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PREFACE

On May 1977 the Council approved; as part of the Community's action
programmevon!the environment % the principle of an action concerning the
decomissioning of nuclear power'plants; It asked the Commission to pool
and to analyse earlier studies and experiénce and to present, on the

basis of the results of this work,}apprOpriate proposals to the Council.

The presént document}has been drawﬁ up with the help of a group of
national experts. Part I contains mainly an analysis of earlier studies

and experlence and Part II a proposal for a funded action programme.

The scope of the analyéis and the proposél has been restricted to nﬁclear
power plants, excluding other nuclear installations such as research reactors
and fuel cycle facilities. However, available relevant experlence w1th '
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 benefit to other installations too. .

& 0J N° C 139, 13.6.1977




PART I : SITUATION AND PROSPECTS REGARDING DECOMMISSIONING OF NUCLEAR'
 PAWER PLANTS

1. Intréduction

Decomw1ss1nn1na of nuclear plants meens their safe disposition after
Lretirement fron service. Its ultimate objective is the unrestricted release
of the plant site for other uses. One must however keen in mind that only a
relatively small part of a nuclear power station (15 to 20 %) w1ll give rise
to nroblems assccisted with the oresence of radioactive matter.

rvery nuclear power nlant vill some time arrive at thﬂ end of 1ts use=-
ful l1fe, but the reasons for rctvrlnq F nlant from service may vary. A
prototync plant may be decormissioned when it has achieved its objective,
- or when the nbjoctive has been abandoned. Commercial plants will be rotiped
from service when‘either economic or safe oneration is no Longer nossible,
Such a situation cruld also ke brouth about by an incident if rebab1t1tat1on
'of the plant nroved too costly or imnossible due to radiation.

After a pLan+ has teen retircd from service, the nuétcar fuel, radio-
active matgr1al= in process agd radicactive waste oroduced in normal opera=
't1on should first be removed by rout1no operations. As r2aards the further
procedure, threc stages of de cnmm1ss1on1nq have been defincd in the frrmo of
,the International Atoric Encrgy Aqency, namety :

Stace 1 ﬁccomm1vs1nnwgg

The nlant s practicallyﬂkcpt intact. The mechanical opening systems
(valves, nluas, etc.) of the first contamination barrier 2rc perme=
nently blocked and sealbd..The plant is under surveillance and ins-

nections are corried out to check that it remains in good conditien.

Stage_2_decommissioning

- The primary contamination barrier is recuced to minimum size znd
scaled, rcmoving all parts which can be casily dismantled. The biole=

gical shicld '(e.g. concrete) is extended so that it completely
surrounds the barrier, ' ’ '
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After decontam1nat1on to acceptable Levels the containment buitding
cen be removed. The other parts of the plant (bu1Ld1ngs or equvpment)
can, be d1smantled or converted for new purposes. Surve.LLance around
the barrier is necassary but. can be relaxed as comnared with otaqe 1.
ExternaL inspectzon of the sealed part shoutd be: performed

Stage 3 de_g_m_‘ngshﬁi g

ALL remsining parteofthe plant, the act1v1ty of which remains signi-
ficant despite decontamination procedures, are removed. The plant is "
“then reLeased without rastrictions. No aurve1tgfnze or: 1nspect1on :

is necessary from the point of view of rad1ologwcal protect1on.

Steges 1 te 3 are, though not corpletelv correspond1ﬂg, sowet1mes
also referred to as "mothbatt1ng", "ertombment® and "(complete) remo-,'
val", respectively.

2. Exper1ence w1th deocmmission1ng

s
'

About 20 nuclear pcwer plants in the WCetern world = atl of them in
the Un1t=c States and in Europe - have already been retired from service.
Five of these plants are Located in the Conmunity, namely:

- Marcoule 6 1 and Ch1non 1, in Frawce
‘- He1ssdampfreaktor {HDR) and Kernkraftwerk N1edera1chbach, in Germany
|- Dounreay Fast Reactor, jn the United K1ngdom.»

Decommiss1on1ng of most retired ptarts has not yet proceeded beyond -
Stage I. Five pLants have been decommissioned further, namely. HNPF, BONUS ,
ERR (all in the USA), CNL (Swwtzertand) awd HDR (Germany).

These decomm1ssion1ng operat1ons have compL1ed with the regulat1ons
for protectvon of the personneL and the general public; no particular in=
cident has been reported. They have yielded valuable experience as regards
decommiss1on1ng techniques and cost. However, this exper1ence is not di-
rectly applicable to future decomm1ss1on1ng of nuclear power plants,‘and
of large commercial plants in particular, for the following reasons:
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- the reactors were of one~off types, ot used~in commercial plants;

- tbey were relutvveLy small;

~ they had been operated for relatively short periods, and -
conséquen*ty radioactivity ‘nventoriés were small.

' ReLevant experience has also been: obta1ned from the dnconmvss1on1ng
of major nuclear power plant components, Within the Community the -
dismantling and cutting of the thermal ghields of the Trino Vercellese and

the Chooz pressur1zed water reactors deserve particular mention in this respect.

: Decomm1ssonsng operations at research reactors and fuel cycle plants
have also y1elded experience which is of con°1dﬂrable value in the de-~
commwss1on1ng of nuclear power nlants. ﬁajor Operat1ons per.ormed in the
member countries are: ‘

= total d1snantt1ng of the hasouchet uranium fabr1cat1on plant

 (France) '

- total dismantling of a smatl pro*otype reprocess1ﬂg plant at
Fontenay~aux—Rcses (Frang e) T

- extensive decontamination 3perat1on° at reprocessing plants at
Mol (Belgium), Dounresy (UK) and Trisaia (ItaLy).

The avavlaDLe QXer1ence has been taken into account and CareTuLL>
extraoolated in the studies of decomnwss1on1no of commerv1at plants,

which form the sauject of. ’hapter 34

3. Decommissioning studies

3.1 Light water rcactors

‘Light water reactors are of particular interest since they constitute

the major part of the nuclear generéting,cagacity installed and under con-
‘struction and because their proportion is forecast to ihchease over the
- coming decades. The‘decommissioningAproblems,posed by pressurized water



'reactors, which account for about 80 A of the Light water reactors in the
Community and are taken as a reference here *, and by boiling woter reac-
tors¥o not differ fundamentally.

t
e awge swmas

Radiocactivity

Thﬂ rad1oact1v1ty 1nventory after 40 years of operat1on and one year
after shutdown is 1Ltustrated by the following data (orders of macn1tude).

Compbnents (material) o - Hglsht o Actégity '
Reactor vesseL 1nternaLs (stainless btncl) - 10 . 107
Reactor vessel (mild steel, cLuud1ng ;

efaml.ass steel) - o 580 5000_ ‘
Biolog1caL shield (concrete, reinforcement - )
o , mild steel) . ] 430 - 700
Sy%tems contaminated only (st;1ntess steet) {6000 ] 3000

. The to*aL act1v1ty inventory is Lower by a factar cf pbout 1000 than

" that ':. - shortly after shutdown, this bning due to the removal" of fuel and
to the decay of short=lived nuclides. The bulk of th1s activity is re-
prnsented by a few reactor internals surround1ng th@ core, with max i mum

" specific actJv1t1es of about 2 Ci/g.

More 1mportant than these totat act1v1t1es are those of Spec1f1c
nuctxdes.»There ‘are no s1gn1f1cant amounts of the rzdiotoxic long=lived
'alpha em1tters. CobaLt-éO, because of its penetrating type of rad1at1on,
determines the exposure of perscnnel dur1ng decomm1 ioﬁﬁng works and there~
ifbre " dictates the deqree of sh1eld1ng and remote operation required.

*‘The ccpacity of the reference plant is about 1200 MWe
N ’ ) )
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Its decay = its half-life being five years = is the principal reason
for dclaying dismantling. Beéauée of'théir'long and véry'lonk kalf=lives
nickri~63 and nickel=59 will have a major influencc on ths choice of thy
final storage or disposal mode of steel components. ‘
Even though nickel=59 and nickcl=C3 may be present in significant cuanti=
ties for long periods, their potontial bio(ogical hazard must be kept in
perspcctive, considering the low Level‘and penetrat1on capab1lity of the
rad1ation.
Becomisgigning glernatives |
According to thc studiczs 5t uodid be fcasible but not opfimat'uith
rrspect to both health protectwon anﬂ costs to un”erta.e complcte dis=
‘/nantl1ng and removal- of the plants irnnd1atcly aft°r shutdown ("Prompt’
Stage 3"). On the other hand it would riot De practical to delcy Stage 3
until it was reached merely by the decay or the radionuclides. Thev
principal reasons for proceeding to Stage 3 aprear to be . the dearacation
of contarinat1ov barriers, the surve1llanc; costs dur1ng lOwe* Stages anc,
Dosswbly, natwonal Licensvng requ irer2nts. The economic vaLuc of the '
land arca recovored would be comparatwvely insignificart. A nuclcar o]tQ
may be of high value to the utility, but it would gencrally be possitle
to build a new ptant w1thout removing the reagtor buildwng of the old ,
‘one, since this build1ng usu*lly occupies only a small part of the site

i

area.

The decision to stgrt on otage 2, as agawnst Stage 1, will deoenc
to a large extent on the nat1onal licensing requirerents. Recovery of
site area and esthetic reasons will not be an incentive, since underground

* tickel=63: half-(ife of 90 years
. Nickel=59: half=life of £0,000 years



‘ entnrnweﬂt appears 1mpractical and substantial overground structures or

1

even the wiole conta1nment bu1ld1ng, as envisaged in the Un1ted otates,
will remain in place durinq Stage 2. ' '

1
!

Dugpmmissian1qg costs

\ ‘ Decommissioning costs accrue. from decommiss1oning wrks at the ptant,
‘from management and dispcsal of the wostes produced and, until Stage 3 is
reached, from surveillance and maintenance of the plant. The mode of waste |
disposal is decisive of disposal cests and may also condition preceding 'A';té
operations and their costs. As the disposal mode is unknown cs yet, cost A
estimates have been based on assumed d1sposaL modes and thercfore are ts

a certain degrue hypothetical. The following costs hav° been estiwated re-

cently in an Americon (A) and in a European (€) study:(1n millions of

1975 US 8, including removut of non-nuclear build1ngs)- o .

o

- T .~ Study
Deconmissioning atternatfves‘ o A RE >E
‘ Prompt Stage 3 [ L T BT A A o
Delnygd Stage 3( L gfter Stage 1 . ool e3 | sh
- ofter Stage 2 B P -

(1) Delay after. shutdown- 108 years for A, 40 years for E; no. Q
permanent serurity force during Staqe 1. o ' _ ‘ e

. w oAy . . . . W
, | There scsts range fron sbout 4 to 1: A‘of p(antiéapitci costs in ‘f
. 4975. The difference betweeﬂ the two estimates is to a large extent due
to the different waste disposal modes assumed, whick are virtualty oppoéite
extrem2s as regarus their impact on costs. Study A is based on the finan-
ctal ond technical condwtions in force at commercial surface burial grounds
“but assumes the rad1oact1v1ty Limit to be strongty increased. ¢This certainly
unrealistic assumption affects only the Prompt Stage 3 a{ternative). Sthdy E
is based on the eonditions in forge at an exper1nentat geological d1sposal
facility, uhich require fn paeticular that all wastes are packed in small
units. : . .

f T,
N ——————————

% Study . ' e '
| ¥ A; ,AIF/NESP-oogsR; study E: EUR 5728 d



Moreover, these costs are no* d1scount"d. Howeve. comparison of costs

arising at d1ff°rent po1nts in t1me ingv1tably involves discounting and
not dJscount1ng'amounts merely to using a discount rate of zerc. Discount
rates may be chosen on the basis of anticipated 1ntcrest and inflation
rates, of utility pract1ces o of macro~economic cons1derac1ons. Thus no
specific rate can be proposed herg, but the 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 dela,ed and ptP‘TtS
~ sinking=funds to grow. ' '

The current costs during Stages 1 and 2 would be Lower than assumed
in the studies if the decomm1ss1onpd ptant shared the site with at Lleast
one operating plant, wh1ch will be the most frequent casz in the foresee~
able future. On the other hand, a permanent secur1t/ force, which might be
recuired for a singls puant in Stage 1, ‘w!uld result in an additional
cost. Comstant annual maintenance costs, excluding ﬁajar WOrks, have been
assumed but it is recognized that this nay beAunreéListic, in particular
for longer periods of delay. Maintenance costé are expected to increase
at long tern, aS‘exceSSive degradation of the plent fé to Be avoided, and
this might be a reason to proceed to Sta qe 3 earlier. Thus aspect ruqu1res

further stucly.

Qccpational r dvct1on exposure is seen to be the main safety concern
in deccmn1ssion1ng. Not only have tha individual ,dose Limits to be complved
vw1th but also the total radiation dose chould be kept within acceptable
Limits. Besides the use of shielding, remote op;r>t1on ard enclosures with
“controlled vent1La‘1on, careful planning of the successive decommissioning
operations is essentvat. Total occwational doses estimated in the already
‘mentioned study A, are 63C man=rem for Prompt Stage 3 and about 450 man-rem
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fbr4Stage 1 or 2 and Delayed Stage 3 (108 years after shutdbwn). It has to
be meitioned that sUbstantiaLLy higher doses hévefbeen.estimated by others.

i

3.2. Gas-cooled reactors

“Gas grapb1te reactors will probabLy form the bulk of the nuclear power
plants wh1ch will bhecome redundant by the end of this century.
Important differences in the radfoactivity invehtory compared with
Light weter reactors are the Lower spec1f1c activities but Larger volunes,
the preponderance of mild steel over sta1nless steel and the Large smounts

of graphite, which, howaver, are present as eas1ly manageabte pieces. The
fotlow1ng amounts of nater1aLs have been ﬁndicated for the presaure véssel
~and the precsure vessel 1nternals of e typucal commer»wal Magnox reactor

- (copacity: 250 Mwe): 2500 tonnes of miLd steel, 100 tonnes of sta1nless
steeL and 2500 tonnes. of graph1fe. As' reg=rds the b1oLoglcaL shietd con= |
crete, only its 1nner layer ic activated. The +h1ckness of th1s Layer will -
be about 1.5m two years after shutdown and will decrease with time as the
result of radioactive decay. Neverthutess this concrete would present the
maJor d13posal ‘problem in terms of mass. iieat exchangers would by the1r_
s1ze ﬂnd b/ the tube surface arez and geometry pose & maJor decontaminet1on

probLen.

- The study of the‘decomwissioning of a represcntative commercial Magnox .
reactor 1s still in progress, but a detailed, technical atudy on the Wind-
scale Advanced Gas~cooled Reactor- (W.A.GaRu), has been compLeted gnd it is
Likety\that its conclusiong, will in principle be appliceble also to Magnox
reactors. The W.A.G.R. studyvis based in one case on & progressive procedure,
condfdering Staye 1 as an interimvphase, Stage 2 as a storage éitUation of |
unspecified duration and Etage 3 as the ideal ultimate objectives The al~
tetnative case is the progression from reactor closure to Stage 3 as a con=
tinuing operation. In particular, it is concluded that a satisfactory long
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term Stege 2 condition can be éstabliéhed and that there is no technical
obstécte'tq'proceeding\difectty to a Stage 3 condition. The conception of
Stage 2 differs from that énviséged in the United States for pressurized
water reactors in the dismant{idgLof ths containment building and the heat
exchangers,’reSuLting in a Considerabte reddction of the occwied area and
the visual impact. For commercial steel pressure vessel Magnox reactors,
irrespective of output‘capacity, the remaining structures would be'cyLinders,
with a diameter of about 30 metres and a-heiglit ebcve ground of 18-30 metres.

A detailed decommissioniﬁg study has been performed on Chinon 1; &

70 MWe gas graphite prototype plant, which was retired from service for eco-
ncmic reasons in 19?3, aftter having cperated for 10 years with an average

load factor of about 50 %Z. From activity measurements carried out on samples,
the activity of the grephite mcderator (1050 tonnes) at the end of 1975

has been estimated as 3000 Ci of cobalt=60, 1200 Ci of trﬁtium,'BOO i of
.carbon=14 and 0.5 ¢ of plutonium2329 ang -240. Measurements inside the fuel
channels have shown dose rates in . the order 6f 10 rem/h fram the graphite
reach1ng a maximum of 400 rem/h near thecure support steel plate. The ac-
tivated steel components amount- to about 1500 tonnes. First mneasurements
1ndicated that the b1oL091caL shield concrete is not activated.

The‘Chihoﬁi1‘study compares the direct spproach of Stugos 1, 2 and 3,
Stage 2 was assumed t6 embrace the reactor vessel and the Hea* exchangers
within a concrete oncLosure and to involve a1smqntl1ng other contaminated
systems, stor1ng the parte w1th1n sealed premises in the containment ;phere.
The conciusion was. that thvs condition weuld not be safer than Stage 1 and
that it wouLd compL1cate proceedinc to Stage 3 subsecuently. Stage 3 was
studied in aeta1l, 1nctud1ng the conceptual des1gn of the required remotely

operated equipmant.

On the basis of this study it was decided to convert the plant 1nto &
nuclear museun. This conception, which in particular allows the pubtvc



access to part of the csntu1nnent Sphere, is planned to be achieved jn 1978 : 'iéﬁ:
or 1979 The Opt1on to prﬁcled to Stage 3 30 years later, femains open.. o ’;;r:if

3.3“ Decomm1ss1on1ng subsequent to 2 ma;or acc1aunt

-~ The" studies considered in the farego1ng sections (3.1, 3.2) are based
on plants which are retired from service in a normal condition. Major plant
accvdents, result1ng in a wide spread of heavy. contamination within the con- o
‘t=tainment building, would pose spec1al decommi ssioning problems and even. . f;‘
. complicate routlne operations, such as the discharge and ‘the removal of the ' B
fuel. Whereas such accidents are taken into -account in the plant design,

- their 1mpact on decomnission1ng is not well known. First stud1es, whfcn are
l_in progress, have shown the complex nature of tb1s problem. '

4, Decommissioning tethniques ,

"Gt Decontamination ’

_ The purpcse of deccntem1nat1on 1n decommiss1oning will in most cases

be to facilitate the d1smantl1ng and further ‘treastment of components, by
| reduct1on of the radiation level “and removal of loose contam1natvon. An-
other possible obje°t1ve is "complute decontaminat1on", - decontam1na~
t1on to a level below the l1m1t for unrestricted release of nater1al, in or-
der.to reduce the volume of radioactwve waste., The benef1ts of decontamina=
tion have to be weighed aga1nst operat1onal risks, ar131ngs of consequen-
t1al uaste and costs. Thus d*fferent opinions estt as to what is a reas"n-
able decontaminat1on effort Th1s guestion mer1ts further srudy, but it
:cannot be answered w1thout a better knowledge of lhe techn1cal options4

The only proven decontam1nat10n techniques are those which are cur~
rently used in operating reactors and wh1ch mzy be class1f1ed as follows.

= System decontam1nat1on, applied within closed systems of the plant

——’ — v e o—

and using chemical agents;.




- Imnersion decontamination, applied to dIsmantled component and
using chemical agents, generally combined with*mechanical means

such as brushing or ultqasonic weves;

~‘iQ£_g._.Qq§n1nat10n, applied to systems Locally through Op nings,
or to dismantled cémponents in specizl cells, or even to the sur-
faces of premises, using jets of vapour or ligquid or of a mixture

of liquid and grinding particles.

Experience w1th tneSe techn1qu~s 1; substential but d1ff1cult to inter-
pret. Achieved decontamlnot1on factors vary over a wide renge, depending
on the particular ‘conditions in a way which is not yet well understood.

Theseé proven techniques have becﬂ dnveloped for apptvcat1on te compo-
nents to be serviced or repaired, tnat is to aa/, SubJ“Ct to the cond1t1on
of preserving component integrity. dhereas these techniques are‘also usev
fully employed din decomm1ss10n1ng, mor¢ aggressive methods, resulting in
more effective decontaming ation, would be desirable. These could be var1ants
of the proven te ckniques, . 1P system and iamersion dgcontanvnat1on using
more aggressive chemical agents or Jetﬂdecontamination'using'highaﬂ‘éfes-
sure or more abrasive grinding particles, etc., but also basicatty new tech-

nigues.

System oecontan1nut1on offers »he advantaae of preced1nc the opcn1ng y

and olsmantL1ng nf the systen, thus reduging. personnel exposure. It 'reaches
a2 large surface at o t1me, but cannot be applied setectIV°ly to local peaks
of contam1nation. It is atso less cffectwO in crevices and cea ' énd€ of a
arsten, where contamination often concentrates. Consequently, system decon—
tarination gill as generat rule not result in complete decontamination.
The Large votune of certain S/Stems, such as the primary cod Ling c1rcu1t,
and the need for several decontamination and flushing steps give rise to
very Large quantities of ~adioactive Liquid, which may pose problers of in=.
 terim storage and of treatment. noreover, differ;nt1al attack on the various
" materials of a system ‘and the spread of contamination to 1n1t1atly clean
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regions are aspects which hava ta B¢ considered.
| SR _
Imrcrsion decontaninat ion ‘can use existing aqdiphenf for‘SmaLL compo-
nents, but the corrosive attack of. the tanks’ must. be considered, it nore
aggress1ve chemical reagents are ecoployed. Hajor compqnentsxwoutd pose
probiems of space, 2gquirment and of volume of‘liéuid produced.

The folowing naw uechn1ques have been praposed

- Decontanination by churicat agenit s Upgtled as a surf ce {aycr, ieBu,
pastes and kolten salts. Laboratory exper1me its ha ave shoun prom1sing
results; ind1cat1na high efficiency and Low volume of consequential
waste. )

- ELectroLyticaL decontamination; using similar processes to the clectro=

polishing known in the non=nuclear. industry.

- Decontamination: by exptosive~methods; Preliminary experiments have de~
monstrated‘that tha oxide film, which incorporates the contzmination
of steel components, can be spalled off from tho base fetal. lith this

téchnigue the volure of censcauentiat waste would Le very “small.

4.2. Bismentling

mant Lin g of steel comg nen

‘Dismantlin
The reactor VOSSGL and the reactor vessel 1nt°rn ts pose the most
d1ff1cul* d1snawtt1n nrablems. vecause of the n1gh radiation level, remote
operation 1s;rcqu1red. The more active vessel internals of light water re-
.actors‘shoutd preferadly be cut under water, the water providin~ shielding
4 and reduc1nv aerosol production. Certain components hawd Large uolL-tn1ck-
nesses, rangwnq U to 500 mm (reactor vessel flange of rﬂssur1zed water
reactors).
. i A " . ,
echan1caL techniques such as m1LL cuttwnc and sawing can be carr1ed

out under mat°r, but. “they zre t1m“~consum1ng and requ1re hazavy . suppsorts.
With thermal tehhnvques special attention has to be paid to the confinement

of aerosols. Plasma arc cutting, which can be carried out under watar,,
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éppears attractive. At the prosen*~time it ;én;bé emloyed to wall-thick=
nesses wp to about 170 mm, but has deveto#m#nt potenticl ux to 300 ma.
Another promising technique is Oxy propane cutting. Electro=melt separation
can be employed for targe watl~ :1cknegs;a ut has the dnsadvantage of stroig

aerosol production.

Concerning the dismantifng of pipework, the removal of thermal insula~
tion may pose special problems. foreover, no adequate techn1qu° is ‘currently
available for cutting Large-diameter large wall=thickness pipework, such zs
that ¢ employed in the pr1mary circuit of pressurized water reactors. Lutting
of pipes by explosive nethads constitutes a new technique which should &
developed, Exper1ments carried out on nipes of moderate size have shown that
it is possible with explosive nethods to disconnect a pine and to close its
ends in a single operation.

Dismant L_i_g of_concret _g_t:c ures

— e — — c————— ——

The concretﬂ strdcture wh1c“ usuulty poses the main dismantling problem
1s the b1otog1ccl sh1etd1ng. Special problems due to stored *nerqy may arise
u1t5 certain prestressed concrete pressure vessels which are employed in

some gas gruph1+e reactors.

There are severét'péOVGn techniques for dismantling concrote. In.the
explos1ve tecbn1quu charges placed in holes Loosen up the whole structure
or brtak it w 1nto Lgyers. his ‘method 'ig relatively expensive and tirme-
consuming. In the thermat lance +cchmque, holes closely put in & Line  are
burnt 1nto tne concrete by a jet of oxygen, to which iron is swplied as
fuel. Dis smantling by thig method is retgtvvely quick, but is accompanied
by intensive smoke formatwoni Add1t1onalL/ sawing, hydraulwc or pneumatic

wedges, or high pressure water jets may be used.

These proven technicUes will reguice further development .and acaptation,
to perform the more difficult tasks of future dismantling operations.
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Other ta chanuea to be cons1derud are hydnaut1c cracking,. oxy-grc 'Utt‘ﬂd'
and suc'ess1v» uorvng ano cruck1ng by freez1ng.

4,3.’Equipment for remote operations

‘ Remote operaticms such as d1smantt1ng, decont emination,; conc 1tion1ng‘
and packing require special cquipmant to hold and move tools, neasur1ng
v‘1nstruments, telecameras and the parts to be t"eated. Such cqu1oment ‘may

be designed ad hoc for a special situation or for muLt1pLe use, 1t betongs
teo a tecnnutogy which is already employad in reactors and Fot’ cells but has
- to be scalearkp ang further deveioped for decommissioning opcrat1on

boba Hanaaement and storag° of wastes from ‘uc0nm1ss1oning

Cond1t.on1nr, p<ckaging, trensport -and storage or d1sp~sat const1tute
a series of onzretdions which have to be optimized as a whole, taking as 2
bas1s the/ﬁpec1f1c character1ct1cs of the type of waste cono1dered. he
process of cevolving the opt1nal management concepts for wastes fron de-‘
cenmissioning is still in a preliminary phase.

The uaste ar1s1nﬁ from d1smantl1ng of major . act1vaacd components is
characterized by the lerge initial cimensions and by the fact that the bulk
of rad1oact1vity is inco; porated in the bose metal. One Leading idea for the
mgnacement of this waste would be to limit the cutting to ‘the extent ne-
cessary for transport, "thus minimizing work under radiat1~n und the spread
of rcdicdctive material. ‘Accordingly, Llarge transport contm1n@rs should be
devotoped for certain compcnents and the scorag» fac1l1t1es houLd be de=
>svgncd for acceptance of large un1*s. ‘ S
\F0r~contamihated pipework 2 fréétmeﬁt'rchCihg’the'storage volume ap-

pears desirable. Press compaction, cryogéhic cracking and smelting have
been proposed as techniques. The feasinility of such a treatment. snouLd be

, stud1ed, 1ncLud1ng the question, w whether the operation should be carried
out on the site of the nuclear’ power plant or in a'central facil ity.

\
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As régerds redioactive concre telwﬁste;vit weuldhé Zesirzile to havdé’

an insxpensive mo thoj for the lnnq term 1mmoa~t1zgt1gn cf’ Lhwvﬂaiwanucleu Se

Lontrotlew burﬂ1ﬂ9 has been proposed for the graph1te arising in the
decommiss1on1ng of gas graphite recctors and advanced gas cooled reactors.
In order to decide whether this mcthod is eppropriate, it is nccessary to
consider not only its local radiological impact, but alsc the long=tern
consequences, through the céntribution to the worldwide backSround radia-
tion, af ‘relzasing to the atmosphere considerable amounts of the long~Lived

radionuclide carbon=-14.

Consequential wastes nced.no special consideration here, since they
can be managed approprictely by the methods which are currently empleyed

for wastes arising at operczting nuclear power slants.

The following methods have been envisejed by certain countries for fi-
nal storage or disposal of different types of waste arising from decoimissioning
surface atoraqe, storage in a former mine, d15posat in d"1tted deep holes and sea

dumping.

5. Estimation of the guantities of rodioactive wastes from

decommissioning

5.%1. Gencral considerations:

IoE N

The following information is required to estimate the arisings of

radinactive wastes from the decommissioning of nuclear nower plants:

a) scheduLe of retirement of the plants from service;
b) inventory of the radidactfve‘components, systems and structures
of the plants and estimate of associated raulonucl7dns,
¢) schedule of.dn onm1ss1on1ng warks and in 3art1cutﬂr of
~dismantling;
d) extent to which the eriginal vcl.um and ruu1oactivity of the
materials concecrned are changed by cecontamination, conditioning,

overpacking, etc., and production of conseauential wastes.
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The result of a first tentatiVe approach to item a) is given in

a5int 5.2, below. .
, As regar4 1tem b}, bec UUSu of the veriety cof existing nuclear power
stat1wns most of tnem are to be cons1dereu individuzlly. Some information

'1s aLreudy uvc1L3ch, but 2 great JCOL of work is still needud before a com—

plete survey of radidactivity inveptor1gs can be eauabl1sbcd.

for the chuut1on of items c) and d), r(feronce str egiesyhave to

be evalved; this is to be con ide red as a Lon"-term t‘sk.

5.2.  Retirement of/ nuclear pow;r plants from ;erv1ce

(It is.premature to make f1rn estimates on the scneuule of ret1renunt
of nuclear. prwer plants-from serv1ce, since the nper*tlonat Life is unce
tain w1th1n wide range. The following toble 1LLustrates a possinble pattern.
It takes into account the plents which are currently in operat1on or under
construction in the Community end is bascd.on an assume ¢ cperational Life of
30 years, excent for certain prototype plgnts, for which s;eqific.shortgn5

neriods have Leen adopted.

.  Reactors retired aver period:

Reactor typo " ‘ "
19811990 1991-2C00 | 2001=-2010

Gas qgraphite end advenced

gos-cooted reactors . . 1 11 20 14

Light water reactors | . , 37

Othcr types oo ' R -2 o2 ""° 4
Total o 16 29

55 _
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6. Guiding orincinles

Guiding principies’ccnc arning decommissi nq can be farnala*ed only
in a very general wey as regards the immediata future and can only be deve-
L¢ped in greater detail as a Long-terh process, vioreover, consideration ot
Community level must take into account the different conditions prevailing
in the Member States, such as rcactor typ;s enoloy ed, territorial conditions

and urgency of decorm1ss1on1ng.

Community efforts in this field should not duplicate cr hamper the
Peaaures undertaken on 2 world scale by the Internat1ﬂnat Atomic Enérgy
Agency, Lut it should be recognized, that the Community could bring its point
of view to bear with qreatsr weight in this wider framework if it had clear

concentions substantiated by apprcpriate studies.

6.1.  Guidine nrinciples in the design an< operatior of nuclear gower

plants with a view to simolifying Secomms ss512n1ing

A

Studies have indicated, that as roy ards decommissicning modern rucleer
power plants pose no fungamental difficuLties whith would rocuire basic
chenges in design. Improvements with a view to facilitating decommissioning
‘have been prvwcseo and appecr nossible, cancerning features such as the ar-

rangement, design and materials of plant components.

Features which zre increasingly introduced intc modern nuclezr pover
plants, in order to facilitate maintenance and repair during the operation

period 2, will ultimately also facilitate decommissioning.

.

6.2. Guiding arincinles in the decommissioning of nuclear power plants

Decemmissioning operations are subject to genercl nucleaer regulctions,
but no specific cdetailed quidelines for decommisst oning exist in the iiember
States és‘yet. For instance, permissible radiation limite for the pcrsonne{
and the ceneral public are Laid down in the general requlations, but there



) ' - 20 - : L
‘are no criteria for the unrestricted release of cquipment and‘sites.'Such
_mattors have boen settlced in past decommissioning operations on & case~Ly—
case basis. In this context mention shoulc be mcde of the precent efforts

by the International Atomic Energy Agency.
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PART II: PROGRAHNE PROPOSAL

‘ , o
1. Underlying considerations

Major advances in concepts and techniques will be required to
decommission the nuclear power plants in the best way, with respect to

‘both health protection and economy. The solutions adopted may inflilence

the development of nuclear pover threughAthcir economic impact anc through
the reception they meet with among the public.

As the number of p lants to be deconn1ss1oned will 1ncrease at Oﬂly a
slow pace during the coming decades and, moreover, dismantling and removal
of the plants, 1f necessary, may be postponed for considerakble ner1ods
after their withdrawal from gerv1cc, it might be concluded that no sub-
stantial effort to solve the problems of gccomm1sa1on1ng is called for at
the present time. This conclusion would, however, be a dangerous mistakc,

for the fYollowing reasons: . R

- Fcatures which fab1L1tate 6900ﬁu1se1on1ng should be developed and

increasingly introduced in the design of new plants.

- Tke task of icdentifying, 0evelon1nv and 1Mplbment1nﬁ the opt1nur sctutwons
will take a long time. The technical deJeLcoments w1ll be conditioned by
' the Lecal and adm1n1atrat1ve framework, and in part1cular by the criteria
for release or for acccptance at central dopos1tor1es of the wastes.
The 1ndustry therefore needs cuidance on these quastions at an early stege.
on the other nand be+ er knowlcdge of the possible technical options is
- needed in order to cvolve the legal and administrative framework.

- detter knowledge of decommissioning costs will enable utilities to

accumutate prov1 jorns for decommissioning in accordance with national

ruqu1rements.

- Decomnwss1on1ng Opnrat1ons may be urgentty reou1rno in particular

s1tuat10ns, for instance after an 1nc1d~nt
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- It is. b coning 1ncreas1ngty 1mportant, in order to secure oublic
ﬂcccotance of now nLan"s, to have elaborated and weLL-founded concepts
:TOP the "back onds" of nuclaar encray qeneratvon, even if dcf1n1tive
solutions are not yet roclly needed. One could ao so far as to consider
d1smantling and removing 2 nlant carlier than would otherwise be appro-
prizte, in orcer to‘demnnstrate‘the‘feasibility of a decommissioning '

concept.

The r‘omm‘issmn therefore holds the vizw thet in addition to the research actl-
#ities of the Joxnt Research Centre an indirect action 301n1ng forces at Communlty,'
levei, in the form of exchanging 1nfonnat10n and sharing wor&, could save money '

wand time. Moreover, a Comrunity aporoach could favourable influence accep= .
tance by the pubtic of the snLut1ons adnptcﬁ by the Member States, whatever
their differenceskto suit the perticular features of the nuclcar power
blants and other national conditions. Work already going on in a member
country could be pursuedvdnder tﬁe commen programme, if the country
agrees and if the work is of interest to the Community.'The hublickservice |
nature of this work and the secendary 1mportahce‘of competing commercial |

interests at stake will facilitste a Community anproach.

2. “encral fecatures of the prOpnsed proaramme -

The nrogramme,’ wh1ch is prnoﬂsed tc covor a pcr.od of five years be=
q1nnina 1 July 1978, must be reqaréﬂd as thﬂ first staqo of a tonger=term
cffort, It cnns1st= ‘of a series of studios and oxner1mnntal projects aimed
at evolving the most approor1ete sclutiens, with respect to both health .
nrotecticn and economy, for the docnmriss1cninq of nucLear power plants.

- These studies and projects will ‘be financed largely by the Commission
and coordinated by it with the reLc of an Advisory. Commiftee on Prndramme
Menagement comor1s1nq rcorosentat1ves of the Mcmber States and Cnmmwss1on
nff1c1cts. This committee will have to meet as snecn as this prnqramme is
 approved. Tha work will ke carried out by qualified publ1c 0r~pr1vate

aaencics in the Member States.
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In ﬁrder to avnid duol1cat1nn, the programme takes into account the
rnlevant activitics of the international oraan1sct1nns. On the other hand,
the scope of the progremme ‘haes becn stridtly det1m1ted to prelude overlan~
ninn with the Commqn1ty programme on radinactive waste management And
storage. In narticular, it takes into account activities dealin ng with
the decontamination of rcactor cemponents being carried out at JRC
within the frame of their multiannual programme 1977-1920 and will be
closely coordinated with these activities.

The programme may be submitted for review at the enc nf two vears, tn

reorientate or amplify it, where nocessary, in the Licht of the results

obtained, !

3. Poseesrch and develenment actions
The propesed actions, which arc described in annex II, -¢oncern the
follewing subjeocts :

Action MO 1

fction 1@ 2 Doerntemination for decnmmissinning murposes.

Leng term intcority of buildings and systenms.

Actinn MO 3 : Dismantling techniaues.k

Acticn MO 4 @ Treztment of specific wasto meterials : steel, concrote and
qranhite, _ ‘

Action 119 5 : Larac transport containcrs for rad1oact1ve waste oroﬁuced
in the dismantling of nuclear power nlants.

-Action N® 6 : Estimaticn of the quantities of radicactive wastes arising

from decommissioning nf nuclear power plants in the Community.

Action MO 7

Influence of nuclear pruer nlaent desicn feztures on

decommissioning.

These nrenosals have been fﬂrnulnted on the hkasis of the analysis of
earl1'r studies and exaer1enre, wk1ch 1s contained in P?rt I .~f this

dncument.
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In addi+i6n te these hropnséls it is éhvisadéd that the Community
ﬂart1c1oates in a larqe-sc»te oreretimn, carried cut in the context of
decomm1ssion1nq of a nuclear power nlant or of a major component of such 2
nlant and invelving the dewnnstrat1on of new tﬂchniaues or the extension
of proven technigues to é wicder range of cond1ticns, such as size and
radiation level of comnonents. As no snccific action cen be proposed at
prescnt, the subject is’mcntioned.here only for the récrrﬁ, but a proposal
sheuld, if possible, be submitted for the revis%on of the programme.

The Communit}'s financial céntribution would depend on the aeneral
intercst of the ihformation'éxpected to be obtained from the proncsed

action. .

4, Identification of quiding princinles -

Th1s cCtTVTty relates to :

- Fu1d1nq pringiples in the design. and operat1on of nuclcer nower nlants
with a view to simplifying their subsequent decamm1ss1oning.
- cuiding nrinciples in the decommissioning of nuclear power plants.

Guiding principleé need to be progressively evolved in ordef
to plan the research and development actions efficiently; conversely,
the results of the actions may influence the shaﬁing of the guiding,'
principles. In view of this interdependence,the programme includes

provision. for thé‘progréssive evolvement of guiding principles.

The intention is.that rough material for guiding principles . ¥
prepared in the Member States should be assembled and analysed, and
.an assessment then made of‘the scope for approximation'and joint
development. At a later stage of the programme it will be endea%oured

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 analysés performed under study contracts.


User
Rectangle


5. Breakdown of nronosed funding

Costs over five years in millions cf Furenean units of account (EUA) :

Item ‘ | Costs
Contribution to research and develapment actions :
: V ' ‘ i
Action M2 1 0.3
Action Mo 2 T4 -
Action M0 3 1.1
Actien MO 4 0.6
Action "¢ 5§ 2.2
Action t0 § 0.4
Action Mo 7 , 0.6
. Subtotal actions 1 to 7 ’ < 4.6
Identification of guiding princinlacs 0.2
Staff # R o 1.3
Meetings A _ , 0.27
Total 4 ‘ - 6.38

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



ANNEX 1

SUPPORTING INFORMATION TC PART I

to 2. Experience with decommissioning

The nuclear power plants which have already been retircd from
service are listed in Table 1. Further information on nuctear power plants
which have been decommissioned beyond Stege 1 is given in Table 2.

to 3.1. Light water reactors
Table 3kgives information concerning radionuclides of significance
as regards activation of stecls. Table 4 gives swplementary information

“concerning the cost data. -

to 5.2. Rct1rﬁment cf nuctear peuer plents from servwce

The nuclear power ptants taken into uccount in the summary téELe
under pqint'S.Z. of Part I are listed in Table 5.

to 6.1. Guiding principles in the design and operation of nuclear power

olants with a view, to simplifying decommissioning

The following design features have been recommended in the frame

of the International Atomic Energy fhgency (document IAEA-179);

tomponents and structures should be so arranged that: :
-~ The site can utlimately be developed to its maximum potential cespite the
cventual existence of decommissioned structures; ’
- There is sufficient space eround them to permit access with transporting
equipment, sh1etd1ng or tools; |
~-Suitcble cells or cab1ns can be erected "rouno them to restrict the dis-
perison of radioactive material during their dwsmantl1ng;and, if neces-
_sary, to permit operations at & Lower pressure than in the. surroundiny
dtmosphere; ‘ ,
-~ They can be remaved in onc picce through adjcining roons or the roof,-

using slant er oxternal Lifting devicor F mocor -=
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Construction of components and_structure

— e - - e awam— ot W s ey i thme e Gwn omwe owme

Companenté and structures should be so designed that:
- The contaminated or activeted components can be cut off;
Examples Detachable congrete layers on thé biotogicat shield;
- Their activation Levet'iS'reduced;
Examle: Distance betwesn the steel rcinforcement of the concrete and
the neutron flux zone; , |
= The components and‘structures can be broken down into parts vhich arc
relatively light, small and suﬁtably shaped for transpbrtation;
- Suitable passages and openings are provided for removing them from the
containment or reactor buiLding; \
~ As many components as possible are replaceable; _
= faterials are selected to reduce the formation of nuclides with a Long4

hal f-L14fc.

. Decontamination provisions

To simplify the decontamination of components, pipe systoms and
rooms, the folicwing provisions should be made;: '
-~ The spreading of active corrosion products or deposits during operation
or decommissioning should be limited by fqr'example, the incorporation of
_drain points, devices for flushing the pipiny systems and traps in pipe
systems; , . o | v | ,
= Facilities for the decontaminétion'of componenfs and rooms, including

means of introducing and draining decontamination solution.

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

operation. . -

2



Table 1. Nuclear power ptanté\retired from service
Couﬁtry Plant Type Cap;glty .~ OpgngZZQ
France T Marcoule 61 GGR 4 1956 - 19648
wo Chinon 1 : GGR 70 | 1063 = 1973
Germany _HDR Grosswelzheim BWR 25 ,1970 - 1972
" KKN Nicderaichbach | WR 100 | 1974 - 974
g?g;ggm DFR Dounreay FBR 15 | 1963 - 1977
Switzerland CNL Lucens HWR & 1968 ~ 1969
usa Vallecitos EVESR BWR 5} 1957 = 1963
i ELk River Reactor | BLWR 22 | 1964 - 1968
" Hallam HNPF SGR 75 | 1962 = 1964 .
" 30NUS BUWR 16.5 1962 ~ 1968
n Vatlecitos VBWR SR 10 [ 1957 = 1963
" Santa Susara SGR 7.5 | 1958 - 1966
o Pigua OMR OMR 1Ma4 | 1963 - 1966 .
" Carolinas CVTR PUR 17 | 1963 = 1967
" Enrico Fermi FBR 61 | 1966 = 1971
" Pathfinder BWR 62 | 1962 - 1967
" saxton. WR 4.2 | 1962 - 1972
e Peach dottom HTR | 40 |.1966 = 1974
* BWR = boiling water reactor
GGR‘= gas graphite_reactor
FBR = fast breeder reactor
HTR = high temperatﬁfe reactor
. HWR = heavy water reactor
OMR = organic moderated reactor
PWR = pressurized water reactor
SGR = sodium graphite recactor
4

®©
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Table 4: Cost estimates for decommissioning of Light water reactors

(1200 e plante; operating time: 4C years)
Cogts in nillions of 1975 usg (1)

Stucdy " E A
Refercnce EUR 5728 : " AIF/HESP=CO9SR
Reactor ~ PWR BUR * PHR. ~ BUR
Piscounting (2> no (2 no no no
Prompt Stage X o 6.4 | 78,61 83.4| 95.4 | 26.9 31,2
Delaycd Stace 3 = after Stage 1
- Stage 1 ’ 45| 4.6 4.5) 4.6 2.3 2.4
= Interim costs (3) -case I| 0.3| €.7] 0.3 0C.7 9.5 9.2
. B ~case I¥ (4) (4) (4) (4) " 18.0 17.4
- Total : -case I1|17.0 ] 64.3 | 17.9 | (8.¢ 22.8 23.3
o -case I1 (4) (4) (4) 4) 31.3 31.5
Delaycd Stapge 3 = after Stage 2 ;
- Stage 2 ‘ 7.4 7.6
=~ Interim costs (3 (4 - 6.3 6.0
- Staze 3 (% 10.6 12.2
- Total 24.5 25.8

&) bata from étudy E converted with the rateg1;DM = 0.4 Usz
(2) Discounted to shutdoun date at an annual rate of 3.7 % (This ret~
results from assumed aﬂnuol rates of 12 % for interest and of %

for inflstion)

)

(3) Based on foliowing annuesl costs of ma1ntehance and surve1tlancc.

Study E. A

After Stage 1 = case I: no security force 0.019 0.088
- = case Il with security forcel (&) 0.167

After Stage 2 4y 0.058"

{4) Alternative not considered

(5) Delaycd Stage 3 40 years (study b)),

108 years (study A, PWR)

and 104 years (study A, B/R) after shutdown (The delay pepiods
assumed in study A were estimated to pormit manual - as opposed
to renotely cperated = dismentling).

3
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Nuclear power plants buwtt or und;r construction

Table 5:
"in the Europewn Commun1ty
. " v . Year or
Plant -1 Country Type Cap:gzty Starzt?f assumed period
' HHE operation of closure -
™ P
farcoule G1 F GGR 4 1956 1968
HDR Grosswelzheim D BLR 25 1970 1972
~ Chinon 1 F GGR 70 1943 1973
KKN Niederaichbach D | HUR 100 174 1974
DFR Dounreay UK - FiR 15 1963 1977
BR-S,HOL B PUR 10 1966
MZFR Karlsruhe D HWR 51 1966
(0tto Hahn D PLiR ' 1968
El=4 tionts d'Arré F HUR 70 - 1967 1961-1990
VAK Kahl =~ D BWR 15 1961
UAGR Windscale - UK AGR 32 1963
Marcoule G2 F GGR- 40 1959
iarcoule G3 F GGR 40 1560
Calderhall JK GGR 4 X 5C 1950-1959
Chapelicrnss UK GGR 4. X 50 |1959-1960
Berkeley UK GGR 2 X138 1961
Bradwell UK GS&R 2 X 1501 1961
Latina I GGR © 216 1964
" Huntzrston A UK GGR 2 X 150] 1964
Gariglieno 1 BUR. 160 1964
Trino Vercellese I- PdR 257 1965 -
“Chinon 2 F GGR 200 1965 1991-200Q
Hinkley Point A UK GGR 2 X 250 1965
Trauns fynydd 14 GGR 12 X 2501 1965
. Dungeness A UK GGR 2 X 275} 1965 -
- Chinon 3 F GGR 480 1966
Sizewell A ; UK GGR 2 ¥ 290 1966
1 KR3 Gundremmingen D PWR 237 | 1966
. SENA Chooz F | PUR 305 1967
AVR Jllich D HTR 13 1967 e
Oldbury A UK GGR 2 X 300 1967-1968
KWL Lingen D BWR 182 1968
- KWO.Obrigheim D W 326 1568
- GKN DPodewaard NL BWR 52 1968
SGHWR Winfrith UK - HYR 92 1968
St Laurent 1 F GGR 480 1969
St Laurent 2 F ] 66 515 1971
wylfe : UK " GGR - 2% 59‘0 1971
.KNK Karlsruhe . b  SZR 19 1972
KiW Utirgassen oD BUWR 640 1972
KKS Stade b} PUR 630 1972 :
Bugey 1 F GGR 540 1972 2001=-2010
- Borssele NL - PUR 450 1973
Phénix F FBR 253 1973

SO
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Teble 5: _continued
‘ R N .y Year or
Plant Country; Type La§5c1ty Starttqf assuned period
- € operation of closurz
Biblis A b PUR 1146 1974
| boel 1 B PUR 390 1974
Tihange 1 B 1 PWR 870 1975
| PFR Dounreay Uk _[FBR [ 230 1975
Doel 2 3 PUR © 390 1975
3iblis B D PUR 1240 1976
GKN Neckaruestheim D PHR 775 1976
KKB Brunsblttel D {BWR 770 1976
Hinley Peint 8 UK AGR | 2 X 625 1976-1977
Huntersion B . UK AGR 2 X 625 1976-1977
fessenheim 1,2 F PUR | 2 X 890 1977 :
KKI Igar D BUWR 870 1977 2001-2010
KKP=1 Philippsburg D BKR 864 177
KKU Unterweser D PR 1230 1977
Bugey 2, 3 F PYR 2 X 925 1978
Caorso I PWR 840 1678
Bugey 4, 5 F PHR 2 X 905 1976-1979
Tricastin 1,2,3,4 F. PUR 4 X 925 1979=19a0
Gravelines 1,2,3,4" F PUR & X 925 | 1979~1981
KKE Grafenrheinfeld 0 PWR 1229 1979
- MUlheim=Kirlich D PWR 1154 1979
Dungencss 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 PR 4 X 925 1979=-1981
Doel 3 - B PUR 900 - 1980
Tihange 2 B PWR 900 - - 19860
KKK Krimmel D BHR 1260 1960
THTR=300 Uentrop D HTR 300 1980
St Laurent B 1,2 F FWR 2 X 925 1981
Le Blayais 1,2 F PUR 2 X 925 1981
KKG Grohnde ; D PUR 1294 1981 ) ' Lo
KRB 8,0 Grundremmingen | D SWR 2 X 12501 1981-1982 after 2010
Chinon B 1,2 F Wl 2 X925 | 1981-1982 ‘ : -
KBR Brokdorf D PUR 1294 11982
KHS Wyhtl D PUR 1283 1962
SNR=300 Kalkar D F3R 282 1982
Cirene 1 HIR 32 1982
Paluit 1,2 F PUR 2 X 1300 11982
Superphénix ' F -] FBR - 1200 . 1983
KKP=2 Philippsburg D |PUR 1280 - 1982
ENEL 6,8 Montalto -1 BWR 2 X %280 1983~1984 '

Note: The assumed periods of closure result from the assumption indicated

in under point 5.2 of Part I. There arc

of closure as yet.

generally no planneu dates -

L

3)



"

Action MO %

ANNEX 11

\
DESCRIPTION CF PROPOSED RESEARCH
nuD DEVCLUP lLNT I;LTIO

Long term integrity of builaings and systems

It has been proposed that the dismantling of nuclear pcwer plants be
dclayed for periods ranging from ssveral decades to about. 2 hundred years,

mainly in order to reduce personnel radiation exposure. Significant degra~
dation of the plant, and in part1cular of the contamination barriers, cur1nn

" this time would pose problems of safety, mu1ntenance costs and, uLt1matCLy,

dismantling. This aspect, which has not been assessed in most ex1sr1ng de~
comn1ss10n1ng studies, is among others important for the purpose’ of est1-

mating whet would be a reasonable period of dctay1ng d1smqntl1ng.

The objective of this acticn would be to imgrove the knowtedge on de-

gradation and to propose appropriate preventive measures.
/

,Proaremmg-

- tst1mution of tﬂu progress of degradation and of the required maintenance
effort to bhe expected cs a function of time for containment buildings,

based on a review of available axporicnce with similar buildings.

- Study of the internal corrosion of closed contaminated systems due to
residual amounts of humidity end 2 qress1vc ogents- vdevelopment of met hods

for remoVing»residues of corrosive agcnts.

~ Study of other measures.aimed at maintaining plents in & sefe condition.

Community contribution: 0.3 million EUA.



User
Rectangle


B | 3y

fAetinn MO 2

Decontamination for decommissioning ourposes

The abjoct of this actien, comn(ementary to those carried ocut at JRC
within the freme of their multiannual programme is to develen and to assess
decontaminaticn methods which are snegifiéatly suitable fcr‘decommissioninq
purnoses. These metheds may apnly to clnsed systems, to disrmantled compe-
nents, especially those of Llarne dimensions, or to the surfaces of premises.
The methnds may be more agaressive than those currently cemnloyed at oné-
rating roactofs.‘Deve(npment‘shoutd aim in narticular at obteining the |
fellowing characteristics: high decdntamination cfficiency; simple and
safo»applicat%on; unproblematic nature and low volume of consecuential
waste. Mcthnds which can bhe apnlied‘withinvthc nremises of nuclear power

olants and with o minimum of additional cauipment are of snccicl interest.

Among the methods which seem‘tq deserve develnpment, the following
onas may he mcntionéd: decontaminztion by pastes and by molten salts;

electrolytical decontamination;‘dacnntaminatinn by exnlnsive methods.

Morenver, a synontic study sheuld be performed in order to Assess the
recasonable decontamination effort in decemmissioning, taking as 2 basis
tynical reference compchents. This étgdy should in particutar idantify the
components for which "comnicté decontamination”, permitting the unrestric-
ted relecase of the treated item,,wnuld;be practicable.

The snecial decommissioning nrobleoms posed by nuclear power plants
which have had ~» major accident will alse be analyzed. The study should .
be hased on a loss of coolant accident which leads to severe contamination
of the nlant. The sfudy shou(d nronose.nroacedures by which the, plant can
be brought teo 2 condition, in which it canﬂbe‘safely'hand(ed by normal o
decommissioning nrocedures. If necessery, rcasonable modifications of the

plant design should be prénoscd.

Community contribution : 1.4 mitlion FUA
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Action W° 3

Dismantlin: tesinigues ; ‘

Various «ismantling techniques have already been dtiLizéd in decom-
missioniing, but would require further dﬂve'apwhnt to nerform the mors d1
ficult taske regquired in the tuture. In e4d1?1oi, p,orvs1ng ‘now technigues

have been proposed

Because of the variety of technizues, whicn can be oavisoged. it

proposed that a comparative screening study, consiuering - several sypisal dig
mantling tasks, be carried out in order to assess the nossible aoplications
and the relative merits of the d1f.eren+ techniguess On this basis, the most-

promising tecaniques should he selected angd develoged Turther.

~ The following techniques nave, .ovaer; slready been identifiad for
further dcvelzpment: ’ ' '

- exntosive methods, for dismzntling both steel pising and concrete sirue
tures; .

- theimal tedhniqueSJfor‘cutting thick wallcd steel cumconents.

Community contribution: 1.1 million EUA.
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ctient of specific west: materials: steel, concrete and greghite

Laerge amiunts of radioactive waste consisting of steel will arise ct
avery nuclear power olant which is dismantled. Lrvoaen1c cracking ond .
-smelting have been prono;ed.35~prom1swng new techn1qags for the conditioning
cf such wa ste. |

Crvogenic cracking is aimed principally at reducing the storage volume

md woneers particularly adpropriate for elements such as piping.

Srelting would have severzl purposes, i.0.:
~ maximu: reduction of the storage volume;
-vnaxlrum retiuction of the surface which czuld bncone accessible. to
corrnsion after,disposal; -
- decontamination by slag removal;
- incerporation of residual contamination inio the base material;
~ noesibly seperation of Leng-tivéd radioeiements.,

The object of the action,'wherc these technigues are cbncerned, is
to carry cut feaéibitity studies, including: ‘
- basic studies on specific aspects, such as the effectiveness of decenten
nination by smelting and the ooss1b1t1ty af . separeiing Long-~1Ved radio-
elemente;
~ corceptual studies with a viow to erriving at the principal process
paremeters and conditions of apptication and to assessing the industrial
st of the technigques in quastion. '

The probleoms posed by tritiated steel waste will also bz studied.

As regerds concrete waste, a conditioning method sheuld be developed,
by which the radicactivity is durchly immobilized.

Large zoounvs of graphite will arise from the decommissioning of gas
Gropsite rewctars and advanced Ja"“CO“'Gd reactors. The okject of this ze~
vion is to develop & method far the disposition of this waste, taking into
aceount the global and long term radiclogical impact of carbon=14 in the

atmo e, In case the arapihite would be burnt.

Community contribution: C.4 million EUA
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Action MO 5

Large transpert containers for radioactive uaste produced in the

dismantling of nuclear power plants

Studies have shown that jt is desirable to fransport the radicactive
waste resulting from dishantling,of'certain major reactor éomponents in
Larger units than those currently used for other tyoes of radioactive uaste,
in order to. reduce the required wmunt of cutting and, consequent ly, the
persénnel radiation exposure and the decommissioning costs. The size and
woight of the shipping units should at least be such as to take full advan-

tage of the normal transport facilities.

Prograiime
- System study aimed at defining the types of large transport and/or dis~
nosal containers needed, depending on the charecteristics of the waste,

such zs radiation tevel, previous conditioning, ctc.
- Conceptual study of large containers, including shielding design and
- safety analysis; definition of the test programme required for licensing ‘

PDUrPOSES.

v

Community contribution: 0.2 million EUA
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Action H° 6

Estimation of the gquantities of radioactive wastes arising from

decommissioning of nuclear power plants in the Community

Tais acticn . involves the definition of reference strategies for de=
commissioning.end is therefore to be considered as 2 long~term task. Con-
sequent Ly, the objscetive in this f1V°~YGaP programme can only be te arrive

ati

at a first toents spproacit to the problem.

Pro;‘gramme

- Survey of data concerning rcdioactivity. inventories after shutdown of -

. nuclear wower nlants in the member countries; this survey should be comple="

, -mented prograssively, taking into account new studies which become
aveilable.

- Assessment of differant schemes for decommissioning of plants and

=2

condi itioning of wastes produced.
./ . :

- Estimete of the arisings of rédioactive Wastes to be expacted from
decommissioning of the nuclear pouwer plants, starting from some selected
decommissioning schemes, in order to arrive at Lcngcr-termvat\aAforecast
of the wastes arising in the member éountries B :

S

Lommunity contribution: 0.4 million SUA
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Action N9 7

Influence of nuclear power plant desiggjfegygrg§;on decommissioning

The object of this action would he to identify and develop reasonable
imrovements in plant design with & view to decommissioning. In orden to

- perform this task effectively, while safejuarding the industrial information,

the participation of plant constructars would be sought.

Programme

- In a first phese, exchenge of information and views on tho extent to which
features facilitating decommissioning are already taken into account and
on the possibilities of further improvements; identificaction of some spe-
cific potential improvements which are suiteble for study under this ac-
tion.

- Agsessment of these specific improvements from the point of view of their

2
i

technicel feasidility, with due régarq to safety and reliability of opuc-

ration, and of their aconomic and environmental impatt.

- Experimental studies on specific sclected subjects (e.g., <etachable

surface layers).

Community contribution: 0.6 million EUA.
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PROFOSAL FCR A COUNCIL DECISION ADOPTING A PROGRAMNE COLCERI:ING
THE DECGNIISSIORING GF NUCLEAR POWER FLAETS 4

The Council of the European Communities

HAVING regard to the Treaty establishing the European Atomic Energy
Community, and in particular Article 7 thereof;

HAVING regarcd to the proposal presented by the Commission after consulting

the Scientific and Technical Committee;
HAVING regard to the Opinion of the European Parliament;
HAVING regard'to the Opinion of the Economic and Social Committee;

WHEREAS the programme of action of the European Commun{ties on the
environment, approved by the Council of the‘Egropean Communities and the
representatives of the Governments of the Ferber States peeting in the
Council in the Declaration of 17 [lay 19??*> under lines the need for
Community measures on the decommissioning of nuclcar power plants and
whereas it lays down the content of and procedures fph imp lementing such

measurcs; - ‘

WHEREAS certain parts of nuclear power plante inevitébty become radio=
active during operation, and whercas it is therefore essential to find
 effective solutions which are cepable of ensufing the safety and protection
of both man and his environment against the pctential hazards involved in

the decommissioning of these plants; ~

* 0J No € 139, 13.6.1977, P. 24=35
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HAS ADOPTED THIS BECISION .

“Article 1

/

'~

‘A procramme an the research relating to the decommissioning of nuclear

nawer nlant shall be adopted in the form set out in the Annex for a

five=year neriod from 1 July 1978, The Annex forms an intégral part of

this Decision.

I"‘trticte 2

The exnenditurc commitments necessary for the implementatinn of this
nrogranme are estimoted at 6.38 millions furopean units nf account (EUA)
with a staff of five,

Article 3

_ The osrogramme sct.out in the Anmex may be submitted for amendment at the

ond of the second year, in accordance with the anorepriate nrocedures.
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ANNEX

PROGRAMME

The aim of the nrogramme is the joint develnnment of 2 system of
"management of redundant nuclear powcr planté anc of the radioactive
wastes produéed in their dismantling which, at its various stages, will
nrovide man‘and his envircnment, with the best protecticn possible;

the nrogramme seeks to promote

A. “csearch and development actions concerning the follrwina subjocts :

Action M° 1 : Long term intearity of bu%ldings and systems.

Acticn 2 2 : Decentaminaticn for ceccmmissioning nurposes.
Action ° 3 : Dismantling techniques.
Action MO 4 : Treatment of specific wastc materiols : stecl, concrete

and aranhite.
Actibn M 5

Large transpart containers for radioactive weste produced

in the Fismantling of nuclecar nower nlents.

Action M0 6 : Estimation of the quantities of radiocactive wastes arising
from decemmissinning of nuclear power nlants in the
Cammunity.

Action NO 7

Influcnce of nuclear power plant design features on

decemmissirning.

1

B. Icentification of guiding nrincinles, namely :

- cortain quidina principles in the design and apcration of nuclear

nower nlant with a view to simplifying their subsecguent cecemmissioning.

- ouiding princinles in the doecommissioning of nuclear nower plant which

could form the initial elements of ~ Community oelicy in this field.

43
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FINANCIAL SHEET

1. Relevant budget heading code : 3359

2. Title of budget heading:

Decommissioning of nuclear installations

3. Legal basis
Article 7 of the Treaty establishing the EAEC

4. Description, objective and justification of the actijon

\


User
Rectangle


4.1. 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 princip les'.

The programme primarily concerns electricity producers and public

and private bodies competent in the field of nuclear research.

4.2. Objective

4.3.

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 is the outcome of the action programme dn the
environment approved by the Céuncil on 17 May 1977; it hés been drawn
up with the aid of a group of national experts. Action at Community

:1eve1 will make4for economy work through the eichange of information

and the apportionment of tasks.
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5. Financial incidence of the action (in EUA)

-.-5.0. Incidence on expenditure

5.0.0. Total cost during the envisaged period

5.0.1'Multiannual timetable

- from the budget of the Communities :

- from national administrations :

~ ~ from other sectors at national level :

Total cost :

~ Appropriations for commitment

6,380,000 EUA -

6,380,000 EUA.

1978 1979 1980 1981 1982 . 1983
Staff / o
expenditure _ 262,000 277,000 294,000 311,000 164,000
Administrative, ‘ o .
expenditure 24,000 49,000 52,000 55,000 59,000 30,000
Contracts 476,000  |2,000,000 (1,327,000  |1,000,000 - -
Total 500,000  [2,311,000 1,656,000 1,349,000 370,000 194,000

Appropriations for payment

1978 1979 1980 1981 1982 1983 -
Staff
expenditure . —_— 262,000 277,000 294,000 311,000 164,000
Administr. 24,000 49,000 52,000 55,500 59,000 ' 30,000
expenditure :
Contracts 476,000 n,000,000 1,000,000 1,000,000 1,000,000 327,000
Total 500,000 1,311,000 1,329,000 1,349,000  H,370,000 521,000

< .

b3
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5.0.2Method of caLcuLationr

5.1

a) Staff expenditure

The appropriations for this programme were evaluated on the basis
of the following staff

2 officials of grade A

2 officials of agrade B

1 official of grade ¢

The talculations. take account of‘the data as established for the
setting-up of the draft'budget for the year 1979. No net increase

of salaries is assumed. OnLy a variation of the weightings has
been-considered 1in order to take account of the trend in the general

Level of prices in the Community. :

b) Administrative and technical expenditure

They cover expenditures on nissions and on the organization of
meetings as well as the utilization of scientific and technical
support if appears necessary for the good deVeLopment of the pro~

gramme.

c) Contract expenditure - ' ‘

Depending on the nature of the‘éubject and the qualifications of
the contractors, no standard method of calculation can be laid

down.

Anyhow, the Advisory Committee on Programme Management will be

consulted on the awarding of apprbpriations.

d) Multiannual previsions

The rates held for the calculations of the previsions are resp.
1979 = 1.07; 1980 = 1.13; 1981 = 1.20;1982 = 1.27; 1983 = 1.34.

ImpLicétions 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.
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7. Action financing

7.0
7.1
7.2

7.3 Appropriations to be entered under future budgets.
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