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This report forms one of sixteen related reports

presented to the Royal Commission on Nuclear Power on

1.12.76.

Titles of the series are -

A. The Nuclear Power Industry in U.S.A.

B. The Nuclear Power Industry in Canada

C. Tha Nuclear Power Industry in Europe

D. The Nuclear Power Industry in Japan and Russia

E. Biological Effects of Radiation on Man

F. Biological Hazards of Plutonium

G. Nuclear Power Plant Siting

H. Radioactive Releases from Nuclear Power Plants'

I. Reactor Safety (including comments on criticisms of

WASH 1400)

J. Safeguards

K. Radioactive Waste Management

L. Transportation of Fuel and Wastes

M. Nuclear Insurance

*N. Decommissioning of Nuclear Power Facilities

0. Nuclear Energy in a Food Exporting Country

P. Electricity Demand, Substitution and Resources

* This report also exists as one of the Nuclear Input

series, and is available from the Institute of Nuclear Sciences

(DSIR) as NIP 21.
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1. INTRODUCTION

There has been comparatively little information

published on decomissioning nuclear power plants.

A 1975 literature searchv'' lists *ibout 35 reports

on the subject dealing with some 15 reactors which have been

or are being decommissioned. Nearly one-third of theso refer

to the decommissioning and dismantling of the Elk River

Reactor (ERR),which thus appears to be the best documented

example. Ekluhd* ' stated that problems of decommissioning

should be kept in view when siting nuclear power plants. The problo;

is now being faced at the Eurochemic Reprocessing Plant in Belgium

where the cost of decontamination and restoring the

site to its original condition are estimated to be comparable

to the original investment in the plant. At the end of 1973

the IAEA called a meeting of specialists to discuss these

questions,and a status report was published in 197̂ - with the

aims of focusing attention and initiating discussion on the

subject.

Nuclear facilities pose more severe disposal problems

than most other industrial structures,and design features have

not generally been incorporated to assist in their ultimate

disposal .

(2)

Bainbridge et al.v ' define decommissioning as taking out

of service without leaving the option of resuming the original

operations. This definition has been extended to include the

arrangements that must be made to ensure as a minimum

continued supervision and radiologically safe storage of

disused plants, and as a maximum complete clearance of all
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radioactive material from the site so that it can be put to

further use. The safety problems of decommissioning nuclear

plants are not urgent and it is believed that research into

improving the techniques applied to decommissioning will

amount to a saving in resources.

Three stages of decommissioning are nov recognised:

Stage 1 - Lock up with surveillance.

Stage 2 - Conversion and restricted site access.

Stage 3 - Unrestricted site access.

It is assumed that all fissile materials have been removed

from the facility^ and that potentially hazardous, l-eadily

portable equipment and wastes have been removed. This means

that the radioactivity which remains is largely due tc stray

contamination and the induced radioactivity of structural

components. It may therefore be dangerous to approach without

protection,but it cannot be dispersed so as to produce a

widespread public danger. In any case the amounts of radio-

activity remaining are too small to represent anything but a

localised hazard. For example, the residual radioactivity

at the decommissioning of llallam ( a 250 MW(t) sodium cooled

and graphite moderated reactor) was 3x10^ Ci, at Piqua it was

2.6 x 10 Ci,^ ' and at ERR when dismantling began it was

approximately.1x 10^ Ci • The radioactive inventory of a

working reactor may be of the order of 10 Ci.

Stflfto 1 - Lock up with .surveillance;

A series of reactors might be built at one site during

several decades and it may be prudent and economically sound

practice not to proceed beyond lock-up with surveillance, leaving
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redundant reactors within the station botrndary, and making

progress to stage 2 or 3 easier in due course. By lock-up

and surveillance, it is possible to provide adequate safety

for the public and the environment at a relatively low

initial cost. It provides time for decay of radioactivitVj

but leaves open to question the assurance that the plant owner

will in future be capable and willing to accept his recognised

responsibility for radiological protection of the public.

Examples of reactors at this stage of decommissioning are

Marcoule G1 and Chinon 1 (EDF 1) in France, and BEPO at

Harwell in England-. ̂ 2' |

Stage 2 - Conve'rsionland restricted site access:

With a reactorfa practical possibility might be to seal

the biological shield, remove unwanted external equipment,

decontaminate as necessary the accessible interior and exterior

building surface& and use the covered space and surrounding

site for other purposes. This has already been done with a

number of reactors (for example, the Carolinas Virginia Tube

Reactor, Bonus Power Station,^ ' Piqua and Hallam reactors^ ' ) .

The end-product should be a facility or site containing

radioactivity which is safely isolated from man and the

environment until it decays. It may be that many of the

larger nuclear power plants will in due course be amenable to

decommissioning to this stage, the end-product being one or

more mounds or filled excavations containing relatively stable

concrete and rubble, moulded over with earth and planted or

built over in a fairly permanent way.

Stage 3 - Unrestricted site release:

For this stage,removal of all significantly radioactive

equipment and structural material is required to allow



unrestricted access and unrestricted land use. This does not

necessarily mean complete demolition of the non-radioactive

structure. This is bound to be the most costly stage, would

give the maximum radiation exposure to the personnel involved

and must lead to the generation of the maximum volume of

radioactive wastes to be stored elsewhere.

( 3 12 )
Tlie Elk River Reactorv ' ' has been decommissioned to

this stage at a cost of US$6.2 million^ ; and *• small

reprocessing plant at Fontenay-aux-Roses has been completely

dismantled.' '

3. EXPEDIENCE AND TECHNIQUES AVAILABLE
/
I

In August 1975» ERDA sponsored a conference on

Decontamination and Decommissioning at which it was stated

that since "i960, in the United States, five licensed nuclear

power plants, four demonstration nuclear power plants, six

licensed test reactors, and 28 licensed research reactors

had been or were being decommissioned/ ' Papers presented

at this conference discussed problems encountered with some

of these. One interesting example was the Experimental

Breeder Reactor 1 (EBR1). This reactor produced the first

usable electric energy from nuclear fuel, first demonstrated

the principle of breeding fuel and proved that the consequence

of core melt-down was not necessarily catastrophic. As a

result it was declared a Registered National Historic Monument

and has been decontaminated, decommissioned and is being

maintained by the U.S. National Park Service for public

display.^ ' The experience gained in these decommissioning

actions has been factored into the present Nuclear Regulatory
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Commission (NRG) requirements for reactor decommissioning.

Regulations applicable are described in the Code of

Federal Regulations Title 10. Title 10 CFR Part 50 §50.82

"Application for termination of licenses" provides rules by

•which a licensee may make application to the NRC for

authorisation to dismantle a reactor facility and terminate

its license upon satisfactory completion of dismantlement.

Title 10 CFR Part 50 §50.59 "Authorisation of changes,tests,

and experiments" and § 50.90 "Application for amendment of

license or construction permit" provides the rules by which a

licensee may amend his license to a "possession only" status.

Regulatory Guide 1.86 "Termination of Operating Licenses for

Nuclear Reactors" describes conditions and procedures

considered acceptable by the NRC staff for each decommissioning

(8)alternative.^ '

(2)
Bainbridge et al.v ' state that large sections of power

major
reactors are moderately radioactive but point out that tlie^part of the

plant is not active at all. However, this is not the case for

a reprocessing plant.

A wide variety of demolition equipment is already

available, such as remote-controlled manipulators mounted on

radio-controlled vehicles, tele-controlled excavators with

exchangeable tools, x-emote-controlled plasma torches, special

rock drilling tectaiques^J' and drilling teclvniques. ̂ '

Use of these facilities is an expensive operation.

Considerable development work was done by ERDA on the remotely

controlled under-water plasma torch technique for cutting up

the large structural components of ERR.^ ' It was successfully

used in this instance and also for some extensive modifications
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to JPDR^ ' (japan Power Demonstration Reactor) and it is

believed to be feasible and practical for small reactors which

have not operated for long times.^ ' It is not clear how

valuable the technique will be for larger reactors where steel

thicknesses are greater and radiation levels higher. Careful

engineering assessment of each individual case would ba

required, but the technique is certainly promising.'1 '

From the work carried out so far in repair, reconstruction

and decommissioning of nuclear installations it is clear that

if more attention wore given in the initial design stages to

maintenance and ultimate decommissioning requirements, there

could be considerable saving of man—power, materials and

(2)money. Bainbridge et al.v ' quote examples of decommissioning

of reactors, suggest areas for the development of improved

tools and techniques,and attempt to identify the reactor

owners' responsibilities and those of the public authority in

the decommissioning phase.

Furthermore, they point out that it would be of g:reat

assistance if expex-t consideration is applied in the next few

years to ensure that:

(a) Information on all aspects of the subject is

collected and published.

(b) Guidelines (or codes) are prepared to illustrate

the methods that can be adopted and the standards to be

achieved.

(c) Research and development work is in hand, to

develop the methods, tools and procedures required for

efficient, economic and effective decommissioning.

(d) Assessments are carried out to provide data on

comparable plants, in the areas of ease of decommissioning,
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costs, volume of waste produced and surveillance requirements,

(e) Financial arrangements are worked out to ensure that

the resources of the plant owner are not unduly strained,

whether because at the outset of the plant's life a

decommissioning capital sum has been provided, or payments

have been made to such a fund from revenues, or because some

other mutually agroeablo arrangement has been reached between

owners and authorities.
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