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PREFACE
. On May 1977 the Council.approved, as part of the Community's action
4 £ = ,
programme -on the environment  the principle of an action concerning the
decomissioning of nuclear bower plantse It asked the Commission to pool

and to analyse earlier studies and.experienee and to present, on the

basis of the results of this work, appropriate proposals to the Coﬁncil.

.The.p}esent document has been drawn up ﬁith the help of a groﬁp of

' national experts. Part I contains mainly an anal&sis of earlier studies

vand experfence and Part II‘a pfopdsal for a funded action programme,

The scope of the enalysis and the proposal has been restricted to nuclear

| ﬁoWer plents, excluding other nuclear installations such aé research reactors
and fuel cycle facilities. However, available relevant experlence with

such other installations has been taken into account. It may also

be noted, that the results from the proposed action are expected to be

of beneflt to other installations too.,

£ 0J N° C 139, 13.6.1977
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PART I : SITUATYON AND PPOSPFCTS REGARDING DECOMMISSIONIFG OF MJCLEAR
PAWER PLANTS )

1. Introductionv

| Decommissiening of nuclear plants means fheir/Séfe disnosition after
“retirement from service. Its ultimate»objective is the unrcstricted release

. of the plant site for other uses. One must however keﬁn in mind that only a

relat1vcly small part of a nuclear power station (15 to 20 %) w1ll q1ve rise

to nroblems assoc1cted w1fh the nrpsence of rad1nact1ve mattor

rvery nuclear power olant \1LL sone time arrive at the end of 1ts use=
ful Life, but tho reasone for ret1r1nq a nlant from service may vary. A
prototync nlant may be decnnmiss1onﬁd when it has achieved-its objective,
- or when the annct1vn has been abandoned Commercial plants will be rﬂt1rnd
'from service when ‘either cconomic or safe oaerat1on is no longer aoss1blc.
Such & s1tuat1on cculd also he brouqht about by an incident if rehab1l1tat1on

of the plant nroved too coetty or 1mnos=1blc duc to rad1at1nn.

’

. After a plant has teon retircd from scrvice, the nuclear fuel, rad1o- i
-activé matcriale in process and radioactive waste nroduced in normal opera=
'tion should first ke removed by routine opératioﬁs. As r2aards the further
nrocedure, threc steqes of decnmm1ss1on1nr have been defin;d in the freme of

é

the Internat1onwl ftoric Cnerqy Aqency, namely -

ot

- Stane_1 6ccomm1 s1ﬁn1ng

The olant is practicallylkcof‘ihtacf. The mechanical opening systems
‘_':(valvos, niuas, etc;) of the first contemination karrier arc perme=
e ; mnently blocked and sealrd;'The plant is under surveillance and ins- ‘
» .pections are corried out to check that it remains in "gnod condition;

Stage_2_decommissioning

B The primary contaminaticn barrier is recuced to minimum size and
sea(ed, removing all éarts which can be casily dismantled. The biolo=
gical shicld “(e.g. concrete) 'is extended so that it-completely’
surrounds the barrler. ‘ ’ L '



 After decoﬁtaminatioh to acceptable'LeVels the containment bui(ding
cen be removed. The other parts of the plant (buildings or aquipment)
can be dismantled or converted for new purposes. Surveillance around
the barr1er is necnssary but can be relaxed as compared with otage 1.
ExternaL 1nspect1on of the secaled part should be performpd

ALl remsining partsof the pLanf,‘ the activﬁ'ty of which remains signi- '
ficant despite decontamination procedures, are removed. The plant ié
then released without restrictions. No aurve1LLanue or inspect1on |

is necessary from the point of view of radiological protection.

Steges 1 te 3 are, though not completely corresponding, sometimes
also referred to as "mothbalt1ng", "entombnant" and "(complete) remo= "

val", respectively.

2. ' Experience with dedcnmissioning

About 20 nuclear pcwer plants in the WCstern wortd - alt of them in
the Un1tea States and in Europe ~ have already been retired from service.
Five of these plants are located 1n the Coumunity, namely:

- harcoule G 1 and Chinon 1, in France
- He1ssdampfreaktor {HDR) and Kernkraftwerk Nvudera1chbach, in Gernany

- Dounreay Fast Reactor, in the Un1ted K1ngdom.

Decommiss1on1ng of most retired plants has not yet proceedéd beyond
~ Stage I. Five plants have been decommissionéd further, amely. HNPF, BONUS,
"ERR (all in the USA), CNL (Switzerland) and HDR (Germany).

These deconmissioning cperations have compl1ed with the regulat1ons
for protection of the personnel- and the general public; no particular in=
cident has'been reported. They have yielded valuable expérience as regards
decommissioning iechniques and cost. However, this experience isvnotndi~
rectly applicable to future decommissjoning of nuclear power plants,gand
of large commercial plants in particular, for the following reasons:



= the reactors were of one-off types, not used in commercial plants;
- they were relatively smatl; : T _
= thuy had been opersted for relatively short periods, and

consequently radioactivity inventories were small.

Relevant experience has also been obtained from the decommissioning
of major nuclear power plant compcnentse Within the Commuhity %he
dismantling and cutting of the thermal shields of the Trino Vercellese and

the Chooz pressurized water reactors deserve particular mention in this respect.

Decomm1s=annng operations at research reactors and fuel cycle plants
have also y1elded experience which is of con=1dnrable value in the de- ‘
commissioning of nuclear power nlants. iajor operat1ons per‘orned in the
member countries are: ‘

- total dismantling of thé'Lesouchet uranium fabrication plant‘
(France) o .
- total d1anantt1ng of a smatl Bro? otype reproces,1ﬁg plant at
Fontenay aux=Rcses (Frang
- extensive decontamination Opeﬂat1on° at rebrccessing pLunte at
Mol (Belgium), Dounresy (UK) and Trisaia (Italy).
T“e ava1lamle experience has bepn taken into acccunt and carefully
extrapolated in the studies of decomn1ss1on1no of conmer"1aL plants, '
whizh form the subject of Chapter 3. ’

3. Decommissioning studies

3.1 Light water reactors

L1gnt wgter reactors are of part1cular interest s1nce tuey const1tu*e
the major part of the nuclear generating capac1ty 1nstatlea and under con=
struction and because their proportion is forecast to increase over the

coming decades. The decommissioning problems posed by pressurized water



. ',.‘ ) . . ) . v » '. .
. reactors, which account for about 80 X of the light water reactors in the

. . » o x - : 5
Community and are taken as a reference here , and by boiling water reac- /

tors do not differ fundamentally..'

_ The rad1oact1v1ty 1nventory after 40 yeurs of operat1on and one year
after shutdown is illustrated by the foLLow1ng data (orders of macn1tude).

i

Components (material) ”elght Act;¥1ty '
Reactor vessel internals (stainless steél) | 180 | 107
Reactor vessel (mild steel, cluud1ng . , _ . :

stainless steel) ) 580 5000
: Biolog1cal shield (concrete, re1nforcement B B
. . m1Ld steel) . . 430 - ). 700 -
Systems cont m1nated only (sta1ntess steel) 6000 | 3000

The totaL act1v1ty 1nventorf 1s Louer by a factor cf pbOUt 1000 than"
“that H}- shortly after shutdown, this bning due to the removal’ of fuel and
:to the decay of short=lived nucl1des. The bulk of this activity is re-
presented by a few reactor internals surround1ng the core, w1th maximum

spec1f1c act1v1t1es of about 2 Ci/g.

More important than these totat activ1ties are those of Spec1f1c
nucl1des. There are no s1gn1f1cant amounts of the r‘d1otox1c long=Llived
" alpha emitters. Cobalt-éo, because of its penetrat1ng type of radiation,
determfnes the exposure -of perscnnél during decomm1s’1oning works and there~
?*bre . dictates the ﬂegree of ah1etd1ng and remote operation required.

f The cabacit}'of the reference plant is about 1200 iWe
~ S : , : _ . ~



- 7‘- i

Its decay - its half-life being five years - 4s the principal roason
for declaying dismantling. Because of'théif lowg and véry'lonk kol f=Llives
nickrl~63 and rickel=5% will have 2 major influencc on the cho:ce of th; -
final storage or d1spoaaL mode of st eel components. )
fven though nickel=59 and nickcl=C3 may he preseht in significant cuanti=
ties for Long periods, their pote ontial bioLogical hczard must be kept 4n
perspcctive, considering the low level and penetrat1on capab1lity of the
racdiation.

Becoamisgioning alternatives

According td_thc studics ft wodid\be foasible but not opfimal'uith
respect to both health protection and costs. to phdertéke complcte dis= -
| mantling and removal of the p(ahts frnnd{étcly after shutdown ("Prompt
Stage 3"). On the other hand it wouid not oe practical to delcy Stage 3
unttl it was reached mcrely by the dccay or the radionuclides. The.
principal reasons for proceecding to Stace 3 aprear to be the deqracation
of contavina.1ov bcrr1°rs, the surveillance costs during’ Lower Stagces anc,
:oss1bly, nat1onal l1cens1ng requirerants. The economi ¢ vatue of the '
land area recovered would be comparatively in>1gn1f1cant ‘A nuclcar aTtQ
may be of h1qh value to the ut1l1ty, but 1t would gcncrally be possible
to build a new plant without removing the reagtor buildwng of the old ;
one, since thws build1ng usually occupies only a smalt part of the s1te
area. ' '

The decision to start on Stage 2, as agalnst Stace 1, will de;enc'
to a large extent on the nat1onal l1ce“sing requirerents. Recovery of '
site area and esthetic reasons will not be an incentive, since underground

[

% Bickel=63: half=(ife of 90 years
o dickel=59: half-Life of £0,000 years

\



ehtorbmewt'appears impractﬁcal and substanfial overgrouhd structurcs'or ‘
even the whwle ccnta1nment bu1lding, as envisaged in the United atates, ~
, will remain in place during Stage 2. . ‘

Decommissioning costs accrue from decammissioniag works at the pLanf, :
from managemeht and dispcsal of the wastes produced and, until Stage 3 is
reached,.from surveillence anq maintenance of the plant, The mode of waste
disposal is decisive of disposal costs and may afso condition preceding
operat1ons and their costs. As the disposat mode is unknown cs yet, cost
estimates have been based on assumed d)SposaL modes and therefore are ta
a certain degree hypothetical. The following costs haV° been estimated re-
cen*ty in an Americon (A) and in a EurOpean (&) study:(1n m1llions of
1975 Us S, 1nctud1ng removet of non-nuclear build1ngs). ‘

@ E e ' . o .
[ ',. . ’ » .’“: . L |

" ‘
o o T ) Stucy
Decomissioning alternatives. = °- ' . - At e
. X ‘ L, LT : Wty " L i . . . . ,
: Pronpt Stage 3 S A 14 79
o DeLeyed Stage 3 (2 L'after Stage 1."1 " BN 23 64
' - after Stage 2 "25 1 -

(1) belay after shutdown: 108 years for A, 40 years for E; no.
permanent serurvty force during btage 1.

A ' . o ;
| These ccsts range'from‘abeut 4 to'1§ % of p(ant'capitai costsyin 'y

‘,1975. The dlfference between the two estimates is to a large extent due’

to the different waste disposal modes assumed, which are virtually oppoéite

extremas as rngaros their impact on costs. Study A is based on the f1n=n-

cial ond technical cond1t10ns in force at commercial surface burizl grounds

~ but assumes the rad1oact1v1ty limit to be strongly increased. tThis certainty
unrealistic assumption affects only the Prompt Stage 3 alternative). : Sthdy E
is based on the conditions in force at an exper1nental geological dtsposal

_facility, which require fn paeticular that all uastes are packed 1n smatl

T Un‘ts. . . B

e ———t—————— ~

* Study 5. SN - |
| Y As AIF/NESP-009SR; study E: EUR 5728 4 ¢
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Moreover, these costs are not discountad. However, comparison of costs
arising at different points in time ihevitably involves discounting and
not,discounfing amounts merely to using a discount rate of zero. Discount
rates may be chosen on the basis of anticipated interest and inflation .
rates, of utility practices or of macro~-economnic considerations. Thus no
‘specéfic rate can be proposed hers, but tie preponderant influence of dis-
counting, even with rates as.low as 1 % per year, has to be stressed. This
influence tends to reduce the. ratio of decommssioning‘to capital costs, the
reduction being the¢ greater the longer Stage 3 is delayed and permits . ©
sink ing~funds to growe. |

The current costs durihg Stagcs‘1 énd 2 would be Lower than assumed '
in th2 studies if the decommissioned pLant—shared the site with at least
one oparating plant, whichvwitl be the most frequent cass in the foresee-~
able future. On the other hand, a permanent securit9 fcrce, which might be
recuired for a single piant in Stage 1, would result in an additicnal
cost. Constant*ahnuat mainteqance costz, excluding major works, have been
assumed but it is recognized that this nay be\unrealistic, in particular
for longer periods of delay. Maintenance Eosfs are expected to increase ’
at long term, as excessive degradatign of the plant is to be'avoided, and
‘this might be a reason %o proceed to Stzge 3 earlier. %his aspect requires

further stucy.

Occapafional radiation exposure is seen to be the main safety concern
in deccmmissiéning. Not only have the individual dose Limits to be complied
with, but also the totalnﬁadiatioh dose chould be kept within acceptable
timits. Sesides the use of shielding, remote operztion ard enclosures with
controlled ventilation, careful planning of ihe successive decommissioning
pperations'is essentigl. Total occuwpational doses estimated in the already

mentioned study A, ére 63C man-rem for Prompt Stage 3 and about 450 man-rem

i
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‘far Stege 1 o 2 and DeLayed Stage 3 (108 years after shutdown). It has to
 be nentjoneo that substantially higher doses have been estimated by others.

2.2+ G2s—cooled reactors .

4

G*s grapr1te reactors will probably form the bulk of the nuclear pOWeP
plants wh1cr w1LL beccme redundant by the end of this century.

&y

Y

Important differences in the raa1oact1v1ty 1nventory compared w1th N
L1ght ‘weter reactors are the Lower spec1f1c activities but Larger volumes, '
the preponderance of mild steel over stainless steel and the Llarge zmounts |
of graph1te, wh.ch howaver, are present as eas1ly manageable p1eces. The
follou1ng amounts of materials have been 1ndicated for the pressure véssel
- and the precsure vnsset Lnternals of a typlcal commerc1al Magnox reactor

" (capacity: 250 Mwe): 2500 tonnes OT m1Ld steel, 100 tonnes of sta1nLess

steel and 2500 tonnes of graph1+e. As regards the b1olnglcaL shield con- ‘
~crete, onLy its 1nner Layer it activated. The +h1ckness of th1s Layer will
be about 1.5m two years after shutdown and will decrease w1th t1me as the
result of radioactive dccay. Nevertheless this concrete woul preeent the
i"major d1sposaL ‘problem in terms of mass. neat exchangers would by the1r
:s1ze _nd by the tube surface arez and geometry pose a maJor decontaminet1on

probLen.'

The study of the decomw1°s1on1ng of a represcntut1Ve commercial Magnox
reactor is still in progress, but a detailed technical study on the Wind-
”scale Advenced Cas—cooLed Reactor- (W.A,G.R.), has been completed and it is
Likely that its conclusions will in principle be appliceble also to Magnox
reactors. The W.A.G.R. study is based in one case on a progressive procedure,

condiderinq Stauze 1 as an fnterim'phase, Stage'z as a storege sitdationlofﬁ,'
unspecified duration and Stage 3 as the ideal ultimate objective.'The al=
ternative case is the progression from reactor closure to Stage 3 as a con=-
tinuing operation. In particular, it is concluded that a satisfactory long ‘



term Stege 2 condition can Be established and that th;relié no technical
obstacle to proce edlng d1rectty to a Stage 3 condition. The concepticn of
Stage 2 differs from that envisaged in the United States for pressurized
water reactors in the dismant{ihgiof the ¢ontainment building and the heat
exchanéers,'resulting in a considerable reduction of the occwied area and
the visual impact. for commercial steel pressure vessel Magnox reactofs,
irrespective of nutput capacity, the remaining structures would be'cyiinders
with a diameter of about 30 metres and a-heiglit abcve ground of 18-30 metres.

- A detailed decommissioning study'has been peéfornnd on Chinon 1; o

70 iWe gas graphite prototype plant, which wes ret1red from service. mr eco~
ncmic reasons in 1973, after having operated;fo. 10 years with an average -
load factor of‘about 50 Z. From activity measufements carried out on sanmples,
the activity of the grephite mederator (1050 tonnes} at the end of 1975
hes been estimated as 3000 Ci of cobalt=60, 1200 Ci 6fltr1tium, 300 Ci of
carbon=14 and 0.5 Ci of plutenium2329 and =24C. M2asurements insidé the fuel
channels have shown dose rates in the order of 10 rem/h from the graphite
Jreaching a maximum of 400 rem/h near the cure swport steéL'pLate. The ac~-
tivatéd steel cohponents'aMOunt to about 1500 tonnes. ~1rst measqrements
.'1nd1Cctdd tnat the b1oLngcaL skicld concrete. is not ac+1vatud.

The’Chihoﬁi1-sty§y compares the direct approach of Stages 1, 2 and 3.
Stage 2 was assumed to embréce the reactor vessel and the Hea; exchangers
within a concre*e °ncLosure and to involve dismantling other contaminated
systems, stor1ng the parte w1th1n sealed premises in the contzinment sphere.
The conciusion was that th1s condition would not be safer than St~ge 1 and
that it would compt1cate proceeding to Stage 3 suosequently. Stage 3 was
studied in aetaw[, 1nclud1ng the conceptual design of the ruqu1red remotely
operated equipment. '

On the baéis of this study it was decided to éonvert thé'pLant jnto a
nuclear museum. This conception, which in particular allows the bubLic

'
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access to part of the contu1nrent sphere, is planned to be achieved in 1978
or 19’9 The optlon to proceed to Stoge- 3 30 years Later, rema1ns open. '

3.3. Decommissioning,subsequent to 2 major accident

The studies considered in the forego1ng sections (3.1, 3.2) are based
on plants which are retired from service in a normal condition. Major pLant
accidents, resulting in a wide spread of heavy. contamination within the con-
—tainment. building, would pose special decommissioning'probtems aod even
»oompticate routine operations, such as the discharge and the removal of the. i
fuel. Whereas such accidents are tazken into account in the plant design, ‘
their impact on deoommissioning is not well known. First studies, which are
in progress, have shown the complex nature of thie‘problem. e o

b Dccommissioning,techniques

N

'4.1. Decontaninat1on .

The purpose of decontam1nat10n 1n decommiss1on1ng will in most cases
be to fac1l1tate the d1smantl1ng and further trestment of components, by
,reauct1on of the rad1atlon level and removal of Loose contam1nat1on. An=
other pﬂssibte objective is "complete decontam1nat1on , §.2. decontamina-
t13n to a Level below the L1m1t for unrestr1cted releese of nater1al, in or=
-der.to reduce the volume of rad1oact1ve waste. The benefits of decontamina~
t1on have to be weighed aga1nst operat1onaL ris”s, ar1s1ngs of consequen=
tial waste and costs. Thus d fferent opinions ex1st as to what is a reasc
able decontaminat1on effort. Th1s guestion merits furt er srudy, but it
!cannot be answered w1thout a better knowledge of ;he techn1cal options.‘

The only proven decontan1nat1on te chniques are those whwch are cur=
rentty used 1n operat1ng reactors and wh1ch mey be cLass1f1ed as foLlows.

and using chemical agents,



‘

- Imhersion decontamination, 2pplied to dismantled component and
using chemical agents, generatly-uomJ1ned with mechanical means

such as brusihing or uLtrason1c WaVES .

-_gqg_gnggq§qyxgthg,,appl1ed to systems locally through openings,
or to dismantled components in special tells, or even to the sur-
faces of premises, using jets of vapour or L1qu1d or of 2 mixture

of liguic and grinding port1c;es.

cxper1ence w1th tiese techniques is substential but d{ffiéult to intgr-
pret. Achieved decontamination factors vary over a wide range, depending

on- the particular conditions in a way which 1s not yet well understood.

ahese proven techniques have beoen developed for OpplTCdL10n tc conz o=

‘ nents to be serviced or PCDc1rdd tﬂot is to JM/, SubJ“Ct to the cond1t1on
of preScrv1ng comonent 1ntegr1ty. Whereas these techn1ques are also uses
fully employed in docommissioning, mor¢ agyressive methods, result1ng in
more effective decontaminétion, would be desirable. These could be variants
of the proven techniques, i.e., system and famersion decontamination usinQ
more aggressive chemical agents or jet decontamination using‘highif’dﬁeSf
sure or rore abrasive grinding particles, etc., but also basically new tech-

niques. . , o . ' o R

Systen Gecont amination offers *he advantaoe of preced1no the open1ng 0
uw and a1smartt1ng nf the system, thus re uuc1ng.personnel exposure. It reaches
a Large surface at a time, but cannot be applied selectively to local beaks
of contam1not1on. It is also less effective in crevices and‘dead'bnds of a
s,stan, where contamination often concentrates. Consecuently, system decon-
tan1nct1on w’tl as & general rule not result in complete decontamination.

The Large .volume of certain systems, such as the primary coblihg'circuit;
. and the need for several decontamination and flushing steps give gise to
very large quantities of Eadioactive liquid, which may pose problems of in-.
terim storage and of treétmént."ﬁorébver, differential attack on the various
material#'of a’systcm énd.the Spregd of contamination to jmitially clean



regions are aspccts which have to be considered.

Immersion decontamination ‘can use existing equipment for small compo-
nents, but the corrssive attack of the-tanks must.be considerad, if rore
egaressive chemical reagents are ceoployed. Hajor components would pose o
problems of space, 2quisment and of volume of Liquid produced.

\ . )

The folowing. n2w technigues have been proposed:

- Decontanination by cherical agents ﬁppli°d as & surf**e Llayer, i.0.,’
pastes and holten salts. Laboratcry exaer1ments ha e shoun promising
results, indicating high eff1c1ency and Low vo lume of consequential

uast ‘ -

- Electrolytical derontaninution using swm1Lar oroccss“s to the electro-

pol1sn1ng knouwn 1n the non-nuclear 1ndustry.

C - Decontam1nat1onAby explosive methods. Preliminary experiments have de-
monStrated that tha oxide fitﬁ, whﬁch,incorporateg‘the contzminction
of steol compcnents,'can e spalled off from tho base metal. iiith this

. téchnique the volune of'ccnscquentiat waste would Le very small.

\

4. 2. Dismantligg

DismantLing of stcel ._compenents

The reactor vessel and the rcactor vessel internaté_posa the most
d1ff1cult d1srantt1nc oroolcns. vecause of the high radiation level, remote
operation is required, The more active vessel internals of light water re-
‘acto}s should preferebly be cut unﬁer vater, the water providing shielding
o and re ducin acrosot production. Certa1n components hawd Large wall-thick-
nesses, rang1nq Uy to 500 rm (reactor veasel flange of orzssurized water
r2actors). ; ‘ ‘
| -. ‘ 2 .
.echan1cat techn.cums such as m1lL cutting .and sawing can be carr1cd
out under nat°r, but they cre t1mﬂ-consum1ng and reqguire hcavy. supports,
With thermal tethniques special attention has to be paid to the confinement
of aerosols. Flasma arc cutting, which can be carried out under watar,
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appears ottractiva. At the prcsent time it ;an:be employed to wall=thick=
nesses wp to about 170 mr, but has develosmant potenticl uz to 520 mm.
Another promising technique is oxy propane cutting. Electro-melt separation
can be ‘employed for larqe waLL'tu1ckne ses but has the disadyaniage of strong

aerosol product1on.

Concerningithe dismantiﬁng of pipework, the removal of thermal inSuLa*.
tion may pose special problems. foreover, no’adequate'technique'is=currenfly
available for cutting large-diameter large wall-thickness pipework, such as
that employed in the primary circuit of pressurized water reactors. Cutting
of p1pes by explosive methods constitutes a new technique which should ke a
deveLOped Experiments carried out cn p1ves of mocerate s1ze have shown that

it is poss1bl° with explos1ve methods to disconnect & pine and to close its
ends in a single operation. g : I
_Q_s.g_t_l._i_q of _ concrete s_jc_r_w_gu_\:e_s.

] R T

The concrete structure which usual[y poses the-main'dismaﬁtting oroplen
is the b1olog1ccl sh1elu1ng. Special problems due to stéred eherqy may arise
with certa1n prestre ssed concrete precsur vessels which are eanoyed in

some gas gruph1+e reactors.

There are ‘severat proven techniques for d1smartl1nc concrete. In-the
explos1ve tecbn1qu chargec placed in holes Loosen up th2 whole stru ture -

. or break 1t u 1nto Lgyeri. This method is relatively expensive and time=
consuming. In the th;rmat Lance technique,’hdleé closely put in a2 Line  are

burnt intn'the concr°te by a jet of oxyoen, to'which iron is swptlied as

fuel. D1°mantl1ng by this method is relct1vely quick, but is accompanied

) by Intensive smoke formatxonﬁ Add1t1ongll/ sawing, hydraulic or pneum tic
weldges, or high pressuré water Jets may be used. .
These proven4techniqpés will reguire further dgvelopment.and acaptation,

to perform the more difficult tasks of future dismantlihg operations.
' . . s .
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Other tachniques to be considered are hydraulic cracking, oxy-arc cutting
and successive boring and cracking by freezing.

4,3, Ecuipaent for remote operations -

Remote o"ératicns‘such‘as dismanfting, decontamination; cbn@itionﬁng -
and packing require special equ1pnent to hold and move tools, neusur1ng
”1nstruments, telecameras and the perts to be treataed. Such equipment may
be des1gned ad ‘hoc for a special situation or for mult1ple use. It beLongs
to a t°cnnoloqy which is already employed in ro;ctors and fot cells but’ has
to be scaled uw and further deveioped for decommissioning opcrgt1on

i
[

4.4. Management and storage of wastes from decommissioning

Cbnditibning; packagihg; trensport and storage or diéposal constitute
a series of onzrations which have to be ostimized as a whole,‘taking as a
. basis the specific characteristics of the type of uwaste conq1dered. The
"roress of evolving the o;t1nat management conccpts for w;stes fron de-

ccnm1s310n1ng js still in a orel1m1nary phase°

s ~

The-waéte ariéinﬁ-from dismantl'injof'major‘,act'ivaterl components-is
vcharacter1z9d by the large initial <imensions and by the fact that the bulk
.of radicactivity is incorporated in the bose metal. Une leading idea for the
menagement of this waste would be to Linit the cutting to the extent ne=-

" cessary for transport, thus minimizing work undepr radiation znd the spread
of radiodctive material. Accordingly, large transport containers shouLd be -
devoloped for certain compcnents and the storage facilities should be de=

signed for acceptance of Large units.

‘ For- contamincted pipework a treatment recducing the storage volume ap-
‘pears desirable. Press compaction, cryogenic cracking énd'smeltiné have
been proposed ‘as techniques. The feasibility of such a treatment should be
_ §tudied, iﬁcluding.the guestion, whether the operatiod should be carried
out on the site of the nuclear 'power plant or in a'centrél facility.



'

.As regerds raJ14act1ve concra te. weste, it weuldhi- ;es1“-LLe tn hav

' an 1ncxuers1V° method for the lnna tern immbhilization ¢f” He’raﬁ1onutl1jes.

&ontrolled bur11n9 has been propo ed for the graph1te ar1s1n3 in the
: decomm1ss1on1ng of gas graphite recctors and advanced 5as cocled reactors.
In order'tc decide whether this mcthod is appropriate, it'is~nccessary to
consider not only its Local rad1otog1cal impact, but alsc the long=tera
consccuences, through the contribution to the worldwide backoround radia .
tion, of rel*as1ng to the atnosphcre con:1der=bt; amounts of th Lcng~l1ve
: ra*1onucl1du carbon=14. : ' S
. Cbnsequential wastes nced.no speciel cénsideration here, since they
can be managed gpproprictoly by the methods which are cdrrently empleyed
for uastes arising at opercting nuclear pow;r»"Lan~s. ‘

'

The following methods have been envisezged by certa‘n countries for fi-

-naL storaze or-disposal of different tynes of waste ar1s1ng from dera“m1551on1na :

surface storage, storage in a former n1ne, disposal in d"1lled deep holes and sea

dump1ng.

5. . Estinmation of the quentities of rcdioactive wastes from .

decosmmissioning S

-

§

5.1. General considerations - .

~E

The following informat1on is required to estimate the ar1s1ngs cf

radinactive wastes from the decommissioning of nuclear power plantss

a) schedule of retireﬁenf of the plants fror‘service;

b) inventory of the radioactive conponcnts, systems and struptqre;
GF the pLants'énﬁ est1ma @ of associated ra -1onucl1dgs,

¢) schedule of dnconr1ss1on1ng warks an1 in parti cul°r of
d151on*L1ng, ,

d) extent to which thu eriginal Vﬂlum= and radioactivity of the
matgr1uls concerned are changed by decontamination, conditioning,

overpack1ng, etc., and production of conseauential wastes

/4
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.

-.The result of a2 f1r9t tentotwn approach to 1t m a) is c1ven in
nsint 5.2. Seliw. '

As rcgard; item b), becuu5u of the veriety cf existing nucle;r power
stat1ﬁns, most of them are to be cons1dered individually. Some 1nformat1on

- is alres dy gva1L3bL=, but 2 great GCol of work is still n»eded bﬁfore a com=

plete survey of re J10nCt1V1ty 1nvertor1e, can bﬂ es abLlshca.

or the evgtuut1on of 1ters c) an1 d), rrferonce stra*~g1es huVG to

"~ be "volwe-' tn1s is to be cons 1dgrcd as a Lon"-term t sk

'
:

5.2. .Retirément of nuclecr power>plants from service“
|
LIt is premuture to mﬂke firm est1nates on the scncaule of ret1rerunt

'

of ﬁucLehr pewer plants fron service, since the nperational Life is uncer~
tain within & w1dc range. The 4‘cﬂ.l.ow*mg taolu illustrates a poss1ale pattern.
It takes into account the plents which are currently in operation or under
ccnbtructvon in the Community end is based.on ean assumed ,perat1nngl L1fe of'
.30 years, exceot for certain pro;ot/pe plcnts, for wh 1ch_sgeq)f1c‘shor§qnb-

periods have iLeen aiopted.

Reactors retired over period:

eactor type | - .
: o 1981-1990 | 1991-2C00 2001-2010

Gas graghite and advanced

gas-cooted reactors . | . : 1 20 14
Light water reactors . R - 7 16
Other types ) . PR SRS

Total Ce T - f16 29 : ‘5~ 55




6. . Guiding princinles

Guiding principies concerning daconm1>s10u1n3 con be formulated onlv
in é very general wey as regards the 1mned1ate future and can onLy be deve-=
leped \in greater detoil @s @ long-term process. doreover, consideration et
Community level rust take into account the different conditions prevailing .
in the Member States, such as reactor types emploYed, territorial conditions
and urgency of decommissioning. - | o,

-_Lonmun1ty efTorts in this f1eld should not dupl1cate er hamper thc
measures undertaken on 2 world scale by the International Atomic Enéergy
Agency, but it shouLd be recognized, that the Comnun1ty could br1nq its po1nt\
of view to bear with great~ weight in this wicer framework if it had cleer !

. A

conceptions substantiated by apprcpricte studies.

’

6.1. Guidinc principles in the design an oseratior of nuclesr sower

plants with a vicy tc simptifyinq Jecammigsioning , -

Studies have 1nd' ated, ~hgt as rugards decommissioning modarn n cles
pouwer oLunts pose no funohnantal a1ff1cuLt1es wh1ch woutd rocuire oas1c -
changes in des1gn. Improvencnts vvth a view to fac1L1tat1A3 Jecomm1ss1oning‘
have been propcsed and appecr nnss1cle, co accrn1ng fe “tures such as the ar-

rangemcﬁt, ceo1qn and materials of ptant component s.

F es hh1ch ere increc s1ng y introduced intc modern nuclear aover
plants, in order to fuc1l1tate na1ntenance and repair during the oneration

period, will ultimately also facilitate decommissioning.

6.2. ' Guiding orincinles in the decommissioning of nuclear pouwer plants

'

-Docéﬁmissioning opérations cre subject to generzl nuclaeer reguictions,
‘but no speci*ic cetailed nuide(in=s for‘deconmissioning exist in the iiember
‘States as yet. For 1nstanc=, pern1es1ble radiation Limﬁts for the pefsonnel
and the general public are laid down in the general regulagions; but there



are no criteria for the unrestricted relecse of cquipment and sites. Such
mattars have boen settlcd in past decommissioning operations on & case-Ly-

case basis. in this context mention shoulc be mzde of the precent efforts

by the Internationel Atomic Energy Agency.



PART 11: PROGRAMNHE PROPOSAL

1. Underlying considerations

“fajor advances in concépté and techniques will be required te
decommission the nuclear power plants in the best_way, with respect to
both health protection and economy. The solutions edopted may influence
" the development of nuclear power through'thcir ececnomic impabt anc¢ through

the reception they meet with among the public.

As the number of plants to be decommissioned will increase at on(y a
slow pace during the coming decades and, morcover, dismantling and remnoval
of the plants, if necessary, may be postponea for considerable periods
after their withdrawsl from service,lit might be concluded that ro sub-
stantial effort to sclvé tte problemc of deéommissioning is called for at
the present time. This conclusion would, however, be a dargerous mistake,

for the following reasons:

- Features which facilitate decemmissioning should be developed and

increasingly introduced in the desian of new plants.

= The task of 1dcnt1fy1ng, cevclon1ﬁﬂ ard 1mplument1nﬁ the opt1nur sclutions
will take a Long t1ub. The technical develcoments w1Ll be conditioned by
- the legaL and administrative framevork, and ‘n part1cular by the chiteria
:for release or for écccptance at central depos1tor1es of the wastes.
The ihdusfry therefere needslguidance on thése quastions at an early stege.
On tke other hah&, better knowlctge of the possible technical options is

needed in order to cvolve the legal and administrative framework.
- Better knowledge of decommissioning costs will enable utilities to

accumulate prov1swors for decommissioning in accordance with national ’

rcqu1rements.

- Decomn1ss1on1ng operations may be urgentLy reou1rpo in particular

s1tuet1ons, for instance after an incident.
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- It is becnminq\increasingly imoortant, in 6rder to secure public
accentance of now nl.an"s, to have elaborated and well-founded concepts
for the "back ends" of nuclaar encrgy qeneratvon, even if definitive
solut1nns are not yet recally needed, One could go so far as to cons1der

dis mantlino and removing a nlant carl1er than unuld otherwise be anpro-
prizste, in order to demonst'atn the feas1b1lity of a decomm1ss1on1ng -
.concept. o : - o | | -

\

The ’omviss1on therefore helds the view that in add1t1on to the research acti-
_Qities of the Joxnt Research Centre an indirect action joining forces at Community
' 1evel, in the form of exvhanglng information and sharlng work, could save money
"and time. Morenver, a Community aporoach could favourable influence accep-
tance by the pubt1c of the solutions adopted by the Member States, whatever Lo

their differcnces to suit the oerticular foatures of the nuclear power
plants and other nat1nnal conu1t1ons. Wnrk already going on in a member

country could be nursued under the common proaremme, if the country ‘
agrees end if the work is of interest te the Community. The public service
nature of this work and the soccndary innortcnco of crmnet1ng commercial N
1ntcre¢ts at stﬂke will fac1l1tate a2 Community enproach., '

2. “encral features of the propesed proaramme P T .

The nroqramme, wh1ch is prnonsed te covor a per.od of five years be=
q1nnina 1 July 1978, must be regarded as the first staqo of a tonger=term
_effort. It cnns1sts of a series nf<studics and exper1mental projects aimed
at evelving thevmost aépropriate sélutions, with resbect to_both health .

protecticn and economy, for the decnmmissioning of nuclear power plants.

These studies and piojects will be financed lérgely by thc Cbmmissiﬂn
end coordinated by it with the helo of an Adv1sory Committee on Prnaranmc
Menagement comprising rdbrosentat1ves ot the Mcmber States and Cnmmwss1on
nff1c1cls. This chmmittne will have to meot ,as socn as this prnnrenme is
“approved. The work will he c(rried nut by gualified pubt1c or pr1vate -

ancncics in the ﬂcmber °tates._

’



- 23 -

In erder to avnid duplication, the prooramme takes inte account the -
relevent activitics of the internationat‘organisationé.;On the other hand,
'the‘scone.of the prearemme has_becn’striqtly delimited to prelude overlan=
nine with the Community programme on radioactive wasté managzment and
storagé. in particular, it takes into account activities dealing with
the decontamination of reactor cemnonents being carried out at JoC
within th; frame of their mult1annual proqramme 19771920 and will be
clnsely coorﬂinated with these activities. |

The procramme may be submitted for revicw at the enc nf two vears, to
recrientate or emhlify<it, where nocessary, in the licht »f the results

obtained,

3, Pnseerch and develenment actions

The propesed actions, which arc described inm 2nnex II, concern the
follewing subjeocts : ‘ ' o : . ,

Action MO 1

Lona term inteority of buildings and systems,
Lction M0 decmntemination for dechmmissioning nurpeses.

Actinn MO

Dismantling tochniques.

H W N
°n

' . - 3 ¢ ‘
Trectment of specific wasto meterials @ osteel, concrete and

\

Acticn MO

graﬂh1te.

Action MO 5 : La rac +r=nsport cnnta1ncrs for radioactive waste oroﬂuccd
in the d1smantl1nn of nuyclear pover nlents.

-Action MO &

Estimation of the quantities of rad1oact1ve wastes arising

from deocommissioning of nuclear power plnnts in the Comrunity.

Action %0 7 Inftuence nf nuclear Oﬁwcr olant desicn features on

decowm1ss1nn1nn.

Th"se nrenosals have been farmulzted on the basis of the analysis of
earlicr studics and exnerience, which is contained in Part I ~f this

document.
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In addition te these proposéls it is envisaged that the Community
narticipates in aliarge-scale operatioh, carricd out in the cohtext of
decomniséioninq of a nuclear power nlant. or-of'a major cemponent of such a2
nlant and 1nvolv1ng the demonstrat1on of new technicuaes or the extension

of proven techniques to a w16er ranqge of cond1tions, such as size and

“ rad1at1on Levol of comnonents. As no soccific action cen be proposad at

prescnt, the subject is mentioned here only‘for the’récorﬁ,zbut a proposal
sheuld, if pnssible, be submitted for the revision of the programme.

The Community's financial.céntribufion would depend on the aeneral
intercst of the information'éxpected to be obtained,from the propcsed

action.

4, Identification of quiding prihciﬁles :
This cct1v1ty relates to :

- Fu1d1nq nr1nq1ples 1n the Heequ and operat1on of nuclear nower nlents
.with 2 view to simplifying their subsequent decommissinning.

= cuiding nrinciples in the decommissioning of nuclear power plants.

‘ vGuiding principies néed to be progressifely evolved in order

to plan the research and development actions efficiently;‘conversely,
the results of the actions may influence the shaping of the guldlng
"principles. In view of this interdependence the programme includes

provision for the progre551ve evolvement of guiding prlnciples.

The intention is that rough material for guiding principles
prepared in the Member St;tes should be assembled and analyséd, and
an assessment then made of the'scope for approximation and joint
development. At a later stagé of the programme‘it will‘be endeavoured

to frame proposals for cemmon guiding principles. .

The Commission should also have a limited budget for this action so

that it could have the necessary analyses performed under study contracts.



5. Breakdnwn of nronosed fundinq

Cnsts over five vears in millions cf Furomean units of aceccunt (EUA) &
X .

Item . : Cnsts
Contribution to reosearch and development actions
| v : , . I
Actinn N2 1 o : ’ 0.3
Action M 2 < k
Actinn MO 3 . ) 1.1
fcticn MO 4 ‘ 0.6 .
Action "¢ 5 0.2
Action 70 6 . 0.4
Action MO 7 N ' . 0.6
'Subtotal actions 1 to 7 4,6
Identification of gquidina princinlacs | 0.2
Staff =* ' ‘ ‘ , 1.31
Mectings e g 4 0.27
Total g - - 6.38

/

* This programme will recuire a staff of 5 (24 + 2B + 1C)



ANNEX 1

" SUPPORTING INFORIATION TO PART I

. to 2. © Experience with cdecommissioning

The nuclear power plants wh1ch have already been ret1rca from
“service are listed in Table 1. Further’ information on_nuclear power plants
which have been decomm1s=1oned beyond, Stage 1 is given in Table'2.

- to 3.1. Light water reactors - .
Table 3 gives informotion concerning radionuclides of signific ance

as regards activation of stecls. Taole 4 g1ves supplercntary 1nformat1on

A

concerning the cost data.

to 5.2. Retirement cf nuctear pouer plants from service

- The nuclear pewer plants taken into aeceunt’in the summary table
- under point 5.2. of Part I are listed in Table S.

Tt

to 6.1. Guiding principles in the design and operation of nuclear .power
ng f Jf 3

‘nlants ‘with a view to simplifying decommifsionigg

The follow1ng des1gn features have been recommended in the frgmn

of the Internat1oncl Atom1c tnergy Ag gency (document IAEA-179):

A ‘Components and structures should be so arranged thats :

- = The site can utlimately be developed to its maximum potential cesnite the.

eventual existence of decoﬁmissioned structurcs; ' o '

~ There is'sufficient‘space ground them to permit access with transporting

 equipment, shielding or tools; - ‘ i

- suitable cells or cabins can be crected around them to restrict the dis=
perison of rad 1ouct1ve matcr1al dur1nr thc1r d1smantl1ng and, if neces-

;sgry, to permit operat1ons at & lLower pressure than in the surroundiny
atmosphere;; , , ( 7 ‘

- They can be removed in one piece through 2Zjcining rooris ofethe roof ,-

using alant or o ternal Lifting devicas Ff neocoy -=



| | Companents and sfructures should be so designed that:

- The.contaminafed or activeted components can be cut off;
Examp(e: Betachable concrete layers on the_biolbgical shield;

- Their activation Level'is‘reduced; '
Example:‘DiStance between the steel reinforcenent of the concrete and

~ the neutron flux zone; - o

= The compcnents and structures can be broken down into parts which arc
retatively light, small and su1tabLy shaped fcr transportation;

- Suitable passages and openings are provided fdr_rembving them from the
containment or reactor building; - '

~ As many comﬁonents as possible are replaceable;

=~ faterials are selected to reduce the formation of nuclides with & long

hatf-{ifc,

~ Deconta amina ingrowsmns

To-s1mpt1fy the decontamination of components, pipe systems and
rooms, the folicwing provisions should be ﬁade; '
= The spreading of active‘corrosiOn prqducts or deﬁosits during operation
or decommfssioning should be Limited by fqr example, the inccrporatidn of
deain points, devices for flushing the pipiny syétems and traps in pipe
systems; s - o ’
- Facilities for thc decontan1nat1on of corponents and rooms,. 1ncluu1ng

means of 1ntroduc1ng and dra1n1ng decontam1nat1on soLution.

i

A reliable documentation system should be cstablished and used
"to record all changes in the design and materials of the plent during its

operation.



Table 1. Nuclear power plants retired from service

1
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BUR = boiling water reactor

GGR = gas graphite_reactor

FBR = fast breeder reactor

HTR = high temperature reactor

HWR = heavy water reactor

OMR = organic moderated reactor

PUR = pressurized water r2actor

SGR = sodium graphite reé;tor

. Country Plant Type * Cap;;lty . 0p§gf§339
France- T Mzrcoule G1 GGR 4 1956 ~ 19638
mo Chinon 1 " GGR 70 | 1063 = 1973
Germany . HDR Grosswelzhéim BWR 25 | 1970 - 1972
" KKN Niederaichbach | HLWR 100 | 1974 = 1974
_ g?;;ﬁ:ﬁ DFR Dounreay CFBR 15 | 1963 - 1977
,"Switzerlénd CNL Luéens> HiWR 8 1965 = 1969
- UsA Vallecitos EVESR | BWR 5 | 1957 = 1963
" Elk River Reactor | LR 22 | 1964 = 1968
" ~ Hallam HNPF | sGR 75 | 1962 - 1964 .
" SONUS BWR 16.5 | 1962 ~ 1968
m Vallecitos VBUR DR 10 | 1957 = 1963
» Santa Susana - SGR 7.5 | 1958 = 1966
" Piqua OMR MR 11.4 | 1963 = 1966
" Carolinas CVTR PUR 17 | 1963 - 1967
" Enrico Fermi FBR - 61 1966 = 1971
" Pathfinder BWR 62 1962 - 1967
L - Saxton. WR 4.2 | 1962 = 1972
" Peach Bottom HTR 40 |.1966 = 1974
*




Taeble 2. Plants which have been deccommissioned beyond Stage 1

Flant ENPF (Hollam Nuclear] 8ONUS (Boiling Nu CNL (centrale A ERR (ELk River
Fower facility) - clear Swperheater | Tucléaire Lucens) . Reactor).
’ : ' Reactor) :
Country ' USA % usan o |- Switzerland , USA
Reactor type graphite moderated boiliny water heavy water mode-| boiling water
sodium cooled : nuclear super- rated, gas cooled] (fossil swer=
- heating heating)
Capacity (lide) | 75 _ 16.5 | 8 22
Onerzting period 1942-1964 1962-1968 1965=1969 19641968
Aetivity' - . - 5 ~ T o
inventory (Ci) 3:10 50.000 ' 5UC - 9000
Concition ‘ ; :
reached Undergraund en- Entorbrent “in - Louw zctive parts Stage 3 completed
' tombment; top oinlogical shieidg ¢otal "1.5 Ci) in 1974
planted and acces~ nlant converted td entombed; other
siole without museum : nerts packed and
restriction - stored on site;
. ' recctor caverns
. accessible without
restriction
Decormissioning ‘ : .
cost o 4.2 nillions US 8 not available not available .| 5.7 millions 'S 3

" * HNPF: at time of ontombment closure; others: at stert of decommissioning




o . ) . e, ' o,
_Tabte 3. Radionuclides »f significance as regerds activetion

of éteets used

~in light water reactors

~ Cobelt-60

Nickel=59

- carbon steel (2) . 97

Racdionuclide Iron=55 Nickel=63
Half-life, years h 2,4 | 5.2 92 ~ 80,000
Radiation gamma, X=ra ganma, bata . . beta jemma, X-ray
“Mother clement S Iron Cobalt Nickel
Contant (%) of mcther element in:. ) o .
- stainless steet (1) - 1 70 traces 10
traces 0.5-0.8

(1) Componentcs: Reactar Vessel internals, reactor vessel catdding

(2) Component: Reactor vessel,



Table 4: Cost estimates for decornmissioning of light water reactors

(1200 We plante; opersting time: 4C years)
Costs in millions of 1975 Usg * (D) '

Stucy. , E : A
keferonce EUR £728 : " AIF/HESP=LO9SR
Reactor . PWR BUWR * PHR BUR
Piscounting (2) no )  no no no
Prempt Stage 3 5.4 | 78.6) 83.4 | 95.4 ] 26.9 31.2
Delaycd Stace 7 = after Stoge 1 _ , :
- Stace 1 4.5 4.6 4,51 4.6 2.3 i 2.4
= Interim costs (3) =case 1| 0.3 C.7 0.3 C.7 © 9.5 © 9.2
. . ~case 1} (4) (4) (4) 4 18.0 17.4
- Stage 3 (%) 12.2 1 5.0 | 13.1 ] ©€3.3 11.0 11.7
- Totrl -case I117.0 ] 64.3 | 17.9] (8.6 22.&% 23.3
’ -case 1] (&) (4) (4) 4) 31.3 31.5
Delaycd Stace Z = ~fter Stage 2 ;
- Stage 2 : 7.4 7.6
« Interim costs (3) (4 - 6.3 6.0
- Stage 3 (5 410.8 12.2
- Total 24.5 25.8
(1) Data from study E converted with the rate.1 DM = 0.4 US4

(2)

Discounted to shutdoun date at an annual rate of 3.7 % (This rate

results from assumed annual rates of 12 % for interest and of & %

: for inflrtion)
(3

¥

Based on foliowing ‘annuzl costs of maintehance and surveitlance:

Study E. . A

After Stage 1-~ casc I: no security force 0.C19 . C.088 -
‘ = case 11 with security force| - (4) C.167

After Stage 2 | (4) - 0.058°

4)
(5)

Atternative not considered
Delayed Stage 3 40 years (study £},

10& years (study A, PUWR)

and 104 years (study A, ©''R) after shutdown (The delay periods
assumed in study A were estimated to permit manual - as opposed = -
to renotely operated = dismantling). ‘ .

/

&




Table 5: Huclear power plants built or under construction
"in the Europenn Community -
Plan | Countr 5e Cenccit : Year or .
of closure
farcoule 61 ' F GGR 4 1956 1968
HDR Grosswelzheim D BkR 25 1970 1972
Chinon 1 F GGR , 70 1956% 1973
KKN Niederaichbach 0 - HUR 100 w74 1974
DFR Dounrecy ' UK FuR 15 1463 1977
BR=-3 Fkiol B PUR 10 1966
MZFR Karlsruhe b HLR 51 1966
(0tto Hahn _ D PLR 1963 ‘ ,
El=4 ionts d'firré F HUR 70 1967 1951-1990
VAK Kahl DY 3 15 1961
UAGR Windscale UK AGR - 32 1963
Marcoule G2 F GGR 40 1959
arcoule G3 F GGR - 40 1760
Calderhall UK GGR 4 X SC {1956~195
Chapelcernss UK GGR 4 X 50 11959=1960
Berkeley UK GGR 2 X 1381 1961 .
Bradwell UK GGR 2 X 1501 1961
Latina I GGR 216 - 1964
Hunterston A UK GSR 2 X 150] 1964
Garigliano I BUR 160 1964
Trino Vercellese I PWR 257 1965 .
Chinon 2 F GGR 200 - 1965 1991-2000
Hinkley Point A UK GGR 2 X 250] 1965
Trauns fynydd UK GGR 2 X 250f 1965
Dungeness A UK GGR 2 X 2751 1965
Chinon 3 F GGR 480 1966
Sizewell A UK GGR 2 X 2901 1966
KR3 Gundremmingen D PWR | 237 1966
_SENA Chooz F PUR 305 1967
AVR JUlich D HTR 13 1967
Oldbury A UKk GGR 2 X 30011967-1968
KilL Lingen D EHR 182 | 1968
K0 Obrigzheim D WR 328 1568
GKN Dodewaard NL ] BUWR 52 1968
SGHWR \infrith UK HUR 92 1968
St Lzurent 1 F GGR 480 1969
St Laurent 2 F ‘GGR 515 1971
Wylfa - UK GGR 2 ¥ 590 1971
KK Karlsruhe . b SZR 19 1972
KiW ilirgassen D | BuR © 640 1972
KKS Stade D PUR 630 1972 ‘
Bugey 1 ~F GGR 540 1972 2001-2C10
. Borssele NL PR 450 1973 . :
Phénix F FBR 233 1973




Table S: continued

R ., Year or
Country} Type | Capacity | Start of i, .
‘Plant Hide operation assunied period
) of closurz
Biblis A D PUR 1146 1974
boel 1 B PiR 390 1974
Tihange 1 B 1 PUR 870 . 1975
| PFR Dounreay JUK __|FBR ] 230 1975
Doel 2 3 PYR 390 . 1975 .
3iblis B . D PR © 1240 1976
GKN Neckarwestheim - D PWR 775 1976
K{(B Brunsbittel . D BWR 770 1976
Hinley Point 8 UK AGR 2 X 625 1976=-1977
Hunterston B UK AGR 2 X 625 1976-1977
Fessenhaim 1,2 F PR | 2 X 890 1977 :
KKI Icar D BUR 870 1977 20C1-2010
KKP=1 Philippsburg D BWR 864 1077
KKU Unterweser D PR 1230 1977
Bugey 2, 3 F PUR 2 X 925 1978
Caorso I PUR 840 1678
Bugey 4, 5 F PUR 2 X 905 1976-1979 .
Tricastin 1,2,3,4 F PUR 4 X 925 1979-19a0
Gravelines 1,2,3,4" F PR L X %25 | 1979~1981
KKG Grafenrheinfeld ) PWR 1229 1979
Mulheim=KArlich D PWR 1154 -1979
Dunjencss O UK AGR 2 X 600 1979
Hartlepool . UK AGR 2 X 625 1979
Heysham UK - AGR 2 X 625 1979
Dampierre 1,2,3, F PUWR 4 X 925 1979-1981
Doel 3 : B FUR ‘900 1930
Tihange 2 8 PUR 900 - 1953 .
KKK KrUmmel D BUR 1260 1950
THTR=-300 Yentrop D HTR '300 1980
St Laurent 3 1,2 F FWR 2 X 925 1981
Le Blayais 1,2 F PUR 2 X 25 - 1981
KWG Grohnde v} PUR" 1294 1981 ' ' B
KR8 B8,C Grundremmingen | D SUR 2 X 1¢50} 1981-1982 cfter 2010
Chinon B 1,2 F Wi 2 X 925 1981-1982 S -
KBR Brokdorf D P.IR 1294 1982
KiS Wyht _ L PUR 1283 1962
NR=3u0 Kalkar . D F3R 282 1962
Cirene 1 VR 32 1982
Paluit 1,2 F PUR 2 X 1300 1982
Suparphénix F | FBR - 1200 . 1983
KKP-2 Philippshurg D PUR 1230 1982
ENEL 6,8 Montalto 1 B4R 2 X 980 1983=1964 :
i

- Note: The assumed periods of closure result from the Bssumption-indicated
. in under point 5.2 of Part I. There are generally no planned dates -
of closure as yet. o



“Action MO 1

Long term intecrity of builaings and systens

ANNEX 11 - 2

DESCRIPTION OF PROPOSED PESEARCH . =
AHD ' DEVELOPHLNT ACTIONs

.

.

N

It has been proposed that the J1smentl1ng of nuclear pcwer plants be

dclayed for per1ods ranging from several decades to about a hundred yeara,

- mainly in ordxr to reduce personnel rad1at1on exposure. Significant ueg.

dation of the plant, and in part1cutar of the contamination barriers, during
this time would pose problems of safety, ma1ntenance costs and, ultimately,
dismantling. This asoect, wirich has not been oSSGSSGd in most- xistfng de~
commissioning.stud1es, is among others important for the purpose'bf esti=
mating whet would be a reasonzble pefiod of delaying dismantling.

'

T The objective of this act1cn wouLu be to 1n;rove the xnoztedge on de=

‘ gradation and to propusc aopropr1afe p.evont1ve measures. ' '

Proaramme~ - = _ \
A ———lgn o, -ric— , n

E Community centribution: 0.3 million EUA.

v

‘= Estimation of the progress of degradation and of the required maintenance .

~effort to be expected zs 2 function of time for containment buildings,

based on a review of availakle axpericnce with similar buildings.

- Study of the internal corrosion of closed contaminated systems due to .
residual amounts of humidity ond aqqrcss1ve agents; development of methods

: for renov1no rﬂs1du~s of corrosive agents.

- Study of other measures.aimed at ma1nta1n1ng plants in & sefe condition.

)

'

3

'



Actinn v© 2 o '

Decentamination for decommissioning curposes

'
’

The objoct of this acticn, comnlementary to those carried out at JRC
within the freme of their multiannual programme is to devéinO'and to assess
decontaminatinn metheds wh1ch are snecifically suitable for decommissioninn
purnoses. These metheods may aoﬂly to clnsecd systems, to dismantled compo-
nents, eospecially those of Llarne d1mens1ons, or to the surfaces of premises.
The.mcthnds may be more aggress1ve than those currently cemnloyed at one-
rating rcacters. Dovelopment ‘should 2im in narticular 2t obtaining the
fcllawing characteristics: high decont aminat ion efficiency; simple and
safe‘appl1cat1on, unproblemat1c_na§urb and Low volume of consecucntial
waste. Mctheds which can be annlied’within the premises of nucloar power

nlants and with 2 minimum of additienal cauipmcnt are of snccial intercst.

] . o

' Amnna the mcthoHs which secom to deserve dovclnpment, the fnllow*nq
- ones may be ﬂont1oned dercntaminat1on by nastes and by molten salts,

clectrelytical oecontam1nat1on;-dccnntam1natwnn by exnlosive methods.

Morcover, é synortic sthy shculd be performed in order to éssesé.the.
.. reasonable decontamination effort in decommissicninq, taking as 2 basis
tynical reference comnonents. This study should in particular identify the
crmonents for uh1ch 'eomn lete decontam1n~t1on ¢ pcrm1tt1ng the unrest ric-
tod relecase of tbd trcafcd 1tem, wnuld be pract1c*ble.

The snecial decommissiening nrobleoms posed by nuclear power’ p'ants
wh1ch have ha, 2 major zccident w1LL alse be analyzcd The °tuﬂy shoulo .
be hased on a loss of coolant accident which leads to severe contamination
of the nlant. The stury should nranose. nrﬁcedures by’which the plant can
be brought to 2 condition, in which it can he s~foly ‘handled by normal
decomn1ssion1nq nrocedures. 1f necossery, rcasonable modificatinns of the

Dlant design should be nrorosed ‘

Community centributicn @ 1.4 mitlion FUA



Action ° 3

Dismantlina *¢sinigues ' : .

Verious <ismantling techniques have already been utiltized in decom=
missioning, but would require further development to perform the morz dif=

 ficult tasks reguired in tie tuture.”In addition, promising now techinigues

Al
!

heve been proposed.

_ Because of the varicty of technizues, whici-can k¢ cnvisoned, % iz

- proposed that a compai-ative screening study; consicering several tyoizal dig
mantling tesks, be carried out in order to assess the rossible abpticaticné
and the r2lative merits of the different tecaniguess On this basis; the most

proising tecanigues should be selected and <eveloped further.

The following technigues have, howgver, aiready been identifiad for

further develzpment ;

‘

~ exntcsive mothods, for dismzatling beth steel pizing and concrete strue

tures; - o ‘ o

= theimal techniques for cutting thick wallzd steel cumsonents.

1

Community contricution: 1.7 million EUA,
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_&:H".n MO 4

irectrernt of specific weste materials: stecl, concrete ond greuhite

Lerge amounts of radioactive waste consisting of steel will arize ct
every nucloar nower olant which is dismontled. Crvogenic cracking ond
.smelt1ng have been ore onosed as promising new techniques for the conditioning

cf such ua ;te.

Crvogenic cracking is aimed principally at reducing the storage velume:

nd toncers particularly eopronriate for elements such as piping.

Snefting would have severel purposes, i.2.:

~ maximu: reduction of the storoge voluma;

-.maxiﬁum‘reduction of the surface which csuld become accessible.to
corrnsion after disposul; -

- decontamination by slag removal:;

= incerporation of residucl contamination inio the base meoterial;

= nocsibly seperation of Leng=lived rad1oeLenents.

The otject of the action,‘wheru these technigues are concerned, is-
to carry cut feasioility studies, fncluding: h _
- basic studics on specifié aspects, such as the effectiveness of decentas

mination by smelting end the possibility of separating long-lived radio-

*

elemants '
- corceptual s+tucies with a view to zrriving at the principal process '
paremeters and conditions o‘ apptication and to assessing the industrial

interest uf the technigues in quostion.

!

The pvﬂk~oms posed by trxtiut°d stecel waste will also ba stud1eu.

As regerds concre* e‘. aste, a c0uditvon:ng method sheuld be dcvelop 2d,
by which the radioactivity is durub\y immobilized.

Large zaouinns of graphite will arise from the decommissioning of gas
groptits vewctses ond advanced jas-cooled reactors. The object of this sem
1ion s to develop @ method fur the disposition of this waste, taking into
account the global and long term radiological impact of carbon-14 in the
atme mnsree in cese the araphite would be burnt.

Ao d

Community contribution: C.% million EUA




Action MO 5

"Large transpert containers for radioactive uaste produced in the

dismantl{ing of nuclear power plants

¢ . ' : . . )

/
i

Studies have shown that it is desirable to transpobt tﬁé raﬁioactive
hast; resulting from dismantling of certainrmajr reactor c0moonénts in
. Largur units than those currentLy useq for o~her tyses of radiozctive waste,
jn order to. reduce the required amunt of cutt1ng ond, consequently, the
personnel radiation exposure and the cecomm1ss1on1ng costs. The size and
weight of the shipping units should at Least be such s to take full advan~’
‘tage of the normel transport facilities: »
. e '  ’ o
- Prograrime -
- Sys tcn study a1ned at de|1r1ng thc types of Largc transport and/or dis~
nosal conta1ners needed, aenend1ng on the character1st1cs of tne wastu,

"such 2s rad1ot1on Leve~, prev1ous cnnd1t1on1n 1, etc.

- CbnceptuaL study of Large conta1qcr= 1nclud1n3 shielding design and

safety bnalys1s, uef1n1t1on of tnc test prOPraWﬂe required for l1ccns1no

Y

 puUrposes.

Community'contribution: 0.2 miliion EUA



Action ® 6

Estimation of the qgantities'of radioactive wastes arising from

deuomm1ss1on1no of nucleargpower plonts in the Cormun1§z \

Th1s ct1<n involves the Jef1n1t1on of rcf;r nce strategies for de=
comﬁ1ss1on1 ng end is therefore to be considered as 2 long-term task. Con=
sequently, the objective in this five~year programme can only be te arrive

at a first tentative cpproach to the problem.

Programme - : _ AT
‘ : _

~ Survey of data concerning redioactivity inventories aftﬂr shutdown of
~nuclear ower qunts in the member countries; this survey should be comple-

mented progr ss1veLy, taking into account new stuuies which become

“aveilable. : o o ' ' ' S
- Assessment of differant schemes for decommissioning of plants and

e
conditionaing o wastes prdduced,

- Estimcte of the erisings of radioactive wostes to be expact fror
cdecommissioning of the nuclear powecr plents, starting from some selected
decommissioning schemes, in order to arrive at Lon<rr-turm at a forecast

of the wastes arising in the member rountries.

N

r

Community contripution: 0.4 million &£ui




Action WO 7

Influence of nuclear power plant desigm features on decommissioning .

The object of this action would he to identify and develop reasonable
improvements in plant design with & view to decommissioning. In order to -+ -
perform this task effectively, while safeguérdipg the industrial information,

the partftipation of plant constructors would be sought.

1

Progranme
= In a first phese, exchaenge of information and views on the extent to which
features facilitating cecommissioning are already taken into account and
on the possibilities of further improvements; identificction of some spe=

cific potential improvements.which are suiteble for study under this ac-

.

tion.

~ Assessment of these specific improvements from the point of view of their
technical feasibility, with due regagd to safety and reliability of opc-

ration, and of their eaconomic and environmental impact.

= Experimental studies on specific selected subjects (e.q., detzchable

’ .

—

surface Layers).

Community contribution: .6 million EUA.




PROFOSAL FCR A COUCIL DECISIU! ADOPTING A PROUGRAMME COULCERI:ING -
THE DELOHIISSI00THG OF NUCLLMR POWER FLGITS A

The Council of thé European Communitiecs

HAVING regard to the Treaty establishing the European Atomic Energy

Community, and in particular Article 7 thereof;

HAVING regard to the proposal presented by the Commission after consulting

the Scientific and Technical Committee;
HAVIi!G regard to the Opinion of the furopean Parliament;
HAVING regard to the Opinion of the Economic and Social Committee;

. WHEREAS éhe programme of action of the European Commun{ties on the ‘,
environmenqi approved by the Council of the Egropean'Communities ang the
representatives of the Gevernments of the Ferber St ates reeting in the
Council in the Declaration of 17 lay 19??*} under lincs the need fcr
Community measures on the decommissioning of nuclcar power plants and
whereas it lays down the content of and procedures for implemehting such

neasurcs; -

WHEREAS certain parts of nuclear power plants inevitably become radio-
active during operation, and whercas it is therefore essential to find
effective solutions whick are cepable of ensubing the safety and protection
of both man and his environment agéinst thc potentiél hazards involved in

’

the decommissioning of these glants; . .

* 0J Ho C 139, 13.6.1977, P. 2435



| i .

HAS ADOPTED THIS DECISION .

' '

Article 1 /

A.nrocramme on the research relating to the decommissioning of nuclear
nowcr nlant shall be admnted in the form set out in the Anncox for a

five-year neriod from 1 July 1978. The Annex forms an integral part of

\.

this Decision.

Article 2

The exnenditufe commitments necessary for the implementation of this )
nroaramme are estimated at 6.38 millions Furonean units nf account (EUA)
“with a staff of five. | 3

¢
.

Article 3
- The orogramme sct.out in the Andex may be submitted for amendment at the
~end.of the second year, in accordance with the anoropriaste nrogedures.’

] . S
; o



ANNEX

PPOGRAMME

s

The aim of the nroagramme is the joint develnnment of a system nf
management of redundant nuclear bowcr nlants and of the rediocactive
wastes producéd in their dismantliﬁg which, a2t its various stages, will
nrovide man and his envircnment, with. the best protecticn possible;

the nroaoramme sceks to promote @

A. escorch and develonment actions concerning the follewina subjocts

Action M 1 : Long term inteqrity of buildingé and éystem;.
Acticn ' 2
Action 1o 3

4

ActionlN°

Pecentaminaticn for decemmissioning nurnoses.

Bismantling technigues.

Troatment of specific waste materials : steel, concrete
and nranhite. I ‘ .
Action M 5 : Large transpart containers for radioactive weste produced
‘ in the “dismantling of nuclecar nowcr nlants. o
Action MO 6 : Eétimation of the gquantities of radinactive wastes a2rising
~ ~ from deéommissioning of nuclcar power nlants in the
Community. ,

/
Acticn MO 7 @ Influcnce of nuclear nower plant desiqgn features con

.

decemmissinning,

B. Icentification of quiding nrincinles, neraly @
= cert2in quidina principles in the design and opcration of nuclear

nower nlant with a view te simplifying their subseguent ceccmmissioning.

= cuiding princinles in the decommissioning of nuclear nower plant which

“coutd form the initial elements of .~ Community pcolicy in this ficld.



FINANCIAL SHEET

Relevant budget heading code :'3359

Title of budget heading: . ; ’ | T

Decommissioning of nuclear installations

. Legal basis . -

Article 7 of the Treaty establishing the EAEC

Desc}ﬁption, objective and justification of the action



4.1.

4.2,

4.3.

Objective

Description

This is a EURATOM research programme (indirect action) on the decommis-
sioning of nuclear installations. The programme relates to the following

topics:

development of specialized techniques;

forecasting of radioactive waste generation;

- study of certain power plant characteristics from a decommissioning .

standpoint;

definition of guiding principles.

The programme primarily concerns electricity producers and public

and private bodies competent in the field of nuclear research.

The objective of the action is to promote the development of methods
and techniques for decommissioning nuclear installations in such a

way as to ensure protection for man and his environment.

Justification

The proposed programme fs the outcome of the action programme on the
environment approved by the Council on 17 May 1977; it has been drawn
up with the aid of "a group of national experts. Action at Community
level will make for economy work through the exchange of information’

and the apportionment of tasks,



5. Financial'ihcidence of the action (in EUA)

,'5.0. Incidence on expenditure .

5.0.0. Total cost during the envisaged period

- from the budget of the Communities :
=~ from national administrations :
- from other sectors at national .level :
5.0.1 Multiannual timetable
Appropriations for commitment

6,380,000 EUA

*~ Total cost : 6,380,000 EUA

1978 | 1979 1980 - 1981 1982 1983
Staff . . ' '
expenditure | .. — . 262,000 277,000 294,000 311,000 164,000
Administrative ) ‘, :
expenditure, 24,000 49,000 52,000 55,000 59,000 . 30,000
"|Contracts 476,000 . ,000,000 (1,327,000 1,000,000 - o=
Total ; 500,000 2,311,000 = |1,656,000 1,349,000 370,000 194,000
b ' ! ‘
Appropriations for payment v
1978 . 1979 1980 1981 1982 1983
Staff ' B < : : .
|expenditure L — 262,000 277,000 294,000 311,000 164,000
Administr. 24,000 49,000 52,9000 55,500 * 59,000 . 30,000
expenditure , . ' ' o
Contracts 476,000 n,000,000 1,000,000 1,000,000 - 1,000,000 327,000
ITotal ! 500,000 h,311,000 ..1,329,000 [1,349,000 n,370,000 521,000




S;O.ZMethod of calculation:

5.1

a) Staff expenditure

b)

c)

d)

The appropriations for this programme were evaluated on the basis

of the following staff :

2 officials of grade A
2 officials of grade B,
-1 official of grade C

\

The calculations take account of the data as establ1shed for the

vsett1ng-up of the draft budget for the year 1979. No net increase

of salaries is assumed.: Only a var1at1on of the weightings has

been considered in order to take account of the trend in the general

Llevel of prices in the Community.

Administrative and technical expenditure

They cover expenditures on missions and on the organization of .

. meetings as well as the utilization of scientific and technical

support {f appears necessarf for the good development of the pro-

gramme.

Contract expenditure

Depending on the nature of the subject and the gqualifications of
the confractors, no standard method of calculation can be laid

down.

Anyhow, the Adv1sory Committee on Programme Management will be

consulted on the awarding of appropr1at1ons.

MuLtiannuaL previsions o S \

The rates held for the calcutations of the previsions are resc.v:
1979 ="’l.07; 1980 = 1.13; 1981 = 1.20;1982 = 1.27; 1983 = 1.34.

Implications on the funds ‘ : '

Control regime foreseen

Scientific control: ACPM and the responsible staff of the DG XII

Administrative controls:

Budgetary execution : Financial Control

Reqularity of expenditure : Division Contracts of DG XII.



7. Action financing

7.0
7.1
7.2

7.3 Appropriations to be entered under future budgets.

-



