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1. IHTROCTJCTION

The Agency held a consultants' meeting in October 1973 to examine
decommissioning and advise the Agency whether it should become involved in
this subject| and to suggest a tentative programme. In the event the
consultants advised that the Agency should introduce such activities into
its programme, and that it should promote the formulation of guides,
recommendations and standards* In addition the consultants prepared a
report, "Decommissioning of Nuclear Facilities: A Review of Status" which
was published in Atomic Energy Review, Vol. 12, No. 1.

A Technical Committee Meeting was arranged by the Agency at its
headquarters in Vienna from 20 to 24 October 1975 to continue the considera-
tion of the subject begun by the consultants.

It was emphasised at the meeting that the problem of decommissioning
is a multifaceted one, in that it is affected by decisions made throughout
the planning, construction, and use of the plant. Ideally, the planners
should decide the ultimate fate of the plant, the designers should inco-
porate features in the plant that ensure that it can be decommissioned as
planned, and the operators should ensure that their operations and the
modifications which they make do not negate the planned decommissioning.

Because of the diffuse nature of the problem, the committee felt that
it was preferable at this stage to develop a body of information based on
actual experiences and practices rather than to proceed immediately to the
formulation of guides, recommendations and standards.

To meet this requirement, the Agency recommended and the committee
agreed that the report of the meeting would be most useful if it could be
circulated quickly, and it was therefore decided to publish it in the IAEA
series. This report should accordingly be regarded as aprogress report
which summarises present thinking on this subject, and indicates the
major aspects which need further development.

2. DEFINITIONS OF STAGES

The decision to permanently withdraw a nuclear plant from service,
whatever the reason, involves its decommissioning.

It is clear that for a plant to be retired from service the nuclear
fuel or radioactive materials in process as well as radioactive waste



produced in normal operation should first be removed by routine operations.
Each of the three possible decommissioning stages of a. nuclear plant

proposed by the consultants to the lAEApJcan be defined by two parameters
as follows:

- The physical state of the plant and its equipment;
- The surveillance, inspections and tests necessitated by that state.
Note: As far as legislation is concerned, the decommissioning of a

plant may put it in a regulatory, legal and administrative situation which
is no longer the same as before. Assessment of this new situation
depends on the situation in the country in which the plant is situated
but international safety recommendations should be taken into account.

Stage 1 decommissioning

State of the plant and equipment

The first contamination barrier is kept as it was during operation but
the mechanical opening systems are permanently blocked and sealed (valves,
plugs, etc.).

The containment building is kept in a state appropriate to the remaining
hazard.

The atmosphere inside the containment building is subject to appropriate
control.

Access to the inside of the containment building is subject to
monitoring and surveillance procedures.

Surveillance, inspection and tests

The unit is under surveillance and the equipment necessary for monitoring
radioactivity both inside the plant and in the area around it is kept in
good condition and used when necessary and in accordance with national legal
requirements.

Inspections are carried out to check that the plant remains in good
condition.

If necessary, checks are carried out to see that there are no leaks in
the first contamination barrier and the containment building.

Stage 2 decommissioning

State of the plant and equipment

The first contamination barrier is reduced to the minimum size (all parts
easily dismantled are removed). The sealing of that barrier is reinforced
by physical means and the biological shield is extended if necessary so that

it completely surrounds the barrier.
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After decontamination to acceptable levels the containment building
and the nuclear ventilation system can "be modified or removed as they no
longer play a role in radiological safety and, depending on the extent to
which other equipment is removed or decontaminated, access inside the
former containment building, if left outstanding, can be permitted*

Note: The other parts of the plant (buildings or equipment) can be
converted for new purposes.

Surveillance, inspection and tests

Surveillance around the barrier can be relaxed but it is desirable
for periodic spot checks to be continued as well as surveillance of the
environment.

External inspection of the sealed part should be performed*

Checks for leaks are no longer necessary on any remaining containment
buildings *

Stage 3 decommissioning

State of the plant and equipment

All materials, equipment and parts of the plant, the activity of which
remains significant despite decontamination procedures,are removed.
In all the remaining parts contamination has been reduced to acceptable
levels.

The plant is decommissioned (released) without restrictions. From the
point of view of radiological protection no further surveillance, inspection
or tests are necessary.

3* CRITERIA FOR RESTOICTED AND UNRESTRICTED SITE & EQUIPMENT RELEASE

In the fuel cycle of the nuclear power industry radioactive wastes and
radioactive by-products are produced. As a particular item of the overall
cycle, decommissioning of nuclear facilities will also produce radioactive
waste and radioactive by-products (such as plant or plant components) the
latter of which may be considered for use, either as equipment or as
potential raw material, outside a nuclear facility. In both cases radiation
doses may be encountered by members of the public. Criteria for the release
of plant or plant components for uncontrolled use will therefore be needed,



and -they must be formulated so that the radiation doses resulting from the
release will be compatible with considerations on permissible doses caused
by nuclear power production taking the whole of the fuel cycle into account•

Until relatively recently, it was often considered sufficient to arrange
for the release of radioactive material (radioactive waste or by-products)
in such a way that the resulting concentrations of radionuclides in air,
water, soil etc. were below certain limits. Those limits were usually
based on the ICRP MFC values. Obviously such limits in themselves do not
prevent substantial amounts of radioactive material reaching the environment
if the release rates are high.

The present trend of sophistication in radiological protection philoso-
phies will have a corresponding influence on the possibilities for the release
or reuse of plant or plant equipment.

The basic principles of radiological protection are found in recommenda-
tions issued by the ICRP. In relation to site, equipment and waste releases
in the context of decommissioning of nuclear facilities, the following
radiological protection principles apply:

- The total doses from all sources,excluding natural background and
medical exposures to patients, to individual members of the public
shall not exceed the dose limits recommended by the ICRP;

- The total radiation detriment from any practice or operation shall
not be unjustifiable in relation to the benefit from that practice
or operation.
All radiation doses from justifiable exposures should be kept as low
as is reasonably achievable, taking into account social and economic
considerations.

In order to achieve compliance with these principles, criteria must
be set up for the permissible content of radioactive material in and/or on
plant or plant equipment released subsequent to decommissioning, according
to their future use or destination.

Such plant or plant equipment may principally be identified as:

- Premises (buildings, roads, factory area, soil);
- Components, which are reusable in a function similar to the original;
- Scrap, reusable as raw material;

Waste.
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In the case of waste such criteria should be established that will
make it possible to classify the wastes into two categories; one for
which controlled disposal as radioactive waste is necessary, and the other
for which disposal as industrial waste is possible*

All criteria should be based on adequately established permissible
doses and may, for practical application, be expressed either as dose
rate levels or as activity.

Unrestricted release

Unrestricted release means that the site, premise, or equipment can
be further used without any restrictions* It also means that waste can
be disposed of without any subsequent control or monitoring measures*
Consequently, the residual activity levels must be low enough to ensure,
without any control or surveillance, that resulting individual and collective
doses will not be in excess of appropriately established permissible doses*
Based on those permissible doses, which should be looked upon as upper
limits and thus invite efforts to reduce the doses to a level as low as is
reasonably achievable, limits for residual activity and external dose
rates should be derived. When deriving those upper limits account must be
taken of the type and operational history of the facility decommissioned and
the possible exposure routes.

As a minimum the following exposure routes should be considered:

For premises:

- atmospheric resuspension of surface contamination;
- external irradiation from activity contained in or on walls, floors,
equipment etc.;

- external irradiation from the upper layer of the ground;
- inhalation hazard from future excavating work on the site due to
contamination of deeper layers of the ground;

- pollution of air, water or food chains caused by ground contamination.

For equipment:

- atmospheric resuspension of surface contamination;
- external irradiation from surface contamination or induced activity*



For scrap:

- inhalation and external irradiation hazard from the handling, storage,
raw material recirculation and subsequent use of products made of such
raw material*

Such upper limits have been derived for national use in some Member
States [2,3]* The limits are not in total harmony with each other,
consequently there is a need to develop recommendations on the limits that
will be accepted by national authorities*

Restricted release

Items that cannot be released in an unrestricted way must be treated in
accordance with relevant radiological protection rules for the handling of
radioactive material and waste* The most common modes of releases that can
be foreseen are:

— Construction materials and components sent to an appropriate waste
facility for processing and/or storage;
A nuclear facility, in part or totally, being handed over for non-active
work, but under adequate control.

- The handing over of equipment for use in another nuclear installation
where it will be under adequate control*

Safety questions related to the disposal of waste must be handled in
accordance with relevant radiological protection and waste management
requirements*

4* STUDIES AMD ASSESSMENTS IN PROGRESS

Decommissioning and associated studies are in progress in the majority
of countries. As a general statement the direct effort applied to this work
varies between one and five man-years per year, although this is supplemented
by access to other national organizations for specialist advice. The support
cannot be quantified since it is a variable, dependent upon the situation
relating to decommissioning in the particular country*

The following is a summary of current decommissioning studies and
assessments!
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(a) Canada

Atomic Energy of Canada Ltd is preparing a report outlining the steps
that may "be taken to decommission a CANDU Power Reactor. The report will
consider various alternatives varying from complete dismantling to
"mothballing". The object of the report is to demonstrate what is required
to decommission a reactor and outline the relative advantages and costs of
various alternatives* The report will assess the economic and environ-
mental effects of decommissioning a reactor and will be useful as a
reference for those required to write Environmental Impact Statements for
future reactors.

(b) France

(i) A complete study of decommissioning to Stage 3 has been made by
Stechnicatome (a subsidiary of Commissariat a 1'Energie Atomique (CEA.) and
Electricit6 de France (EDP))of the Chinon I Reactor. This facility (natural
uranium, CCv cooled and graphite moderated - 80 MW(e)) had been in operation
for 14 years, and the study confirmed the feasibility of achieving complete
dismantling. The decision has however been taken to maintain the current
Stage 1 condition, with the option of permitting public access as an industrial
museum.

(ii) The Cadarache PSgase reactor which is a light water pool type
testing reactor will be closed down at the end of 1973* Technicatome has
been authorized by CEA to undertake a study to decommission the facility
for conversion to a fuel fabrication plant or to a non active test loop
workshop. The associated zero energy facility Cadarache Peggy was shut
down in July 1975 and Technicatome has the responsibility for the
decommissioning study and removal of all active materials from the site.

(lii) E.D.P. has initiated a preliminary study of the decommissioning
of PWR power reactors which form part of its generating capacity.

(c) Germany

(i) On behalf of the Federal Ministry for Research and Technology and
of the Federal Ministry of the Interior responsible for reactor safety,
contracts are being awarded for the investigation of the overall problem
of decommissioning and of various aspects of this problem.
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(ii) Studies on the following subjects are already "being conducted
or are being prepared for the allocation of contracts:

- Study on technical safety problems connected with the decommissioning
on nuclear power stations;

- Provisional safety requirements for the decommissioning and removal
of nuclear power stations;

- Analysis of the effects of serious accidents on the decommissioning
of nuclear power stations;

- Decontamination and transportation problems connected with the
decommissioning of nuclear power stations (decommissioning in the case
of scheduled termination of life and after an accident);

- Analysis of the quantities of radioactive wastes resulting from the
decommissioning of nuclear power stations;

- System study 'Radioactive wastes in the Federal Republic of Germany1;
- Study on the possibility of storing bulky radioactive wastes;
- Investigations relating to the establishment of a plant for the
conditioning of activated and contaminated heavy reactor components
to make them suitable for final storage;

- Investigations concerning the question of the most expedient sequence
of the separate decommissioning stages.

(d) India

The experience gained in the Trombay Fuel Reprocessing Plant from partial
decontamination and decommissioning for making modifications in the plant to
extend its life and permit expansion of capacity is being utilised for studying
in detail the requirement of manpower, training, material supplies and economics
to serve as a guide for future use* Though each nuclear facility depending
on the type and design is different from one another with requirements of
decommissioning effort varying, the study will help in understanding the
basic parameters on which the decommissioning effort could be planned in
advance*

(e) Japan

Although no formal programme has "been proposed in Japan, the background
experience already obtained in modifying and decommissioning experimental
reactors will be applied when the need to extend decommissioning to major
power reactors is required*
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(f)
The current approach to decommissioning studies is to convene a

specialist team with "back-up resources to deal with situations as they arise.

(g) United Kingdom

(i) The United Kingdom Atomic Energy Authority (UKAE&) in collaboration
with other outside organizations has established a study group to consider the
problems associated with the Decommissioning of Nuclear Facilities within
the United Kingdom. The study group programme is designed to cover all
types of nuclear installations but has concentrated initially on reactors.

(ii) The three current and projected power reactor systems for the UK
i.e. gas oooled-graphite moderated, steam generating heavy water moderated
and liquid metal cooled fast, will each present its own particular problems
due to differences in design, moderator, coolant and operating parameters
with the latter dictating the activation of the fixed reactor structure.

(iii) The UKAEA has experimental reactors of each class (WAGR; SGHWR; DFR)
and an evaluation of these systems including DRAGON in relationship to
decommissioning should yield information appropriate to commercial types, in
addition to providing data on which the UKAEA. can base its policy regarding each
reactor as it is retired.

(iv) The UKAEA. through the Decommissioning Study Group which acts as a
focus for the work and the site management concerned is engaged in studies
for the decommissioning of its major facilities. The Generating Boards are
conducting similar studies for current commercial type reactors.

(v) Although general aspects of decommissioning have been considered,
the Windscale Advanced Gas Cooled Reactor (UA.GR) was selected as the initial
reactor for detailed study. It is a graphite moderated - carbon dioxide
cooled system incorporating a steel pressure vessel with a separate biological
shield and equipped with external heat exchangers. Although differing in
scale and operating conditions these features are common to the early
Magnox stations. The study has also been used to establish a general approach
to the subject of decommissioning of nuclear reactors and will be extended to
the other classes of reactor noted in (iii) above.
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(h) United States of America

(i) The Energy Research and Development Agency (EEDA) has initiated plans
to deal with its surplus nuclear facilities which are located in its major
establishments•

(ii) Approximately 200 facilities, consisting of production and experi-
mental reactors, plutonium and uranium laboratories, retention basins, ponds,
etc., are currently considered to be surplus and an additional 60 facilities
are expected to become excess by 1980*

The objectives of this program are to:

- Provide surveillance and maintenance of excess facilities until
disposition is undertaken;

- Develop technology for safe and economic decontamination and disposi-
tion of radioactively contaminated facilities, equipment and metals;

- Establish plans, priorities, and budgets for disposition of excess
facilities;

- Reduce the potential for environmental contamination and need for
perpetual surveillance and maintenance;

- Reduce the inventory of ERDA excess radioactively contaminated
facilities, to the greatest extent practical, to allow land to be
released with no restrictions on future use*

To meet the stated objectives, the program is divided into four categories:
surveillance, planning, disposition, and research and development methods.

(lii) Planning efforts were started in Fiscal Tear (FT) 1975 at Hanford,
Idaho National Engineering Laboratory, and Oak Ridge National Laboratory, and
are continuing in FT 1976. The Hanford site contains the largest number and
variety of types of contaminated facilities considered surplus at the present
time, therefore, the major planning effort is related to this site. The main
objectives of the planning studies are to establish methods, costs, priorities,
and the identification of necessary research and development for the disposi-
tion of the current inventory of the surplus facilities. These planning
studies should permit establishing long-range plans at these sites by the end
of FT 1977.

(iv) The Atomic Industrial Forum (USA) is sponsoring a study on the
decommissioning alternatives for light water and high temperature gas cooled
reactors which will include basic economic parameters.
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(v) The National Regulatory Commission (NRC) has also started a study
to develop cost information for the decommissioning alternatives of nuclear
fuel cycle facilities.

(i) The Commission of the European Communities (C.E.C.) - Brussels

The C.E.C, has sponsored a study of the technical and economic problems
in decommissioning of nuclear power plants (L.W.R.'s 900-1300 MW(e)). The
main topics to be covered are:

- Activity inventory for the main components;
- Supervision of decommissioned plants;
- Evaluation of the three possible stages of decommissioning
including cost /benefit analysis;

- Analysis of aspects which cannot yet be quantified including the
estimation of financial risks, siting considerations) future
decommissioning strategies etc*

- Proposals for the construction of future power plants in respect of
decommissioning.

5. DESIGN FOR DECOMMISSIONING OP HUCIEAR FACILITIES

In the past nuclear plants have been designed for safety and performance
but without specific regard to their subsequent decommissioning on completion
of their operational life.

In view of the projected further development of nuclear energy in the
world the members of the Technical Committee are of the opinion that it is
desirable and necessary to consider the decommissioning of nuclear plants at
the design stage and, as far as necessary and feasible, to make corresponding
provisions. [4,5]

To facilitate decommissioning operations which will be performed after
the final shutdown of the plant, design features should be introduced so that
these operations can be performed in such a way that:

- The exposure of people in the plant and its vicinity is kept as low
as possible;

- The amount and activity of the radioactive waste are kept within
acceptable limits;

- The costs of these operations are kept to a minimum.
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The design features in question should cover the complete removal of
the activated and contaminated plant components (Stage 3 decommissioning).

Design features aimed at facilitating decommissioning will also
facilitate the maintenance or replacement of components during the operation
of the plant.

The incorporation of the recommended design features will not necessarily
lead to increased total costs, especially if, in addition to construction
and operation, the decommissioning of the plant is included in a cost/benefit
analysis.

Design features

The Technical Committee recommends that the following design features
"be taken into account in the various areas important from the decommissioning
point of view:

- Arrangement of components and structures

Components and structures should be so arranged that:

- The site can ultimately be developed to its maximum potential despite
the eventual existence of decommissioned structures;

- There is sufficient space around them to permit access with
transporting equipment, shielding or tools;

- Suitable cells or cabins can be erected around them to restrict
the dispersion of radioactive material during their dismantling
and, if necessary, to permit operations at a lower pressure than in
the surrounding atmosphere;

- They can be removed in one piece through adjoining rooms or the roof,
using plant or external lifting devices if necessary.

- Construction of components and structures

Components and structures should be so designed that:

- The contaminated or activated components can be cut off;
Example: Detachable concrete layers on the biological shield;

- Their activation level is reduced;
Example: Distance between the steel reinforcement of the concrete and
the neutron flux zone;

- The components and structures can be broken down into parts which are
relatively light, small and suitably shaped for transportation;
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- Suitable passages and openings are provided for removing Hhem from
the containment or reactor building;

- As many components as possible are replaceable;
- Materials are selected to reduce the formation of nuclides with a
long half-life.

- Decontamination provisions

To simplify the decontamination of components, pipe systems and rooms,
the following provisions should be made:

- The spreading of active corrosion products or deposits during
operation or decommissioning should be limited by for example, the
incorporation of drain points, devices for flushing the piping
systems and traps in pipe systems;

- Facilities for the decontamination of components and rooms, including
means of introducing and draining decontamination solution.

- Administrative measures

A reliable documentation system should be established and used to
record all changes in the design and materials of the plant during its
operation.

6. DEVEIX)FMBKT OP EQUIPMENT AMD TECHNIQUES

Decommissioning operations involve several phases and steps each requiring
adapted equipment, devices and techniques.

In very general terms, the following main phases can be defined:

- Decontamination: to reduce both radiation and contamination levels to
reach acceptable working conditions;

- Disconnecting and Dismantling; leading either to the isolation of pieces
of equipment to be left on the spot or to the removal and transportation
of dismantled equipment;

- Removal and Transportation: covering in plant handling of the dismantled
equipment and its conditioning to allow transportation either to a
waste treatment facility or to a waste repository;

- Final Decontamination or Cleaning;; performed at the end of the decommissioning
to meet, if necessary, the radiation and contamination norms corresponding
to the adopted decommissioning stage.
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Each of these steps implies radiological protection of the staff and the
environment} consequently special attention is required for the development of
equipment to secure safety during the abnormal conditions prevailing during
dismantling operation.

Maintenance work, repairs and modifications carried out in the operating
facilities have caused the development of techniques and equipment which
will "be useful for decommissioning operations. It is however likely that those
devices and equipment have to be adapted as they have generally been designed
to solve specific problems in specific conditions and facilities. Consequently
the existing experience offers mainly basic principles and basic techniques
only. For instance, plasma arc technique has been successfully applied for
cutting stainless steel equipment both in air and under water. It is obvious
that this technique can be widely used in dismantling operations; however,
the handling of the cutting equipment has to be adapted to the local conditions
such as type of activity and contamination, accessibility to and in the
equipment to be cut, ventilation conditions in case of aerosol formation etc....

It is evident that for many purposes only basic devices and techniques
can be submitted to standardization, these devices having finally to be
incorporated into set-ups designed to function in the local conditions of
the intervention(s) to be performed.

The following remarks do not anticipate that multipurpose or standardized
equipment cannot be developed. Indeed some operations are less dependant than
others from the existing conditions, as for instance: transport containers,
crane vehicles, excavators etc.

A preliminary survey of the most recent literature on the decommissioning
of nuclear facilities indicates that a number of types of equipment and tech-
niques are already developed, or are under development as outlined in the
enumeration below:

- ]for decontamination

- "Water cannox*1 producing pulsed high pressure low-volume jets, to
remove thin layers of concrete;

- Improved decontaminating agents for stainless steel surfaces;
- Chipping, grinding, sand blasting and shot blasting for either

concrete or stainless steel surfaces;
Melting lead components and skimming of the active material;

- High pressure jets for metal surface cleaning;
- ultrasonic techniques.
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- For equipment dismantling

- Plasma arc cutting of steel, underwater or in air;
- Explosive release technique;
- Cracking of concrete structures "by air hammer, rock drilling or

thermal lance techniques;
- Mechanical cutters for steel and concrete;
- Heavy duty telemanipulators, remote controlled vehicles with

telemanipulators, excavators etc*;
- Laser cutting.

- For conditioning of dismantled equipment

- Heavy duty compactor and presses for volume reduction;
- Smelting of cut steel pieces;
- Protective treatment to avoid spread of contamination.

- For transportation and disposal

- Shielded transport casks for dismantled radioactive components;
- Special carriages and cranes for dumping large volumes of solid

wastes such as concrete, earth etc.;

- For the protection of the personnel

- Shielded cabins equipped with viewing windows and manipulators;
- Local shields;
- Tents or cabins with controlled ventilation for the dismantling

and cleaning of contaminated components and equipment.

This enumeration is not exhaustive but shows that many basic techniques
and equipment are already available and have been utilised for actual
dismantling operations.

7. WASTES FROM DBGOMISSIONING

Decommissioning of nuclear fuel cycle facilities to Stages 2 or 3 results
in large quantities of radioactive waste materials which will have to be
disposed of in a safe and environmentally acceptable manner.

The incentives to decommission a facility to Stage 3 may be environmental
pressures, the economic attraction of re-using an existing site, and/or to
reduce the need for perpetual surveillance and maintenance of the facility.
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For the planning of adequate disposal of such wastes the expected
quantities, radioactive levels and content, and the physical and chemical
characteristics of the radioactive wastes have to be carefully considered.

Using the decommissioning of a reactor as an example, the complexity
of planning required for waste disposal is "best demonstrated by referring to
examples of decommissioned facilities summarized in Tables I and II. Generally,
major reactor components for disposal are core internal structure, pressure
vessel, thermal and biological shields, heat exchangers, building structures
etc. A detailed description and categorization of the wastes is given in
Table III. The basis of the categorization follows from the script.

Category 1

This category includes the pressure vessel and the reactor components within
the biological shield. This represent snot only waste of great bulk but also
the most highly active and most highly contaminated waste. It will be
necessary for the bulk components in this category as in other categories to
be reduced in size by some means in order to permit safe handling and trans-
portation.

If other factors permit, the disposal method should permit subsequent
retrieval if desired. Thus after a suitable delay period it may be possible
to retrieve and re-cycle valuable materials and simultaneously reduce the amount
of waste to be stored permanently. Again developments in techniques may make
it possible to retrieve certain wastes and deal with them more safely as
indeed may be called for by future legislation.

Category 2

This type of waste may be classified in the case of a reactor as the
components external to the biological shield including, for example, heat
exchangers, circulator pumps, pipe work, etc. Such wastes may be of large
bulk and will be substantially contaminated.

The treatment of these wastes will follow much the same lines as of
the Category 1 wastes and need to be confined in shielded storage of high
integrity with subsequent environmental monitoring.
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to

T&BIB I

Hastes from Decommissioning of Some Facilities

Facility

Elk River Reactor

Experimental
Boiling React or-I

JPDR

Demonstration
Reactor

NRX
Research Reactor
40MWt

NRU
Research Reactor
200 MW.

D/D Activity

Stage 3

Conversion to
National
Historic
Landmark

Up-grading

Decent aminati on •
Replacement of
vessel in 1953
and 1970

Replacement of
vessel 1974

Materials
Disposed

Concrete
Soil

NaK

Concrete

Vessel

Vessel

Quantity Activity

1600 yd3 (1224 m3) Ototal
1800 yd^ (1377 n̂ ) 10,000 Ci

4400 gal (20 m3) 16 Ci 137Cs

75 m3 1 uCi/gai

300 R/hr
(vessel
surface)

200 R/hr
(vessel
surface)

Reference

[6]

[7]

C8]

[9]

C9l

Le Bouchet
Uranium
Fabrication
Plant

Planned
Decontamination
of building
structures and
land

Radiferous
lead sulfates,
ore residues,
silts from
settling pond,
scrap iron
etc.

30,000 t 3500 Ci do]



TABLE II

Elk River Reactor
Radioactive Inventory and Maximum Contact
Radiation Levels by Reactor Component

Component Inventory Maximum Contact
(Curies) Radiation Level-R/hr

Internals

Upper Shroud 770 2800
Lower Shroud 35 175
Core & Shroud Plate 2370 8000
Core Support Stand 100 150
Inner Thermal Shield 3090 1000
Shadow Shields 2330 3000
Peedwater Distribution Ring 75 60

Pressure Vessel 1110 115

Outer Thermal Shield 75 1

Total 9955*

* As of April 30, 1971

Mote: Adapted from Table II p. 16, Reference 6.
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TABLE III

Wastes from Decommissioning a Nuclear Facility
(Notional data for a 1200 MW(e) PWR Shut-down after 30 years operation)

Category Description Items Quantity Activity inventory
(l year after shut-down)

CO 3

4

Activated/contaminated steel
components within the
"biological shield

Contaminated steel compon-
ents

Activated, contaminated
concrete

Contaminated auxilliary
systems and "building
structures

Consequential wastes

Control rods }
Vessel internals)
Vessel

Primary circuit
components e.g.
pumps, pipe work,
heat exchangers

Ventilation systems,
waste treatment
system in the nuclear
facility itself
(e.g. evaporators)

Decentamination
wastes

Filters from cutting
work

200 tons
500 - 600 tons

500 - 1000 tons

1000 tons

in the order of
ICr m3, liquid
(unconcentrated)
depending on the
scale of
decont amination

in the order of
tonne quantities

10° Ci (high)
105 - 106 Ci (high)

low - medium

low - medium

medium active waste
(in the range of
10° Ci/m3)

low - medium

Note: Information drawn from papers IAEA TC 22/4 and IAEA TC 22/6 presented at meeting.



However, some components in this category of waste, such as heat exchangers
in light water reactors, may prove amenable to substantial decontamination "by
suitable techniques. For decommissioning these techniques may well "be more far
reaching than decontamination procedures used during normal operations. Where
such decontamination techniques prove effective the need for disposal of such
wastes is thereby eased* In this category again wastes should be stored in a
retrievable fashion if possible.

Category 3

The treatment of the concrete biological shield deserves separate mention.
The concrete usually is activated and contaminated. Demolition of this will
be required by one or other of the methods discussed (for example, explosives,
thermal lances, etc.). Inevitably such demolition will give rise to airborne
contamination which must be trapped within filters, the latter giving rise to
one of the Category 5, namely consequential wastes.

A valuable point has been made regarding the demolition of the concrete
biological shield. The bulk of the contamination and part of the activation
resides in the inner layers of concrete. If it proved possible, successive
removal of the concrete in layers therefore might allow segregation of this
enormous bulk of material into two or more parts of different activity. The
outer layers, being substantially inactive, could then be disposed of much
more easily than the inner more highly active layers. Design concepts which
facilitated such treatment would be of value.

The concrete may have the shape of sizeable blocks. For these one method
of disposal would be into suitable ocean depths in conformity with the IAEA
recommendations to the London Convention.

Category 4

Under this category the auxiliary systems plus building structures which
may be slightly contaminated are classified. Again such structures may be
amenable to decentaminatxn methods and the success of these will influence
the type of disposal required. Generally it is solid material for which
land burial will be required though under less onerous conditions than that
required for categories 1 and 2. Alternatively sea disposal may be a suitable
alternative.
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Category 5

Consequential Wastes

Under this heading those wastes are classified which do not form an
intrinsic part of the reactor or reactor externals but which arise as a result
of the decommissioning exercise. For example, the various liquid deconta-
mination agents need to be treated as active liquid wastes* These wastes
will for the most part be medium active, the remainder will "be low active.
Also contaminated filters resulting from operations such as the cutting of
active concrete need to be treated as solid waste in a manner appropriate to
their activity content.

Category 6

Other Wastes

For certain reactors there are additional wastes specific to those
reactors.

Thus in the graphite moderated gas cooled reactor the large bulk of
graphite poses special problems. The only current method of dealing with this
material is burial but development work is in progress on size reduction
by suitable burning of the graphite under controlled conditions to reduce the
bulk of the waste material.

For the fast breeder reactor we have the problem of disposal of the
actively contaminated sodium coolant. Current disposal practice converts
the liquid metal into sodium salts which may be treated as a normal active
waste.

Similarly other nuclear plant designs pose their own specific problems
in terms of decommissioning wastes. A more thorough study in depth of these
individual arisings would be of value.

Provisions stipulating safe and environmentally acceptable methods for
the disposal of radioactive wastes exist in many countries faced with the
burden of radioactive waste disposal (Table IV). Development of a national
policy for the management and disposal of radioactive wastes is being considered
by a number of Member States. Geographic location of waste generating
facilities, transportation, suitability of sites, projected quantities and
expected physical and chemical properties will be major factors in develop-
ing such policies. Alternatives for the ultimate safe disposal of high-level,
long-lived radioactive wastes are being considered by both European
countries and the U.S. and Canada.
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TABLE! IV

Provisions for Regulation of Radioactive Haste Disposal

Country Regulatory Provisions Content

U.S.A.

Canada

to India

Sweden

Great Britain

Federal Republic
of Germany

France

Japan

Code of Federal Regs. ft.tle 10, Part 20

Criteria for Waste Management Sites.

Safety Advisory Committee to the Atomic
Energy Control Board on Radioactive Waste
Disposal.

Planning of effective radioactive waste
management policies "by Atomic Energy Dept.

Commission to study radioactive waste
handling and associated regulatory require-
ments.

Government White Paper -
Control of Radioactive Wastes (Grand 884)

Regulations for final waste disposal in
preparation.

A general policy on waste management is
being developed by CEA and relevant
ministries. Precise regulations exist
for low and medium activity wastes.

Law for the Regulation of Nuclear Source
Material, Nuclear Fuel Material and
Reactors.

Establishes procedural requirements
for waste disposal

Stipulate site requirements for the
protection of public health and
safety.

Advises the AECB on health, safety
and environmental matters pertaining
to radioactive waste disposal.

Advisory document,
practices.

Basis of current



Research and Development

It was concluded that development is needed in the following areas to
improve waste disposal operations:

- Definition of the radioactivity level at plant "before decommissioning;
- Development of decontamination techniques;
- Development of techniques for recovery of valuable material;
- Development of methods for segregation;
- Optimizing the use of available options for handling of decommission-
ing waste.

Conclusions

Experience with radioactive wastes resulting from the decommissioning
from nuclear fuel facilities indicated that short- and medium-term waste
management alternatives provide an acceptable and safe way of storage* The
ultimate safe disposal of long-lived radioactive wastes poses a complex and
difficult challenge and is being actively investigated. It is generally
believed that ultimate methods of disposal are feasible and will be available
at some later time.

Rec ommendations

1. The disposal site should be accommodated on the same site ("nuclear park")
as the main nuclear plants, so as to reduce handling and transportation
problems.

2. Where alternative 1. is not possible then there should be a limited small
number of central disposal sites to which all the wastes would be consigned.
This facilitates subsequent continuous routine monitoring and surveillance.

3« Techniques should be developed to facilitate waste handling in order to
reduce dose exposure to personnel and reduce the environmental effects
from waste arising from decommissioning of nuclear facilities.

4. A suitable delay time should be allowed for the decrease of the radio-
activity levels to facilitate decommissioning operations and waste
handling.

5. The need for delay time be considered both at site selection stage and
facility design stage.
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8. RECENT SIGNIFICANT OISRATIONS

There have not "been many significant operations conducted during the
last two years* The Agesta reactor in Sweden, a pressurized heavy water
type of 60 Mtfth capacity used for district heating and electricity
generation) was decommissioned to Stage 1 during 1973 [ll]. The reactor
and heat exchanger systems are located underground in rock, while
auxiliary systems are located on the surface*

In the USA, the Experimental Breeder Reactor No* 1 was decontaminated
and decommissioned to Stage 2 during 1973-73 [7]» The project involved
the removal and conversion to hydroxide of 20 m of contaminated NaK. The
reactor, a Registered National Historic Landmark, is now open for public
viewing. The Elk River dismantling to Stage 3 was completed in July 1974
[6]. Upon completion of the dismantling, the site was restored to
approximately the condition that existed "before the reactor was "built.

The Material Testing Reactor Overhead Working Reservoir demolition
was unique in that it achieved a first in lowering a radioactively contaminated
overhead water tower (cobalt-6"0 sources inside with a radiation level of
300 R/hr) using an explosive release technique. The utilization of
explosives instead of cutting and crane dismantling resulted in a cost
saving of about $200,000 [l2j.

In France, a start has been made on decommissioning the Le Bouchet
plant which was a CEA operated uranium fabrication plant operated from
1953 to 1970 on a site 40 km south of Paris. It consisted of 50 buildings

p

on a plot of 8 hectares (80 000 m ).

This is the first time in France that the CEA has withdrawn from a
site and returned it to a third party who is not a nuclear operator and
whose staff are accordingly subject to the same radiological protection
standards as the population at large.

From 1953 to 1956 the plant processed 5800 tons of high-quality ore
(6 to 20$ U) from French mines* Subsequently it worked on uranothorianite
concentrates and on uranium already separated from its daughter products.
All the waste derived from these activities was stored on site.

28



The decommissioning of the plant made it necessary:
- To decontaminate and remove all the processing equipment;
- To decontaminate the "buildings and the soil;

To remove all radioactive waste accumulated on the site.
2

The contaminated buildings covered a total ground area of 11 000 m .
In some of them there was only slight dust contamination, but the wet
processing shops were highly contaminated. Moreover, this contamination
produced rather strong irradiation in the shops which had treated
uranothorianite, although the dose rate only exceptionally approached
1 rad/hr.

2Outside the buildings, 20 000 m of soil were contaminated to a
lesser degree.

Apart from radium containing lead sulphates, the wastes were only
slightly contaminated, the average being similar to that of a 0.3$ uranium
ore. It was decided that:

- The most heavily contaminated wastes were to be taken to the
Infratome site »

- Wastes contaminated roughly to the same extent as those of
the La Crouzille mining site and of the same physical nature
were to be sent to that site.

The categories of waste were to be disposed of as follows:

(a) Radiferous lead sulphates

There were a thousand 60-litre vats containing lead sulphates and
thorium with Raj total activity (of all radionuclides) 3.5 Ci per vat; dose
rate 0.5 to 1 rad/hr at contact. These vats, containing by far the most
heavily contaminated waste of the Le Bouchet plant, were sent to Infratome
where they are stored in open concrete vats so that they can be withdrawn
again if necessary in accordance with established waste management policy.

(b) Residues from rich ores

These amount to 7000 tons with an average contamination, in terms of
radiotoxicity, similar to that of a 0.3$ ore. They are in the form of
sands and are similar to the four million tons already accumulated in the
settling basin at the Crouzille site. Accordingly, it seemed logical to

_!/ The Infratome site is the national storage depot for radioactive wastes,
located next to the La Hague reprocessing plant.
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send them there and that operation is now in progress. About 3400 tons have
been transported already and approximately the same amount remains.

(c) ffydroxides

These come from processing of the rich Crouzille ores and their
average contamination is the same as that of the residues. They constitute
about 1800 tons of products of a different physical nature to those at
La Crouzille, and for this reason they will not be sent there. A concrete-
lined trough has been built at Infratome to receive them and the movement
will probably be made at the end of 1975 or in the course of 1976.

(d) Settling basin silts

There are about 15 000 tons of these silts contaminated to one third
of the level of the residues. It is foreseen that they will be sent to the
Crouzille basin, but planning is not final in this case.

(c) Miscellaneous waste, scrap iron, rubbish

This category will amount to about 10 000 tons. Everything that has
a total alpha activity below 1 mCi/nr will be deposited on the tailings
dumps at La Crouzille (containing six million tons); 3500 tons have
already been transported.

The special characteristics of this operation which distinguish it
from an operation involving, say, the dismantling of a reactor or of an
irradiated fuel reprocessing plant are:

- Since the levels of external irradiation and atmospheric contamination
were not very high, the decontamination, dismantling and demolition
work was only moderately difficult.

- On the other hand, the large extent of the contaminated surfaces
meant a great deal of work in measuring contamination.
The amount of waste to be removed was very large, but the
nature of the wastes and the availability of a mining site able
easily to absorb them made their final disposal relatively
inexpensive.

It is expected that the clean-up operations to Stage 3 will be completed
some time in 1977• The total cost will be at least 30 million francs
(US« 7 x 106).

In addition to the above decommissioning operations, some maintenance
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and replacement operations have yielded experience which is useful for
decommissioning. In Italy, the thermal shield of the Trino P.W.R. was
removed from the reactor and mechanically cut "before transfer and storage
[13]. At the same time, experimental work on under-̂ water plasma arc
cutting of stainless steel was undertaken in case the mechanical cutting
was not satisfactory. This experimental work showed the suitability of the
plasma arc method [l4]«

In Canada the MRU vessel was replaced during a lengthy shutdown
between June 1972 and August 1974 • The reactor had been designed so that
this could be performed [9].

A decontamination, inspection and modification programme is
in progress at the Trombay Fuel Reprocessing Plant in India. Internal
decontamination of equipment followed by surface decontamination of cells
and equipment has been conducted prior to removal of equipment and piping.
The experience indicates that it is possible to reduce the levels in such
cells and equipment to allow manual intervention.

Similar work has been performed at the Eurochemic plant with the
object of putting the plant in a standby condition. Rinsing to achieve a
fissile material balance has been completed, and the second stage of
decommissioning is in progress. In the first stage, 130,000 Ci of fission
products were removed.

9. COSTS OF DECOMMISSIONING AND COST GUIDES

It is important that cost data be obtained for the decommissioning of
nuclear facilities. Knowledge of these costs could influence the original
design of a facility or prompt modifications and/or changes to future
designs. In addition, it is quite often required that the owner of a
proposed nuclear facility demonstrate that adequate provision will be made
to cover such costs before he can receive a licence to proceed with the
construction of the facility.

There has been little experience to date with regard to establishing
the cost of decommissioning nuclear facilities. The cost data presently
available is minimal and quite often there is insufficient data to allow
others to use this information as a basis for estimating.
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The costs associated with decommissioning of nuclear facilities may be
one of the principle concerns facing "both industry and government in the
years ahead. A number of the subjects already addressed in this review will
obviously influence such cost. Factors that should be considered in any
cost estimate include the following: the future use of the facility; the
stage selected for decommissioning; the design and characteristics of
the facility; type, quantities, and radiation levels of materials; waste
disposal and burial requirements; methods of decontamination and acceptable
final contamination levels for unrestricted release of the site (Stage 3);
specialized equipment and tools; manpower and time required to complete the
job; salvage value of recoverable equipment and materials; health physics
requirements; and the potential need for continued surveillance. In
considering these factors the most critical to arriving at realistic cost
estimates for the Stage 2 and 3 alternatives is the establishment of accept-
able decontamination criteria.

At the present time there is no standard method that has been
established for arriving at these costs. Hie Atomic Industrial Forum (USA)
is sponsoring a study on the decommissioning alternatives for light water
and high temperature gas cooled reactors which will include basic economic
parameters. For each decommissioning alternative, unit cost factors will
be developed for labor, equipment and materials used, radioactive waste
burial costs, shipping costs, and industry safety requirements and costs.
unit cost factors will be developed based on known costs of previously
decommissioned reactors. The study is scheduled for completion by the end
of 1975* However, it must be realized that the cost data developed will be
primarily applicable to the U.S. and only selected portions of the data can
be expected to be transferable to situations in other countries.

It is highly desirable that detailed records be maintained for all
decontamination and decommissioning efforts, including costs, and a
standardized form should be established for recording and reporting data.
Ohis would facilitate comparing data from similar facilities and would be
a frame of reference for establishing costs for future decommissioning
efforts.

Although very little substantial cost data is available it would seem
worthwhile to record some of the information in order to point out the
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magnitude and demonstrate the variation of costs of some decommissioning
activities.

The following Table V is "based on percentage costs incurred in
dismantling the Elk River Reactor [6] compared with estimated costs made
by W.J. Mannion [15] for the decommissioning of a 1,000 MW(e) light water
reactor*

The figures expressed in terms of percentage of the total expenditure,
indicate that:
- The removal of the pressure vessel and its internals constitutes a

greater proportion of the total costs for a small power plant than
for a larger plant;

- In both cases, transportation and disposal are the predominating
cost factors*

Proposed format for collecting cost data

It is recognized that using a common format for reporting cost data on
a variety of facilities may at times produce an inaccurate basis for cost
comparisons and cost estimating. Nevertheless, the need for obtaining
information and reporting it in a manner that can be readily used does exist
and therefore an attempt has been made to develop such a format*

The proposed format is attached as Appendix A* There are several
points that should be made about this form.

1. The ratio of costs, rather than actual costs will quite often be a
more useful number, particularly when considering or comparing data
obtained from areas or countries where the labour and material costs
may differ considerably.

2. A consistent method must be developed for reporting costs. For example
if the construction costs are in terms of present (1975) dollars, then
projected decommissioning costs (40 years from now) could also be
expressed in 1975 dollars.

3. Although transportation costs are included, the more important number
is the number of tons of radioactive waste required to be removed and
the weight and number of return trips required for shipping casks.
Since distance and type of transportation used can vary from one case
to the next, it is unlikely that actual costs of transportation will
be a meaningful number in many cases.
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TABLE V

Unit
Opera-
tion

ELK RIVER REACTOR
58 MWth (22 MWe) BHR

STUDY OF NUCLEAR POWER PIANT
1,000 MWe LWR

CO

1. Final facility plans

2. Removal of piping and equipment from containment
3* Removal of superheater and superheater "building,

etc.
Removal of containment "building and structure

4* Removal and disposal of vessel internals
5. Removal and disposal of pressure vessel
6* Removal and disposal of "biological shield
7. Removal of miscellaneous equipment
8. Material disposal
9. Facility closeout

10. Technical support

7.4 (Perform preliminary radiation survey
(Decontaminate local areas
(Perform detailed radiation survey

4*9 Remove piping and components
8.8 Remove building and structures

12*7 Remove vessel internals
17*0 Remove pressure vessel
19*9 Remove "biological shield

20.0
1.7

6.7

99.2

Shipping and "burial of wastes
(Perform final radiation survey and
[prepare final report
(improve grounds
Revise technical specification
Calculate radioactive inventory
Prepare decommissioning plan and environ-
ment report
Perform engineering studies, prepare
procedures, design tools.

CONTINGENCY

8.0
16.0

6.5
5.0
4.0

27.5
04
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TABLE V

Unit
Opera-
tion

ELK RIVER REA.CTOR
58 MWth (22 MWe) BWR

STODY OF NUCLEAR POWER PUNT
1,000 MUe LWR

oo

1. Final facility plans

2. Removal of piping and equipment from containment
3* Removal of superheater and superheater "building,

etc.
Removal of containment building and structure

4* Removal and disposal of vessel internals
5. Removal and disposal of pressure vessel
6. Removal and disposal of biological shield
7. Removal of miscellaneous equipment
8. Material disposal
9. Facility oloseout

10. Technical support

7.4 (Perform preliminary radiation survey
(Decontaminate local areas
(Perform detailed radiation survey

4*9 Remove piping and components
8.8 Remove building and structures

12*7 Remove vessel internals
17.0 Remove pressure vessel
19.9 Remove biological shield

20.0
1.7

6.7

99.2

Shipping and burial of wastes
(Perform final radiation survey and
[prepare final report
(Improve grounds
Revise technical specification
Calculate radioactive inventory
Prepare decommissioning plan and environ-
ment report
Perform engineering studies, prepare
procedures, design tools.

CONTINGENCY

0.4

8.0
16.0

6-5
5.0
4*0

27.5
0.4
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4. Decontamination costs should be entered as a separate item since
different operating histories plus length of time after shutdown could
produce large differences in decontamination costs "between otherwise
similar facilities.

5. Man Rem exposure should also "be reported separately for the
decontamination and decommissioning phases for the same reason as in
4. above. A statement as to the particular activities that contributed
to the major portion of the man rem exposure would be useful.

10. IMERHA.TI013ft.Ii COOPERATION

Due to the growing importance of decommissioning of nuclear installations,
the Committee considered that the establishment of general norms, standards
and regulations is a future need. One area that is most critical to the
technological and economic requirements for decommissioning and especially
decontamination is the establishment of criteria for unrestricted release that
will be acceptable to the authorities and the public.

The IAEA, should start with compiling the criteria and guidelines
currently used or being developed by Member States for decommissioning and
then develop recommendations for internationally acceptable guidelines and
standards.

Because of the general shortage of information on decommissioning actions
in the Member States and the difficulty of comparing costs and radiation
exposures incurred, it would be useful if a standardized compilation of
decommissioned installations could be prepared so that some information on
costs etc. could be developed on an objective basis.

This should be done in the framework of the TATCA information dissemina-
tion activity.

The IAEA, could become a reference source for expertise and documented
experience regarding decommissioning.

The Committee recommends that there should be a close cooperation in
this field between the different international organizations.
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11. CONCLUSIONS AMD RECOMMENDATIONS

1* !Ihere are no insurmountable technical problems to decommissioning to
any stage, but considerations with respect to policy, planning, timing,
costs, waste disposal, safety criteria and regulatory aspects need
further development.

2. Some countries (Japan, France and Federal Republic of Germany) consider
that decommissioning of nuclear power plants to Stage 2 or 3 will
eventually be required to allow reuse of scarce sites*

3. Ihere appear to be significant advantages in harmonising principles and
rationalising standards on an international basis* In this regard it
would be useful if Member States adopted the stages of decommissioning
elaborated by the consultants and refined in this document, which may be
formalised at a later stage. The IAEA is strongly urged to develop
criteria for site and equipment release that can be accepted internation-
ally.

4. Experience and cost data need to be accumulated so that realistic
planning for decommissioning can be instituted. It is strongly recommended
that all decommissioning operations be reported to the Agency, and that
cost data are, at the very least, reported in such a way that the informa-
tion listed in Appendix A is provided.

5. Emphasis on designing for decommissioning is of great importance.
Efforts made now may not significantly increase capital costs and
should yield very great savings in the future.

6. Bie exchange of information at this meeting has been most useful and it
should be continued on a formal and informal basis. In this respect the
Agency could act as a clearing house for informal exchange of
information.
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7. Coordination and cooperation "between Member States in the development
of specialized equipment and decontamination and dismantling techniques
should be pursued by the members of the Committee.

8. Future meetings should continue the general information exchange
activity but should concentrate on limited specific areas of major
concern so that progressive development in these areas may proceed.
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APPENDIX A
A SUMMARY COST REPORT ON A DECOMMISSIONING OPERATION

1* Name of facility and country;
2. Type of facility and power output;
3* Construction dates: Start

End
4* Capital cost of construction (standardized);
5. Brief description of operating history of facility;
6. Decommissioning dates: Start

End
7* Decommissioning stage adopted;
8. Brief description of decommissioning procedures;
9. Decommissioning costs (standardized)

(do not include transportation or decontamination, costs);
10. Man years of effort required:

Professional and planning;
Technical and skilled;
Unskilled;

11. Radioactive inventory:
Before decontamination (Ci):
After » (Ci):

12* Radioactive waste:
Construction material Piping and equipment

tonnes nr tonnes m
Stored on-site:
Transported off-site:

13. Transportation:
Waste Total Shielding Total Round Trips Distance
(tonnes) (tonnes) No. (Round Trip)

Unshielded: x x x x x x x
Shielded:
Shipping Casks used:
Identification No* used Tare Weight Payload Round trips

Cost (standardized)

14* Decontamination details:
Man years required
Radiation exposure Man-rent
Cost (standardized)
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15* Realized value of salvaged material;
16. Net cost of decommissioning:

(Do not include transportation or decontamination costs);
17* Net radiation exposure incurred Man-rem

(Do not include exposure on decontamination);
18. Ratio of net decommissioning cost to capital cost of construction;
19. Annual cost of surveillance (standardized);
20* Annual man year requirement for surveillance;
21. Estimated length of time surveillance will be required;
22. Current or projected use of site.
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