also
specifies requirements for the classification of work areas, the monitoring of these
areas, the monitoring of individual workers, the medical controls for workers, work
permits for certain tasks, etc.

In European Union member states the effective dose limit for member of the public as
a result of a practice is 1 mSv. In the Netherlands, the dose constraint for the public
has been set at 0.1 mSv annual exposure resulting from the operation of a single
nuclear facility. The individual risk to a member of the public as a result of accidental
releases from a nuclear facility should be less than 10'6 per year [14]. The regulatory
authorities could specify a different public dose constraint and/or a different public

12 ECN-I--96-040
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individual risk limit for the decommissioning of a facility than for the operation of that
facility.

In addition the regulatory authorities may develop criteria which account for the time
aspect of decommissioning. Existing dose and risk limits are specified in terms of dose
or risk per year. For an operating practice this is logical because the practice results in
a yearly benefit. However decommissioning activities lead to a one-off benefit.

General Decommissioning Legislation
In addition to specific radiation protection legislation, risk management issues are an
important input to the formulation of the general technical legislation for
decommissioning. As yet no legislation specific to decommissioning has been
developed in the European Union. In the United States however, new legislation has
just been adopted on the decommissioning of nuclear power reactors [15]. This
legislation amended the previous US legislation on decommissioning and is intended to
clarify several important technical requirements, to reduce the regulatory burden, to
provide greater flexibility and to allow for greater public participation in the
decommissioning process.

Clearly a number of these goals are specific to the US situation. However, the US
position on the applicability of certain general nuclear power plant technical
requirements to permanently shutdown nuclear reactors is relevant for the developing
situation in Europe. The new US legislation covers the following [15]:

Technical specifications for effluents;

Environmental conditions;

Combustible gas control;

Emergency core cooling systems acceptance criteria;

Fire protection program requirements;

Containment leakage testing requirements;

Emergency action requirements;

Fracture prevention measure requirements;

Anticipated transient without scram requirements;

Effectiveness of maintenance requirements and;

Maintenance of records and reporting requirements.

next PAGEM
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4. Management of Materials

The management of materials arising from the dismantling of nuclear installations is an
important aspect of the decommissioning process. The two general material
management options are (1) reuse/recycling and (2) disposal and replacement. There
are two important motives for reusing or recycling materials:

The economic incentive: a recycling strategy implies that a utility can sell
materials for reuse instead of treating them as wastes and incurring the costs
associated with disposal. Nuclear installations (in particular power plants and
enrichment facilities) contain large quantities of valuable metals: steel, copper
and aluminium. Additionally the low-value but bulky concrete can be reused
for applications such as road foundations and noise protection barriers.

The environmental/ethical incentive: a recycling strategy is more in line with
the principles of sustainable development than a disposal strategy. Natural
resources are preserved and the environmental impacts associated with the
production of replacement material stocks are avoided.

Recycling may not, however, always be possible. Certain materials may be activated or
contaminated to such a degree that the radiological impacts associated with the
recycling of these materials are unacceptable. These radiological impacts should also
be taken into account when determining the optimum strategy.

In Section 4.1 the risk management issues associated with the management of materials
are discussed. Attention is given to the various material management options, the
justification and optimisation principles and the risks associated with the different
options. In Section 4.2 an overview is given of the related legislation and recent
developments in clearance levels are discussed.

4.1 Risk Management Issues

The large quantities of metals and concrete used in the construction of nuclear fuel
cycle facilities will have to be managed when these facilities are dismantled. In
principal all the materials arising from the dismantling of systems and structures inside
the controlled areas of such facilities could be radioactive as a result of activation
and/or contamination processes. In practice the degree of contamination and/or
activation of construction materials will vary greatly within a facility and between
different facilities.

The main alternatives for the management of the materials arising from the dismantling
of nuclear facilities are:

the reuse/recycling of the material or

the disposal of the material and its replacement by new stocks.

The term reuse is generally used to refer to the direct "recycling" of material in its
original form (e.g. the reuse of metal piping as piping). The term recycling is used
more generally and often implies a number of intermediate stages before the material is
put to a new use (e.g. the melting of scrap steel). It may be necessary to (partially)
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decontaminate some materials before recycling or disposal.

Depending on the degree of activation/contamination, some materials will remain
within the system of regulatory control (e.g. reuse within the nuclear industry or
disposal in a low level radioactive waste repository). Others will be released from the
system of regulatory control for unrestricted recycling or disposal. Recent
developments in legislation for the release of materials from the system of regulatory
control ("clearance levels") are discussed in Section 4.2.

Both reuse/recycling and disposal/replacement can be defined as "practices" and both
lead to radiological impacts incurred by the occupational and public populations:

Occupational exposures: For a reuse/recycling strategy individuals working in
the metal processing and transport industries will be exposed. For a
disposal/replacement strategy individuals employed at the waste treatment and
storage facilities and individuals involved in the production of new material
stocks (in particular mine workers) will be exposed.

Public exposures: For a reuse/recycling strategy members of the public will be
exposed as a result of releases of radioactive materials from the production
plants for new products and possibly from the use of the new products
themselves. For a disposal/replacement strategy individuals will be exposed to
releases from production plants for replacement material stocks and may be
exposed from releases from waste facilities.

In accordance with the principles defined by the International Commission on
Radiological Protection the impacts associated with all practices are subject to the
principles of justification, optimisation and limitation [16]:

Justification essentially requires that practices should do more good than harm.

Optimisation requires that the radiological impacts associated with a practice
should be kept as low as reasonably achievable.

Limitation provides for limits to the maximum additional individual risk
incurred as a result of a practice.

In addition to these general principles, it is important that any policy for material
management is consistent with existing radiation protection legislation. The basis of the
clearance levels proposed by both the IAEA and the EU (see Section 4.2) is that
materials which have been cleared for release should not be activated or contaminated
to a level above the exemption levels.

It is also important to recognise that there are non-radiological impacts associated with
both the recycling and the disposal material management options. In accordance with
the justification principle (which is not restricted to radiological impacts) these impacts
should be taken into account when determining the acceptability of a particular option.
A limited number of publications are available which consider these impacts in
addition to the radiological impacts. In particular a comprehensive overview of these
impacts is given in [17]. This overview is reproduced in Table 2.
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Table 2: Impacts of material management options

Impact Category0) Reuse/Recycle Disposal and Replacement

Human Health0*;

- Radiological Risk

- Non-radiological Impacts

- Accidents (workplace)

- Accidents (transport)

- Chemical exposure from smelting

- Chemical exposure from coke prod"

Environmental Quality and Resource Use:

- Land disturbance

- Water quality degradation

- Air quality degradation

- Mineral resource requirement

- Energy requirement

Socioeconomic Issues:

- Low-level waste site capacity

- Public acceptability

- Metal market impacts

- Risk distribution

- Industrial applications

10e-7/e-8 fatal cancer
risk to individuals

Potential elevated cancer
risk to miners

Approx 7 fatalities or Approx 14 fatalities or
serious injuries to workers serious injuries to workers

10e-2 fatality risk
to workers and public

10e-2 fatality risk to
workers and public

workers: 10e-3 fatal cancer workers: 10e-3 fatal cancer
risk, public 10e-4 risk, public 10e-4

None

Minimal

Minimal

Moderate

Minimal

Moderate

Minimal

Varies among countries

Minimal

Risk bourn in scrap
producing country

workers: 1 fatal cancer
risk, public 10e-4

Substantial

Substantial

Moderate

Substantial

Substantial

Substantial

accepted but local
concerns

Minimal

Risk shifted to less
developed countries

Minimal Minimal

Notes
(1) All data from [17]
(2) Human health risk estimates are maximum individual lifetime risks for 50,000 tons throughput.

However, in setting ad-hoc release criteria for (radioactive) materials from nuclear
installations in the past generally only the radiological health impacts have been
considered. This is also true for the clearance levels proposed by the IAEA and the EU
(see Section 4.2).

The need to consider all impacts associated with both material management strategies
was considered explicitly in a recent report drafted by a task group established by the
Nuclear Energy Agency of the Organisation for Economic Cooperation and
Development [18]. The task group proposed the following tiered system for the
management of materials for recycling:
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Tier A: which corresponds to the concept of unconditional clearance used by
the IAEA and the EU;

Tier B: which essentially corresponds to the clearance levels for scrap metal
recycling concept used by the EU. That is metal can be released under the
restriction that it is smelted for the production of new metal products.

Tier C: is an extension of Tier B. Tier C metals would be melted and new
products fabricated within the system of regulatory control. The new products
would then be released for an initial use. When this product has reached the
end of its useful life unrestricted reuse is allowed.

Tier D: in which the metals are recycled for continued usage within the system
of regulatory control.

The tiered system proposed by the Nuclear Energy Agency task group recognises
explicitly the economical and environmental benefits of recycling and is designed to
facilitate recycling within and outside of the system of regulatory control.

4.2 Legislation

The keystone of the legislation for material management is the set of criteria for
releasing materials from a system of regulatory control. Clearly such a set of criteria
has to be internationally accepted in order to be effective. At present there is no such
set of criteria. The relatively small scale release of materials which has taken place to
date has been performed in accordance with "ad-hoc" criteria specified by national
regulatory authorities. In general these criteria specify a specific activity limit for total
p/y radiation and surface contamination limits for total p/y radiation and for total a
radiation. However, in the last few years significant advances have been made in
establishing an internationally accepted set of criteria.

Both the International Atomic Energy Agency (IAEA) [19] and the European Union
(EU) [12] have recently published Basic Safety Standards for protection against
ionising radiation The principle requirements of the IAEA Basic Safety Standards
state [19]:

"Sources, including substances, materials and objects, within notified or
authorized practices may be released from further requirements of the
Standards subject to complying with clearance levels approved by the
Regulatory Authority".

A similar statement is made in Article 5 of the EU Basic Safety Standards [12]. It
should be pointed out the IAEA Standards are non-binding whereas the EU Standards
are binding for European Union member states. As in the IAEA Standards, in the EU
standards the setting of clearance levels is stated to be a issue for the national
regulatory authorities.

Although the setting of clearance levels is the responsibility of national regulatory
authorities, differences in the clearance levels set by the regulatory authorities in
different countries would lead to barriers to free trade in "released" materials. In
particular, within the EU such a situation would clearly undermine the EU goal of a
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single market. Therefore, over the last few years both the IAEA and the Commission of
the European Communities have financed generic assessment studies to support the
derivation of a harmonised set of clearance levels. In generic assessment studies the
radiological impact incurred by the general population and the workforce (e.g. transport
workers and metal industry workers) is assessed for a number of scenarios (e.g.
disposal as waste in landfill sites, recycling of contaminated metals in various
industries - for example the car or construction industry). The general methodology
followed is:

characterisation of source term (i.e. description of the physical, chemical and
radioactive characteristics of the materials to be recycled and assessment of the
quantities of materials to be recycled).

characterisation of the process steps involved in the recycling of the material
(e.g. decontamination, melting, manufacture of new products).

definition of exposure scenarios (for both workforce - during process steps -
and public - use of new products) including quantification of parameters
needed.

dose assessment (maximum annual individual doses and possibly collective
doses).

definition of derived limits.

Based on the results of these generic assessment studies both the IAEA and the EU
have recently drafted recommended clearance levels [20,21]. In analogy with the
methodology used to derive exemption levels both organisations have used the
following criteria to derive the clearance levels:

a maximum individual dose of 10 pSv (defined by the IAEA as a "trivial" level
of individual dose [22]) and;

a maximum collective radiological impact of 1 manSv

The EU recommendations contain clearance levels for the direct reuse of metals items
(surface contamination only) and for scrap metal recycling (surface contamination and
specific activity). The clearance levels for direct reuse are essentially unconditional
clearance levels. The clearance levels for scrap metal recycling are for release with the
restriction that the material is used for the production of new metal (i.e. smelting).
After smelting there is no further restriction on the use of the new metal. The EU
recommend that whenever possible, materials should be recycled within the nuclear
industry. The IAEA recommendations give unconditional clearance levels (surface
contamination and specific activity) for all solid materials. In both sets of
recommendations the clearance levels are nuclide specific.

NEXT PMII(S)
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5. Site Release

The release of the facility site for unrestricted use is the final stage in the
decommissioning process (stage 3 decommissioning). Potentially contaminated sites
can only be released if the they met the release criteria specified by the national
regulatory authority. In Section 5.1 an overview is given of the risk management issues
relevant to the definition of such release criteria and the demonstration of compliance
with such criteria. In Section 5.2 existing guidance and legislation on release criteria
are discussed.

5.1 Risk Management Issues

The unrestricted release of sites which are potentially contaminated with radioactive
material could lead to radiation exposures amongst the general public. Legislation is
therefore needed to manage the release of such sites. Such legislation must set criteria
such that if a site meets these criteria, the radiological impact incurred by the general
public as a result of the future use of that site are judged to be acceptable. Existing
legislation and guidelines on site release is discussed in Section 5.2.

The central risk management issues in the development of legislation for site release
are the determination of an acceptable level of radioactive contamination and how this
should be expressed in the legislation. In [23] four approaches are identified for
determining an acceptable level of contamination:

Setting release criteria based upon measurement detection limits. Although this
approach has a practical basis it has two major shortcomings: detection limits
have no direct relationship with the protection of human health and detection
limits change with advances in measurement technology;

Setting release criteria based upon background levels of radiation. Generally
the levels of natural background radiation do not say anything about the
acceptability of the contamination resulting from human activities. Also past
experience in the US has shown that the determination of the level of
background radiation can be a long and problematic process [23]. However, in
the Netherlands, the cleanup of nuclear sites will be subject to the
requirements of legislation for the protection of surface soils [24] ("Wet
Bodembescherming"). This legislation requires that all pollution to surface
soils be cleared up and the effects of this pollution be negated as far as
possible. The quality of the surface soils before the installation was built plays
an important role in this process;

Setting release criteria based upon the concept of acceptable or tolerable risk.
This approach is theoretically the most appealing. Such an approach would
require a rigorous analysis of possible future uses of the site and of how
compliance could be ensured.

Setting release criteria based upon the best demonstrated available technology.
This approach also has a practical basis. However, such criteria would have to
be regularly updated.
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Clearly the approach chosen has to be consistent with the radiation protection (and if
possible the environmental protection) policy in general. In the Netherlands, the
government has established an environmental radiation protection policy based upon
the concept of maximum tolerable individual risk [14]. The primary quantity for the
release of contaminated sites will therefore also have to be based upon this concept.

However, the legislation could be expressed in terms of this primary quantity or in
terms of a derived quantity (analogous to the clearance levels discussed in Section 4.2).
Which approach is chosen has implications for how compliance with the legislation is
demonstrated. Whichever approach is chosen a number of important issues have to be
considered:

Exposure scenarios - based on the possible future uses of the site: clearly it is
impossible to predict the long term use of any site with any degree of
accuracy. However, it is possible to define a number of general land use
categories: residential, industrial, agricultural, etc.

The assessment methodology used to assess the exposures from each scenario.
This covers the models to be used, the exposure pathways to be included and
the integration times for the assessments.

The life style and consumption patterns of the individuals and populations to
be protected (i.e. definition of the critical groups), and, in particular, a decision
on wether collective risks be limited in addition to individual risk.

Demonstration that the derived quantities meet the limits set for these
quantities.

5.2 Legislation

There is currently no international guidance or legislation which specifies criteria for
the release to the public domain of sites which are potentially contaminated with
radioactive material. This issue is not explicitly mentioned in either the Basic Safety
Standards of the IAEA [19] or the Basic Safety Standards of the EU [12]. However, in
the United States there is legislation which covers this issue and the US Nuclear
Regulatory Commission (NRC) and the US Environmental Protection Agency (EPA) are
currently preparing new standards. The situation in the US is discussed below. In
addition government agencies in both the United Kingdom and Germany have issued
or are preparing guidance on contaminated site release. This guidance is also discussed
below.

United States
The existing situation in the United States is as follows:

The existing limits for the unrestricted release of nuclear reactor facilities are
specified in US Atomic Energy Commission Regulatory Guide 1.86 [25]. The
limits given in RG 1.86 are for the surfaces of any remaining equipment or
structures. Average, maximum and removable acceptable surface contamination
limits are given for different radionuclide groups in Table 1 of RG 1.86. The
average contamination levels are applicable to areas not greater than 1 square
metre whereas the maximum contamination levels are applicable to a
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maximum area of 100 square centimetres. The removable limits apply to a
swipe over an area of 100 square centimetres.

The limits given in RG 1.86 are not applicable to radioactive contamination
present in soil. The US Nuclear Regulatory Commission is currently using a
limit of 0,1 mSv maximum individual dose to a member of the public at a
distance of 1 metre from the material [26]. When assessing the maximum dose
to an individual an occupancy time of 2000 h/yr is assumed. This implies a
limit of 5 urem/h above background. In addition concentration levels of
5 pCi/g above background for Sr-90, 15 pCi/g for Cs-137 and 30 pCi/g for
uranium have been used [26].

Site specific criteria have been used for some sites: e.g. the Shippingport
reactor site. For Shippingport a release limit of 1 mSv per year to a future
resident was used [27]. TTiis criteria was translated to limiting conditions of
6 pCi/g ^Co in the top 3 metres of soil and 100 pCi/g in lower layers. A soil
sampling plan was developed in accordance with the relevant guidance and the
Shippingport site has been released for unrestricted further use. In practice,
however, the Shippingport site has been maintained as a site for industry.

The application of these unrestricted release criteria is not simple. In particular there is
the difficult practical problem of measuring low contamination levels against high
levels of natural background. Currently both the NRC and the EPA are developing new
policies for site cleanup and release. The approaches taken by the two agencies are
summarised below:

The EPA published an Issues Paper on Radiation Site Cleanup Regulations in
September 1993 [23]. This document delineates the most important issues
which have to be taken into account in the development of the EPA standards:
the determination of acceptable cleanup levels; future uses of contaminated
sites; additive effects (i.e. exposure to additional sources of radiation and other
harmful agents); the individuals and population groups to be protected; the
time frame to be considered; the modelling and measurement techniques to be
used and; the technical feasibility of any cleanup approach. The EPA is
currently considering four basic approaches for the regulation: a dose or risk
limits; a "look-up table" of radionuclide- and medium specific concentrations
applicable to all sites; a "look-up table" and a pathway model to derive site
specific values or; a best available technology approach.

The NRC published its proposed rule giving radiological criteria for
decommissioning in August 1994 [28]. This proposed rule was submitted to
the Commission in December 1995. The rule proposes a cleanup standard for
unrestricted release of a site of 0.15 mSv annual total effective dose equivalent
to an average member of the critical group. In addition exposures must also be
shown to be ALARA. The proposed rule also "provides for release of a site
under restricted use conditions if the licensee can demonstrate that cleanup of
the site would be prohibitively expensive, would not be technically achievable,
or would result in net public or environmental harm". This allows for the
possibility of taking the future use of the site into account when assessing
doses.
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United Kingdom
The National Radiological Protection Board (NRPB) in the UK is currently developing
advice with respect to public exposures resulting from the release of a contaminated
site [29]. Advice given by the NRPB is taken into account by the UK government
departments when developing policy. NRPB's advice will be based upon considering
the release of a contaminated site as a practice: the public dose limit applies and a dose
constraint can be set. In [29] it is suggested that "the excess risks to the critical group,
attributable to the residual contamination resulting from the future use of the site,
should not exceed 10"5/a...for extended exposures this corresponds to the risk associated
with an annual effective dose of about 0.3 mSv/a". A risk constraint of 10'5/a was
recommended by NRPB for exposures to future individuals resulting from the land
based disposal of solid radioactive wastes [30].

Germany
The German Commission on Radiological Protection has published radiological
protection principles for the release of contaminated buildings and the disposal of
building debris from uranium mining and milling [31]. These recommendations were
developed to deal with the buildings of uranium producing plants in Saxony and
Thuringia. Some buildings were intended for release whereas others were to be
destroyed. The buildings and building debris were contaminated with uranium and its
daughter products.

The values for unrestricted use of buildings are based on an additional potential
radiation exposure of 1 mSv/a (effective dose) due to the uranium mining activities.
When assessing the dose all exposure pathways should be taken into account. In
section 3.1 of [31] it is stated that "buildings may be released for commercial or
industrial use if the following criteria are fulfilled:

potential contamination may have occurred only from waste rock or uranium
ore;

ceilings, walls and floors must be cleaned so that soiling is no longer
detectable;

the local dose rate must not exceed 0.3 uSv/h in any room and;

if a building released for use is pulled down at a later time, the debris has to
be handled as specified under Section 3.2".

In section 3.2 of [31] criteria for the release of building debris for deposition are given.
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6. Conclusions and Recommendations

In this report an overview is given of the radiation risk management issues associated
with the decommissioning of nuclear installations and of the relevant guidelines and
legislation. The decommissioning of a nuclear facility involves the surveillance and
dismantling of the facility systems and buildings, the management of the materials
resulting from the dismantling activities and the release of the site for further use. The
main conclusions with respect to the radiation risk management aspects of these
activities are:

Surveillance and Dismantling:

The occupational and public exposures which result from the dismantling and
surveillance activities undertaken when decommissioning a nuclear installation
are subject to the requirements of existing legislation on radiation protection.
The regulatory authorities could specify different dose constraints or risk limits
for the decommissioning of nuclear facilities than for the operation of those
facilities. A modified constraint would function as a bound to any ALARA
procedures.

Specific legislation covering the technical requirements for surveillance and
dismantling activities does not yet exist in the Netherlands. The occupational
and public exposures and costs associated with the different possible
decommissioning strategies depend to some extent upon such legislation.

Management of Materials:

An internationally accepted set of criteria for the release of materials
(clearance levels) from the system of regulatory control is essential for the
effective management of materials arising from the decommissioning of
nuclear installations. Both the IAEA and the EU have recently drafted
recommended clearance levels [19,12].

In addition to the economic incentive for the recycling of materials there are
also environmental and ethical incentives. In particular the human health
impacts, environmental impacts and socioeconomic impacts associated with the
disposal and replacement of materials are generally larger than those associated
with material recycling. A task group of the NEA has recently proposed a
tiered system which is designed to facilitate recycling within the system of
regulatory control when "clearance" from the system is not possible.

Site Release:

The release of the facility site for unrestricted use is the final stage of the
decommissioning of a nuclear installation. Potentially contaminated sites can
only be released if the they met the release criteria specified by the national
regulatory authority.

There is currently no international guidance which specifies criteria for the
release to the public domain of sites which are potentially contaminated with
radioactive material. Legislation is currently being prepared in a number of
countries.
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Based upon the above, it is concluded that further work should concentrate on
surveillance and dismantling issues and on site release. In particular, the following
areas are recommended for further study:

A detailed study of recent developments in the legislation or regulatory
approach adopted in nuclear power states with respect to the technical
requirements for surveillance and decommissioning activities. The results of
such a study could then be used to draft example requirements for nuclear
installations in the Netherlands.

A review of the cost and dose estimates associated with the different
decommissioning strategies for a nuclear installation. For such a study a case
study would have to be defined (i.e. an installation for which the baseline
estimates for the different strategies are available). This study would take into
account the results of the study into recent legislative developments.

Further study into criteria for unrestricted site release. This study would
involve a review of the software available to assess the radiation exposure of
future on-site residents; the selection of the most suitable software and the
assessment of different site release strategies using this software.
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Appendix A: Permanently Shutdown NPP

The tables in this appendix list the permanently shutdown nuclear power plants in
European Union member states and the United States. In addition to plant name, the
plant type, net electrical output, start-up and shut-down dates are also given.

Table Al: Permanently Shutdown NPP in France™

Plant Name

Bugey 1

Chinon Al

Chinon A2

Chinon A3

Chooz A

Marcoule G2

Marcoule G3

Monts d'Arree

Saint-Laurent Al

Saint-Laurent A2

Table A2: Permanently

Plant Name

Greifswald 1

Griefswald 2

Greifswald 3

Griefswald 4

Griefswald 5

Gundremmingen A

Kompakt KNK

Lingen

Muelheim-Kaerlich

Multipurpose MFZR

Niederaichbach

Rheinsberg 1

THTR-300

Plant Type*2*

GCR

GCR

GCR

GCR

PWR

GCR

GCR

GCHWR

GCR

GCR

Net Output MWe

540

70

210

480

310

38

38

70

390

450

Shutdown NPP in Germany™

Plant Type(2)

VVER

VVER

VVER

VVER

VVER

BWR

LMFBR

BWR

PWR

PHWR

GCHWR

PWR

HTGR

Net Output MWe

408

408

408

408

408

237

n.a.

256

1219

58

100

70

296

Start-up Date

3/72

2/64

2/65

8/66

4/67

4/59

4/60

6/68

1969

1971

Start-up Date

7/74

4/75

5/78

11/79

n.a.

4/67

n.a.

10/68

3/86

n.a.

1/73

10/66

6/87

Shut-down Date

7/72

4/73

6/85

6/90

10/91

2/80

6/84

7/85

1990

1992

Shut-down Date

12/90

2/90

2/90

06/90

n.a.

1/80

n.a.

5/79

10/87

n.a.

8/74

10/90

10/89
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Table A3: Permanently Shutdown NPP in Italy{

Plant Name Plant Type(2) Net Output MWe Start-up Date Shut-down Date

Caorso

Garigliano

Latina

Trino Vercellese

BWR

BWR

GCR

PWR

860

150

153

n.a.

12/81

6/64

1/64

n.a.

06/90

3/82

12/87

n.a.

Table A4: Permanently Shutdown NPP in Spain(

Plant Name Plant Typew Net Output MWe Start-up Date Shut-down Date

Vandellos 1 GCR 480 8/72 10/89

Table A5: Permanently Shutdown NPP in the United Kingdom!(i)

Plant Name

Berkeley 1

Berkeley 2

Dounreay PFR

Hunterston Al

Hunterston A2

Trawsfynydd 1

Trawsfynydd 2

Windscale

Winfrith SGHWR

Plant Type(2)

GCR

GCR

LMFBR

GCR

GCR

GCR

GCR

AGR

HWLWR

Net Output MWe

138

138

250

160

160

195

195

36

92

Start-up Date

11/62

11/62

8/76

3/64

9/64

3/65

4/65

n.a.

2/68

Shut-down Date

3/89

10/88

3/94

3/90

12/89

2/91

2/91

n.a.

9/90
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Table A6 Permanently Shutdown NPP in the United States(l)

Plant Name

BONUS

Dresden 1

Elk River

Fermi 1

Fort St.Vrain

Hallam

Hanford-N

Humbolt Bay 3

Indian Point 1

LaCrosse

Pathfinder

Peach Bottom 1

Piqua

Rancho Seco

San Onofre 1

Shippingport

Shoreham

Three Mile Island 2

Trojan

Yankee Rowe

Notes for Tables Al to A6

Plant Type(2)

BWR

BWR

BWR

LMFBR

HTGR

LMGMR

LGR

BWR

PWR

BWR

BWR

HTGR

Other

PWR

PWR

PLWBR

BWR

PWR

PWR

PWR

Net Output MWe

72

200

23

61

330

75

860

63

257

50

59

40

12

913

436

60

809

792

1095

167

Start-up Date

8/64

7/60

7/64

8/66

1/79

11/63

7/66

8/63

1/63

11/69

7/66

6/67

11/63

4/75

1/68

12/57

n.a.

12/78

5/76

7/61

Shut-down Date

6/68

10/78

2/68

11/72

8/89

9/64

2/88

7/76

10/74

4/87

10/67

11/75

1/66

6/89

11/92

10/82

5/89

3/79

11/92

9/91

(1) All data taken from International Nuclear Safety Center Database, Argonne National Laboratory,
United States [www address - http://www.ra.anl.gov/INSP].

(2) Reactor Types: GCR, gas cooled reactor; PWR, pressurised water reactor, GCHWR, gas cooled
heavy water reactor, VVER, Russian PWR design; LWFBR, liquid metal fast breeder reactor;
BWR, boiling water reactor, PHWR, pressurised heavy water reactor; HTGR, high temperature gas
cooled reactor, AGR, advanced gas cooled reactor, HWLWR, heavy water/light water reactor,
LMGMR, liquid metal cooled, graphite moderated reactor; LGR, light water cooled graphite
moderated reactor; PLWBR, pressurised light water breeder reactor.
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