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I. INTRODUCTION

A large number of Member States are and will be confronted with

the eventual need to decontaminate and decommission nuclear facilities,

including reactors, production and research facilities which will

have reached the end of their useful lives.

In meeting with this need, consultants met with the IAEA in Vienna

in 1973, to identify the scope and magnitude of the problem and to

ascertain courses of action. The consultants concluded that collabora-

tion in decommissioning matters would be most fruitful as there was a

high degree of agreement that the environment should be preserved and

the best use made of the world's land, water and other resources.

In October 1975, the Agency sponsored a technical committee

meeting on decommissioning of nuclear facilities to continue consideration

of the subject. Proceedings of the meeting were published as an Agency

series, IAEA - 179, which included a list of recommendations and

conclusions.

Among these conclusions and recommendations necessitating "follow-up"

by the technical committee of 1975 were the following:

1) There 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) There appear to be significant advantages in harmonizing principles

and rationalizing 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 (IAEA-179) 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 internationally.

3) 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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The Agency's programme objectives include the development of

codes of practice and guidelines to the codes including standards

to provide means of ensuring that decommissioning activities are

performed safely to protect man and his environment during decomm-

issioning phases and to allow for safe and unrestricted use of

land, equipment, materials and structures when released to the public.

Accordingly, a second technical committee meeting was convened in

Vienna, Austria, atIAEA Agency Headquarters on 24-28 October 1977. To

the extent feasible, the 1977 meeting objectives included consideration

within the conclusions and recommendations of the report IAEA-179 with

intent to accomplish the following:

1) Review previously reported data and report on new experiences

related to decommissioning.

2) Promote technical discussions and,if appropriate, initiate

development of procedures for decontamination of

facilities to be decommissioned.

3) Incorporate or initiate the development of radioactivity release

criteria. Induced activity as well as surface

contamination will be considered.

4) Initiate the development of a code of practice and guidelines for

decommissioning.

5) Assess the value of reporting decommissioning cost data to

the Agency and, if appropriate, establish a system to provide

for Member State access to the cost data.

Following deliberation on various subjects relating to decommissioning

of nuclear facilities, the technical committee agreed that it was

appropriate, at this time, to initiate the development of the code and

guide for nuclear reactors as proposed by the Agency. By so doing, it

was the consensus that field methods or technical needs for decommissioning

of nuclear reactors which may require further development would become

more apparent and action could then be taken by the committee (and the

Agency, if necessary) to implement these requirements.
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As was the case in the 1975 meeting the committee agreed that the

reporting of this meeting's activities should be quickly disseminated to

all interested parties to announce the overall objectives and decisions

of the committee. As a consequence, it was suggested to again publish

the proceedings as an IAEA series non-priced document.

II. DISCUSSION

A) Review of 1975 Report IAEA-179

The conclusions and recommendations cited in 179 were endorsed

as valid background for implementation which will assure safe decommissioning

of nuclear facilities.

Emphasis was placed on - "initiation of the development of a code

of practice and guidelines to the code for decommissioning of land-based

nuclear reactors".

1) Cost Data

a) At the 1975 decommissioning meeting the importance of collecting

cost data was stressed, and further emphasised by those Member States

that have studied decommissioning of nuclear facilities.

The cost estimate factors cited in IAEA-179 are still recommended.

However, even the studies published in the past few years do not

agree on totals or unit costs basis; nor has there been a coordinated

effort to assure uniformity in estimating procedures. Cost estimates

that have been published have varied by a factor of 2 to 4 times.

There is a danger in relying upon cost data sheets such as

proposed in IAEA-179 or using a "rule of thumb" approach to estimating.

What is important is to know the conditions of design, operations,

and facility conditions just prior to decommissioning; in summary,

knowledge of the history of the plant is essential. A credible

estimate made by a reliable engineering and construction source is

more important than reliance on cost data of some other facility

which has been decommissioned.

b) A cost data bank with IAEA acting as a clearing-house and

disseminating the data was proposed in 1975. However, no cost

data had been received by the Agency on forms proposed or by any

alternative method other than distribution of independent studies

performed by a few Member States.
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While an exchange of cost information is still desirable, and

strongly recommended by some of the committee, the basis for data

accumulation must be agreed to by the technical committee. It was

pointed out that NRC/USA is conducting cost studies on generic plants

and data should be available soon.

c) The principal function of the technical committee is to develop

codes, standards and criteria to assure decommissioning can be

conducted to protect man and his environment and the technical

committee should not be influenced by or attempt to determine the

reasonableness of costs for decommissioning in development of

such codes or standards.

2) Design for Decommissioning

Priority of reactor design considerations are generally placed on

safety, operation and maintenance needs and for the production of electricity

at reasonable costs. Such needs do not necessarily accommodate decommissioning

requirements. As a consequence, consideration should be given to the

incorporation of some special design feature(s), if economical and practical.

However, rather than incurring the expense of including some special

design feature to ease decommissioning costs 40 or more years hence (and

considering one cannot predict society's needs that far in the future)

it would be better to create a sinking fund from revenue to offset future

decommissioning costs. A cost benefit analysis is, therefore, required

to ascertain the benefit of incorporating and constructing built-in

features for decommissioning.

Experience gained thus far has shown that some design features

resulting in easier means of decommissioning may not necessarily be

expensive or of an unusual nature; illustrative of this is that by

simply relocating an access door required for maintenance purposes,

decommissioning in the future will have been accommodated - all at

little or no added expense.

While the technical committee is confident that there are no

insurmountable technical problems associated with decommissioning it

is stressed that design considerations for decommissioning should be

an element on the designers checklist. Other considerations are that

as-built drawings and construction progress photographs are vital tools

of reference for decommissioning (whether or not built-in decommissioning

features are incorporated); further, the stage of decommissioning

ultimately planned for may influence the design requirements.
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3) Criteria for Release

The subject of release criteria was deliberated at some length with

consensus being that existing standards and procedures should be

reviewed and amended, to assure unrestricted release (or conditional

release, if appropriate) of radioactive materials or facilities

without jeopardy to man or his environment.

There were no disagreements or new developments presented to the

positions of the 1975 meeting of participants, which in IAEA-179

it is stated that "criteria must be set up for permissable content

of radioactive material in and/or on plant or equipment released

subsequent to decommissioning according to their future use or

destination". Of further concern it was noted that the absence

of a quantitative standard may not make it possible to draw a

conclusion as to the viability of reactor mothballing or entombment

(Stage 1 or Stage 2) as a permanent and acceptable mode or form of

decommissioning.

While there are some standards available which set permissible

limits of radioactively contaminated equipment or structures, they

are confined principally to surface contamination. There are no

internationally agreed published standards known to exist which

cover activation content (induced activity) which would provide

for release of materials or structures.

It has been recommended that pending availability of internationally

accepted release criteria national authorities should base their

work on the ICRP recommendation. Guidance on how to arrive at

appropriate limits for release of radioactively contaminated materials

is provided in the TAEA document: " Principles for Establishing

Limits for the Release of Radioactive Materials to the Environment".

4) Definition of Terms

The subject of definitions of terms was given some considerable

attention by the technical committee participants. The committee

discussed at length their interpretation of various words or terms

used in the technical community of each Member State. The two more

prevalent and controversial were the meaning, or definition, of the

three stages of decommissioning and the term "unrestricted release".

The problems were not necessarily technical in nature but rather the

variance of interpretation by the several Member States particularly

since some words or terms lose their meaning in translation.
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B) Technical Exchange

A technical exchange of information took place on overall decomm-

issioning and decontamination matters and the projected objective

of developing the code and guide for nuclear reactors. The

information provided was as follows:

1) Decommissioning

At the present time there is limited experience in decommissioning

of nuclear reactors or other major nuclear facilities. It is

anticipated that on a world wide basis there will be approximately

30 commercial reactors of 30 Xe or larger size which may have

reached their end of operating life by the year 2000. It must be

pointed out, however, that decommissioning practices and expereince

to date are directly applicable to nuclear reactor which is currently

operating.

In IAEA-179, "information on studies and assessments-in-progress",

significant decommissioning operations were reported. The following

is a summary of progress in both of these areass

a) United Kingdom

United Kingdom has just recently completed a feasibility study

of the WAGR which was selected as the initial reactor for detailed

study. The study extends to an assessment of the complete

removal of'the reactor and associated plant and restoration

of the WAGR site to its original position. The conclusion

drawn is that there would be no technical reason why the

decommissioning of WAGR to the vacant site situation cannot be

achieved safely and efficiently. It was also stated by the UK

representative that, ideally, the decommissioning efforts should

be continuous to "Stage 3" rather than in stages with time

lapse between each stage. However, the approach must be recognised

as not necessarily being applicable to all facilities requiring

decommissioning. Before commencing with any decommissioning mode,

it is important that the ultimate objective (i.e.: Stage 1, 2

or 3) be established.
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b) Canada

Canada has Just completed a study on the decommissioning of the

single unit 600 MW(e) Candu Reactor. The study places in

perspective the size of the job, the hazards involved, the cost

and the environmental impact. While not all inclusivet conclusions

drawn from the study are:

- Decommissioning to any of the three stages is

possible and can be carried out without relying

on the development of new technologies or equipment.

- Environmental impact of decommissioning a reactor

will be no greater than that of any large construction

project.

- Cost of decommissioning a reactor should not be

a major concern to a utility.

c) Federal Republic of Germany

The German utilities, ordered an examination in which the

technique of decommissioning for nuclear power plants with

light-water reactors shall be shown. The determination of

the activity inventory is material for ascertaining the

technique of decommissioning. For this reason the activity

inventory of a pressurised-water reactor of the 900 MW class

was first of all determined.

d) United States of America

i)The NRC has studies underway, based upon generic plants, for

the decommissioning of PR's and BWRs. The objective of each

study is to develop comprehensive engineering information on:

anticipated activity levels, equipment and technique for

decontamination, costs in terms of time and money, occupational

and public exposure, land usage, potential impacts and regulatory

requirements. An additional study sponsored by NRC is also

underway for the classification of wastes which could have a

significant impact on decommissioning. If other than shallow

land burial is required for components such as pressure vessels,

i.e. geologic disposal, then costs could be significantly affected.
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ii)The Atomic Industrial Form has just completed "an engineering

evaluation of nuclear power reactor decommissioning alternatives".

It is expected that the results of this study will provide

detailed engineering information that will permit utilities to

evaluate reactor decommissioning on a site-specific basis. The

report states that:

- Cost estimates provided in this document are based on

detailed engineering analyses and not primarily extrapolations,

which have been the basis for earlier estimates.

- Decommissioning large commercial reactors is feasible and

practical

- Certain decommissioning alternatives are preferred and that

findings (in the report) can have an important influence on

industry, regulatory, and public policy with regard to

decommissioning large commercial power reactors.

iii)The Department of Energy (formerly ERDA) is currently decomm-

issioning eight facilities in Southern California. Included

among these facilities is a 20 MW(e) experimental sodium cooled

reactor which is currently being dismantled. The major

considerations given this decommissioning programme were -

- Re-use of facility for alternate projects

- Alternate projects can have a major influence on priority

and level of decommissioning authorised

- Quality Assurance including records-keeping is practiced

throughout the programme.

Final reports have been published (see list of references) for

three facilities with cost data and elements comprising costs

reported using the Appendix "A" Cost Data Sheet of IAEA-179

as a guide.
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e) Commission of European Communities

The study of the technical and economic problems in decomm-

issioning of LWR plants (900-1300 MWe), mentioned in IAEA-179,

is complete, available in German and soon in English. The

report states that even complete dismantling and removal of the

plants considered is in principle feasible. Cost estimates based

on the present worth method indicate that a delay of dismantling

(40 years) results in a considerable reduction of the decommiss-

ioning costs.

f) OECD Nuclear Energy Agency

An NEA group of experts has recently compiled a report entitled

"Objectives, Concepts and Strategies for the Management of

Radioactive Waste arising from Nuclear Power Programmes". from

the detailed technical analysis made by the group of experts

several conclusionse re drawn among which were the following:

- Nuclear facilities have been designed essentially for

operational safety and performance, without much regard

to their subsequent decommissioning. It appears desirable

to minimise the complications which could arises by taking

the decommissioning of a nuclear facility into account

at its design stage.

- Although national authorities are not expected to make specific

rules now to govern actions to be carried out twenty to forty

years hence, they should formulate general criteria for

decommissioning which would facilitate the design and planning

for nuclear plants.

2) Decontamination

Any stage of decommissioning requires some degree of decontamination

to reduce the amount or completely remove contaminants so that

permissable radiation levels will exist during decommissioning

operations and for the health and safety of the general public.

Consideration was given to changing the title of the technical

committee activity from "Decommissioning of ...... facilities" to

"Decontamination and Decommissioning of ...... facilities". However,

after some deliberations the committee agreed to a status quo since

to decontaminate is impicit in the requirement to decommission. In

fact, when decommissioning to a Stage 3 level, it in itself results

in the decontamination of the site since the radioactive content
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considered harmful to man and his environment has been removed.

From committee presentations and discussions, the following relevant

conclusions were drawn:

- Decontamination should be limited to the need to satisfy

the planned stage of decommissioning.

- Sodium should not remain in systems of sodium cooled reactors

if Stage 2 decommissioning mode is planned.

- Liquid chemicals are not always effective.

- Facility equipment or material re-use would dictate degree

of decontamination required.

- Except for facility preparation to allow for worker access

at operations, Stage 1 or Stage 2 might be acceptable without

any extensive decontamination whatever.

- Effectiveness of the proposed decontamination solution must

be tested prior to its use.

- Problems connected with disposal of spent decontamination

solutions must be explored during the initial planning of the

operation.

III C(BNCLUSIONS

The committee recognised the need for development or refinement of

some technical aspects of decommissioning and for international acceptance

of definition of "stages"; however, the committee reaffirmed that there

were no insurmountable technical problems to decommissioning of nuclear

facilities to any stage. It was further the consensus of the committee

that the time was proper for initiation for the development of a code of

practice and guide to the code for decommissioning land based nuclear

reactors.

A) Cost Data

- A systemised form of collecting cost and other relevant

data be instituted to provide information to Member States

with comparative data for use in improving planning of

future operations.

- Cost data are not essential to and should not influence the

decision to proceed with codes and guidelines for decommissioning.

- IAEA should act as a clearing-house for collecting and

arranging for its distribution to Member States.
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B) Criteria for Release

- There is absence of criteria and methods of measurement,

particularly in the activated material area.

- There is no release criteria internationally available of

standards (on a radioactive quantitative basis) for material,

equipment and structures.

- There is a difference of opinion of which nuclides one should

be concerned with.

- Two methods of criteria foundation are essential:

- radiation expsoure

- biological

C) Code and Guide

- There is sufficient data and information on hand to initiate

a code and guide for decommissioning of land-based nuclear

reactors.

- The committee must meet a rigid time scale for publication of

the code and guide.

- The committee's draft will be a working paper for experts to

consider and elaborate on for a final document.

- The code should provide for flexibility of stages with the

ultimate being a Stage 3 decommissioning mode but Stage 3

need not be a mandatory mode.

D) Definition of Stages

While the existing stages 1, 2 and 3 as defined in IAEA-179 have

been generally accepted by many Member States, there is still some

disagreement, and official international acceptance is still a

prime requisite. Such acceptance may be more easily obtainable if

these definitions are looked upon as useful for the convenience of

language and understood to be somewhat flexible (i.e.: Stage 2

could cover a wide range of situations).

E) "Decommissioning" vs "Decontamination and Decommissioning"

A title change to highlight decontamination is not necessary since

decontamination in itself is implicit in decommissioning a facility.
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IV. RECOMMENDATIONS

The technical committee recommended the following:

A) Develop a code of practice and guidelines to the code for

decommissioning of land-based nuclear reactors. An outline

of this code and guide is included herein as Annex "A".

B) After review and concurrence of the first draft of the code and

guide by the technical committee, the Agency should convene experts

to finalize the code and guide for review and acceptance by all

Member States.

C) The Agency should attempt publication of the aforementioned code

and guide by the end of calendar year 1978.

D) That two (2) sub-committees or equivalent, be formed to accomplish

the following:

1) Develop a guide for preparing decommissioning information,

involving costs and cost elements, that will be useful to

other nations and provide the mechanism to exchange this

information to Member States.

2) Development of internationally acceptable radiological criteria

for release of land, material, equipment and structures which

may be suitable for assuring unrestricted use by the general

public. The criteria shall include induced activity as well as

surface contamination concerns.

V. FUTURE ACTIVITIES

A) Symposium 1978

The Agency and the OECD/NEA will be co-sponsoring a symposium

presently scheduled for 13-17 November, 1978, in Vienna. A

survey of the committee was made to ascertain interest in such a

meeting and subjects of interest that should be pursued.

Co-scientific secretaries Eli Maestas of NEA and Len Lanni,of IALA,

are to develop the scope of activities based upon input of the

Technical Committee. Among the subjects of interest cited by the

Technical Committee are the following:
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1) Decommissioning and decontamination latest experiences

including occupational exposures at varied phases

of decommissioning

2) Treatment of metallic wastes (for reduction and/or

recycle)

3) Waste category classification

4) Decontamination of large components

5) Design for decommissioning

6) Waste disposal options

7) Release criteria

8) Status of codes and guides for decommissioning

B) Ptture Meetings

Consideration should be given to convening a technical

committee meeting in 1978 as an adjunct to the planned

symposium. The meeting need be of only two or three day

duration and as a continuing and annual effort. The

purpose of the meeting, and subsequent ones as well,

would be to review progress in the decommissioning area

and ascertain priorities and make assignments for those

efforts remaining to be accomplished.
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AN OUTLINE FOR

A CODE OF PRACTICE

FOR

DECOMMISSIONING NUCLEAR REACTORS

I. INTRODUCTION

A description of where we are, why a code of practice and the objective of

the code.

II. SCOPE

What is the code applicable to and what areas of decommissioning does

it cover (and not cover).

III. DEFINITION

A definition of terms or expressions used in the code and guide.

IV. CRITERIA FOR RELEASE

What shall the criteria be for release of facilities, equipment and

materials either conditionally or for unrestricted use.

V. RESPONSIBILITIES

A comprehensively defined role of the major participants involved in

the preparation and execution of the decommissioning of the nuclear

reactor facility.

VI. ENVIRONMENTAL CONSIDERATIONS

What are the considerations and how will they impact on man and his

environment. Define for each stage of decommissioning. Include waste

treatment and disposal options, waste characteristics, management

of waste produced in the operation, cost benefit analysis and public

acceptance (economics, political and societal).

VII. DECOMMISSIONING PLANS

Plans required before construction is authorized and those plans for decom-

missioning before operation ceases which will specify, in detail, the

approaches to the decommissioning mode. Plans shall specify the



ANNEX "A"

radiological and security needs, an estimate of type and quantity

of radioactive wastes to be generated, safety analysis, etc.

VIII. QUALITY ASSURANCE

Specify the requirements to assure compliance, records and

documentation, control, inspection needs and verification, personnel

qualifications, etc.
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AN OUTLINE FOR

DECOMMISSIONING OF

NUCLEAR REACTORS

- A GUIDE TO THE CODE -

1) The

the

and

objective of the guide is to define how and when to implement

requirements of the code. The code in essence is regulation

the guide used as a tool to attain the regulatory needs.

2) The format of the guide for simplicity purposes, should correspond

with those sections of the code.

3) The guide should include a list of applicable references and

standards as well as published literature which can be beneficially

used and available on an international scale.

*
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