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FOREWORD

With the increasing age o f many nuclear reactors, much more atten tion  is 
being given to  decommissioning. International meetings, technical committees 
and symposia have been held to  consider and present experience in the topic. 
These meetings have concluded that there are no known insurm ountable 
technical problems to  accomplishing decommissioning, although some aspects 
such as policy, regulatory aspects, safety criteria, planning, timing, cost analysis 
and waste disposal needed further development.

It has also been recognized internationally that there would be advantages 
in harmonizing principles and rationalizing decommissioning standards on an 
international basis. This Safety Guide is issued in response to  this need as part 
o f  the Agency’s programme for establishing Codes o f Practice and Safety Guides 
for research reactors and critical assemblies. It supplements the Code o f 
Practice on the Safe Operation o f Research Reactors and Critical Assemblies, 
which defines the minimum requirements for the safe operation o f  these facili
ties. Decommissioning is one o f the safety aspects which is addressed in the 
Code o f Practice and this Safety Guide provides guidance on how to m eet the 
safety requirements on decommissioning laid down in the Code.
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1. INTRODUCTION

Decommissioning has been defined as the process by which a reactor is finally 
taken out o f  operation [ 1 ]. The term is generally agreed to apply to  the process 
following the final shutdown o f the reactor by which radioactive com ponents and 
materials are removed from the reactor site, due attention being paid to the safety 
o f site personnel and o f the public, with the ultim ate intention o f releasing the 
site for unrestricted use.

There are many ways in which decommissioning may be undertaken and the 
m ethod chosen will depend upon the particular circumstances. Considerable 
experience has been and is being gained in decommissioning, particularly w ith 
various types o f research reactor. The present Guide is considered to  be appro
priate to  the whole range of such reactors, from zero energy to  high-power systems. 
The main differences are those o f scale. However, the extent to  which the various 
considerations apply in any particular case is a m atter for assessment and 
agreement amongst the operating organization, the regulatory body and other 
relevant com petent authorities.

Experience has shown that decommissioning can be undertaken w ithout any 
deleterious effect on the safety o f  site personnel or the public, or any identifiable 
impact on the environment, provided that decommissioning activities are u n d e r
taken in accordance w ith a properly form ulated plan. The potential or actual 
radiological hazard associated w ith reactors may require the application o f special 
techniques and procedures during decommissioning, and it is therefore the identifica
tion and reduction of any radiological hazard that should be given param ount con
sideration in the preparation o f a decommissioning plan.

It is recognized that a reactor m ust be designed and constructed primarily with 
a view to  safe and efficient operation, but decommissioning should also be borne 
in mind in the design and construction phases. Where practicable and consistent 
with the safe and proper operation o f the reactor, features may be included in the 
design to  facilitate eventual decommissioning.

Generally, the final decision to  decommission a reactor will be taken by the 
operating organization. In that event, the organization is required to  present a 
decommissioning plan for approval to the regulatory body, as provided for in 
Section 18 o f the IAEA Code o f Practice on the Safe O peration o f Research 
Reactors and Critical Assemblies [ 1 ]. It may also be necessary to subm it parts 
o f the plan to  other relevant com petent authorities for assessment or approval. 
Depending on the available resources, it is possible that the operating organization 
would need to  involve o ther organizations in some or all o f the decommissioning 
activities.

This Guide is intended for all those concerned with decommissioning at any 
point in the reactor lifetime from its design to its final decommissioning. The 
Reference and Bibliography Sections list reports o f past experience and collections
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of useful technical inform ation. It should be emphasized that this list is not 
exhaustive.

The footnotes, annexes, references and bibliography are included only to 
provide further inform ation or practical guidance. They are not to  be considered 
an integral part of this Guide or to  have the same status as the Guide.

2. SCOPE

This Guide covers the technical and administrative considerations relevant 
to the nuclear aspects o f safety in the decommissioning o f reactors, as they apply 
to  the reactor and the reactor site. While the treatm ent, transport and disposal of 
radioactive wastes arising from decommissioning are im portant considerations, 
these aspects are not specifically covered in this Guide. Likewise, o ther possible 
issues in decommissioning (e.g. land use and other environmental issues, industrial 
safety, financial assurance) which are not directly related to radiological safety 
are also not considered.

Generally, decommissioning will be undertaken after planned final shutdown 
of the reactor. In some cases a reactor may have to be decommissioned following 
an unplanned or unexpected event o f a serious or damaging nature occuring during 
operation. In these cases special procedures for decommissioning may need to  be 
developed, peculiar to  the particular circumstances. This Guide could be used as 
a basis for the development o f  these procedures although specific consideration 
of the circumstances which create the need for them is beyond its scope.

During decommissioning, in addition to  the nuclear aspects o f safety, 
attention should be paid to industrial hazards including, where appropriate, those 
arising from the use of chemicals. These hazards may at some times during decom
missioning be of equal or greater importance than those o f nuclear origin and there 
may be an interaction between them. These m atters are however beyond the scope 
o f this Guide. So are questions relating to  nuclear safeguards associated with the 
reactor fuel.

In the event that a part o f a reactor site separate from the existing reactor is 
to  be redeveloped during the decommissioning o f the reactor, the boundary of 
the site for decommissioning would need to  be redefined. It is possible that such 
a requirem ent would be proposed by the operating organization and would be 
subject to the agreement o f the regulatory body. The guidance contained in this 
Guide would then be confined to  the redefined site.

If another installation utilizing fissile and/or radioactive materials and requiring 
the approval o f  the regulatory for its construction or operation is constructed in 
the same physical location as a reactor undergoing decommissioning, the decom
missioning process for the reactor is considered as term inated and reference to

2
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it and to  its final status before incorporation into the new installation is made in 
the licence for the new installation. If any other type o f construction is to be 
undertaken, the site must conform  to the national requirements for release for 
unrestricted use.

The act o f  terminating the construction o f a reactor and subsequently 
removing it from the site or converting it to  o ther non-nuclear use before fuel 
has been loaded or any source o f radioactivity generated is not considered to  be 
decommissioning w ithin the context o f this Guide.

3. STAGES IN DECOMMISSIONING

3.1. DEFINITION OF STAGES

The process of decommissioning is considered to  begin with the final shutdown 
of a reactor and to end w ith the release o f the reactor site for unrestricted use. For 
clarity and ease o f comparison, three stages have been specified w ithin this process 
and the final condition o f activities which may be undertaken in each stage are 
outlined below. It should be made clear however that it is not a requirem ent to 
define the status in terms o f stages and that decommissioning does no t necessarily 
require the adoption of all three stages in a stepwise or continuous process. It may 
be possible to  perm it unrestricted use o f parts o f the reactor site while others are
still subject to  restrictions. Equally, there are possible variations w ithin any indi
vidual stage.

3.1.1. Stage 1 — Storage with surveillance

In this stage the preliminary decommissioning activities are carried out. It is 
recommended that these be undertaken at the earliest practicable time after the 
final shutdown. During and subsequent to  this stage continuing surveillance of 
the reactor is necessary.

Activities during this stage may include the following:

(a) Removal o f fuel from the reactor core.
(b) Removal o f  fuel from the reactor site if  practicable.
(c) Removal o f contam inated coolants and other readily removable contam inated 

and activated materials (including, if appropriate, any stored radioactive waste).
(d) Ensuring that systems containing radioactive material are in a stable condition 

and sealed.
(e) Removal from service o f  ancilliary non-essential systems. Consideration should 

be given to  the possible future need for such systems as ventilation, heating 
etc., bearing in mind that such need could continue for several decades.
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Systems that are retained may need to  be modified to take account o f anti
cipated requirem ents and should be suitably protected and subject to  regular 
surveillance to  ensure that they remain in an operational condition. It is to 
be expected that at least some radiation monitoring equipm ent will remain 
operational.

(f) Control o f access to  the reactor and the reactor site.
(g) Regular surveillance of the radiological and physical state o f the reactor site 

and the functional state o f operating systems to  the extent considered 
necessary in the light o f the remaining radioactive inventory.

(h) Regular radiation monitoring o f the environment taking into account the 
possible release o f radioactivity.

(i) Release for unrestricted use o f materials and equipm ent in or on which the
radioactivity is below authorized limits.

3.1.2. Stage 2 — Restricted site use

In this stage further decommissioning activities, w ithout complete dismantling 
o f the reactor, are undertaken. As a consequence, on com pletion o f this stage, parts 
o f the site may be released for use subject to constraints imposed by the regulatory 
body. Remaining parts o f the reactor and site should be subject to  a further period 
o f storage with surveillance.

In addition to  items (a), (c) and (e ) - ( i)  listed under Stage 1 (see Section 3.1.1), 
the following may be undertaken:

O') Removal o f fuel from the reactor site.
(k) Decontam ination o f those contam inated areas which may be readily deconta

minated down to levels o f radioactivity below authorized limits for unrestricted 
release. The remaining areas containing radioactivity above authorized limits 
are physically sealed to  prevent unauthorized access and/or release of 
radioactivity.

(1) Systems containing radioactive material that would be outside the areas o f  the 
reactor or reactor site which it is planned to seal may be dismantled and either 
removed off the site or placed in the areas o f the reactor or reactor site which 
are to  be physically sealed.

The extent to  which the sealing o f areas containing radioactivity is carried 
out depends upon the specific circumstances and may range from the erection of 
barriers that can be removed w ithout excessive effort to  sealing w ith a thick overlay 
o f reinforced concrete.

The degree o f  surveillance required during any period o f storage after Stage 2 
o f decommissioning is unlikely to be as great as that required following Stage 1.
It should however be adequate to give continuing assurance o f the radiological and 
structural integrity o f the barriers and should be in accordance w ith regulatory 
requirements.
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In this stage, decommissioning o f the reactor is completed, leading to  the 
release o f the site for unrestricted use. Items (i) o f Stage 1 (see Section 3.1.1) and 
0 ) of Stage 2 (see Section 3.1.2) apply. O ther relevant activities are:

(m) All materials, equipm ent and structures in or on which radioactivity is present 
above authorized limits for unrestricted access or use are either deconta
minated, where practicable, until levels are below these limits, or are removed 
to an approved storage or disposal facility.

(n) A final radiation survey is conducted to  ensure that no residual radioactivity 
above authorized limits arising from the presence o f the reactor remains on 
the site. Following this survey the site may be released for unrestricted use 
and no further surveillance, inspections or tests are required.

3.2. SEQUENCING OF DECOMMISSIONING ACTIVITIES

3.2.1. General

The attainm ent o f a Stage 3 condition may be difficult or temporarily 
impossible in some circumstances. The operating organization may therefore pro
pose in these cases the retention o f the reactor in a Stage 1 or Stage 2 condition 
for defined periods o f time. Following a general hazard evaluation (see 
Section 6.2), such proposals may be accepted by the regulatory body.

A Stage 3 condition can be realized by a variety o f  methods, o f which 
dismantling is only one. A com bination o f decontam ination and dismantling 
may be appropriate, depending upon specific circumstances. It may be possible 
in the case o f extremely low power reactors (if the structural integrity o f the 
reactor can be guaranteed for the necessary period) to  reach a Stage 3 condition 
by simply allowing the natural radioactive decay to  reduce radioactivity below 
authorized limits for unrestricted access or use. Wherever possible, procedures 
should be adopted that perm it the achievement o f a Stage 3 condition as expedi
tiously as possible consistent w ith safety.

3.2.2. Factors influencing the choice o f decommissioning method

The decision on how to proceed w ith decommissioning and the extent to  
which the decommissioning is to be taken at any point in time depends upon many 
factors. These may include:

— the national nuclear strategy, including radiation protection aiid radioactive 
waste management policies

— social considerations

3.1.3. Stage 3 — Unrestricted site use

5

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



— the decommissioning technology available
— the availability of a final disposal facility for radioactive wastes
— the inventory and physical/chemical form of radioactive m aterial within the 

reactor
— the integrity o f the structural and reactor systems
— the intended use of the site or com ponents
— the requirements o f the natural research and development programme in 

decommissioning and in the design o f future reactors
— the site characteristics (e.g. demography, accessibility, m eteorology)
— cost-benefit analysis results
— resource considerations.

Each factor should be reviewed in relation to the specific reactor to  be 
decommissioned. The discussions in subsequent sections o f this Guide should 
assist in the conduct o f  such a review and the preparation o f  suitable decom
missioning plans.

3.2.3. Radionuclide inventory

A m ajor factor to  be taken into account in deciding the m ethod and extent 
o f decommissioning is the estimated quantities o f particular radionuclides present 
and the nature o f their principal physical and chemical forms. The half-lives of 
radionuclides which are present in significant am ounts are im portant in determining 
the length of time for which various decommissioning activities might be deferred. 
For most reactors, relatively short lived radionuclides are likely to  predom inate 
in the radioactive inventory at the time o f reactor shutdown. Longer lived radio
nuclides which are unlikely to  decay significantly during any reasonable period of 
‘storage w ith surveillance’ o f the reactor may constitute a significant proportion 
o f the radioactive inventory in more highly rated reactors w ith long operating 
histories.

There may therefore be benefits to be gained from delaying decommissioning 
o f reactors after Stage 1 or Stage 2 by a period o f ‘storage w ith surveillance’ o f a 
duration appropriate to  the radionuclides present, since the quantities o f radioactive 
and contam inated waste produced would be reduced and radiation doses to  site 
personnel lowered. The advantages to  be gained from delaying activities by any 
particular period should therefore be assessed.

Annex I lists the characteristics o f  certain radionuclides which may be found 
in the structural materials used in reactors.
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4. RESPONSIBILITIES OF ORGANIZATIONS INVOLVED 
IN DECOMMISSIONING

The operating organization is responsible for all aspects o f the safe decommis
sioning o f  a reactor. In considering the preparation for decommissioning from the 
earliest point o f design to the final removal o f the reactor, the operating organization 
may contract its tasks to  o ther organizations (w ith the agreement o f the regulatory 
body if necessary) but it cannot delegate its responsibilities. One exception to the 
total responsibility o f the operating organization may be in the disposal o f radio
active wastes. Here, w ith the prior agreement o f the regulatory body or o ther 
relevant com petent authorities, the responsibility for the ultim ate disposal o f 
properly packaged wastes may be transferred to another organization. This organiza
tion should then ensure that such wastes are disposed of safely and in compliance 
with national radioactive waste management regulations.

In the preparation for and conduct o f decommissioning activities it is the 
responsibility o f the operating organization to  make proposals to the regulatory 
body and, where necessary in accordance w ith national practice, to  obtain the 
agreement o f that body before proceeding.

It is the responsibility o f the regulatory body, and, where appropriate, o ther 
relevant com petent authorities, to  assess the operating organization’s proposals 
for decommissioning and to  verify compliance w ith all aspects o f the im plem enta
tion o f an agreed decommissioning plan so as to ensure that requirem ents relating to  
the safety of site personnel and the public and environmental radiation protection 
are met.

It is the responsibility o f the operating organization to  make sure that any 
contractor undertaking tasks in respect o f  decommissioning is made aware o f  and 
complies w ith the requirem ents of the decommissioning plan agreed between the 
operating organization and the regulatory body.

Following the im plem entation o f the decommissioning plan, the responsibility 
o f the operating organization for the reactor continues until the formal agreement 
o f the regulatory body is obtained to the release o f the site for unrestricted use, 
or until either legal action or action by the regulatory body as appropriate is taken 
to relieve the organization o f  its responsibility. This applies only to responsibilities 
under national legislation dealing w ith the ownership and operation o f reactors. 
Responsibilities that the operating organization may have under o ther legislation 
or contractual obligations would not be affected.

Arrangements m ust be made and agreed with the regulatory body for keeping 
relevant decommissioning records in the case where the operating organization 
ceases to  exist after a reactor has been fully decommissioned.
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5. PLANNING FOR DECOMMISSIONING

5.1. CONSIDERATIONS AT THE DESIGN AND CONSTRUCTION PHASE

Many o f the factors relevant to  decommissioning can be clearly identified 
only at the time o f the final shutdown and thus considered in a decommissioning 
plan prepared at that time. Nevertheless, the decommissioning of a reactor and 
the release o f the site for unrestricted use should be recognized at the earliest 
phase o f the reactor conception as being the final task associated with the reactor.

A reactor is designed primarily to  fulfil its intended purpose in terms o f safe 
and efficient operation. However, even at this early phase some consideration 
can be given to  decommissioning. If, by modification o f certain features o f the 
design, i.e. modifications which would not interfere with or inhibit operation and 
maintenance, decommissioning may be assisted, such modification should be under
taken. In general, design features which assist m aintenance and inspection during 
the operational lifetime o f the reactor will also assist decommissioning. However, 
there may be additional features which can be readily incorporated specifically to 
facilitate decommissioning, particularly in larger research reactors. Aspects which 
should be considered and some examples o f features which may be incorporated 
are given in Annex II.

In some Member States there is a requirem ent to  include preliminary plans 
for decommissioning in the safety report prepared before operation o f the reactor 
commences. Where the regulatory body does have such a requirem ent, decom
missioning should be considered to  the extent practicable or necessary at the 
design phase. Where such a requirem ent does not exist, the operating organization 
should indicate to  the regulatory body that it has recognized the need for the 
eventual decommissioning o f  the reactor and explain in broad outline how it may 
approach this question.

Full details o f the design specification and inform ation relevant to  the site 
and the final design and construction of the reactor should be retained as part o f 
the inform ation needed to  assist decommissioning (see also Sections 5.2 and 6.1).

5.2. CONSIDERATIONS DURING THE OPERATIONAL LIFETIME

5.2.1. General

For certain reactors that have been built there may have been insufficient 
consideration given at the design and construction phase to  the need fpr eventual 
decommissioning. Operating organizations for these reactors should consider, 
where practicable, taking appropriate measures during the reactor lifetime aimed 
at minimizing the difficulties, resource requirements and radiological hazards
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associated w ith decommissioning. The identification of these measures does not 
necessarily involve an in-depth study of the various decommissioning options. 
Operating experience will indicate where difficulties may arise, e.g. in handling 
certain radioactive components. Also, experimental irradiation o f specimens of 
selected materials used in construction may assist in comparing the measured 
activation levels with the calculated ones and estimating the final radioactive 
inventory. Action to  resolve any foreseen difficulties may be undertaken if 
considered desirable or necessary at a suitable time in the operational lifetime. 
Such action may be appropriate when other major changes are being made to the 
reactor, e.g. upgrading.

5.2.2. Records

Section 9 o f the Code o f Practice [1] states that: “ For safe operation of 
the reactor the operating organization should possess all essential inform ation 
concerning the design, construction and operation o f the reactor before the initial 
fuel loading and this inform ation shall be kept up to date during the operational 
phase. These records should be formulated in such a way that they may also be 
suitable for decommissioning purposes (e.g. the radioactive inventory estimates 
should be easily updated). In addition to plans and diagrams, photographic 
records o f the construction and operational phases o f the reactor lifetime may be 
o f considerable value. The m ost relevant records may include:

(a) Details o f the operating history of the reactor, including records o f fuel 
dispositions and changes;

(b) Radiation survey data;
(c) Records o f incidents leading to  the spillage or inadvertent release o f radio

active material which could leave residual radioactive contam ination in some 
systems or areas o f the reactor;

(d) Details o f modifications to the reactor (which should be noted and fully 
described in relation to ‘as-built’ drawings and photographs);

(e) Reactor systems and equipm ent operating and m aintenance records;
(f) Details o f any special repair activities and techniques developed for reducing 

personnel radiation exposure; and
(g) Details o f the design, composition and location o f all experimental devices 

utilized during the operational lifetime o f the reactor.

5.2.3. Measures to assist decommissioning

During the operational lifetime o f a reactor, there may be opportunities, 
particularly during m aintenance or o ther operations (e.g. upgrading activities),
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for gathering inform ation which may be useful in decommissioning. Matters about 
which inform ation should be acquired, if possible, include:

(a) The levels o f induced activity in and contam ination o f reactor com ponents;
(b) Details o f materials used in the reactor construction with the objective of 

establishing im purity concentrations and the probable induced activity in 
reactor components;

(c) The shielding requirem ents for dismantling and handling reactor components; 
and

(d) Any special requirements for the intact removal o f large radioactive compo
nents from the reactor.

5.2.4. Criteria for experimental device design and for modifications 
to the reactor

When modifications are made to  the reactor or experimental devices are 
designed, consideration should be given to eventual decommissioning. Some or 
all o f the criteria and features facilitating decommissioning which are listed in 
Annex II may be relevant.

6. DECOMMISSIONING PLAN

6.1. GENERAL

Section 18.2 o f the Code o f Practice [1] requires that: “The operating 
organization shall prepare a decommissioning plan with the purpose of ensuring 
safety during decommissioning and thereafter. The decommissioning plan shall 
be subm itted to  and approved by the regulatory body before decommissioning 
activities are begun.”

Most of the planning for decommissioning will be done after the date for 
final shutdown o f the reactor has been identified. If, for any reason, final shut
down occurs before the decommissioning plan has been prepared, work on the 
plan should commence immediately so tha t it can be completed as soon as possible.

The plan should clearly describe, to the extent practicable or necessary, the 
decommissioning process, the arrangements for radiation protection and administra
tive control, the regulatory framework and the potential hazards.

Both the operating organization and the regulatory body should consider the 
content of the plan with due regard to:

— the practicability o f the proposals
— compliance w ith national regulatory and legislative requirements
— the provisions for disposal o f radioactive waste arisings
— the technology to  be used
— possible accident situations.
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Although the degree of detail may vary considerably depending upon the 
type of reactor involved and the radiological considerations appropriate to  each 
case, every aspect should be given careful consideration in the development o f the 
decommissioning plan. The plan should be sufficiently com plete to  enable the 
regulatory body to  determine w hether or not the selected decommissioning proce
dure is appropriate for the given situation, and w hether the plan would provide 
reasonable assurance that there would be no unnecessary safety hazards.

To assist in the preparation o f the plan, the operating organization should be 
in possession of all essential inform ation concerning the design, construction, and 
operation o f the reactor (see Sections 5.1 and 5.2 and Annex II).

6.2. CONTENTS OF THE PLAN

A viable decommissioning plan should contain inform ation on the relevant 
points listed in paragraphs (a)-(r) below. For any particular reactor a subset 
of the com plete list may be appropriate. Annex III provides some guidance on 
which aspects may be relevant for reactors of different power ratings.

There may be several possible m ethods by which the decommissioning o f a 
reactor could be accomplished. Each m ethod should be examined with regard to  
its overall safety and the most practicable m ethod which is consistent w ith safety 
should be selected. For this purpose the following inform ation should be available:

(a) A description o f the reactor at the time o f final shutdown, including a descrip
tion o f its radiological condition.

(b) An estimated radioactive inventory o f relevant isotopes at the tim e o f final 
shutdown and at various specified times thereafter.

(c) An evaluation o f one or more decommissioning m ethods appropriate to  the 
given reactor. A general hazard evaluation should be presented for each 
option. This should also discuss in broad term s potential accidents and their 
environmental impact. (Annex IV indicates some possible accidents which 
may require consideration.)

For the selected m ethod, the following additional inform ation should be 
supplied as appropriate for the reactor under consideration:

(d) A description o f the activities, techniques and procedures to  be employed 
in accomplishing decommissioning, including the approxim ate schedule.

(e) A safety evaluation o f the specific procedures and techniques to  be used in 
decommissioning.

(f) A description o f the expected state o f the reactor at various phases o f 
decommissioning.
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(g) A description o f the procedures for the disposal o f  the reactor fuel and the 
management o f radioactive waste.

(h) Estimates o f  the volumes and radioactive inventory o f waste arisings.
(i) A description o f radiation protection measures.
(j) Estimates o f doses to  site personnel.
(k) Estimates of the radiological environmental impact o f decommissioning 

activities and doses to the public.
(1) The safety specifications appropriate to each decommissioning activity and 

to  each defined state o f the reactor.
(m) The arrangements to  meet possible accident situations.
(n) The arrangements to cover security.
(o) The nature o f the organization set up for the decommissioning and the 

responsibilities within it.
(p) The training programme for decommissioning.
(q) The quality assurance programme for decommissioning.
(r) The m ethod established for ensuring compliance with the criteria for the

release o f materials and the site, or parts thereof, for unrestricted use.

The following sections give guidance on these items.

7. SAFETY EVALUATION

For the selected decommissioning m ethod a safety evaluation should be 
made for each task associated with the reactor or reactor systems and any other 
decommissioning activities which could give rise to  a significant radiological hazard. 
This evaluation should include analyses o f  the radiological consequences o f  a range 
of unexpected occurrences such as equipm ent m alfunctions or failures, operator 
errors or external events. Such an evaluation should therefore include:

(a) An examination o f  the possible situations which might arise during decom
missioning activities and which could lead to significant doses to  site personnel 
or the public, or to a significant release o f radioactive material to the environ
m ent, and an indication o f the

— resulting doses to personnel
— quantities o f radioactive materials that may be released to  the environment
— resulting doses to  the public.

The values o f  the doses and quantities released should be dem onstrated to 
be within the authorized limits set by the regulatory body or o ther relevant 
com petent authority  or measures should be proposed which would ensure 
compliance with the regulatory requirements. A list o f some possible accident 
situations is given in Annex IV.
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(b) An indication o f  the administrative and radiological protection measures 
proposed to prevent the occurrence or to mitigate the consequences o f  such 
accidents. These may include:

— appropriate scheduling of decommissioning activities
— inspections and tests to  ensure the integrity o f structures and systems 

containing radioactive materials
— arrangements to  limit the spread of contam ination
— training o f personnel
— contingency arrangements
— effective testing o f field equipm ent and tools
— use o f protective measures including shielding where necessary.

(c) Safety specifications appropriate to the particular reactor condition expected 
during decommissioning. Until the fuel is completely removed from the 
reactor it is necessary that the safety specifications appropriate to  maintaining 
the reactor in a shutdown condition remain in force. Later on, they should be 
revised as required to take account o f the different situations which may exist 
during decommissioning.

8. IMPLEMENTATION OF THE DECOMMISSIONING PLAN

8.1. FUEL REMOVAL

The removal o f  fuel from the reactor core at the end o f  its operational 
lifetime is normally considered to be one o f the initial activities in decommissioning. 
Other activities associated with decommissioning may be conducted concurrently 
w ith fuel removal. The procedures used for the removal, storage and shipment o f 
fuel would be expected to be the same as those used during normal operation.
In the case o f reactors where fuel is not removed routinely, it may be necessary 
to  write specific procedures. While the fuel remains on site it must be stored in 
such a way as to  minimize any hazard to  the public and site personnel, and to 
comply with the regulatory requirements, but its expeditious removal would 
eliminate any potential hazard and may greatly simplify monitoring and surveillance 
requirements. The time taken for this activity will vary considerably depending 
upon the type and size o f the reactor and also on the shipping constraints.

8.2. DECONTAMINATION

Decommissioning o f a reactor may be aided at certain stages by partial or 
total decontam ination. The objectives o f decontam ination may include:

(a) A reduction o f the overall exposures o f the public and site personnel resulting 
from decommissioning activities;
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(b) A reduction o f the residual radiation source at the site so as to  minimize any 
potential hazard to the public and site personnel;

(c) A reduction o f the volume o f material to  be disposed o f as solid radioactive 
waste; and

(d) The salvage o f equipment, materials or premises for unrestricted use.

Decontam ination may be applied to  internal or external surfaces o f  com po
nents and systems, structural surfaces and the tools employed in decommissioning.

The selection o f a decontam ination m ethod for in situ application requires 
consideration o f a number o f factors. Among these are:

(a) The required degree o f decontam ination;
(b) The type o f material and the size and geometry o f the com ponent;
(c) The characteristics o f the contam ination;
(d) The effect on the system integrity during use (if relevant);
(e) The estimated volume, the nature and the activity o f liquid radioactive 

wastes arising from the decontam ination process and the possibility o f 
treating these wastes with existing reactor systems (if this is not possible, it 
may be necessary to  set up an on-site treatm ent facility to  handle this waste); 
and

(f) Estimates of the possible exposure to the public and site personnel as a result 
of decontam ination activities.

It is anticipated that decontam ination would offer advantages in decommis
sioning only in cases where liquid borne radioactive material has been extensively 
transported around the reactor or its associated systems and deposited on internal 
surfaces. The cost-effectiveness of undertaking full or partial decontam ination 
should be properly assessed.

If it is decided to  proceed with decontam ination, provision should be made 
for the facilities required (e.g. bulk liquid handling, toxic or chemically active 
material handling). These facilities, along with the procedures to be used in decon
tam ination, should be described in the plan.

8.3. DISMANTLING

Methods and techniques to  be used in dismantling should take into account:

— the nature o f  the task;
— the radiological hazards involved;
— the radioactive wastes produced.
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The basic technology involved in dismantling is well known and generally 
available. Certain developments taking place in that technology (e.g. rem ote 
handling equipm ent) are expected to be beneficial to the overall safety o f decom
missioning. The techniques chosen for any particular decommissioning task should 
be consistent w ith the radiological hazard posed by the reactor. For example, a 
small reactor with a limited radioactive inventory may be dismantled in a short 
time using simple techniques, whereas a large reactor may require the development 
o f special tools and handling techniques.

Each task should be analysed to  determine the most effective and safe m ethod 
for its performance. A few general points that should be borne in mind in the 
choice o f the m ethod are the following:

(a) Equipm ent should be as simple as possible to operate (if necessary, remotely) 
and maintain. It should be field tested before use and should be capable, 
where necessary, o f decontam ination to perm it reuse.

(b) Special, novel or complex tools and devices should be used only if they are 
really necessary, and only to the extent required.

(c) Decommissioning activities should be such that the production o f airborne 
radioactive material is minimized and effective m ethods o f controlling airborne 
radioactivity should be implemented.

(d) The effect o f each task on adjacent installations and on other work in progress 
should be evaluated.

(e) Adequate mechanical support for safe handling o f radioactive com ponents 
should be provided.

8.4. RADIATION PROTECTION AND WASTE MANAGEMENT 
CONSIDERATIONS

In the conduct o f decommissioning, the requirements o f  any national radiation 
protection and radioactive waste management regulations m ust be met. Where such 
regulations have not been form ulated, international recommendations may be 
followed [2, 3].

During decommissioning a radiation protection programme should be imple
mented. The basic principle on which such a programme is founded is that of 
keeping exposure as low as reasonably achievable [2, 4],

Decommissioning should not lead to  the production o f  types and quantities 
o f radioactive wastes which cannot be effectively managed within the scope o f the 
national radioactive waste management policy.

8.4.1. Radiation protection procedures

Because o f  the radiological implications o f decommissioning, the safe execu
tion o f any decommissioning plan will depend upon the proper form ulation and
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im plem entation o f radiation protection procedures by com petent personnel. The 
type o f radiation protection controls exercised during decommissioning will, in 
principle, not usually differ greatly from those applicable during reactor operation 
although they must be regularly reviewed to ensure that they are relevant to  the 
radiological hazard existing at any time. They will include:

(a) Appropriate personnel control. It should be borne in mind that the number 
o f personnel involved may vary considerably depending upon the activities 
in progress.

(b) Appropriate m onitoring on and off the site during decommissioning. Such 
m onitoring will assist in assessing the effectiveness o f control procedures and 
the integrity o f any containm ent.

(c) Appropriate radiation m onitoring o f com ponents and materials during their 
handling, packing, transportation and storage.

8.4.2. Radiation monitoring

Both on-site and off-site m onitoring are essential elements o f the decom
missioning process. Pre-decommissioning on-site survey results should be used 
in identifying items of particular radiological significance in the development o f a 
detailed decommissioning plan.

An adequate number o f radiation and contam ination surveys should be 
conducted to  enable the maximum and average radiation and contam ination levels 
on items or in various areas o f the reactor to  be determined and the radionuclides 
concerned to be identified. Contam ination deposited inside com ponents and 
pipes should also be characterized by adequate surveys. Such surveys will assist 
in selecting the decommissioning procedure to be used. Once a decommissioning 
procedure has been selected, further appropriate radiation and contam ination 
surveys may be required to assist in the detailed planning o f activities to  minimize 
doses to  site personnel.

A decommissioning plan should also specify the extent to which periodic 
surveys should be conducted during decommissioning. On-site measurements would 
ensure adequate safety, provide inform ation for planning o f specific decommission
ing activities and assist in mitigating the radiological hazards. Off-site monitoring, 
where appropriate, would be useful to  dem onstrate the adequacy o f the control 
over the release o f radioactive materials to  the environment and to provide data 
on the effect o f decommissioning activities on the environment.

Provided that proper consideration is given to  all aspects o f decommissioning 
and that the decommissioning plan is properly implemented, experience has shown 
that the off-site radiological effect of decommissioning is likely to be small or 
non-existent. Therefore, in most cases, there is no need for an extensive off-site 
m onitoring programme. Usually, the continuation o f the programmes that existed
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during operation will be sufficient, if necessary in a modified form appropriate to 
the conditions existing during decommissioning.

Off-site m onitoring prior to  the commencement o f decommissioning activities 
would provide a reference for any environmental effect resulting from them.

Where any radioactive material arisisng from decommissioning activities is 
detected in the environment o ff the site, the levels must be dem onstrated to  be 
within authorized limits or action must be taken to  reduce the levels below those 
limits.

Relevant m onitoring records should be maintained as required by the regula
tory body and to assist in planning ongoing activities.

8.4.3. Post-decommissioning survey

For Stage 3 decommissioning a post-decommissioning survey will be needed 
to  dem onstrate that the residual radioactivity on the site is within authorized 
limits for unrestricted use. A localized post-decommissioning survey will also be 
needed when parts o f the reactor and/or site are released for unrestricted use in 
Stage 1 or Stage 2 decommissioning.

The description o f such a survey in the decommissioning plan should include 
inform ation about:

(a) The proposed m ethods and procedures for ensuring that an adequate survey
is conducted of the site itself and o f all pertinent structures, systems and
com ponents remaining on the site;

(b) The type o f measurements to  be made;
(c) The instrum entation to be used.

The operating organization should also dem onstrate to  the regulatory body 
or relevant com petent authorities that the procedures will fully characterize the 
true radiological status of the reactor and reactor site.

8.4.4. Occupational exposures

The inform ation obtained from radiation m onitoring (see Section 8.4.2) 
should be utilized in the preparation o f the plan to  ensure that individual doses 
resulting from decommissioning activities will remain within authorized limits. 
Shielding and other special techniques, such as the use of rem otely-operated 
equipment, should be employed to minimize radiation doses to site personnel 
to  the extent practicable. Personnel m onitoring should be used to  ensure that 
individual doses are within the authorized limits.

In addition to  individual doses, collective doses play an im portant role in the 
safe im plem entation o f decommissioning activities. Estimation o f collective doses 
arising from the various decommissioning activities should be included in the
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decommissioning plan. The value should be consistent w ith the ALARA principle 
o f keeping doses as low as reasonably achievable [2, 4].

8.4.5. Environmental radiological impact assessment

The extent o f the environmental radiological impact will depend primarily 
on the magnitude o f the inventory o f radioactive material in the reactor and the 
decommissioning procedure used. An assessment should be made as appropriate 
of the likely environmental radiological impact of decommissioning activities, 
particularly those involved in Stage 3. The decommissioning plan should contain 
estimates of:

(a) Radioactive waste arisings (solid, liquid and airborne) from decommissioning 
activities. Techniques which provide the greatest overall safety in the pro
duction and handling o f these wastes should be adopted in the plan.

(b) Releases o f radioactive material into the environment from any treatm ent 
process, in terms o f the likely quantities released and rates o f release o f the 
m ost im portant nuclides. Such releases should be maintained within 
authorized limits.

(c) Radiation doses to the public resulting from decommissioning activities.

Radioactive wastes arising from decommissioning activities may be con
siderable in terms o f both volume and the concentration o f radioactivity and 
may have unusual characteristics (chemical and physical) compared to those 
encountered during the reactor operational lifetime. The decommissioning plan 
should consider w hether existing or proposed treatm ent systems are capable of 
coping with decommissioning wastes.

Discharges o f  .radionuclides via airborne and liquid effluents should be 
controlled, m onitored and recorded. They should be w ithin the authorized 
limits for such releases established by the regulatory body or o ther relevant compe
tent authority  (these may be different from those applicable during the reactor 
operational lifetime).

The removal from the site and subsequent storage or disposal o f solid radio
active wastes should conform to national regulations or international recommenda
tions for the safe transport [5] and disposal o f radioactive material. The 
decommissioning plan should duly recognize such possible special requirements 
as the removal o f large com ponents in pieces or intact and the particular problems 
that this could represent.
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8.4.6. Containment of radioactivity

Where prolonged storage under Stage 1 and Stage 2 conditions is proposed

(a) Arrangements should be made for any necessary maintenance and surveillance 
in order to  ensure an adequate containm ent of radioactivity. Radiological 
and structural surveys should be planned to  verify the integrity o f the various 
reactor buildings and systems.

(b) The decommissioning plan should recognize and consider possible external 
events which might affect the long term confinem ent o f radioactivity.

8.4.7. Criteria for the release of materials, reactor or site

The decommissioning of a reactor (especially decommissioning to  Stage 3) 
will give rise to materials or com ponents that may be considered:

(a) Radioactive and/or contam inated and should hence be treated and disposed 
of in accordance with national radioactive waste management policy

(b) Non-radioactive (i.e. levels o f radioactivity and contam ination are below 
authorized limits). This category may be released for unrestricted use or may 
be restricted to specific applications or disposal as required by the regulatory 
body or other relevant com petent authorities.

Radioactive waste arisings are expected to  be such that no special regulations 
or methodologies would need to  be developed for decommissioning. The IAEA 
has issued guidance on the principles for establishing limits for the release of 
materials to  the environment [4]; however, the development of criteria and the 
specification o f authorized limits appropriate to normal operation and decom
missioning in particular countries is the responsibility of the national regulatory 
body or other relevant com petent authorities. Wastes considered to  have levels o f 
radioactivity and contam ination below authorized limits for unrestricted use are 
generally dealt with as industrial wastes. Similarly, limits should be prescribed for 
the release o f the reactor site or parts thereof for unrestricted use.

8.5. ADMINISTRATIVE CONTROL

The decommissioning plan should identify and describe the administrative 
control measures that will be implemented during decommissioning. It may be 
quite possible and acceptable to adopt, refer to or modify the corresponding 
measures which were used during the operational life o f the reactor. In o ther cases 
a more complete description should be provided in the decommissioning plan 
(e.g. the description o f the decommissioning organization and reactor staffing).
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8.5.1. Organization

The organization to be employed during decommissioning should be described. 
If it is planned to  adopt different organizational structures during decommissioning, 
each organization should be described and a discussion given of how the transfer 
of responsibility will be accomplished. In the description o f any organization there 
should be a clear delineation o f authorities and responsibilities amongst the various 
units. The description should specify lines of management up to  the highest level 
responsible for decommissioning o f the reactor. The organizational structure should 
ensure that the quality assurance function is independent o f the unit directly 
responsible for accomplishing the decommissioning activities.

8.5.2. Staffing

The conduct o f decommissioning activities is considerably different from that 
o f the normal operation of the reactor. Thus, the composition o f the staff and 
their qualifications may also be different. The decommissioning plan should clearly 
specify the num ber o f staff required in the decommissioning organization and the 
qualifications they should possess. Irrespective of the m ethods used in the decom
missioning, the organization should contain sufficient com petent staff to adequately 
cover the following areas o f work:

— radiation protection
— reactor operations (i.e. personnel qualified and familiar with the reactor)
— engineering support (e.g. physics, instrum entation and chemical, civil,

electrical and mechanical engineering)
— quality assurance and quality control
— radioactive waste handling and treatm ent
— security.

In addition, other special expertise may be necessary. This could include:

— demolition technology
— robotics and rem ote handling
— com puter programming.

8.5.3. Training

All site personnel should be made familiar with the reactor, the decommission
ing plan and the safety procedures to  be followed to  the extent necessary for the 
safe and effective conduct o f their duties in decommissioning. Similarly, all site 
personnel should receive training in their respective areas o f work if this is required.

For some activities the use of mock-ups and models in training can greatly 
improve efficiency and help minimize site personnel doses. In any event, any 
activity involving the handling o f radioactive material in a m anner different from
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that used during normal operations should be planned in detail and the necessary 
staff should receive appropriate training.

The arrangements for training in decommissioning activities should be des
cribed in thedecom m issioning plan. Where appropriate, staffing arrangements and 
training for any period o f storage with surveillance following Stage 1 or Stage 2 
should also be described.

One advantage o f the principle of decommissioning as early as possible 
following final shutdown provided this is consistent with safety is that the experience 
of staff who were employed on the reactor during its operational lifetime may be 
used and the need for extensive training minimized.

8.5.4. Quality assurance

An appropriate quality assurance programme should be planned and initiated 
by the operating organization before the decommissioning o f a reactor commences.
A description of the quality assurance programme, including a definition o f its 
scope and extent, should be included as part of the decommissioning plan. It should 
be approved by the regulatory body and put into effect (including any necessary 
training o f staff and issuance o f applicable procedures) prior to the start of 
decommissioning.

The objectives o f the quality assurance programme are to  ensure, particularly 
in the more complex projects, that decommissioning activities are carried out 
satisfactorily and in accordance with planned written procedures and instructions 
which have been reviewed and approved by appropriate levels o f management 
w ithin the operating organization and, if necessary, the regulatory body.

Where a quality assurance programme is to  be instituted, an appropriate 
staff that has responsibility for quality assurance should be established. This 
staff should have the competence, authority and responsibility to implement the 
quality assurance programme.

A quality assurance m anual1 should be prepared with the aim o f ensuring
that:

(a) Quality assurance requirements are properly recognized and decommissioning 
activities are verified for conformance;

(b) Procedures for decommissioning activities are properly reviewed and duly 
approved;

(c) All im portant inform ation relevant to  decommissioning is adequately 
docum ented, stored, and made retrievable over a predeterm ined period of 
time so as to allow for any future need;

1 For further guidance see Ref.[6],

21

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



(d) The following activities are carried out in accordance with the approved
decommissioning procedures:

— reactor materials are handled, identified and controlled
— equipm ent and tools needed for decommissioning are functional and are 

correctly operated
— im portant systems, structures, and com ponents are inspected
— required measurements and tests are carried out.

An im portant element to emphasize in the development o f a quality assurance 
programme for decommissioning is the acquisition and retention o f records and 
inform ation relevant to  the reactor. In the case o f  Stage 1 or Stage 2 decommission
ing, the m aintenance o f accurate and complete inform ation relating to the locations, 
configurations, quantities, and types o f radioactivity remaining in the reactor 
during prolonged periods is vital to  the successful and safe execution o f  subsequent 
decommissioning activities. Furtherm ore, for Stage 3 decommissioning it is 
im portant to  use these records to dem onstrate that all radioactive materials that 
were present at the beginning o f decommissioning have been properly accounted for 
and that their ultim ate destination has been identified and confirmed. (See also 
Sections 5.1, 5.2 and 6.1.)

8.5.5. Contingency arrangements

As long as there exists a source of radioactivity at a reactor, there is a need to 
develop, implement and maintain arrangements that will cope with unexpected 
occurrences. The degree of detail and the extent o f these arrangements should be 
commensurate w ith the potential hazard. Site personnel should be familiar with 
and trained in any such contingency arrangements. Provision should be made for 
periodic testing o f these procedures by exercises and drills. This is particularly 
im portant for decommissioning activities that may cover extended periods of 
time. Separate arrangements may be developed for each level o f decommissioning 
activities to  allow for the different degrees and types o f radiological hazard that 
may exist.

8.5.6. Security arrangements

The continued existence of radioactive substances on the site in Stage 1 and 2 
decommissioning may require that some form o f physical protection be provided. 
This requirem ent needs to  be evaluated on a case by case basis and should be 
adapted to  m eet individual circumstances. Additional guidance on the subject o f 
security can be found in Ref.[7],
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8.5.7. Reports

Throughout the decommissioning, reports should be prepared and submitted 
to  the regulatory body by the operating organization. Such reports may either be 
progress reports or final reports depending on the stage o f decommissioning. For 
Stage 1 and Stage 2, the reports should specify the actions taken to  ensure future 
maintenance o f the reactor within regulatory requirements and during any period 
o f surveillance.

For Stage 3, the final report should also include the post-decommissioning 
survey results (see Section 8.4.3).
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Annex I

CHARACTERISTICS OF SOME RADIONUCLIDES OF 

POTENTIAL INTEREST

Table 1.1 lists some o f the radionuclides which may arise in reactors as a 
result o f neutron activation. It will be useful in estimating the duration o f any 
period o f safe storage that may be necessary in the framework of any decommission
ing plan. It is not exhaustive, nor may all o f the radionuclides occur in significant 
quantities in every reactor. (The more im portant radionuclides are 60Co, 152Eu, 
sspe, 63Ni, 94Nb and for some reactors also 110Agm .) The material used in the 
construction o f the various parts of reactors should be assessed, particularly with 
regard to  impurities, to determine which radionuclides are likely to occur and the 
quantity  of each likely to  be present.

It should be borne in mind that fission products and (where fuel failure has 
occurred) uranium and transuranic radionuclides may also be found with the 
activation products in any surface contam ination in the coolant circuit, in the 
air ventilation ducts, or floors and walls. The extent o f their presence, if any, 
will depend upon the operating history o f the reactor. The most im portant 
fission products (in addition to 95Zr, 95Nb and 134Cs, which have already been 
listed among the activation products) include those shown in Table 1.2.
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TABLE 1.1. RADIONUCLIDES WHICH MAY OCCUR AS A RESULT OF 
NEUTRON ACTIVATION IN REACTORS

Nuclide Half-life Principal 
decay modes

Principal
associated gamma- 
ray energies 
(MeV)

Structural materials 
in which the 
radionuclide may be 
of importance3

H-3 12.32 a F - C
Be-7 53.29 d EC 0.48 O
C-14 5730 a f - G, S, M
Na-22 2.6 a EC, F 0.51, 1.28 O
Cl-36 3.01 X 10s a F, ec - c
Ar-39 269 a F - c
Ca-41 1.0X 10s a EC - c
Ca-45 163 d F 0.012 - c
Sc-46 83.8 d F,y 0.89, 1.12 C, A, O
Cr-51 27.7 d EC, 7 0.32 S, M
Mn-54 312.2 d EC, 7 0.83 S, M, A
Fe-55 2.7 a EC Mn X-rays S.M .C.O
Fe-59 44.5 d „ 0", 7 1.10, 1.29 S, M, C, O
Co-58 70.91 d F, EC, 7 0.51,0.81 S, M,C, O
Co-60 5.272 a F,7 1.17, 1.33 S, M, C, O
Ni-59 7.5 X 104 a EC Co X-rays S, M,C, O
Ni-63 100 a F - S, M, C, O
Zn-65 244 d F, EC, 7 0.51, 1.12 A
Zr-93 1.5 X 106a F - O
Zr-95 64.0 d F.v 0.24,0.72,0.76 O
Nb-94 2 X 104a F.r 0.70,0.87 S, M ,0
Nb-95 34.97 d F, 7 0.77 S, M, O
Mo-93 3.5 X 103a EC - M
Ag-108m 127 a IT, EC, 7 0.43,0.61,0.72 O, S, M
Ag-110m 249.76 d n.F.y 0.66,0.88,0.94, 

1.38, 1.56
O, S, M

Cd-109 462.9 d E - O
Cd-113m 13.7 a F 0.26 O
Sb-124 60.3 d F,y 0.60, 1.69 O
Ba-133 10.74 a EC 0.0081,0.30, 0.36 C
Cs-134 2.06 a F, 7 0.60, 0.80 C
Sm-151 93.0 a F,y 0.022 C
Eu-152 13.33 a ec  ,F,F,y 0.12,0.34 C.G
Eu-154 8.8 a F, 7 0.12,0.72, 1.27 C.G
Ho-166m 1200 a F, 7 0.18,0.71,0.81 C

a A -  aluminium: C -  concrete: G -  graphite: M — mild steel: O -  others (occurring in 
control rods, reflector, etc.): S — stainless steel.
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TABLE 1.2. FISSION PRODUCTS FOUND IN REACTORS

Nuclide Half-life
Principal 
decay modes

Principal associated 
gamma-ray energies 
(MeV)

Sr-89 50.5 d F -

Sr-90 28.5 a F -

Ru-106 372 d F. 7 a 0.51, 0.72, 1.05

Cs-137 30.17 a F. 7a 0.66

Ce-144 284.8 d F, 7 0.08,0 .13

aEmitted by the daughter product.
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Annex II

CONSIDERATIONS AND FEATURES WHICH 

MAY BE TAKEN INTO ACCOUNT AT THE 

DESIGN AND CONSTRUCTION PHASE OF A 

REACTOR TO ASSIST DECOMMISSIONING

In Section 5.1 it is indicated that certain considerations may be borne in 
mind in the design and construction phase to provide features which would assist 
in the decommissioning o f the reactor. (Some of these relate primarily to the 
efficient and safe operation of the reactor.) They may be broadly summarized 
as follows:

(a) The design o f the entire reactor should be such that it is capable o f being 
maintained in a safe condition for a sufficient period of time at the end of 
its predicted operational lifetime to allow decommissioning.

(b) The design should facilitate complete dismantling at stipulated points in time 
following final shutdown.

(c) The reactor layout and choice of materials should be such as to facilitate 
dismantling and minimize the production o f radioactive wastes and any 
radiation doses that may be incurred.

(d) The design should be such that the surveillance required on a reactor and the 
reactor site during decommissioning and the period before the site can be 
returned to  unrestricted use are minimized.

(e) The design should take into account the need for the control and monitoring 
o f any actual or potential leakage o f radioactive material from a reactor at 
the time of decommissioning.

(f) The design should take into account the need to  m onitor those parameters 
in the reactor operational lifetime which affect the radioactive inventory and 
the radiological factors necessary for estimating doses throughout decom
missioning.

(g) The need to identify essential inform ation required for decommissioning 
purposes and the consequent requirements to ensure that such inform ation 
is available at the end o f the operational lifetime o f the reactor should be 
recognized. Such inform ation may include ‘as-built’ drawings, models and 
photographs, details o f the weight, size and location of equipm ent and piping, 
impurities in construction materials, penetrations, location o f reinforcement 
bars, etc.

In many instances the immediate need for the reactor and the services it 
provides may result in little initial consideration being given to decommissioning.
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Though it is accepted that any reactor may be decommissioned safely, the later 
in the reactor lifetime that consideration is given to the topic the more difficult 
and costly decommissioning may become. This may be due to  a lack o f adequate 
records and inform ation, the need to  install or redispose equipm ent, the complexity 
of decommissioning activities, and the incurring of unnecessary doses as a result of 
interfering aspects o f the design.

Specific features aimed at facilitating the decommissioning o f a reactor may 
include:

(a) Provision for easy detachm ent and handling o f components that may become 
significantly activated;

(b) Provision for rem ote removal o f active com ponents where appropriate;
(c) Provision of suitable access and egress routes for larger radioactive and 

contam inated items;
(d) Provision of surfaces that may be readily decontam inated;
(e) Positioning o f monitoring instrum entation such that redisposition o f existing 

instrum entation or the installation of new equipm ent is minimized;
(f) Ensuring adequate space for site decontam ination facilities if  it is possible 

that decontam ination may be a future requirement;
(g) Provision o f  adequate facilities for handling radioactive waste arisings, 

including the storage o f large and highly radioactive items.

It is likely that the preparation o f a good design including features to  assist 
decommissioning would be aided by the use of suitable scale models at the con
ceptual design stage o f the reactor.
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Annex III

TOPICS TO BE INCLUDED IN A 

DECOMMISSIONING PLAN

The purpose o f this Annex is to  show which aspects, among those quoted 
under Section 6.2 o f  the Guide, may be relevant for inclusion in a decommission
ing plan, depending on the power rating o f the reactor. It should be emphasized 
that the aspects to be considered in the decommissioning plan will be influenced 
by many factors, among which are the required extent o f decommissioning, the type 
and operational history o f the reactor and the materials used in its construction. 
The following list is therefore to  be taken as indicative only o f typical cases (and 
approxim ate power ratings) and in its preparation an operational history o f several 
years with an average operation period o f at least one thousand hours per year 
has been assumed. In addition, the degree of detail with which each topic has 
been described is chosen to  correspond to the type of reactor under consideration. 
The entries have the following significance: X — generally applicable; (X ) — may 
or may not be applicable; o -  generally not applicable.

Power rating
Over

0 -1  kW 1 kW -  1 MW 1 MW

A description of the reactor at the time of final X X  X
shutdown

An estimated radioactive inventory X X  X
at the time of final shutdown

An evaluation of one or more decommissioning X X  X
options as appropriate to the given reactor. A
general hazard evaluation should be presented
for each option. This should consider in broad
terms potential accidents and environmental
impact

A description of the activities, techniques and X X  X
procedures, including the scheduling to  be 
employed in accomplishing decommissioning 
(Sections 8.2-8.3)

A safety evaluation of the specific procedures X X  X
and techniques to be used in decommissioning 
(Section 7)
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A description of the expected state of the 
reactor at various levels of decommissioning

A description of the procedures for the disposal 
of the reactor fuel and the management of 
radioactive wastes (Sections 8.1-8.4.5)

An estimate of the volumes and radioactive 
inventory of waste arisings (Section 8.4.5)

A description of radiation protection measures 
(Section 8.4.1)

Estimates o f doses to site personnel (Section 8.4.4)

Estimates of the radiological environmental 
impact of decommissioning activities and doses 
to the public (Section 8.4.5)

Safety specifications appropriate to each 
decommissioning activity (Section 7)

Arrangements to meet possible accident situations 
(Section 8.5.5)

Arrangements to cover security (Section 8.5.6)

Organization and responsibilities 
(Sections 8.5.1-8.5.2)

A training programme for decommissioning 
(Section 8.5.3)

A quality assurance programme for 
decommissioning (Section 8.5.4)

Methods for ensuring compliance with the 
criteria for release for unrestricted use of the 
site, or parts thereof, as well as materials 
(Sections 8.4.3-8.4.7)

Power rating
Over

0 -1  kW l k W- l MW 1 MW

o ( X)  X

X X  X

X X  X

X X  X

X X  X

o o ( X)

o ( X)  X

( X)  X X

X X  X

X X  X

o ( X)  ( X)

X X  X

X X  X
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Annex IV

POSSIBLE UNEXPECTED OCCURRENCES OR 

ACCIDENTS DURING DECOMMISSIONING

The purpose o f this Annex is to give a few examples o f possible accidents or 
unexpected occurrences which could occur during the execution o f particular tasks 
and which might lead to  significant doses to  site personnel or the public. While an 
attem pt is made to identify the most significant potential accidents, the following 
list is not to  be considered exhaustive, neither may all o f  the unexpected occurrences 
or accidents described apply in the decommissioning o f  all reactors, o r have the same 
probability o f occurrence.

Task Unexpected occurrence or accident

Fuel removal Fuel element dropped during handling 
Loss of cooling during irradiated fuel transfer 
Criticality in fuel storage

Radiation survey Unexpectedly high radiation field
Malfunctiofling of protective equipment 
Malfunctioiling of monitoring instruments

Decontamination Fire in contaminated chemical solvent
Vacuum filter bag rupture 
Spillage of contaminated liquids 
Loss of essential services

Dismantling, Local loss of contamination control
including concrete Cutting equipment failure
removal Accidental cutting of activated material

Inadequate mechanical Support for component being cut
Loss of essential services
Oxyacetylene explosion
Excessive amount of explosive charge
HEPA filter failure
Combustible waste fire

32

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



REFERENCES

[1] INTERNATIONAL ATOMIC ENERGY AGENCY, Safe Operation of Research Reactors 
and Critical Assemblies: 1984 Edition, Safety Series No.35 IAEA, Vienna (1984).

[2] INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, Recommenda
tions of the International Commission on Radiological Protection, Publication 26, 
Pergamon Press, Oxford, New York (1977).

[3] INTERNATIONAL ATOMIC ENERGY AGENCY, Basic Safety Standards for Radiation 
Protection: 1982 Edition, Safety Series No.9, IAEA, Vienna (1982).

[4] INTERNATIONAL ATOMIC ENERGY AGENCY, Principles for Establishing Limits for 
the Release of Radioactive Materials into the Environment, Safety Series No.45, IAEA, 
Vienna (1978).

[5] INTERNATIONAL ATOMIC ENERGY AGENCY, Regulations for the Safe Transport 
of Radioactive Material: 1985 Edition, Safety Series No.6, IAEA, Vienna (1985).

[6] INTERNATIONAL ATOMIC ENERGY AGENCY, Quality Assurance for Safety in 
Nuclear Power Plants: A Code of Practice, Safety Series No.50-C-QA, IAEA, Vienna 
(1978).

[7] INTERNATIONAL ATOMIC ENERGY AGENCY, The Physical Protection of Nuclear 
Material, INFCIRC/255/Rev. 1, IAEA, Vienna (1977).

BIBLIOGRAPHY

General

AMERICAN NUCLEAR SOCIETY, Decommissioning of Research Reactors, ANS, La Grange 
Park, IL, Standard ANSI/ANS-15.10 (1981).

AULER, I., BARDTENSCHLAGER, R., GASCH, A., MAJOHR, N., Safety Problems in 
Decommissioning Nuclear Power Plants, Nuklear-Ingenieur Service GmbH, Frankfurt am Main, 
Rep. NIS-197, (1975).

AULER, I., BUSCHMANN, W., Survey of the problems of decommissioning nuclear facilities, 
Atomkemerg. Kemtech. 39 2 (1981) 73.

COMMISSION OF THE EUROPEAN COMMUNITIES, The Community’s Research and 
Development Programme on Decommissioning of Nuclear Power Plants, 3rd Annual Progress 
Report, CEC, Brussels, Rep. EUR-8962 EN (1982).

CREGUT, A., Decommissioning of nuclear installations, Rev. Gen. Nucl. 3 (1978) 166.

CREGUT, A., JACQUEMIN, M., “Decommissioning of nuclear facilities” , Radiation Protection 
as an Example of Action Against Modem Hazards (Proc. Int. Cong. Paris, 1977), Vol.3, Asso
ciation intemationale de protection contre les rayonnements, Fontenay-aux-Roses (1977) 779.

DICKSON, H.W., Standards and Guidelines Pertinent to the Development of Decommissioning 
Criteria for Sites Contaminated with Radioactive Material, Oak Ridge Nat! Lab. Rep. ORNL/ 
OEPA-4 (1978).

FAUST, R.A., et al., Nuclear Facility Decommissioning and Site Remedial Actions: A Selected 
Bibliography, Vol. 1, Oak Ridge Natl Lab. Rep. ORNL/EIS-154/VI, RLO/SFM-8O/5 (1980).

GALLENBERGER, H., HARBECKE, W., The safe enclosure in decommissioning nuclear power 
stations, Atomkemenerg. Kemtech. 39 2 (1981) 80.

33

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



GILBERT, R.O., KINNISON, R.R., BARNES, M.G., “Application of acceptance sampling to 
the decommissioning of nuclear facilities” , Environmetrics *81, (Proc. Conf., Washington, DC, 
1981), Battelle Pacific Northwest Labs, Richland, WA, Rep. CONF-810436-3 (1981).

INTERNATIONAL ATOMIC ENERGY AGENCY, Decommissioning of Nuclear Facilities,
Rep. IAEA-179, IAEA, Vienna (1975).

INTERNATIONAL ATOMIC ENERGY AGENCY, Decommissioning of Nuclear Facilities,
Rep. IAEA-205, IAEA, Vienna (1977).

INTERNATIONAL ATOMIC ENERGY AGENCY, Safety in Nuclear Power Plant Operation, 
Including Commissioning and Decommissioning: A Code of Practice, Safety Series No.50-C-0, 
IAEA, Vienna (1978).

INTERNATIONAL ATOMIC ENERGY AGENCY, Factors Relevant to the Decommissioning 
of Land-Based Nuclear Reactor Plants, Safety Series No.52, IAEA, Vienna (1980).

JENKING, C.E. LAGUARDIA, T.S., JONES, J.W., Proposed Draft Standard ANS 11.18: 
Recommendations to Facilitate Decontamination and Decommissioning, Battelle Pacific North
west Labs, Richland, WA, Rep. PNL-SA-9635 (1981).

KAERNBRAENSLESAEKERHEIT, Technology and Costs for Dismantling a Swedish Nuclear 
Power Plant, Swedish Nucl.Fuel Supply Co., Stockholm, Rep. SKBF-KBS-TR-79-22 (Oct. 1979).

KONZEK, G.J., Technology, Safety and Costs of Decommissioning Reference Nuclear Research 
and Test Reactors. Sensitivity of Decommissioning Radiation Exposure and Costs to Selected 
Parameters, Battelle Pacific Northwest Lab., Richland, WA, Rep. NUREG/CR-1756 Addendum 
(July 1983).

KONZEK, G.J., et al., Technology, Safety and Costs of Decommissioning Reference, Research 
and Test Reactors, Vols 1 and 2, Battelle Pacific Northwest Labs, Richland, WA,
Rep. NUREG/CR-1756 (March 1982).

KONZEK, G.J., SAMPLE, C.R., Decommissioning of Nuclear Facilities -  An Annotated 
Bibliography, Battelle Pacific Northwest Labs, Richland, WA, Rep. NUREG/CR-0131 (Oct. 1978).

LANDON, J.L., MILLER, R.L., “Planning for decommissioning of the shippingport atomic 
power station” , Decontamination and Decommissioning of Nuclear Facilities (Proc. Conf.
Sun Valley, 1979), United States Dept, of Energy, Richland, WA, Rep. UNI-SA-68, 
CONF-790923-4 (1979).

MANION, W.J., La GUARDIA, T.S., Reactor decommissioning: Information pertinent to 
planning, Trans. Am. Nucl. Soc. 30 (1978) 551.

MANION, W.J., La GUARDIA, T.S., Decommissioning Handbook, Nuclear Energy Services,
Inc., Danbury, CT, Rep. DOE/EV/10128-1 (1980).

MARTIN, A., et al., A Preliminary Study of the Decommissioning of Nuclear Reactor Installa
tions, Associated Nuclear Services, London, Rep. 155 (July 1977).

NUCLEAR ENERGY AGENCY OF THE OECD, Decommissioning Requirements in the Design 
of Nuclear Facilities (Proc. NEA Specialist Meeting Paris) (March 1980).

NUCLEAR ENERGY AGENCY OF THE OECD, Decontamination Methods as Related to 
Decommissioning of Nuclear Facilities, NEA Experts Report, Paris, (March 1981).

UNITED STATES DEPARTMENT OF ENERGY, Nuclear Reactors Built, Being Built or 
Planned in the United States 25 of June 30 1982, Oak Ridge, TN, Rep. DOE/TIC-8200-R46 
(November 1982).

34

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



ROSENBERG, J., DOLLE, L., DARRAS, R., Control of Corrosion Products Movement 
and Deposited Activities in Reactor Circuits, CEA Centre d’6tudes nucleaires de Saclay,
Gif-sur-Yvette, Rep. CEA-CONF-3772 (1976).

Radiation protection and radioactive waste management

BUCK, P., Radiation dose rates during decommissioning, Trans. Am. Nucl. Soc. 30 (1978) 607.

CONTI, E.F., ERICKSON, P.B., Radiological criteria for release of land and for decommissioning 
facilities, Trans. Am. Nucl. Soc. 26 (1977) 120.

DICKSON, N.W., Waste Management Practices in Decommissioning Nuclear Facilities, Oak 
Ridge Natl Lab. Rep. CONF-790209-3 (1979).

ECKERMAN, K.F., YOUNG, M.W., A Methodology for Calculating Residual Radioactivity 
Levels Following Decommissioning, Technical Report, United States Nuclear Regulatory 
Commission, Washington, DC, Rep. NUREG-0707 (1980).

HILL, G.S., Doses for Various Pathways to  Man Based on Unit Concentrations of Radionuclides 
Pertinent to Decontamination and Decommissioning of Properties, Oak Ridge Natl Lab.
Rep. ORNL-OEPA-7 (1979).

INTERNATIONAL ATOMIC ENERGY AGENCY, Objectives and Design of Environmental 
Monitoring Programmes for Radioactive Contaminants, Safety Series No.41, IAEA, Vienna 
(1975).

INTERNATIONAL ATOMIC ENERGY AGENCY, Techniques for the Solidification of High- 
Level Wastes, Technical Reports Series No. 176, IAEA, Vienna (1977).

INTERNATIONAL ATOMIC ENERGY AGENCY, Monitoring of Airborne and Liquid Radio
active Releases from Nuclear Facilities to the Environment, Safety Series No.46, IAEA,
Vienna (1978).

INTERNATIONAL ATOMIC ENERGY AGENCY, Handling of Tritium-Bearing Wastes,
Technical Reports Series N o.203, IAEA, Vienna (1981).

INTERNATIONAL ATOMIC ENERGY AGENCY, Treatment of Low- and Intermediate-Level 
Solid Radioactive Wastes, Technical Reports Series No.223, IAEA, Vienna (1983).

INTERNATIONAL ATOMIC ENERGY AGENCY, De Minimis Concepts in Radioactive Waste 
Disposal — Considerations in Defining De Minimis Quantities of Solid Radioactive Waste for 
Uncontrolled Disposal by Incineration and Landfill, Rep. IAEA-TECDOC-282, IAEA, Vienna 
(1983).

INTERNATIONAL ATOMIC ENERGY AGENCY, Treatment of Low- and Intermediate-Level 
Liquid Radioactive Wastes, Technical Report Series No.236, IAEA, Vienna (1984).

O’DONNEL, F.R., et al., Potential Radiation Dose to Man from Recycle of Metals Reclaimed 
from a Decommissioned Nuclear Power Plant, Oak Ridge Natl Lab. Rep. NUREG/CR-0134 
(Dec. 1978).

TUTTLE, R.J., Radiation protection in decommissioning the sodium reactor experiment,
Trans. Am. Nucl. Soc. 30 (1978) 608.

WATSON, E.C., KENNEDY, W.E., Jr., HOENES, G.R., McPHERSON, R.B., SANDUSKY, W.F., 
Radiation exposure pathways of primary importance to nuclear facility decommissioning planners 
Trans. Am. Nucl. Soc. 30 (1978) 605.

35

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



AMERICAN NUCLEAR SOCIETY, Decontamination and Decommissioning of Nuclear 
Facilities, (Proc. ANS Topical Meeting, Sun Valley, ID, 1979), Plenum Press, New York (1980).

BILLS, C.W., SL-1 Recovery Experience, Science Applications, Inc., Rockville, MD,
Rep. GEND-002 (1980).

CHRYSOCHOIDES, N.G., CUNDY, M.R., VON DER HARDT, P., HUSMANN, K., 
SWANNENBURG DE VEYE, R. J., TAS, A., “High Flux Testing Reactor Petten. Replacement 
of the Reactor Vessel and Connected Components” , Commission of the European Communities, 
Brussels, Rep. EUR-10194-EN (1985).

COMMANDER, J.C., LEWIS, L., HAMMER, R., Decontamination and Decommissioning of 
the EBR-I Complex, Topical Report No.3, NAK Disposal Pilot Plant Test, Aerojet Nucl. Co.,
Idaho Falls, ID, Rep. ANCR-1170 (1975).

Decommissioning of Nuclear Facilities (Proc. Symp. Vienna, 1978), IAEA, Vienna (1979).

HINE, R.E., Decontamination and Decommissioning of the Organic Moderated Reactor Experi
ment Facility (OMRE), Idaho Natl Eng. Lab., Idaho Falls, ID, Rep. EGG-2059 (1980).

HINE, R.E., Decontamination and Decommissioning of the SPERT-II and SPERT-III Reactors 
at the Idaho National Engineering Laboratory, EG and G Idaho, Inc., Idaho Falls, ID,
Rep. EGG-2074 (1981).

HINE, R.E., MESERVEY, R.H., “Organic moderated reactor experiment decontamination and 
decommissioning project at the Idaho National Engineering Laboratory” , United States Dept, 
of Energy, Washington, DC, Rep. DOE/EV-0046, Vol.2 (1979) 208.

MEYERS, G.W., KITTINGER, W.D., “Progress report on dismantling of the sodium reactor 
experiment” , Decommissioning of Nuclear Facilities (Proc. Symp. Vienna, 1978), IAEA,
Vienna (1979) 435.

MEYERS, G.W., KITTINGER, W.D., Dismantling the sodium reactor experiment, Nucl. Eng.
Int. 24 208(1979) 24.

OAK RIDGE NATIONAL LABORATORY, Nuclear Facility Decommissioning and Site 
Remedial Actions — A Selected Bibliography, Reps ORNL-EIS-154/VI (Sept. 1980),
ORNL/EIS-154/V2 (Oct. 1981), ORNL/EIS-154/V3 (Sept. 1982), ORNL/EIS-154/V4 
(Sept. 1983).

SAXTON NUCLEAR EXPERIMENTAL CORP., Saxton Decommissioning Plan and Safety 
Analysis Report, Reading, PA (April 1972).

UNITED STATES DEPARTMENT OF ENERGY, Proceedings of the International Decommission
ing Symposium, Seattle, WA, October 1982, United States Dept, of Energy, Technical Informa
tion Centre, Oak Ridge, TN (1982).

UNITED STATES ATOMIC ENERGY COMMISSION, TECHNICAL INFORMATION CENTRE, 
Decontamination and Decommissioning of ERDA Facilities,(Proc. 1st Conf. Idaho Falls, 1975), 
Energy Research and Development Administration, Idaho Falls, ID, Rep. CONF-750827 
(Sept. 1975).

Decontamination

ARROWSMITH, H.W., ALLEN, R.P., New Decontamination Techniques for Exposure Reduction, 
Battelle Pacific Northwest Labs, Richland, WA, Rep. PNL-SA-7279 (1978).

Decommissioning experience

36

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



AYRES, J.A., Decontamination of Nuclear Reactors and Equipm ent Ronald Press, New York 
(1970).

COMBS, A.B., DAVIS, W.P., GARNER, J.M., GEICHMAN, J.R., “Summary review of Mound 
facility’s experience in decontamination of concrete” , Concrete Decontamination (Proc. Workshop, 
Seattle, 1980), Battelle Pacific Northwest Labs, Richland, WA, Rep. PNL-SA-8855 (1980) 179.

DIPPEL, T., HENTSCHEL, D., Decontamination Methods in Nuclear Power Plants After 
Incidents and the Case of Decommissioning, Kernforschungszentrum Karlsruhe GmbH, Rep. 
KFK-2195 (1975) 400.

HAHN, J.V., SCHARTZ, J., Decontamination during the decommissioning of nuclear 
facilities, Atomkemenerg. Kerntech. 39 2 (1981) 100.

HALTER, J.M., SULLIVAL, R.G., “ Equipment for removal of contaminated concrete surfaces” , 
Concrete Decontamination (Proc. Workshop Seattle, 1980) Battelle Pacific Northwest Labs, 
Richland, WA, Rep. PNL-SA-8855 (1980) 27.

HENTSCHEL, D., Decontamination of Big Components, Kernforschungszentrum Karlsruhe, 
GmbH, Rep. KFK-2435 (1977) 484.

INTERNATIONAL ATOMIC ENERGY AGENCY, Manual on Decontamination of Surfaces,
Safety Series No.48, IAEA, Vienna (1979).

INTERNATIONAL ATOMIC ENERGY AGENCY, Decommissioning of Nuclear Facilities: 
Decontamination, Disassembly and Waste Management, Technical Reports Series No. 230, IAEA, 
Vienna (1983).

NELSON, J.L., DIVINE, J.R., Decontamination Processes for Restoration Operations and as 
a Precursor to  Decommissioning: A Literature Review, Battelle Pacific Northwest Labs,
Richland, WA, Rep. NUREG/CR-1915 (May 1981).

PERRIGO, L.D., DIVINE, J.R., “Decontamination Methods” , Batteile Pacific Northwest Labs, 
Richland, WA, Rep. PNL-SA-7770, CONF-7905131-1 (1979).

SIMOVA, G., MIKHAJLOV, M.G., BOYADZHIEV, A., SHOPOV, N.A., A study of the 
possibilities for dry decontamination of surfaces with some tritial cleaning agents, Roentganol. 
Radiol. 16 2 (1977) 130.

37

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



DEFINITIONS

The following definitions are used in this Guide. These definitions conform  
with those used in Re f [ l ]  and other Agency documents. They may no t neces
sarily conform  to definitions adopted elsewhere fo r  international use. Som e minor 
modifications in definitions arise from  the need to make them applicable to  the 
decommissioning process.

accident. An unplanned and unexpected event during decommissioning which 
could lead to  the release o f significant quantities of radioactive materials or 
significant exposure o f the site personnel or the public to  radiation.

authorized limits. Limits o f any quantity  specified by the com petent authority
for a given radiation practice or source. These are generally lower than the primary, 
secondary or derived limits.

com petent authority . A national authority  designated or otherwise recognized as 
such by the government for a specific purpose.

contam ination. Presence of a radioactive substance or substances in or on a 
material or in a place where they are undesirable or could be harmful.

critical assembly. An assembly o f sufficient fissionable and other m aterial intended 
to  sustain a fission chain reaction at a low power level for measurement purposes.

decommissioning. The process by which a reactor is finally taken out o f  operation.

decommissioning plan (or plan). A docum ent, prepared in anticipation o f or 
shortly after the final shutdown of the reactor, containing detailed inform ation on 
proposed decommissioning activities.

decontam ination. The removal or reduction of contam ination by a physical or 
chemical process.

dismantling. The planned disassembly and removal o f any structure, system or 
com ponent in decommissioning.

experimental device. A device or set of devices installed in or around the reactor 
to  utilize neutron flux and ionizing radiation from the reactor for research, 
development, isotope production or any other purpose.
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level o f decommissioning. The extent o f the decommissioning process accomplished 
at a stipulated point in time. This would represent the attainm ent of intermediate 
steps w ithint the recognized Stages o f decommissioning.

maintenance. The activity of keeping equipment in good operating condition, 
including both preventive and corrective (or repair) aspects.

monitoring. The measurement of radiation or radioactivity for reasons related to 
the assessment or control o f exposure to  radiation or radioactive material, and the 
interpretation o f such measurements.

off-site area. Any area outside the boundary of the reactor site.

operating organization. The organization authorized by the government and 
responsible for the reactor at any point in the reactor lifetime until com pletion of 
decommissioning and the release of the site for other use.

quality assurance. Planned and systematic actions necessary to  provide adequate 
confidence that any process is properly conducted and that an item or system will 
perform satisfactorily in service.

ifadiation protection. The protection of man against the harmful effects o f  ionizing 
radiations, while still allowing necessary activities from which radiation exposure 
might result.

radioactive waste management. All activities (including administrative functions) 
that are involved in the handling, treatm ent, conditioning, transportation, storage 
and disposal of radioactive waste.

reactor. In this Guide the term reactor is used to include a research reactor or a 
critical assembly.

reactor management. The management structure which has been established by 
the operating organization for directing the operation o f the reactor. It forms a 
part of the operating organization.

reactor manager. The single member o f the reactor management who has been 
delegated direct responsibility by the operating organization for the operation 
and/or decommissioning o f the reactor and whose duties comprise mainly the 
discharge o f this responsibility.

reactor site (or site). The area containing the reactor defined by a boundary and 
under effective control o f the reactor manager.
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regulatory body. Either a body authorized by the government independent o f the 
operating organization, or a body or com m ittee of the operating organization 
independent o f  the reactor management. It has the responsibility and authority 
to  regulate the safety o f the reactor.

research reactor. A facility used mainly for the generation and utilization of 
neutron flux and ionizing radiations for research and other purposes.

restricted use. The use of materials or site restricted by the regulatory body, 
because o f its potential radiological hazards.

safety. Protection o f all persons from undue radiological hazard.

safety limits. Ultimate limits assigned to im portant process variables or parameters 
which if exceeded could result in undue personnel exposure to  radiation or release 
o f undue am ounts o f radioactivity.

safety specifications. Specifications, including safety limits, safety system settings, 
surveillance requirements, administrative and organizational requirements.

safety system settings. The values o f process variables or parameters at which the 
operation of autom atic protective devices is initiated.

site personnel. All persons working at the site, either perm anently or temporarily.

stage o f decommissioning. A state or condition of a reactor after decommissioning
activities:

Stage 1 — Storage with surveillance 
Stage 2 -  Restricted site use 
Stage 3 — Unrestricted site use

survey. A systematic investigation and measurement o f radiation and/or contam ina
tion levels.

unrestricted use. Any use o f material or site w ithout restrictions regarding 
radioactivity.

41

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



LIST OF PARTICIPANTS

Consultants Group Meetings, Vienna: 26 September — 7 O ctober 1983;
2 6 -3 0  March 1984; 2 6 -3 0  November 1984

S.K. Agarwal 
M. Laraia
B. Sweeney (Chairman) 
R. Purple

India
Italy
United Kingdom 
United States of America

IAEA S ta ff  Members

W. Byszewski 
R.J. Palabrica Scientific Secretaries

Technical Committee Meeting, Vienna: 19—23 March 1984

H. Boek 
J. Hammer 
K. Mueck

J.I. Saroudis

A. Jensen

J. Rantanen

R. Jacquemart

A. Kofahl 
G. Wittek
M. Suchowitz (Observer) 

Z. Szabo 

S.K. Agarwal

B. Sudarsono

M. Conti 
M. Laraia

K. Endo

J. Kuypers

K. Oefjord

S. Menon

W. Francioni

Austria

Canada

Denmark

Finland

France

Germany, Federal Republic of

Hungary

India

Indonesia

Italy

Japan

Netherlands

Norway

Sweden

Switzerland

43

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



C. Baglin 
B. Sweeney

M.K. Pflugrad 

IA E A  S ta f f  Members

United Kingdom

Commission of the European Communities

W. Byszewski 
R.J. Palabrica Scientific Secretaries

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



HOW TO ORDER IAEA PUBLICATIONS
■ ■  An exclusive sales agent for IA E A  publications, to whom all orders

and inquiries should be addressed, has been appointed 
in the following country:

U N IT ED  S T A T E S  O F  A M E R IC A U N IPUB , P.O. Box 433, Murray H ill Station, New York, N Y  10157

In the following countries IA E A  publications may be purchased from the 
sales agents or booksellers listed or through your 
major local booksellers. Payment can be made in local 
currency or with UNESCO coupons.

A R G E N T IN A Com ision Nacional de Energi'a A tom ica, Avenida del L ibertador 8250, 
RA-1429 Buenos Aires

A U S T R A L IA Hunter Publications, 58 A  G ippsStreet, CoMingwood, V ic to ria  3066
B E LG IU M Service Courrier UNESCO , 202, Avenue du Ro i, B-1060 Brussels

C H ILE Com ision Chilena de Energi'a Nuclear,Venta de Publicaciones 
Amunategui 95, Casilla 188-D, Santiago

C Z E C H O S L O V A K IA S.N .T .L ., M ikulandska 4, CS-116 86 Praha 1
A lfa , Publishers, Hurbanovo namestie 3, CS-815 89 Bratislava

F R A N C E O ffice  International de Documentation et Librairie, 48, rue Gay-Lussac, 
F-75240 Paris Cedex 05

H U N G A R Y Kultura, Hungarian Foreign Trading Company 
P.O. Box 149, H-1389 Budapest 62

IN D IA O xford  Book and Stationery Co., 17, Park Street, Calcutta-700 016 
Oxford  Book and Stationery Co., Scindia House, New De lh i-110 001

IS R A E L Heiliger and Co., Ltd., Sc ien tific  and Medical Books, 3, Nathan Strauss 
Street, Jerusalem 94227

IT A L Y Libreria Scientifica, Dott. Luc io  de Biasio "aeiou", 
V ia  Meravigli 16, 1-20123 M ilan

JA P A N Maruzen Company, Ltd., P.O. Box 5050, 100-31 Tokyo  International
N E T H E R L A N D S Martinus N ijho ff B.V., Booksellers, Lange Voorhou t 9*11, P.O. Box 269, 

NL-2501 The Hague
P A K IS T A N Mirza Book Agency, 65, Shahrah Quaid-e-Azam, P.O. Box 729, Lahore 3

P O LA N D A rs Polona-Ruch, Centrala Handlu Zagranicznego, 
Krakowskie Przedmiescie 7, PL-00-068 Warsaw

R O M A N IA llex im , P.O. Box 136-137, Bucarest
SO U T H  A F R IC A Van Schaik Bookstore (Pty) Ltd.,

P.O. Box 724, Pretoria 0001
SPAIN Di'az de Santos, Lagasca 95, E-28006 Madrid 

Di'az de Santos, Ba!mes417, E -08022 Barcelona
SW ED EN A B  Fritzes Kungl. Hovbokhandel, Fredsgatan 2, P.O. Box 16356,

S-103 27 Stockholm
U N IT ED  K IN G D O M Her Majesty's Stationery O ffice, Publications Centre, Agency Section 

51 N ine Elms Lane, London SW8 5DR
U.S.S.R. Mezhdunarodnaya Kniga, Smolenskaya-Sennaya 32*34, Moscow G-200

Y U G O S L A V IA Jugoslovenska Knjiga, Terazije 27, P.O. Box 36, YU-11001 Belgrade

■
 Orders from countries where sales agents have not yet been appointed and 

requests for information should be addressed directly to:

Division of Publications 
International Atomic Energy Agency 
Wagramerstrasse 5, P.O. Box 100, A-1400 Vienna, Austria

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



I N T E R N A T I O N A L  S U B J E C T  GROUP: II
A T O M IC  E N E R G Y  A G E N C Y  Nuclear Safety and Environmental Protection/Nuclear Safety
V IE N N A , 1986 PRICE: Austrian Schillings 1 3 0 -

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/




