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Summaity

Thie wag a pac-ticuiarly busy perioad in the FRG as there were
several imnportant meetings and Ul 5. vicitors to the FRG. The
anderpround laboratory in a clay formation and vitvification
Tacility (PAMZLLAY in Mol, PBelopium are discussed. Highliphts
Tyom the CEC meetinp on natural arnalopues are mrezenteo. A

L S0 /FRG worksihop cn gectechnical instrumerntation was bheld
riear Braunschweip, FRGE at the Asse Salt Mine.  An IAER meeting
on the pack-ena of the fuel cycle and a Bavarian government-—
eponeored sympasiun of the same title were attended. M. Ben
Rusche, Director of the Office of Civilian Radicactive Waste
Finmagemernt, addrecced the Bavariarn symposium and vieited the
candidate Gorleben salt repository.

Or May 1&, 1987, arn unfortunate cornstruction accident occwsred in
Shaft #1 at-Gorlebern. A steel reinforcement ring broke and. fell a
cgictance of about five meters to the bottoem of the shaft.
Several workers were struck by the falling steel ring, and one
workerr later - died as a result of the accident. An investigation
ig underway to determive the cause of the accident, and &
recovery plan ie beirng developed for the further excavation of
this shaft. In the meantime, until the investigation and octher
resporise activities are completed, there will be & delay in the
shaft-sinking operaticons at Gorleben.

Introduction

Begirming in early 1987, the long-term assigriment of a repre-
sentative of the Salt Repository Project (SR to the ruclear
wacte digposal program in the Federal Republic of Germany (FRG)
was established as part of the ongoing intersactions between the
two courntries under the U.S./FRG Eilateral Agreement (Wacte
Menagement) . Through day—to-day contacts and clase association
of a techwnically cognirant SRF representative with key aspecte of
the FRG program,. the objectivé_of havirg a systematic exchange of
- pertinent prmgrammatic'informatimn and data on the rnuclear waste
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disposal programs of both countriee is being realized. During
this reporting period, additional valuable contacts with key

FRG perscrmel were established and direct communicatiorn with SR
marnagement was maintained. :

The construction accident at Gorleben was quite unexpected.
Early information on this accident was received during atterndance

at the IREAR meetinn and was relayed to the U.S.A. Copiec of the
official press releases are included iv this report. -

Underarourdg Laboratery div Boaon Clay Formation, Fol., Eelodum

A informative vigit was made to the underground laboratory

iv @ Boom clay formation operated by the EBelpian nuclear

reszearch establishment (SCK/CEN) near Maol,Belgium. Irv. the
1370%s, it  became apparent that PBelgium would have to find a
dispogsal soiution within its borders for high-level waste. Clay

seemed to be & pood choice, given the limited availability of
potential sites in this small country and the locaticn of the
nuclear establishment at Mol over Boom clay beds. Thue, the
project for underground exploration and constrdaction of the

HADES (High Activity Disposal Experimental Sitel) laboratory

for in—-situ testing bepan to take shape in 1374, In this
urnderoraound facility, which is located about S22 metere below

the swurface, research and in—-situ tests are being carried out in
the following eareas: rack and €cil mechanicej; physico-chemistry
of deep clay; mechanical stability of underground stroctures;
comrosion resistance of potential materiale; heat tranfer;
rnuclear techrnolony; deep hydrology; etc.

Attachmert 1 is a recent publicaticon describing this project
and Attachment & is a list of relevant publications by SCK/CEN
vorkers. ' : N

Of particular interest irn repgard to this facility is the under-
ground testing experience that is being acquired there. However,
the particular features of a site for disposing of rnuclear wastec
in clay are nuch different from other formations such as salt.

Weorrk has begun on the second phase excavation of a 20@ meter
gallery. This is being done without bernefit of freezing. Fre-
vious experience has shown that the wall movement of the clay
is small followirng the initial expansion (which is relatively
large) as tunnels are being excavated.



PAMELA Vitrification FPileot Plant, Mol, Belgium

A visit was made to the PAMELA vitrification pilot plant located
near Mol, _Belgium. This pilot plént was originally intended

for the vitrification of about S% cubic meters of waste from
EUROCHEMIC commercial reprocessing of nuclear fuels in the.
1972%s, The plant features a liquid-fed ceramic melter with

a B.72 square meter surface area. It can produce three canisters
per day of vitrified waste (150 kp/canister). DWH (Baerman

Fuezl Reprocessing Company) workers at the PAMELA plant are
providing techrnalogy transfer to the curvent plant owrer,
BELGOSROCESS. The vitrification process was developod by

the Harlaoruhe Nuclear Research Center (KFK).
The: plant touwr was impreaessive. It is a clean arnd very efficient

facility. Curmrently, a campaigr is underway to vitrify a large
volums of reprocessing waste from high—enriched (93% U-83%) fuel.
Special modifications were reguired in 1986 to sccomodate thic
vaste. Onee the ceramic melter is heated up, the process runs
continmonsly: from Octoaber 1986 to May 1887, aver 24 canicsters
of vitrified produact were produced. In all, a production total

cof about B2 cavoaetere 1s plannced.

CEC Meectirnn orn Natural Arnalopues

A meeting sparsored by the Commiesion of the Euwrvopearn Communities
(CEC) on Natural Analeogues in Radicactive Waste Disposal was
attended ive late April. ‘The pronram is shown in Attachment 3.
It turned out to be a&a good meeting for persons who have not been
following the field closely, with lots of information about what
is being dorne worldwide in the way of natural analogue studies
neared to solving the riuclear waste disposal problem. However,
it. was atternded almocst tetally by workers in the field who all
seemned to agree that what was reeded waz more financial support,
further studies, exhaustive searching for more natural analogues,
ard gerierally very ambiticus research efforts. Much of the re-
search appears to be opern-ended and, unfortunately, there were
few program managerse or regulatory representatives at the meetivg
to provide a rieeded balance or help to answer the questicns “what
ie needed?" and "what is encough?" One can urnderstand the
onthusiasm of workers in the field, but it seems certain thet the
eubject is being ygrestly oaversald. For ane thing, there appears
to be suech a largs number of rmatural analogues to a nuclear waste
repository, including colloids; sunken shipe (bronze cancons, to
be exact); all sorts of sedinents and deposits in which leaching,
prrecipitaticn, and other chemical processes have influenced
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mraweads o Recdioactive Waste and Storane has been iscued as
report CUR 1GOT745. Important waste managenant programs sponsored
by CEC are in the following areas: MIGRATION of RADIONUCLIDES
11 the "BEOSPHIRE (MIRAGE) ; Performance Assessnent of Geolopical
Jecdeaetaen Eyetome (PAGISE) ; corrosion/waste packave: peclopic
irteractionsz: sealinmg/backfilling; and buffer materiale.
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Federal fvnotiitule forr Geosciences and NHatuwral Resouwrces, i@
located in Havrowver, FRG., This instituticon is comparable to

the U.S. Geolaopgical Swvey and hae an important vole in the
Germarn repozitary exploraticon and characterization program.
Fiviesdlly, & small) proup of the participants left for Ettlivnpen
(near Karlsrohe, in the southwestern part of the country), from
where a visit vas made to the facilities of Glaoetzl-
Ooumezstechnik orn the final day (May 8).
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1GLG Meot oo on Back—End of the Fuey Cycle

The IAFR  Meeting on Back—-End of the Fuel Cyele was held in
Viernna, Austria on thoe doates of May 11-15, 1987, 1 copy’

of the promeam fors this meetinp ie included as ARltachment 7.
It was a very good meeting, well attended and providing an
excellent overview of the propgrams of many countries for
mananemenl of high-level wastes and spent fuel. Seveiral
covrtatiey s maving ahead with feiriy ambitiocus proorams
for the roprocessing of neclear foel, incluading the FREG,
Chara, France, the Urndted Kivigdon (URY, Jepan, end the ULGR,
These courntriess plan to recycle the recovered ploatormwm

Pre Rhiormel poaer reactars ang later aloo i feoi - et
reactor:s, Oiher countries (e.o., Finland, Italw, UGpaan,
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i czal are wall o dnto the foture and this Taepenr
nuclear etates such the USA and FRE whaoase plans ard to pros

ceed witiv 211 due speed in developuinng acceptabie, licensable
pealapnic repositoriee. Several pood papers were presented

o the: gtrategies adopted by the different countries and the
Facilities viowe i use o plarmed to e used iv the future. The
reprocezeing plants being built all appear to be using advanced,
slate—af—-the—art decsigne.,  Ardd good coverage woee givern the
storape facilities, both wet and dry, for spent fuel that exist
or . are uncer development.
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(rie new development arnmounced at the meeting was the UK decision
to provide for deep digposal of low-level waste (LLW). While the
decicsion mipht have been politically inspired, it presumably
raflected the conclusion that combining LLW with intermediate-
level waste (ILW), and disposing of them ivn a deep multi-purpose
facility would be cost effective. Such an approach should have
much greater chance of wivming public acceptance than shallow
lanid burial, particularly if the costs are not greatly different.
The Germans were elated by this development as it lends addi-—
tirral support to their plans for digposal of  rnon-heat producing
vaztes an the Horrad irorn ore mine.

Heovaitiar, Symposinn o the Back—Ernd of the Fuel Cyiio

The Bevarian Govervment (State Ministry for Land Developwent
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and Environmental Questions, BSUMLUY) sponsored asymposiom on

the bavk-end of the tuel cycle in Munich, hay 18-£i, 1987,

A cupy of the program for this meeting is included as Attachment

&. Thie mecting was intended to present opporrtunity for a debate

orn the status of the science and techrology of managing the

wastes Tirom light water reactors. The Baveriarn povernment favors

constructicn of & reprocessing plant at Wackersdorf and the

debate priman-ily centered o the raticrnale for thie decision,

tive pooitive bernefite of clozing the fuel coycle, etc. Thus, the
VI W&E el

4 '

me ey I: ol upbeat and conmcluded with perneral consencus
tiiat the direction o7 the German progran is warranted by ocon-
siderat icor o palional interestes, ecornonic facloro, and the
gonerally advanceaed state of Lhe technhnology.

Somer eroel) lont review papers were precented at the meoct inog on

the Germar prograsn, Fronfessor Streffer fraom Essen pave o pood
poepiy o thae preferred approseh of considering incividual, rather
tham oollective, doses in performance assessment calcuiations. .
1 cowese, the dezign of the Hackersdof plaent wads covereo rather
thiooe RN vy, oo the fanal day, there were several imporiant
papere on the nueleasr waste disposal propramse of olherr courntiriecc.
B, Beo  Ruzche presented & @ well-received papeis  on the Ul Gl
civilian weete disposal  progyan. Afterwards, there was a panel
gilscouscion thal included many questicons and commentes from the
aundience. ’

D, Toepfer, the new Federal Minister of the Envivornment, Neture
Consorvation ard Nuclear Safety (BMUW, delivered arn importesnd
address on the Federal poverrnmenttse position on rvivcleoss powess

ivi the FRU. Undike the U 8., most digcussions in the FRO thal
concern nuclear waste dieposal aleo include the subject of
nuclear power generaticon, its pros and cons, eto. At any rate,
there seems little doubt that the rnew Minister intends to take
ar, active part in the debate octcurring in his country.

Construction fAccident at Gorleben

Ore May 1&, 1267, an unfortunate construction accidenl occcurred in

Shaft #i at the GBorleben candidate repository. The initial press
release by the Deuwtsche Gesellschaft zum Bau und Betrieb von
Lyvidlanern fuer fAbfallstoeffe (Germarn Company for Plarnminp, Cor—
struction and Operation of Repositories, DBEE) iz included ao
Attachmernt 9. )

Severn miners were at the bottom of the shaft, aproximately 239

metoerz (740 feet) below the surface, at the time of the accident.
N osteel  cupport ring which had  been placed over the prelimary
Jiner about O mneters fram the shaft bottom unexpectedly -aoke and

Tfell dowre strdbing 2ix of the minerse. One of the minors was

cerionsty iniured and died Lwe days later.
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Stecl support rings had been placed over the preliminary liner
in the lower repicon of the shaft where unexpectedly high rnon-—
urii foam ground pressure was observed in a clay layer just abaove
the caprochk coverinn the salt dome. After the accidernt, it

was noled that the rock was continuing to exert pressure on the
remelining support ringse and it was decidec that the <ituatiore
could best be stabilized by filling the affected part of the
shaft (lower 14 mnetere) with a lean concrete plunp. A joint
prez: release from DRE and the Physikalisch-Technische
Furdecsanstali (Federa) Institute of Physice and Technolony,
MTHY woon then igeued on thie developmernt (sce Attachment 100,

The esrly prec. coverape of thie accident weae fairily factual

ol did nent o atiempt Lo link it with the rnuecloar missiorn intended
o the Gonstebers: galt dome. bBowever, it con be enxpoected thet
eoame: ol Lo letesw proze treatmernts will be oore oritical and
ol ain an andodvcleasr slant. Arn investigetion as  to the cause
oT ot ecoident wae undertaken inmmediately. Alueo, theire will be

&  techrnical G tess et of the cocondiftionc leading tao thie
viifartunale event  and o recovery plan for further shaft sinking
will bo prepared. I the meantime, some delay jo irnevitable so

far az the shafl sinking operations at Gorleben are concerned.

flctivities Flavmed feoor Juwrgr 1967

A omajor  abjective will be to stay irn close touch with the
cituction at Gorleben.. A number of U. &S, visitors will be in

the area for meetings and tours of the berman facilities. A
visit will be made to the Karleruhe Nuclear Center (KK ta
discuss field testing plarmed in cormection with the program

for diveclt disposal of epent fuel.

Attachments

"31. Publicatior "The HADES Demcornstratian PP ject for
Radwaste Dlspnscl in Deep Clay"
. Liet of Publications by SCK/CEN wurker: on Dispoea
2f Radicactive Wastes into Geclopical Formatione
. Fropram for CEC Meeting on Natuwral Analocpues
. Faper on Salt Ses Geaothermal Field by W. R. Elders
and Fresented at CEC Meetinp on Natwral Arnaloguec

I}

~
-

S. Copy of The Periodic Newsletter on Radioactive
Waste That is Published by the CEC
G.

Agenda o US/FRG Work %hhp Lo g CEHtPChﬂICLl Instru-
mentat ion :
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7. Frogram for IREA Meeting on Back-End of Nuclear
< Fuel Cycle
8. Frogram foerr Bavarian Symposiwm on Back-End of
the Nuclear Fuel Cycle
First Press Release orvi Gorleben Accident
1., Secornd Fress Release on Gorlebern Accident

0
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THE HADES DEMONSTRATION PRCJECT TOR RADWASTE
DISPCSAL IN DEZ? CLAY

L.H. BAETSLE A.

BONNE ?. DEJONGHE

Studiecentrum voor Kernenergie/Centre d'Ztude de l'Energie Nucléaire
Mol - Belgium

ABSTRACT

The urncderground laboratory constructed on the site
of the beigian nucliear research establishment at zol
in the Zrazework of the hades~project (high activity
disposal experizental site) permitted to carry out
specific 4in situ investigations in the field of
corrosicn behaviour of various candidate materials,

" geocechaics, hydrology, physico-chemistry, heat
transfer and radionuclide wmigration.The results of

these investigaticns . are very encouraging and the
decisicn has beez taken to extend the wundergrouznd
facilicy towards a plloc size unit.

INTRODUCTION

The urnderground laboratory constructed on the site
of che bYeigian auclear research establishment (S.C.X/
S.2.N.) at Mol, 3eigiuc has been the starting point of

an extensive im situ research progracwme in deep clay.

Specific in situ investigaticns i1in the field of
corzresicn behaviocur of various struetural =zaterials
and waste forms are being carried out io representa-
<ive ccaditions., Imporzant contributions have been
brought to the hydrology im the clay body and the
adiacent layers, to the geotechnical aspects of
building galleries in clay and to the radicnuclide
aigraticn,

The resuit of all these 4investigations are very
exccuraging and the decisicn was taken to extend the
wrderground laboratory towards a pilot size demonstra-
zion  facility. The H(igh) A(ctivity) D(isposal)
S(xperizental) S{ite) project is performed in the
frameverk of the european atomic energy community's
costsharing research programme on radiocactive waste
zanagecent and disposal.

For reasons of technical comvenience the project
has been split up in two phases .
- in first phase from (1986-1992) the upscaling of
construction capability in non frozen clay coupled to
pilot size experizents on heat transfer, radiolysis
and garzma source handling
~ in a second phase starting iz 1988 and extending to
1694 the construction of a second shaft with connec-
tion tuncels to the existing laboratory. This phase
will be started after approval by the National Waste
Managezert authority (NIRAS-ONDRAF).

The full scale underground demonstratiom gallery
will allew to perform mock-up tedts oo real scale
first and retrievable disposal of different waste
forzs at a lacer stage.

THE UNDERGROUND LASORATORY

The uncderground laboratory situated on the nuclear
ize of Moi 1is located in the vicinity of che other

nuclear installations. Its construction scarsed in
.978 and was finished in 1984. It was commissioned fer
in situ experimenis with radicactive substances, A

schematic view of the present underground construction
is shown on figure I. The shaft has a depth of 225 =
equipped with a 1ift; at the bottoz an horizontal
gallery of 35 m length with 3.5 = @ has been construc-
ted. The gallery (Fig. 2) is lined with galvanizecd
cast iron vaults in which numerous ports have been
installed. At the end of the gallery a 15 m deep shafc
(1.5 @ 9) has been dug into non frozem clay and lined
with concrete blocks. Finmally a 7 = herizontal drifc
at 250 m depth ends up in a open clay wall.

SCHEMATICAL VIEW OF TEE AS BUILT UNDERGROUND
LABORATORY .. :

At the beginning of the operational phase important
water leaks occurred in the concrete walls of the
shafc but by an appropriate polyurethane injeccticn
treatzent the amount of inleaking water has been
reduced to 3 1/h.

FIGURE 2: VIEW OF THE UNDERGROUND LABORATORY BEFORE
MOUNTING OF EQUIPMENT

The wmost iaportant geotechnical conclusion resul-
ting from the constructicn phase was the pessibilicy
to dig galleries in non frozen clay at 250 = depch.
Moreover it was shown that afcter an inirial expansion .
the clay body remains unaltered for a very long pericé
of time. Figure 3 shows the wall wovements as a
function of time at different distances Irom the small
drifr, It mav be anticipated that coastruction of
large diameter galleries (4 to 6 0) without freezing
is technically feastble.
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_FIGURE 3: DEFORMATIONS OF CLAY WALL AS A FUNCTION OF
MEASUREMENT ANGLE

Torresicre and material test experiments

In preparation of a series of in situ tests a so
called "overcoring” test took place : it aims ac
recovering a test loop without damaging the interface
Sertween the loop and the surrpunding clay.

A mock-up corrosion loop 6 3 long and 102 mm @ was
ezplaced horizontally in the clay formation and kept
into position till it was coazpiletely caught by the
siastic defcrmaticn of the clay formation. The recov-
2Ty procecure is schematicailly shewm in Fig, 4. 3y
susning a %0 cz ¥ tude into the medium, a 1.5 m long
seczion containing the mock-up has.been retrieved in
"zon=-Zdisturbed” condition. Based on that experience a
series 23f instrumented corrosion and heat ctransier
lceps have been introcduced.
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FIGURE 4: SCHEMATIC VIEW OF THE OVERCORING EXPERIMENT
I0 RECOVER EZXPERIMENTAL RIGS

Iwo types of material test loops have been con-
structed and installed in the underground laboratory :
cne type with direcc contact between clayv and test
sacples and a second type where 3 carrvier gas leaches
the clay surface and the resulting "vapours" attack
the dispiaved material samples ; each lcop has a
length of 5.3 =.

A nuzber of structural materials (Titanium, Hastel-
v, Stainless steel, Cast iron...) and waste materi-
s (&= and Pu traced borosilicace,
nerete,...) Ssaz=pies are attached at the inner tube

the loop. Four loops of the "direc: contact" type
have already been installed : one locp will remain at
azbiernt zexperature, two at 90°C and one at 170°C. The
Zirst loep to be retrieved afzer 2 years is that kept
at 90°C, Figure 3 shows a picture of che installed
loops in the undergraucd.
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FIGURE 5: CORROSION LOOPS AS MOUNTED IN THE LABORATCRY
. WALL WITH PERSPECTIVE VIEW OF THE TUBE
INSERTION IN THE CLAY BODY

The four “clay atzosphere” loops are to be instal-
led in the course of this year. The tubes have a
porous plug and have heating elements and test speci-
mens inside. Argon is used as purge gas to take up
corrosive products penetrating the plug and to eir-
culate these over the test samples. The outcoming flow
is finaily collected and coutinucusly monitcred for
its dew poinr. The chemical zonitoring egquipcment (pE,
Fh, gases,...) is already available (see Fig 6).

FIGURE 6: CHEMICAL MONITORING EQUIPMENT OF CCRROSICN
LOOPS IN CLaY

Additionally direct ccrrosion rate
has been installed
- corrator peasurexents (linear polarizaticn tesis-
tance)
- corrosometers (electTic resistance measurement).

instTuzeataticn

Those corrosicn monitors are speciaily suited to
measure very slow corrosion rates e.g. on titanium:,
hastelloy, etc. which are candidace overpack materi-
als. :

All data produced in the underground laboratory are
collected by an IBM=-TIX cozputer and transferzed by an
optical fiber cec=municaticn network to the laboratery
computer systems. By weans of these sophisticated
equipment 1t Is expected to continue all measurezents
during several vears aotwithstanding the heavy civil
engineering and mining operations scheduled frozz early
next year.

Geological exceri=ents

A large scaie geotechnical experizent has been
carried out during the excavation of the spall shait
and the adjacent drif:.

Before the digging of the small shaft and the
adjacent drift an elecgrical extenscreter (DISTCFOR
has been introduced in the clav from the bottes end of



the =ain gailervy down to the end of cthe szall shaft
tugt abeve the drift (Fig. 7). The apgparatus permitted
5 veccrd the =ovezents inside the clay up zo d‘*-
zances, 9f 5 = froz the roof of the excavated drifc
Afzer an initial sudden expansion che clay-wall, the
=ovezent decreased till almost negligeable displace-
=ents as shown on Tig. 8.
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FIGURE 7: DISTOFOR EXPERIMENTAL DEVICE 10 MEASURE
MOVEMENTS IN CLAY DURING EXCAVATION TESTS

FIGURE 8: DISPLACEMENTS MEASURED INSIDE CLAY 30DY

Add{tional rheological studies on clay have been
continued by experimentally investigating the
"sonvergence-confinezeat" =odelling., A special meas-
uring device (15 = long) has been implanted in a
horizental Dborehoie. Its working principile {s the
zeasure=ent by Inductance variation probes of the
steel tuding deforzation as a resuit of the pressure
Suldup. )

As a cozclusicn to the geotechnical investigations
it is now technically accepted that concrete wall
:hicknesses of about 0.6 = are sufficient to sustain
the lithological and hydrologic pressure of 40 bars
Irom the clay forzmaticn over a suf‘icien: long time
span.

Hvérolsgic behaviour of Boom clav

In order to have a precise picture of the hydrauslic
patzern in the Booz clay surrounding the underground
faecilicv, a number of piezometers and pressure cells
%ave been installed in the vicinity of the "gallery
during cthe construction and the complecion of the
underground facility.

The piezometers consist of a staipless fritted
stee]l screen and a stainless steel extension pipe,
explaced at various depths and along varying incli-
nations. These piezometers are mainly used to collect
sore water sacples under strict ﬁpaerobic conditions
£5r accurate che=ical analyses, C-dating and U/Th
isoteopic ratio determinatiom.

The piezometer network allows to trace the in situ
pore water pressure evolution and to measure exper-~
izentally the clay permeability at different horizoms,

The following preliminary conclusions stem from the
ongoing pressure measurements :

<1> at a depth of 150 = pore water pressure stabilizes
ac 19.3 bars, while in the vicinity of the gallery a
oressure of 8 bar (272 =z depch) is found. As tche
static water level should zive pressures in the range
of 22 to 15 bars, this clearly indicates a drainage of
the clay by the experimental iaboratery, The water
seepinz through the walls of the construction is swept
bv ventilation ;

<ii> Iflow rates, zeasured in a piezcmeter located at
the Yotteon of the szail shaft amcunt to 940 ai/day,
allowing the colleczicn of suificient water fcr
chezical anaivses and ia situ determinacion of the
clay perzeabilicy ; the in situ permeability azounts
to 0.1 1/z%/day-bar with a local gradient of 2 bars ;

<iil> appropriately ' designed instcruzentation equi-
librates quickly with the formation. The pressure
build-up and the hycraulic gradienr =measured in a
nultiple piezometer installed along a 10 = deep bore-
hole are shown in Figure 9.
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FIGURE 9: PIEZOMETRIC WATERPRESSURE AS A FUNCTION OF
DISTANCE FROM CLAY WALL AND ELAPSED TIME

An essential parameter governing the mass transier
concerns the porosity of the medium Znvolived, as the
porosity deterzines both the interstitial groundwater
velocity and the interacticns of the nuclides with the
geological mediun. Laboratory tests on =olecular
difusion deal essentially with cotal porosity, while
in the underground facility advantage is taken of the
extrenely high hydrauiic gradienmt occurricg in the
clay wall of the undergrouad laboratorvy.

8y imposing a counter pressure a very large range
of hydraulic conductivities can be tested under in
sity conditions.

Migracion experiments

Ia situ experiments are being conduczed in the
underground laboratory in order to deterzine the
diffusion parameters ruling the radicnuclide migration
in deep compact clay.

" A typical experiment consist of a labelled clay
plug pushed inside a netal tube whose orifice i{s ia
direct contact with the for:a:ion. Based on the high
retardation factor for “¥%Eu, ““lam, 33! Py as deter-
mined 4in the laboratory and on the increased wastes
wmovezent through the clay boundary experiments can be
performed within a reasorable time period. Hewever
their significance 1is only lizmited since the migraticn
direction is monodizensional and direcced towards the
gallery vall (Fig.lo0).

Under 8 = 10 bar hydraulic pressure water perco-
lates through the plugs at a rate of ! to 2 drops per
day i.e. about 500 tizes faster than the natural flow
rate. 3y applying a counter pressure the percolation
flow rate can be varied over a very wide Tange.

However if the counter pressure approac.es the pere
water pressure of the forz=ation practically no convec-
tion occurs and longe range experiments can be per-
forzed., 1f the counter pressure equals the pore warers
pressure no movement wnatscever is to be observed and
pure diffusional transport is observed.
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FIGURE 10: EXPERIMENTAL DEVICZ TO MEASURE RADIONUCLIDE
MIGRATION UNDER IN SITU CONDITIONS AROUND
THAE UNDERGROUND LABORAIORY

?ILOT AND DEHONSTRATION‘FACILITY

The first onase of cthe HADES piloc and demonstration
project cons:ists of the dizging in uzfrozen clay df a
25 to 30 o long gallery cornected with the presently
existing shafsz, The new gallery will be opposite to
the underground laboratory and be used for radiolysis
experizents, large scale heater tests and emplacement
operaticns of radicactive sources into the formation.

The desizn has bSeen started about the middle of
985, The Zolilowing Sfactors had to be taken into
account when deiining the constructional requirements
of the test drift.

= the new drift will be. lined with concrete and
connected to the existing underground laboratory ;

- the investzents fcr the comstruction of phase 1 are
lizmited but suificlent to perform a mine-by experizeac

significant radicactive sources,

Fig. !l shows the concept of the test drift and its
situaticn with vregard to the present underground
laboratery. The works around the crossing chamber
should 20t compromise the geotechnical stability and
interiere as little as possible with the exploitation
and accessibility of the underground laboratory.

The present status of the design can be summarized
in the followving characteristics :

1. The drift will have a length of 25 m, a useful
internal diameter of 3.5 = ‘and a concrete lining of

0.60 m thickness. This lining thickness implies an

excavation diameter of 4.7 m.

2., The concrete quality of the lining blocks will have
to exceed norzal standards because of the high working
stresses, low water/cement ratic and very high den-
sity. Each bleck has a trapezoidal shape separated
frez its neighbour by linex panels.

3. Three tvpes of holes are presently foreseen (0.2,
0.5 and 0.76 = P§). The small holes will be precasted
in the concrete blocks. ’ .

The excavation and construction of the phase I
facilicy will take place in 1987.

A serdie of ctests are planned in the drife.
l. Mine-by-test (geotechnical follow up).
2. Heater test (5 - 12 KW).
3. Racdiacien test ( > 1000 Ci v source).
4, EIzplacezent - retrieval test (dummy HLW
container).

- the drift =ust be equipped for perforning tests with |

5. Migraction test (representative HLW glass
compositien).

The second thase will Zollew with a certain delav the
experizental prograzme scheduled for the pericd

. 1967-1992. TFig. 12 shovs an artist wview of the full

scale RADES facillzy, It is coomposed of a 200 =
gallery connected to a second shaft.

The following activities are planned :

- constructior of a new access shaft with a
diamecer of 4.5 @ ;

- excavation of a 200 o2 gzallervy connecting
the phase I drift to the new shafz. The
excavation is scheduled to take place by
mechanized tunneling using a tunneling
machine ;

- construction of other underground
structures eg. 3 counecting chamber and .
disposal holes ;

- placement of the mechanical and handling
equipment ;

- emplacement of monitoring and:
instrumentation system.

(k&)

CONCIPY OF TWE DENONSTRATIONSIOT
FACTUTY AT WOL

"masg | lm“ -, YN
FIGURE 11: CONCEPT OF THE DEMONSTRATION TES

IT WILL 3E CONSTRUCTED IN THE VICINITY OF
THE USDERGROUND LABORATORY
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A series "of experizental test programmes are
scheduled : . a
- Tests on handling, ex=placement, backiilling and
retrieval of duzmy centainers. Comparative evaluacion
of exzplacement concepts In separate disposal holes or
in full gallery secticn. )
- Radioactive tests with actual waste foras : handling
and emplacement of real waste containers ; backfilling
in disposal holes and in parts of the gallery ;
radicactive monitcring of the overall structure and
the surrounding clay Jorzatizn.



- 3tuéy of the =lay and =aterial behaviour with
specza. ezphasis on the long.ters 2ffects of vencil-
aticn, cher-ocmechanical behaviour impact on the pore
zoisture content of the clay.

A orinciple agreement has been signed between

vev

gecary fraze which covers successively the phase 1
(.385~1087) with its associated experimental test
progracze (1988-1991) and the phase II which is only
decided ia principle.

Jiscussions are taking place with the National
Inszituce for Radioactive Waste Management (NIRAS/
ONDEAT) =0 establish a proper timing for the reali-
zation of the pilot facility. 1If sufficient ‘support
and international collaboration is found the comstruc-
tion of the second phase could start in 1989 and be
operated with real waste forms from 1995 on. Fig, 13
shows the tize schedule,’
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CFIGURE 13: TIME SCHEIULE OF THE HADES FACILITY

CCNSTRUCTICN

At the opresent time a4 forzal agreement exist
Setween the french ANDRA and SCR/CEN in ‘order tc cover

ain aspects of the RED prograrme and to collabo-
in the phase 1 pilot faciiity. Other parties
have bYeen contacted in order to establish a fully
{international progra=we capable of demonstrating the
clay option as a fully mature technology in comparison
with other formations.
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Corrcsicn of Materials in a clay environment.

Prcceedings cof the "International Seminar on Chew1st*y and Process
Engineering for hich~level, Licuid waste solidification" Jilich
(Germary) 1=-5 June 1981, Pubkl : Jil-Ccnf-42 (Vel 2), Sune 1981 EE. K.
Cdcj, E. Merz; ISSN 0344-5798

R. HEREMANS, A. BONNE, P. MANFROY

Experimentation on and evaluation of near-fielé phencmena in clay. The
Belgizn approach,

Proceedings of the OECD/NEA-Workshop "Near field rhencmena in ceclcgic
repositories for radioactive waste" :

Seattle, U.S., 31lst August-3rd Septemker 1981, pr. : 187-203 EE. CECD,
1881, Paris, France; ISBEN 92-64-02236-8

A. BONNE, R. HEREMANS

Investigations on the Boom’ clay, a cand;date host rock fer flnal
disposal of high level solid waste.

Proceedings of the "VII International Clay Conference 1981"

Bologna and Pavia, Italy, 6-12 September, 1981 Organized by the Italian
group of AIPEA, pp. : 799-818, Ed. Elsevier Scientific Publishing
Cempany, 1982 H. Van Olphen, FL Veniale ISBN-0-444-4209€ -~ 7 (vol 35);
ISEN - 0-444-41238-7 (series)

M. BRABERS, F. CASTEELS, H. TAS, A. JORDENS
Corrosion phencmenz in clay environments.
Proceedings of the DECHEMA "8th Internaticnal Ccngres on Metallic

Corrosicn”

‘Mainz (p) 6-11 Séptember’1981, pp. : 1662, Vol II Ed. Decherma

publishing, Frankfurt
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Belcian clay repositcry.

In "Concerts and examples of Safety analyses fcr radicactive waste
reszositcries in continental ceolocical formations" .
Safety Series n® 58, Appendix F., IAEA, Vienra, 1983, pp : 157-167;
ISEN $2-0-122383-3

P. HERZMANS, P. DEJONGHE

Expériences en cours en Belgicue pour le stockace définitif des déchets
de haute et moyenne activités et des déchets plutoniféres. Stockage
géologique.

Proceecings of the A.I.M. "Journées internationales d'études des
centrales électriques mcdernes" Liége (Belgium) 26-30 octobre, 1981

J. DRESSELAERS, F. CASTEELS, H. TAS

Corrosien of structural materials in clay environments.

Proceedings of the Materials Research Society Annal Meeting "Scientific
Bzsis for nuclear Waste Mandgement"

Boston (USA), 16-19 November, 1981, pp. : 311-319, Pukl : Elsevier
Publishing Company, Inc. New Yocrk, Ed. Stephen V. Topp; ISEN
0-444-00699-0

A. BONNZ, R. HEREMANS, M. MONSEZCCUR

Methodclogy of long-term safety assessment of disposal in & .clay
fcrmation : the Belgian Approach.

Proceedincs of the symposium "Waste Management 82"

Tucscn (Arizona), March 8-11, 1982, Vel III, pr. : 179-18g,

Ed. Rcy A. Post. General Editor ‘

P. DESCNGHE, L. BAETSLE, J. CLAES, R. DE BATIST, R. HEREMANS,

N. VAN DE VCORDE

General perspectives in radicactive waste manacement in Belgium.
Transaction of the international ENS/ANS conference "Néw Directiens in
nuclear Energy with emphasis on fuel cycles"

Frcceedings ENC-3; pp. : 216-228, Brussels, (Belgivm), 2€-30 Azril,
1982, E&. 2merican Nuclear Scciety, Illinois Vclume 40, Tansac
40-1-273, 1982; ISSN - 0003-018X

P. DEJONGHE, A. BONNE

" Verwerking en verwijdering van radioaktief afval. Proceedings of the
symposium "Energie en risiko" organised by "Technologisch Instituut
K.V.IV Genootschap Energie" Antwerpen

Brussel 12-13 oktcber 1982, Pp. : 225 - 274

R. CARFENTIER

Mechanische eigenschappen van de stijve Boomse klei in bevroren
toestand. (with English Abstract) o
EP. : 17-27, Publ : Amici et Alumni Em., Prof. Dr. Ir. E.E. De Eeer,
Komitee ter huldiging van Prof. De Beer; Brussel (Belgium) 1282

S. DRESSELAEPS, P. MANFRCY, F, CASTEELS, M. TAS, R. HEREMANS

The choice of protective systems fcr linings of nuclear waste disrosal
tunnels. -
Regcrt on the Gener:zl Assembly of the "European General Galvanizers
Associaticn” Cernocie, Lake Cecmo (It), April 19EB3, pr. : 7 &nd
aprendix B, Publ : EGGA Secretariat Zinc Develorment Asscciaticn,

34 Berkeley Sguare, Londcn W1XEAJ



P. MANTROY, B. NEERDAREL, R. HEREMANS

Gecmechéenical characterizaticn of Becm clay.

Proceedings of a CEC. "Technical Sessicn on Rock Mechanics - Advance in
labceratcry sample testing”

Bruscels, 27th April, 1983, Session 2, Argillacecus Materials (clay)
Ed. Ccrmission of the European Cemmunities, XII/422/83-EN, DGX11-D-1
Report EUR 8748 EN, 1984, pp : 105

G. BERTOZZI, A, BONNE, M. D'ALESSANDRO, A. SALTELLI

Site-Specific probazlistic risk evaluation exercise for radiocactive
waste disposal in a continental clay formaticn.

Proceedings of an IAFA Conference on "Radiocactive waste management"
Seattle (USAa), 16=20 May, 1983, Paper : IAEA-CN-43/53, Publ : IAEA,
Vienna, 1984 (in five volumes); STI/PUB

P. MANFROY

Rejet des déchets radicactifs en formation argileuse profcnde.
Construction d'un laboratoire souterrain pour un proccramme experimentzl
apprcfondi. A ’ :
Proceedings of an IAEA Conference on "Radioactive waste management”
Seattle (USa), 16-20 May, 1983, pp. : 275-290, (Vol 3);

parver : IAEA-CN-43/54, Publ : IAEA, Vienna, 1984 {in five volumes);
STI/FUB/€49; ISEN 92-0-020484-8

R. RERIMANS .

Pcssibilités d'évacuaticn de déchets radicactifs dans une formation
d'arcgille rlasticue, ’ -
Proceedings of an IAEA ccnference on "Radicactive waste management"
Seattle (USA), 16-20 May, 1983, pp. : 243-259, (Vol 3);

paper : IREA-CN-43/56, Publ : IAEA, Vienra, 1984 (in five volumes);
STI/PUEB/649; ISBN 92-0-020484-8 '

B. DETEY, B. NEERDAEL

Corrélations entre diagrarhies et caractéristigues géotechnicues d'une
argile raide tertiaire.

Proceedincs of the internaticneal symposium "soil and rock investicaticn
in situ testing" ) :

Paris, 18-20 May 1983, pp. : 49-57, Publ : Bulletin of the Inter-
national Association of Engineering Geology, Paris (Fr); n°® 26-27,

dec. 1983

R. FUNCXEN, P GONZE, P. VRANCKEN, P, MANFROY, B. NEERDAEL .
Construction of an underground laboratory in a deep clay formation.
Parers cf the "Eurotunnel 1983" Conference Basle (Switzerland) 22-24
June 1983, pp. : 79-86, Ed. Acces Conference Ltd, 1983, U.K.

Y. QUINIF, M. MERCIER, E. ROCHE, C. DUPUIS, J. WYART

Essai de reconstituticn géodynamique du Paléogéne du Bassin belge &

" partir des données de la minérzlogie des argiles, de la géochimie des
radioéléments (U, Th, K, O) et de la palynologie.

Publ : C.R. Acad. Sc. Paris, t. 296, Série II, pr. 1621-1624,

6 juin 1C9E3 :
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VESFDAZL, M, BUYEINS, M. LECZIUNE, CJ.F. THIMUS, R. FUNCKEW, E. DETHY
ield measurements durinc the constructicn of an underzrouné laboratory
» a deep clay formaticen.

Proceedincs of the interrnationzl symposium "Field Mezsurements in
Gecmechanics"”

Zurich, 5-8 Sept 1983, pp. : 1419-143C, (Vol 2),

Publ : A.A. Balkema/Rotterdam 1984, E4. K. Kovari; ISBN 37268 0005 1
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P, MANFRCY, P. GCNZE, E. LOUSE’RG

Projet de creusement d'un puits d'essai dans l'argile plasticue &

" grande profondeur et mesures de convergence.

Proceedings of the "International sympcsium on engineerinc ceolccy and

undercround construction” organlsed by the "International Association
of Engineering geology" :

Lisboa (Portugal), 12-15 September, 1983 Publ :"SPG - Sociedade

Portucuesa de Geotecnia; LNEC - Laboratorlo Nac1onal de Engerharia

Civil. :

M. D'ALESSANDRO, A. BONNE

Radicactive waste disposal within a plastlc clay formaticn :
Preliminary investigetion on glacial action &s a cause of ccntainment
failure and radioactive waste dispersion.

Publ : Cormission of the European Communities, Joint Research Centre,
Isrra Etzblishment, It., Radiochemistry Divisicn; EUR 8709 EN, 1983

A. ECNNZ, R. BEREMANS

Intecrated site investigaticn and its relevance for the rerformance
assessments of 2 ceclogical disposel system : The Belgium Exrerience.
Prcc. IAEA Sympesium, Scfia (Bule.), 6-10 Febr.. 1984,

Pzper : IAEA-SR-104/14

P. MANFRCY, B. NEERDAEL, M. BUYENS

Expérience accuise & l'occasion cde la réalisation d'une camgacne
géotechnique dans une arcile profonde.

Proceedincs of CEC/NEA Workshop "Design and instrumentation of in~situ
exreriments in underground laboratories for radicactive waste discesal"
Brussels, May 1984

F. CASTEELS, R. DE BATIST, J. DRESSELAERS, W. TIMMERMANS,

J. XELCKTERMANS

In situ testing and corrosion monitoring in & geological clay formation
Proceedings of CEC/NEA Workshop "Design and instrumentation of in-situ
- experiments in underground laboratories for radicactive waste disgcsal”
Brussels, May 1984

R. HEREMANS

Expériences en place en terrains argileux.

Proceedings of CEC/NEA Workshop "Desicn and instumentation of in-situ
experiments in underground laboratorles for radjoactive waste dispesal”

Brussels, May 1984

P. HENRICN, M. MONSECOUR, M. PUT

Micration studies of radiocnuclides in “Boom clay. -

Paper presented at the symposium "Clay barriers for isciatien of toxic
chemical waste"

Stockholm, May 28-30, 1984



- M, VCET, J. VANGZINECETEN -

Fessiktle impact of ‘acid precipitatior on the rhysicc-chemical
compesiticn of greound-waters in the Antwerpian ccmpine recion.
Prcc. "Acid derositicn and sulphur cycle” Score Belcium pp 241-250
Brussels, June 1984

P, DESONGEE, H. VaN DE VOORDE, A. BCKNE

Ortimalization studies concerning volume reduction end conditicning of
radioactive waste in view of storage and a2 R&D programme ccncerning
geological disposal into clay.

ANS/ENS "International topical meeting on fuel reprocessing and waste
management”, Jackson, Wy, August 26-29, 1984

M. BUYENS, M. PUT

Heat Transfert Experigﬁnt in Boom Clay.

Proceedings of the " European Conference of Thermcchysical
Properties" . ‘

Manchester, September 17-21, 1984

P. MANFROY, E. NEERDAEL

Congélation en massif argileux profcnd pour la réalisation d'un
laboratcire souterrain.

Jcurnée d'études. ABTUS. "Aprlication de la congélation du sel aux
travaux scuterrains”

Brussels, Octcrcer, 1984

A. BONNE, P. HENEICN, L. BAETSLE

L'argile : scn x3le et ses capacités comme barriére géochimicque.
Prcceedings : "Jcurnée, sur les Argiles" - Ecole Nat. Sup. des Mines,
rp. 13¢-141, ISEN 2-900 788-01-3

Paris, déc. 13, 1984

P. MANFROY, B, NEERDAEL, J.M. SIMCN, G. ROUSSET

Mesure ce ccnvergence en argile profonde.

Sournées d'études sur l'auscultation des ouvrages en terre et ces
terrains. * '

Ecole Nationale des Pont et Chaussées

Paris, Décembre 1984

Pukl. : “"Tunnels et Ouvrages Souterrains", n°® €8, Avril 1985, pr.
63-71, ISSN-0399-0834 '

A. BONNE : .

Clay : Evaluation of geological disposal ¢f radwaste in Belgium.
Publ. Nuclear Europe - Journal of ENS - Bern, Switserland

Vol. Vv, N°® 2, February 1985, pp. 29-30

P.. MANFROY, F. BENVEGNU, R. HEREMANS, W. BREWITZ

Research programmes in underground experimentzl facilities :

Kcnrad - Pasguasia - Mol.

Seccnd European Community conference on "Radiocactive waste management
and disposal" '

Luxembcurg, April 22-26, 1985




J. BLACK, F. GERA, F. GONZE, E, TASSCNI, J. F. THIMUS
zat‘on and behav1our of arclllacecus rocks.

4

Luxeﬁncurg, cril 22-26, 1985

H.J. CLARK, A. BONNE, F. VAN KOTE, H. STELTE

Application of the Pagis Methodology to clay, salt, granite arnd sub-

seabed repositories.

Eeccond Eurcpean Communlty Conference on "Radloactlve waste management -
and disposal"

Luxembourg, April 22- 26, 1985

J.F. OUVRY*

Results of triaxial compression tests and trzaxlal creep tests on a
artificially frozen stiff clay.

Sapraro, Aug., 1985

*ESRGM, Orléans, France

P. DEJCONGEE, E. DETILLEUX, A. ECNNE, G. COLLARD

Status of the nuclear waste dlsposal program in Belgium.
Proceec’ncs ANS symposium,

Pasco, 24-26 Sert. 1985

G. RCUSSET, J.C. FERNIQUE, R. ANDRE-JEHAN, A. ECNNE
Mechanical behavier of galleries in cdeep cley. Study of a:
excerimental case (exrerimental drift at Mol, Belgium).
Proceedings ANS symposium,

Pascc, 24-26 Sept. 1985

23

A. BONNE, J. MARIVOET

Safety analyses of a ElLW-rerository in a clay formaticn.
Proceedings ANS sympesium,

Pascc, 24-2€ Sept. 198S

E. M MPN’ROY, R. HEREMANS, A. BONNE

Ten years of site srecific research and its relevance to the concept of
a waste disposal system in clay.

Proceedings ANS symposium,

Pasco, 24-26 Sept. 1985

J. DE CCONINCK* _
Microfossiles & paroi organique dans les sables de Lede (Eocéne moyen)
éu soncage de Mol (Belgique).

Publ. : Bull. Belg. Ver. Geologie/Bull. Soc. Belg. Géologie, V394/1,
gp. 65-78, 1985

* Laboratorium vocr Paleontologie (Geol. Inst.) R.U. Gent

'P. HENRICN, M. MONSECOUR, A. FONTEYNE :
Application of sorption data to the evaluation of radloelenent ’
micraticn in the Boom clay formation. ’
Procceedings of the "Scientific seminar on the aprlicaticn of
distribution ccefficients to radiological assessment mcdels"”
C.E.C., Louvain-la-Neuve, 7-11 October 1985
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A. BCHNE, P. MANFROY, R. HEREﬁAMC )
ite -nvestlgctlcr ard geo-plarnning cencerrning the final discesal of
conditioned hich-level and alpha-ktearing wastes in a deep clay
fermation at Mol.
Prcceedings of the "Nationaal Colloquium - IngenleUVSceoloaleche
prcblemen in verband met afvalberginc/Collogue national - Prcblémes de
géolcgie de 1'Ingénieur en relation avec le stcckage des déchets”
Org. ECIG/CBGI, pp. 4.1.
Liége, Sart-Tilman, oct. 22-24, 1985

B. NEERDAEL, P. MANFRCY, A. BONNE

Investigations et acquisition des paramétres nécessaires pour la
concepticn et la ccnstruction é'une installation souterraine pour
1'enfouissement de déchets hautement radloactlfs dans une formation
argileuse profonde.

Proceedings of the "Natlonaal Colloquium - Ingenleursgeologlsche
rroblemen in verband met afvalberging/Colloque National - Prcblémes de
géologie de l'Ingénieur en relation avec le stockage des déchets"

Org. BCIG/CEGI, pp. 4.48

Liége, Sart-Tilman, oct. 22-24, 1985

J.F. THIMUS, M. LEJEUNE, B. SINE, M. BUYENS; B. NEERDAEL

Auscultat;cn cécmécanique du puits d'accés au laboratoire souterrain,
Precceedings of the "Nationaal Coclloquium - Incenieursgeologische |

problemen in vertand met afvalkerging/Colloque Naticral - Frcblémes ée
céolccie de l'Incénieur en relation avec le stockage des déchets"

Org. BCIG/CBIG, Fr. 4.€3

Liége, Sart-Tilman, oct. 22-24, 1985

P. DEJONGHE, E. DETILLEUX, G. CCLLARD, N. VAN DE VOORCE, A. BONXE
Status of the radicactive waste management prcgram in Belgium.
Proceedings of the "Symrosium on Radioactive waste management"
Tucscn, 3-6 Feb. 1986 .

P. DECONGHEE, A. BONNE, N. VAN DE VOCRDE, E. DETILLEUX

Low and medium level radiocactive waste management in Belgium.
Proceedings of the "International Symposium on alternative lcw—level
Waste technologies"

Chicago, 27 Feb. - 1 March 1986

A. BONNE, P. MANFRCY

Factors and elements involving adaption and actualisation of the design
and the concept of & HLW, ILW, and alpha-bearing waste repository in a
deep stratiform clay formaticn on the continent - The case of the
Mol-site (Belgium).

Proceedings of the "International symposium on the siting, design and
construction of underground repositories for radicactive wastes"”
IAFA-SM-289/38 '

Eanover, March 3-7, 1986

F. MANFROY, R. HEREMANS, P. KOCKERCLS, Th. ZEEVAERT

Etude préliminaire sur les possikilités d'enfcuissement terrestre des
céchets conditionnés de faible radicactivité en Belgicue.

Proceedings of the "International symposium on the siting, desxc" and
construction of undergrcund repositories for radloact-ve wastes"
IAEA-SM-289/38

Eanover, March 3-7, 1986 .



p. CE BRUYN, 2. NEERCAEL, P. GONZE, 5.P. RCSSION, G. ROUSSET
Ccntributicn to the study of the time derendent keravicur c¢f clay at
creat depth. Aapplication in view of the construction of a waste
disccsal facility in the Boem clay fcrmation.

Proceedincs of the seccnd Internaticnal Symposium cn "Numerical Mcdels
in Geomechanics"

Gent, March 31 - April 4, 1S&¢€

P. VAN ISEGHZM, W. TIMMEEMANS, W. DEBRUYN, J. DRESSELAERS, B. NEERDAEL
In situ testing of nuclear waste forms in an underground lakoratory in

clay
Proceedings : "Ceramics in nuclear waste management"

Chicago, April-28 - June 1, 19&6

A. BONNE, B, NEERDAEL
Disposal of radwaste in clay : the experience gained in Belgium.,
Proceedings : Transactions ENC '86, Genéve, 2-6 June 1986

A. BCNNE, R, EEREMANS, P. MANFROY, R. VAN HAELEWIJN

Constructicn of an underground facility for "in-situ” experimentaticn
in the Bcom clay.

EUR 10177 EN, 1986
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A TrAcHmENT Y

A NATURAL ANALOGUE FOR NEAR-FIELD BEHAVIOUR IN A HIGH.LEVEL RADIOACTIVE
WASTE REPOSITORY IN SALT: THE SALTON SEA GEOTHERMAL FIELD, CALLIFORNIA, USA

W. A. ELDERS
Institute of Geophysics and Planetary Physics
University of California
Riverside, California, 92521, USA

Sunmary

In the Salton Sea Geothermal Field (SSGF), in the sediments of the
deltz of the Colorado River, we are developing a three-dimensionsl
picture of active water/rock reactions at temperatures of < 300°C and
salinities of 7 to 25 weight percent to produce quantitative data on
mineral stabllities and mobllities of naturally-occurring radio-
nuclides. The aim is to produce data to validate geochemical com-
puter codes being developed to assess the performance of a Commercial
High-Level Waste (CHLW) repository in salt. Among the findings to
date are: (1) greenschist facies metamorphism 1Is occurring; (2)
brine compositions are fairly similar to those expected in candidate
szl: repository sites; (3) U and Th concentrations in the rocks are
tvpical for sedimentarv rocks; (%) the brines are enriched in KNz, Ma,
Za, Sr, Rz, Po and stronglyv depleted in U and Th relative to the
rocvs; (5) siznificant radiocactive disequilibria exist in brines and’
solid phrases of the SSGF. The disequilibria in.the actinide series
allow estimation of the rates of brine-rock interaction and
understanding of hydrologic processes and radionuclide behaviour.
Work is continuing emphasizing the reactions of authigenic clay,
minerals, epldotes, feldspars, chlorites and sulphates. So far,
adapting geochemical codes to the necessary combination of high sali-
nity and high temperature has lagged behind the natural analogue
study of the SSGF so that validation is still in progress. In the
future our data can be also used in validating performance assessment
codes which couple geochemistry and transport processes, and in
design of waste packages and back fill compositions.:

1.0 Introduction

For some thirty years, when discussions first began in the U.S.A. on
the concept of mined geological repositories for CHLW, salt has been one
of the leading candidates for a host rock (1). However prediction of the
performance of a reposi ory in salt, or in any other rock type, requires



ability to model the long-term performance of the specific site and the
engineered barrier system. Such performance assessment can only be par-
tially satisfied by laboratory measurements and field tests, which nust
then be extrapolated to the larger scales, longer times, and higher
degrees of complexity likely in a high-level nuclear waste repository.
Acceptance of the predictions of the hydrological, traunsport and geochemi-
cal behaviour made by such mathematical modeling requires validating the
necessary computational codes agalnst quantitative results derived from
real data and kaown processes, which have operated over long time spans
under conditions similar to those anticipated in a salt repository, i.e.
to study natural analogues. The methodology for model verification and
validation for near-field performance assessment for a salt waste reposi-
tory is described elsewhere (2).

The geological record provides numerous examples of long-lived
natural laboratories where processes relevant to possible behaviour in
CHLW repositories have occurred, some of which are the subject of presen—
tations at this confereance (3). However most natural analogues studied
involve processes which are long since ended, so that it is necessary to
mave numerous assuaptions in modeling the conditions respousible for their
occurrance. O0a the other hand, active geothermal systems offer substan-
tiel advantages over "fossil” hydrothermal systems as natural analogues,
in that we can study, not only the effects of water/rock interactions at
elevated temperatures, but the processes themselves. In an active
geothernzl systex, being drilled to produce steam for electric power, we
can meke direct observations of the temperature, depth and fluid pressure
at which hydrotherzal alteration occurs, and sample the fluid and rock
chenistry directly. Similarly, we can make direct observations of the
pzrazeters such as porosity znd permesdbility which control wass and energy
creasfer., Furtherzore, we are much better able to estimate the aze and

duration of heeting and water/rock reactions (4). Such direct field
cbservations and nsasurements of naturzl hydrothermzl processes can rassuls
in critical {apu: to the development and validatinn of conmputer nmodels.
Yowever it is cleat that data used to develop a computer model must be

vept distinct from date used to validacte it. 1In 1982 my colleagues and I
Segan the search for a suitable geothermzl field in which to acquire data
for geochermical model validation of a salt repository as part of a
progracme funded by the Office of Nucliear Waste Isolation. :

2.0 Choice of the SSGF

Unfortunately we know of no instances of salt domes or sal: beds with
temperatures at economically drillable depth comparable to peak tem-—
peratures estizated to be likely in a high-level waste reposizory (5).
Development of high temperature hydrothermal systems is inimical to the
survival of salt. However, the Salton Sea Geothermal Field (SSGF), on the
delza of the Colorado River, in the Imperial Valley of Southern
Czlifornia, offers an attractive target for study for a number of reasons.
It is the largest and hottest known hot brine hydrothermal syster in North
Anerica. The SSGF is only one of a number of geothermezl fields currently
underzoing commercial development as sources of electric power in the-
Salzon Trough of Southern California and Northern Mexic o'(Figure 1). The
Szlzon Trough is a structural depression at the head of the Gulf of
Czlifornia, which has been -partially filled with the Late %1ocene to
recent detritus of the Colorado River (6). The depressiosn is an active
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rifc zone zt the transition between the divergent tectonics of the East
Pzcific Pise, to the south, and the transform faul: tectonics of the San
Ancrezs Fault system to the north. The tectonics of the Trough 1s domi-
nated by "lesky" transform faults, producing tensional zones in which
intrusion of basaltic and rhyolitic magmas occurs periodically. These
intrusions are the heat sources of the high temperature geothermal
syszens. The progressive growth of the delta of the Colorado River has
effectively isolated the Salton Trough from the Gulf of California to the

south, Water entering this closed basin can only escape by evaporation.

..-The depression has consequently undergone cycles of flocding and dessica-
tion 23 the Colorado River changed its course, alternately flowing south

to the Gulf »r north into the closed basin (7, 8).

Although bedded salt or sz2lt domes have not yet been penetrated by
drilling, the SSGF was chosea as a natural analogue of a salt reposi:ory
for the following reasons: (2) It is a well-known hydrothermal system
under commercial development with wells, subsurface data and samples
availzble for study. (b) Temperatures within it exceed 300°C and thus
span the range expected in a salt repository. (c) It is the most saline
svstew Iin the Salton Trough with groundwater salinities (70,000 to 250,000
ng/kg TDS) spenning the range of brine compositions expected in and around
a salt repository. (d) The sedimentary section is similar to that
surrounding potential salt host rock horizons. (e) The geothermal systeax
has been active for more than 25,000 years, a time scale of interest for a
CHELY reposizory (9).



118°40' 115°25°

1] i
0 1 2 MILES
0 | 2 2 KILCMETERS
— ' 335"
NILAND A
MULLET
- ISLARD. )ssspp JFee #I
SHe
SALTON SEZ S JBritz #3
1.1.D. #2% River Ronch #’l
®state of Colifornia #1
O
2 o\
cpg,Woolsw AN g 320
wo ;7 TI2S
& o 3 \
& CALIPATRIA A
: o . '"\./\_
oo @ H
" < Decrb Farms - \\1
. oeterborn SRIVER : e
- 'a_, : C\ hi/_ "\ \. - 22°08
& RN L

figurs 2. Locatiosn of deep geothernmzl wells and the Salszon Sea Scientific
Driiling Profect research well in the §SGT: filled circles =
wells studies for this repor:; open circles = other wells;
asterise = E8SSDP wsll.

During this analogue study we have acquired samples and dara from
about two-thirds of the almost 50 geothermal boreholes, ranging from 1.5
to 3.3 ko deep, which were drilled in the SSGF., Some 0f these wells
curraatly supply steaz to two operating electrical power plants and nore
plants are planned for construction in the next two years. Between
JOctoder 1985 and April 1986 s research borehole, the Salton Sea Scientific
Drilling Project, was drilled on the east side of the field to z depth of
3.2 k2 where a tenperature of 355°C was measured. This well released to
the public domain a wealth of data and samples from the S5SGT including
brine sazples from two diZferent depths, and 225 m of rock cores
demnastrating a transition from unconsolidated lake and deltaic sediments
into hornfels with greenschist facies mineralogy (10).

3.0 Geoslogv and Geochezistry of the SSGF

The strata containing the geothermal bYrines consist of deltaic
mudstones with interbedded quartzo-feldspathic siltstones and sandstones
with clay or carbonate cements. Detrital phyllosilicates are chiefly
smectite, illite, and kaolinite, with lesser amounts of biotite, chlorite
and puscovite (11). 1In response to the temperatures exceeding 300° C at
depths of 3 kz, or less, over an area considerably nmore than 109 k2
(Figure 2) active greenschis: facies metanorphisa is occurring (12). The
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gross stratigraphy in the drilled part of the field consists of an upper
clay~silt-evaporite lacustrine sequence, up to 400 m thick in the centre
of the field, and a lower interbedded mudstone-sandstone deltalc sequence
(9).

The SSGF brines are concentrated Na, Ca, K chloride solutions con-
taining low amounts of SOu'Z, HsS and HCO3™. They range between 7 and 28%
by weight of total dissolved solids, depending on depth and location, with
concentrations highly stratified with depth. 'Typical values of dissolved
components in the more saline boreholes near the centre of the field (in
ng/kg) are: :

Cl 83,000 - 155,000 Na 40,000 - 59,000
Ca 13,000 -~ 59,000 K 7,000 - 15,000
Fe 200 - 1,200 Mn 500 =~ 1,100
Zn 300 - 800 Li %0 - 2990
Si0;p 180 - %00 Pb 40 - 100 ‘
Cu 0.5 - 8 Ag 0.8 ~ 1.4 (%

The very high concentrations of dissolved components are now believed
to be derived from dissolution of non-marine Plio-Pleistocene evaporites
assozizted with lacustrine sediments containing bedded anhydrites (after
gvpsuzn)., Fluid inclusions in these anhydrites contain halite crystals
(12). Active base-metal ore deposition is going on in this system (l14).

Figire 3 compares the brine chemistry from the IID No. 2 well, which

l1i2s near the centre of the field and attained a temperature of about
513°C =zt approximately the 1,700 © sample depth, with briane chemistry fron
Fz22 No. 5 well from near the eastern margin of the fiz2ld where a tenmpera-
ture »of 290°C was reacheéd a:c sbouz 3,000 o (4). In spite of the marked
difference in tewmperature gradients, the brine analvses are essentially
icdentica For comparison, the corpositions of fluid inclusions in salts
znd a range conpositions of fluids whicnh might intrude a nuciezr waste
repository in szls in the Permian Basin of Texas are <howa (15). The SSGF
bri 2

L4 JCL L
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re rather similar to the brines likelwv to be encountered in CHLVW
e ries in salt in the USA especially for the elements, Cl, Na, Ca,
and X, However, the SSGF brines differ from them in having a lower Mg
contant as they are not derived from marine evaporites aund- because above
225°C they precipitate Yg-rich chlorite. TFurthermore, the SSGF brines are
enriched in Fe, Mn, 2Zn, Sr, B, Ba, Li, Si, and Pb relative to the brines
from the proposed CHLW repository site in Texas, because these elements
-are leached from the sediments at elevated temperatures. Eh and pH con-
dicions for the SSGF brines are diificul: to determine diractly due to
differences in sampling conditions and reservoir conditions. However,
measured Eh values ranging from 0.17-~0,25 volts and pH estimates of 4-6
are consistent with the observed mineral assemblages (16).
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4.0 Analog Studies of the SSGF

We are using & combination of nmineralogical and geochemical methods
to develop a three—-dimensional picture of temperature, salinity, litho-
logy, mineralogy, and the chemistry of interactions between reservoir
rocks and the hot brines. The techniques employed include optical
microscopy and quantitative x-ray diffraction for wmineralogical modal ana-
lvsis, x~ray fluorescence and induced neutron activation for rock analy-
sis, electron nmicrobeam enalyvsis for mineral analysis, fission track
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Figure 3. Anzlvses of brines from a central well (IID No. 2) and a pargi-
nzl well (Fee No. 5) in the SSGF. TFor comparison, an analysis
of trines ia inclusions ia Permian salts from & possible salt
reposizorv site in Texas, and the range of values which has
been suggested for brines which could intrude these s:=1t depo-
sits is included [Permian szlt brine data are from (15)].

radiography for 235y analvses, mass spectrometry for hydrogen, oxvgen,
carbon and sulphur isotopic ratios, fluid inclusion analyses using
haating and freezing nicroscope stages, analysis of U and Th decay chains
using ¢ and v spectrometry and 8 counting, and fluid analysis by atomic
absorption and inductively coupled plasma techniques.

4.1 Mineral Reactions

With increasing fe:pe'ature and depth four progressive zones of
rothermal alteration may be distinguished (11, 17). These are {l) at <
°C a doloxmite/anverite zone with mixed laver suec*ite/xllites;'(Z)

25°C, 2 czlcite/chlerize zone with {1lite/phengite; (3) 325-363°C a
tite zone with actinolite, albite and epidote; and (4) above 360°C a

ne: zone with biotize and actinolite. These mineralogical changes are
oapanied by progressive recrystallizations leading to porosity redue-
s and forzmzstion of hornfelsic textices,
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4.2 Geochenical Computer Code Validation

An important aspect of this study is validation of computer codes for
geochezical interactions in aqueous systems which are belng developed for
application to the Civilian Radioactive Waste Management Program of the
U.S. D2partment of Energy. In this study the codes being tested consist
of the EQ3/6 software package, a thermodynanic equilibrium code with kine-
tic capability (18, 19). It models water-mineral interactions as a func-
tion of temperature and pressure. The EQ3NR speciation—solubility code
calculates aqueous speciation and mineral saturation indices from water
analrses, EQ6 is a reaction path code which can be used to simulate
minerzl/waster interactions at temperatures up to 300°C and over long
times. There 1s an option to use Pitzer's equations to calculate activity
coefficients in aqueous solutions and EQ6 has been upgraded to model open
flow ‘Hrough systens.

e have analyzed brines and assemblages of authigenic minerals
apparently in equilibrium with then for about 12 wells in the field.
Figures 4A and 4B show some typical results of using EQ3 to calculate the
activity ratios of brines, and then plotting the data for a wide range of
conjrosizions on activity diagrams, calculated by the methods of reference
(29). The two wells from Cerro Prieto (see Figure 1) produce fluids with
approximately 20,000 mg/kg of toral dissolved solids, the intermediate
brines from the SSGF coatain 70,000~100,000 rg/kz of -total dissolved
soiids, whereas the hypersaline brines contain 23 to 25 weizght per cent of
dissolved solids. At quartz saturztion, at 300°C and 86 bars of fluid
pressure, these brines, ranging over an order of magnitude in con-
centration, plot as a coheraat group. This is consistent with the simi-
larizy in hydrothermzl minerals observed at Cerrs Prieto and in the Salton
zothermzal Field over a wide raage of salinity.

Although for these components the code predizts mineral assemblages
si T o those which are observed to occur, this is in general not true
I er dissolved species. Thus s2 far, further development of the code
to wo:k at nigh temperatures and high salinity simulzaneously is proving
diffi t, consequently validation of the computer codes is an on-going

s
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4.3 Fission Track Radisgraphy

Among the studies of the migration and retardation of elements of
interest in CHLW, perhaps the easiest to analyze is U because its distri-
bution can be deduced from fission tracks induced by spontaneous decav of

5C {a its host minerals. We used a combination of INAA to determine
total concentration of U and fission tracks to determine its location in
the rack. We then compared U concentrations in subsurface mudstones
and sandstones, over a range of temperature of 325°C with those seen in
strztigraphically equivalent, but unaltered, rocks at outcrop in the San
Felipe Hills (Fig. 1).

A relatively uniform concentration of U is observed througﬁout the
fielé, independent of depth, temperature, or salianity (Fig. 5), par-
ticularly in rudstones and siltstones. Sandstones are slightly more
variable showing their highest U concentration in detrital zircon, epidote
or sphene. The U distribution in the San Felipe Hills is similar. 1In
bozh the Sz2lzon Sez Geothermal Field and the San Felipe Hills the sedi-
ments contain between 0.2 to 7 ng/kg of U.
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Table 1 shows that these rocks and a sample of a Holocene lake bed
have very similar U and Th concentrations. These similarities suggest
thet the distribution of these elements is due to detrital processes
-rather than diagenetic or hydrothermal reactions. A minor exception to
this suggested immobility of these eléments is seen in the deepest and
hottest part of the SSGF where certain samples are slightly enriched in U.
Fission track analysis shows that the eariched amount of U is conceatrated
in locally developed authigenic epidote., This retention of U in epidote
above. 303°C suggeszs that U can be <wobilized on a microscopic scale, but
it is retarded if epidote 1is forming.

4,4 U-Th Decav Chzins

n -

Deterzination of Rz, the roci/brine concentration ratlos, [where R. =
L2/ eock/ (dom/giypeas] £or the natucaily-occurriag o and Th series
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TEILE 1, RANSE D 4

CRAZL U AND Ta AMIUNTS N SANDSTONES, SHALES, AND MJOST 'ES FnO-‘ THE
SALTON 34 3Z07=E F

AAL FAIUD (333%) AND AN FULIPE KHILLS :' za (54, 1N

HOLOCENE
SSGF SSGF SFH SFH LAKE CARULILLA
SANDSTONES SHALES SANDSTONES MUDSTONES MUDSTONE
No, of
analyses 33 42 5 5 1
UtPange  <0,5 to . 2,5% 0,6 10 0,5 % 0,3 10 772,3-%:0,4:10wwsm o 2mm .,
Pom. 5.7 * 0.3 7.2 £ 0.5 57 % 0.3 2 0.3
Averzge U 2,2 4,6 2.4 3.3 T 2,3 % 0.4
No, of
znalyses 6 1" . 5 5 1
Ta:Range 2,4 * 0.C7 10 £,% % 0,2 %o 2.9 £ 0,2 tc 10,7 £ 0.4 to -
Som. 13,2 + C.2 23,9 £ 2.3 b 2 0.3 13.4 + 0.4
dverege Tn 6.6 4.9 4,2 1.7 1i.8 * 0.4
3¢in :or_zif" znd sz", and 5%19° for 2%%7h (21, 22), T4'e hish sorp-
sivity of 238y zngd 23%7 sefgests ursniun is retainaed in the +5 oxidatien
st2te in theez vzducing coraditions. In the cther "and the relativzly high
sciubility ol lzzad and rzdisn eppears to be due to chloride complexing
122) :
N4y )

Comparison of 23%Ra/2%5Ra rat

io
parzacs 232Th/23%Tn in ths rocks indicztes that radius equilibration is
zchiaved within the pesa life of 22%Ra (8.3 yrs), in brine saznples from
o2 wills byt not ia cihers. This suggests different rates of .-zter/rock
Te 107 in £ e t sells. These differences ars supportad by diiferent
éa Xn conceatratlons aad alss by mzterial bdzlane2 zzlca-

*Rz. A material 5zlance saloilatisn Soc 230 zad

dy stete, vields fluid residence time in the 33GF cof

ugzests watecr/rock mass ratios of 0.7. This suggests
the system far:e; 2-4x10" vears ago (22).

5.0 Current and Future Work

Work is Co"t11UL1g to obtain data to validate the equilibriua geoche-
mical zompuater code and to study radionuclide partitioning between
minerzls and 5:-19 over a tange of teaperature, szliaity and lithology.
Special emphasis is being given to clay mineral reactions, the influence
af solid solut;on on the stability of authigenic epidote, feldspars,

hlorites, sulnhztes and szectites, determination of reaction paths fron
:ine.u; parzzenesis and miaeral vein sequences, aad radisnuclide ratar-
A3 the geochenizal cade devalops vz will coantinue

© Wz belisve that the neut sten will hs to couple

e z :
Hese g : des <1zl @ass aud Uedl translor cadess The daza frax
he SSGF natural anzlogue are equally applicable to such transpor: modeLs.
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Programme Management

Irmg.emeniztion of the 3rg cost-sharing R&D programme has con-
4~.ed .0 "E38 with 2 second and final call for research proposals
- zen A \/z2ste management studies and associated R&D ac-
T .78 reguest, with 31 October 1986 as the deadiine for
-ccosais. coverea Task 1 *System stugies” for the
B < sdditiona! resezrcn in Task 2 “'Radioactive wasie
sree "'e'n a*c conditioning™, Task 3 *Assessment of waste forms
3nd enginecred barriers” and Task 4 “Development of waste
giszosa! faciities”. A

Tre ‘evei of Community particication sought was 28 million ECU.
SJt svaiatie ‘unds only ameunted to 8.3 million ECU. Of the 153
orocosa’s reseved. 443 corresponded to Task 4, 25% to Task
1. 2_ © {0 Tes< 3 and 87 to Task 2. The selection procedures

reegy stanieg. and will evemually lead 10 negotiations with
cle :al CONITECIONS. |

Tre majority of the research contracts have been selected from
the ‘st onase of the programme (see EC-FOCUS 6). and have
nesn ether concliced of are 2t an advanced state of negotia-
nuen. In 'he ‘cilowing ¢neoters. some particular projects are
hignnent -

CUN

RSST Project (Répository System Simulation Test) 

Trus co-orcinzgted project in Task 3 of the programme concerns
wne estabisnment, at internationa! leve!. of equipment and a test
oroceaure ‘cr evaiuating the retention properties of the glass
Ternix 1N wren high-activity waste will be piaced (in conditions
-egresanizive of the near fie:d under disposal conditions). and
:re zssessen: of the interactions between the matrix and its
27y oament.

Tre ~ercomo2nson tesis wii dDegin in May 1887 ana will end
g vezr tater. Adout 15 faborztories will be invowea in this oro-
:€5t. *our of wnich are from third countries (CH. CON, USA. J.

. Tne Commussion will put the test materials at the participants’

-y

d-socsal as weil as the reference containers. A consultant will
sucsesuentiy oe called in to assess the results obtained and to
present the conclusions of the exercise. ‘

Project COMPAS (Container Mechanical Performance
Assessment)

Tre COMPAS croject is 10 be carried out in the framework of
Task 2 Its cciective is 10 assess the medium-term structural
res:siz~.ce of the overpacks of vitrified waste submitted to con-
sirairts of ce2o geological aisoesal. It will include two intercom-
caniscn exercises of structure codes. Various organisations will
canccete in

this project (CEA. STEAG. CEN/SCK. NAGRA.

AECL), which will be co-ordinated on behalf of the Commission
by the British company OVE ARUP.

Underground pilot facilities

Two orojects are at present in progress in the framework of the
Community action: the HAW project (ASSE sa!t mine in the FRG.
carried out by the GSF, 8.5 million ECU of Community participa-
tion) and the HADES project (Mo! clay formation in Belgium, car-
ried out by the SCK/CEN. 6.6 million ECU). A thirc project is. in
conformity with the Council decision. foreseen in France.
For ezcn of the projects. the present situation is as follows:
- HAW Project
The project is developing satisfactorily. however a slight delay
was experienced due 1o difficulties encountered during the

. manufacture of radioactive vitrified blocks and their transport.

- HADES Project
The preparatory work in relaticn to the test galleries (Test @ri‘n
is completed and digging of this gailery shouid s:art in 1287,
A part of the work. inciuding constructicn of a seconc ac-
cess shaft. which had originaily been plannec for 1989. has
been posiponed.

Progress and Achlevements
of Research

Shared cost action programme

v Project COSA

The first phase of the Community project COSA (Intercompatison
exercise for rock-mechanics computer codes for sait) was recent-
ly completed. The project put together the efforts of twelve rock
mechanic calculation teams in the Member States. under the
technical co-ordination of the engineering firm ATKINS R&D (UK).
The initial step of the exercise covered the verification of com-
puter codes on a simpie. theoretica! problem with semi-anzlytical
solution: concordance was found between the various solutions.
The second step was an attempi to validate the computer pro-
grammes agains: the results of 2 we l-documentea. megium-scae
laboratory tes:. representative of a aisposal situation. A 300 mm
edge salt cube with a 66 mm diameter central hoe. was sub-
jected to the pressure of a hydraulic press and 1o the heat fiux
of a heater inserted in the hole. Temperature at the borehole
wall increased up to 260°C and the creep radial convergence
was about 3 mm. Predictions by the codes tallied very we!l with

Periodic information leatlet on the activities of the European Community in the field
of radioactive waste management
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~e mezIUrEmENtS as recaCs temperaiure cisinbutions, con-
- wergence prediclions. cn tne other hana. showes more discer-
1. reascned'e agreement was however octaned between
s &nC experment. The secona phase ¢f the project is
'es for 1986-18€8 and wili Gee! with the comparison of
€sy'1s concerning a farge-scale. long-duraton heating test
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Historic Concrete Research

C.razidy 1s one of the main concerns when it comes to assess-
g the gotential of concrete as bacxkiilling material for deep
recicactve waste repositones. This problem was addressed by
cos-snareg contract with Taylor-Woodrow Censtruction Ltd.
sty cf the chysical and chemicat characteristics of ancient
0ig ccncretes was initiated. The aim was 10 ldenufy those
soeri.es which have enabled a concrete to survive in its en-
Vrenment 10 reiate these 10 the mocern metenals. Samples
‘rzm ¢ . £omiand cement-bases materials were obtained from
Yeezver's M 1E97) anc Woois:on Quay (1889). toth in the UK.
irese rexniceced concrete siructures had survived in very good
cenaition, 2~a the explanzgtion is thought to lie in their high ce-
ment content compared 1o present compositions. Ancient mor-
tars and concretes from Kamiros (Greece). Reacing Abbey and
&grian’s Weil (UK) showec that these materiz!s could survive
‘or thousands of years.
The pre'iminary study has therefore shown that the durability of
concretes can be very leng. Attention should be paid. in the
fuiure. 10 sampling in struciures whose conditions are close 1o
C'SDCSEI SiURLoNS as regarcs e.c. depin, presence o‘ water table.
e
E_-~er rgsearch on this topic is planned. and Groups Or resear-
C~s°3 nlevesied In coeoeralen and infermation excnance snould
ccniest the CEC.
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Economic evaluation of various management
strategies for alcaline solvent wash waste (ASWW)

A 5:.Cy on the impact of three principe! management strategies
for Aczline Soivent Wash Waste on the total management cost
¢! the wcie Low and Medium Leve! Liouic Wastes (LAMLLW)
ans.ng frem reorocessing operations was carried out. This study.
‘pe-fcrmes with the assistance of severa! consultants, was bas-

€z on experience gaineg in France, Belgium, Germany and the -

UK. Typica! waste compositions and radionuclide inventories
were defined. supposing a 20 GWe reactor pe

The study assessed the total management cost for L&MLLW lrom ’

its ornigin to the final disposal. i.e. including treatment. condition-
ing. peckaging and transport steps. Depending on the specific
activities of tne resulting waste products. different disposal modes
were conscered (deep geologica! formations. sea<dumping,
snaliow lanc burial). Since discharge limits associated with a site
may afiect ihe treatment flow-sheet, two different sites (coastal
&-d -~ en0) were considered for the location of the reprocess-
ng oE

I~ a &r3% steo of the study. 2 reference managcement strategy
for tre wnc.e LAMLLW generated in the plant was drawn up.
Tris nvowved treatment by chemical precipitation possibly com-
bired with ionexchange and evaporation. conditioning into
bitumen. packaging into type A or B centainers and transporta-
ticn oy rail ¢r road of the packaged waste 1o the tnree disposa!
§'1es ccnsigerea.

Wenin trus reéference manacgement sirategy, three tasic ootions
were consicered for the ASWW managament.

Common treatment of the ASWW along with
MLWW.

Foute No. 1

L&MLLW. Advantages ana cisacvaniag

Route No. 2: Spiitting at scurce of the ASWW 1nto 2 hicr ieve!
fraction adced ‘o the Hign Levet Liguic Wasie
(HLLW) stream for witrificat:en and ireaiment of
the lcw-levei fraction as LLLW.

Actinice recovery from ASWW possibly combin-
ed with interim stcrage for cecay before treatment
as L or MLLW

On the basis of present day tezhnology. treatment and condi-
tioning flow-sheets and-engineered flow-disgrams were drawn
up. This led to the guantification of volumes of waste products
as weil as discharges of figuid elfluents for each principa! route
considered. Typica! figures for waste ansings and racioactivity
discharges are quoted in Tables 1 and 2 respectively.

Route No 3:

Table 1:

Amounts of bituminised v.asie Procucts procuced in the three
ASWW management rcures for 30 years operaticn.
i . B8 1u=.nised waste 223 horum
Lenn 1C3: CiSeCSa Sha-ox 'anq buna.
ASVAN route Georogica: ciszcsa or ses cumeing
- ¢oasAY . ¢ ARV
Tetal | cemprpaton ¢ TOE 1 egambution
i i
1 (coastal site 42950 AT - -
. ' '
; . i
1 (inland site) 43950 - 6510 , 189483 . 7cCE2
H .
2 (coastal sitey 25170 1216 - -
1 :
2 tiniand site) 28170 1316, 1828&C 6978
i
3 (coastal site) 25607 i £°0 - -
t i
3 tinland site) ; 25807 - E20 i oegtzes 6433

Table 2:  Annuaf ciscriarges of hicurs effiven:s o envircrment for the
three ASWW managemen: routes

-Z.C 438 281730358
AS Y route
E o . S : J &
. 1 (scastal siter TE ! il 3o
0 ; -
1 engne siter hiva i 2ol
2 ccastal sitel ’ TE | -
H
;
2 siniano ster tond | 2epe
3 rccastal site) a8 i 1820
. : -
3 icgastal siter hon b 20t -

Econemic assessment took into accecunt the caoitai ang the
operaling costs itemised accorc ¢ 10 each intermegiate menage-
ment siep. Actualisation of the cost components was mace ac-
cording to the net present vaiue methed. This assessment
resulted in the drawing up of Giagrams as the one regorted in
Fig. 1
In the second step ¢! the study, sensitivity analysis was carried
out for the main parameters: g:scnarge mits. actinice losses
in the ASWW. disoosai conceots and ¢ritena. ceccnlamination
performance and size of the nucear park. Trus engbled the igen-
tificaticn and costing of nearly 100 mzanagemen: varanis for
as ¢f eacn man manage-
ment ootion in relalicn o a given sat of basic carameters could
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Joint Research Centre
The role of colloids in radionuclide migration

~¢ crescus v recorted isee EC FOCUS 4). the geocremistry of
"g2cnucicss in g1 gguatic environmen! may invoive changes
‘¢ tre o€ 1 e coilcice: state. This process can occur by
“.C €370N 27C &3gregation treal colicicsi or by inieraction of the
on.ciices wiin coloidai penicles eitrer cenerated by the con-

Wm¢ wEsle matrix or exising in the environment
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~~g of ecuiibrium congitions. the reaction pathway cf ra-

crucices :n groundwater may be significantly altered by the

2ne-gnon of coiloids which can migrate in conditions in which

soiLzie soeces are retainec. - : .

A stucy nas teeninitiated at JRC Isora to get a better understan-

aing of these ohenomena: it comprises: '

- creractensation of natura! colioids and laboratory migration

- expenments of radionuciiges in colloigal form;

- icgeniification of the physico-chemical parameters influenc-
irg he formation of pseucocoiloids of actinide elements (study
contracie with the Miien Universitys,

- &Clazeraren witn Evrooean faboraicries invoives in the CEC

N« ()

ccreginegias proect MISAGE (Mig-ztion of Radicnuclides in

e 3ztiTnerar and witn AECLCanace.
The =2 S ¢ ‘crmauon has teen founc 10 decenc on tne actinide
veience glzte. ang on the oH and ionic strengtn of the medium.
In sat crines. the colloidal fraction of americium is negligible
when compared with fresh ¢roundwater, where more than 80%
of amenicium ;s retained by a 30 nm pore size filtering membrane.
Accerc neiy. tne migration of Am (1) in safine aguifers can be
. CEsCn el by & scule transcen mode!. wnereas & mocde! inciuding
favvet on Of covosoRrsed ceilcias is resLes ‘or Am (1IN tenaviour

N

n frest water. Because of tne ionic sirengin effect. & smaller
cence~iaton of Am (Il cdloicai partic.es was measured in sea
wWEler UEed witr Am-241. The percenieze of scitble AT (768%.
fier ooresty 30 nmy was found 10 gecrease with ageng of the
so-at.en, attening £€3% after 35 days

For No-237. no cciicids were dentifiea in ox-gdising conditions.
Siuc'es of the leacnates of glasses with Am-241. Np-237 and
Pu-238 as tracers. performed uncer anoxic condiions. SNOWed
however & colloida: cenaviour of the radionuctices different from
that ooserved when leaching occurs 1N oxidising environment.
A special effort has therefore been made to set up anaerobic
chambers with a controlled CO, partial pressure simulating
reducing conditions found in ceep aauifers. (n the following
photograph, a view is given of the fiow-througn columns insiak-
ed in the anoxic beres.

A

Bl
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Figure 1. View of the flow-through coiumns for colioid stugies.

Leaching of cement-conditioned waste: its modelling

- Leach tes:s are being performed at JRC lscra. on cement-
- conditioned waste samples. under static and gynamic water con-

ditions.

Concrete degradation involves the hycrolysis of tricalcium silicate.
which is accompanied by Ca(OH)2 reiease. ang the esiablish-
ment of a very higt cH (about 12.5). at vmicn mes: of the eiements
are highly insoluble. For this reason. the iifetime of the concrete
matrix is the critica: parameter in the system. The reaction pro-
ceeds at a constant cH up 1o the tota!l degradation of tricalcium
silicate. Afterwards. the hydrateq caicium silicate also begins to
degrade, loosing CaiOH), and stabilising pH at the lower value
of about 10.5. Finaily. when only sifica ge! is present. the pH
decreases to its initial value. ‘

Tne ouration of the various phases czn be caiculated. so that
the soiubilities ana re:ennon factors of offerent regionucides can
be evalualed as & function of tme. -

On these tases. the ragionuclice release rate from the matrix
can be quantified.

On the basis of a few preiiminary results. a mainematical moage,
describing the cement degradation ang radionuciide reiease has
been deveioged. wheh will be used for the periormance assess-
ment of the dispose! of albha-bearing wastes

Concrete 's treateg as a pCrous mecium. whose characteristics
deteniorate progress vely. while mainizining 2 porous sxelelon.

Assembling PETRA

Instarlation of the fac:ity PETRA. intenzez for siuaying treztment
and soiidification precesses of wast2s from FUREX recrocess-
ing. began in Noverncer 1855 lts ma:n comeenents has already

3
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Deen consiritied ang ate gt oresent beng assemoled in tnree
rot zels v 1~ = the ESSOR reactor comaex. Tne vincle facitty
i eszecies 12 enter the celd commussicring phase i 1867 and
10 teccme Ly operaenel by the enc ¢f the year.

In trus contert. a “Users’ Grouo™ has been created. with per-
ncecenon of exoerts from g numoer of Memper Countries. Their
aim :$ 16 ce'ine 2 detasieq working pregremme for PETRA. Tre
creut hes eready hedd two meehngs. at which a set of
presminary preposals were examined. o

Meetings, Seminars,
Conferences

¢ ‘Worksrco on “Melting and recycling of radioactive metals
from decommissioning of nuclear installations™.
Karisrure (Germany). 27-28 May 19€86.

Tre Works~co was organisec by the Coemmission in collabora-
e witn re Lernforscnungszentrum Karisruhe, in the frame of
re Communty cost-shareg research programme o the Decomr
Tisz:chung of Nuciear Instailanens. Invited carticicanis from five
Mercer Siztes iFrance. Germany. italy, the Netherlands. United
K.':gcc ™. Svetzerianc 270 Sweden ailenoed the workshop wnich -
W2S @'mMec 2: dresenting the resulis acme ved by centractors of
«re CEC crogramme.

Tac 2¥eem methees of treamen: of redicactive screp mesal

S22THESIONING 8T currently teng assessed.

e el 2 smat guanity cf recioactive scrad metaiin

¢S Suenlity of ~erma; scrag metal in order 10 reacn the

LTESINCIED reiease (researcn by British Stee'):

. reme:rg of sérec in a soecai meing facility to reduce
me vCLTE 2Ng IC Cotein Cast ingcts easy to handle and siore, .
ANN IMe rEcionucioss homogeneoulsy distributed anc im-
~CCuisac: ‘his treziment is aopied mainiy in Germany
€ emcexzmp Giesserel. GNS. Noe:i) ana France (Ecf. STMI),
cut &€ n Switzeniana. Sweden and the US A,

Ge-manircusiry impiements recycling of contaminated stee! by

azr.canng ‘1ems used in nuclear industry. such as radioactive
wasie comieners and shielding elements. Scrap with activities
Uz i¢ 7¢ Bz g can be recycled Future pians for large-scale opera-
nens of meting of contaminated stea! exist for components aris-
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ing frcm Uil or partiai dismantling of the KKN-Niederaichbach

rescicr (F.R. Germany). the KRB-A reactor at Gundremmingen
(F.R. Germany) and the Gangliano BWR (lialy).

e CEC Wcrssnop on “Natural Analogues”. Interlaken (CH)..

c7-rC une 1986

A Netural Analogue Werking Grouo was set uo in 1988 Dy the
Cemmssic~ of the Eurorean Communities. This groug &ms at
br~z rg sccsirer experimentatisis and modellers so that max-
im.m cene‘s can be ootained from stuaies of natural geoiogicai
macralon sysiems. the so-cailed natural analogues. with a view
1c s2'e Jsocsal of ragioactive waste, The Group is felt to be piay-
ing & ugety roe of forum for exchange of information, ana for
ice~: *.ing e most aoorocriate ways of using natural anaiogues
lolfhar-Sal i gl o 2t} sdety assessment stuc es of geological giscosai

Tre seco-c meelng cf this grouc was organiseg in cciiabora-
tio~ wih e Swiss NAGRA as pa*t of 1ne co-crerative acree-
me~it ~ EURATCM anc NAGRA ‘- the fielg of radozciive

enesn
veste Regresentatives from the Memoer States of ihe Eurcoean
v &G from Austraiia. Canaca. S~eaen. Seatzenianc and

the USA reviewec the recent TICCress mace in the Vanous na-
tiona' and internzionzi researcn Lrogrammies.

Evicence that some natural vranium ceocs:is have remeained in
place for huncrecs of millions of years (e g. Cicar Lake body in
Canaca) must be considerec as &n encouraging step towargs
the viadility anc putlic accestance of uncerground disposal of
radicactive waste. Tne proceesngs of the meeting will be publish-
ed in the EUR series as EUR 10€71.

» CEC/BNL Internationat Workshos on “Leaching of Low and
Medium Level Waste Packages under Disposal Condi-
tions”, Upton, N.Y. (U.S.A). 13-16 October 1858.

The workshoo. deciced by the co-crdinaters of the CEC/US DoE
information exchange agreement. co-soonsored by the
Brockhaven National Laboratory and the CEC, aimed at review-
ing the state of advancement and at identifying the neegs regar-
ding future research in the field of the assessment of radioac-
tive release from low and medium leve! waste packages under
dispesa! conditions. The workshoo overe!l chjectives were focus-
€0 on two major questions:

- “How to cbiain rezlistic source-term mode!s for the post-
cicsure performance assessment of waste packages in
acueous regository environment?”
and

- “How to ensure that! the wasie cackages ena engineered bar-
riers will. in reaiity. perform &s moce!'s orecici?”

In accition some consideration was civen o the cre-closure ac-

cidenta! scenarics (release oue to mechanica: impact. fire. exc.).

The sessions covered:

- Regulatory reguiremenis ang guigeines

- Revew of reiezse meoe's ores‘":.v ECTHed o Jncer geveion
ment for pericrmance analys: ’

- Research 10 orovige ga: "".c igentfy mecranisms

-* Vatidation of release modeis enc simuigtion expenments

- Quality assurance.
The overall conclusions are that:

- sensitivity analysis is not sysiematicelly oerfcrmed to deter-
mine range and priority of migretion nezarfie:d parameters.

- {uriher effori in waste characiensaticn shoud concentrate
on heterogeneous waste,

- near-field mcdels musx accomocaie more
features.

site-specific

Coming Events

» CEC-Symposium on “Natural Analogues in Radioactive
Waste Disposal”, Brussels (B). 28-30 Aoril 1887.

The Commission of the European Ccmmunities has teen invoived
in soecific work on natural 2nalogues in the framework of 1ts ac-
tivities on radioactive weaste manacement. prin¢ cefly within the
MIRAGE project which concerns mugration of racionuciices in
the ceosphere. A group. the’ Natura! Ana:ogue VWerxng Grevs
{(NAWG) has been set up. where modeiier’s recuiremenis gnc
the results of fieic research are exchanges at reguiar in:e'va:s.
A number of wige-ranging investication programmes. both on Ae-
tiona! and internationai scales. are currently Uncer way of ceng
initiated. and several of these have been ciscussed recently at
the NAWG. Owing to the considerabie unsurge in interest of the
top:ic. not least from the regulaiory bocies who seek 1o use
anazlogues 1o vaidate assessment coges and their results.
seems anpropriate to present the resuns ¢f tnese meany researcn
procrammes o & wicer audience

The SymposiuT vall mginiy comcnise ore, sreseniations abow!
research pProgremmes. comolementes by some coster presen-
tations. In agc:icn. visua! dispiays wait be e)"’mre_ &zout the me-
jor nawural anaiccue sites throucn \.t ine v.cric The crogramme
and registration form are availac



o irmterrziong! Conlerence on “Chemistry and Migration
Behaviour of Acunides and Fission Products in the
Geosphere”. Mincren (F.R. Gsrmany). 14-18 Seotemboer

18ET.

Tne ccnizrence. organised by the Institut fir Radiochemie,
Tecnnisc~e UniversitZt Minchen. and sponsored by the CEC.
will focus £ recent ceve.coments in three key areas. namely.
e orimes, onencmena in nuclear geochemisiry, the migratien
c2rgvicy’ n geoiogic mea:2 and the modelling process. They
&€ cvicss nto the foilowing topics

C-emusty ¢! actinides and fission products in natura! aqurier
-emg «~ezr and far fielgn

Wiy gnd cissclution processes

- n/CroVe § ceactions

- ccmpevzion with natural inorganic and organic ligands
- regox rezclions

cciloic ¢eneration ‘

-.ec.a' S~ end detection methods

ne~ ¢z intereciions and mugration (near 5’\d far fieic)
17S 2amoe handing and experimenta’ technicues
€ oF ~gividug! ceccrhemical peramelers
R-CC~conent concurrent reaclions

ve~ce o natural ana'cgcous elements

- soronee c2soroiion prenomena and eoumor.a

'§ 101 ang mogeting

10N and ine-cresaticn

£ £21.0N 81C Moceling

a1 g~ 27 resuils.

-czoers”inciucing g regis:ra:icn form is avalebe. The
omiz gn atsirati's 81 Mearen 1987 for parucipants
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Pubﬁcaﬁons

Ar uogatec st of scientitic reoorts published in the Euroffice
se- 2s "Nuc:gar Science anc Technology™ is now available (Com-
.ty R&D Frogramme on Racioactive Waste Matagement and
S :'a"e Sc enific Reports - 2n¢ Edition. EUR 10745). Reporis
‘crire ume ¢ December 1965 are greuoed by research activity.
Trecosi-smening research proegramme on Decommissioning of
\.zear Insiziztons” procuces a regulatly ucoated *List of
F.zcaiers (DEC-8412€ revised). Further information may be
‘c.m¢ n rezugny publisned gnnuai progress repens (“The Com-
~.niy's Research anc Develooment Programme on Decommus-
scoirg of Nuciear Instatiztions - First Annual Progress Report
WYegzr 16827, EUR 10740, (1686) Euroffice).
re foiloveng st includes reports published since December
1825: the list is limited to primary research reports; contributions
of contracic s are mentioned only, when origina! research not
-econea 'n ¢ EUR-series is communicated. .

B. COME .
"E-gneernng ¢ asoects of bazkiilling and sealing of radioactive
s23ie re0os cries” - EUR 0283 - (198¢4) Eurofice

A FONTAINE. R. GRAGNAN! C. MIGNUZZI. G. SPAT

De erminaz-one delle caratleristiche ceochemiche delle acaue
in e izai ¢ argille plio-piestoceniche italiane™ - EUR 10008
S8) Eurc*ce '
3 S<YTTE-.ENSEN. H O JENSEN. CJ NIELSEN

Giocnemice mogeling WHATIF-AQ. a computer programme

- BUR 10113 (1985 EJro‘hce

st

a1cn caicuations
. “. L CARLSEN. P. BO

< a moceiling CCLUMN 2. a comeuter oregram for
~_&.cr ¢ migraticn” - EUR 10120 (7986) Euroffice
PARTNERS
2i of racioactive waste by pene:raior empiace-
0176 (18£8 Graham & Trotman Ltd

hEH”'\.‘!ANS P. MANFROY. R. VAN HALEWIIN

by} 8 [’
s N

< "':"uC.C" ©f an ungerground facility for “in-gitu™ experimen-

‘212~ n e Soom clay” - EUR 10177 (1986) Euroffice

D = MASNE

F:J:.u e c. déveloooment d'une méthodologie géoonysi cue
& ce-ur ces ‘crages pour I'étuce des sites de stockage en for-
meai1cn granaue” - EUR 10198 (1986) Eurofiice

C =0L1ZZ=N0. L. SENSL. L. LEONI, F. SARTOR!
“E“few ogl ~:scaldamente naturale neile formazioni argillose™ -
£ELR 10220 "386) Eurcfiice

“Le
- :Sn E |-\,OUDRA]N
"E'...:e 2. coJplage ces mogéles géochimiques basés sur les

22, c-es t2rmocynamicues avec les mocéies de zra'\spor!

~ solution ¢ans les milieux poreux ou fissurés”
'586) Euroffice

T ee

3‘:’3 M. MCD. CRANT. JE. CROSS

nlercemoarscn siuc es of computer grogrammes
[ettern E ceclively moge.

- 'a:" UCHCe mucralion

1
O
K
u

- 2. o™ chemistry of c'o,'-.c\.vare" EUR 10237 (1288)

-

E.cce

6

. medeiling of fracture hyarology™ - EUR 10215 -

¢ 1ransport anc cecchemicai mode!s™ - EUR 10227

G. ALEERS. E. BIURRAN. C. EHLERT. K. SCHIPPERS.
M. SCHLICH
“Thermomecnaniscne Belasiungen eines Saizsiocks im Umifelc

* von Eiagerungszonen czw Versuensznorcaungen” - EUR 10314

(1988 Eurofiice

A. PUDEWILLS. E. KORTHAUS. G. ALBERS. E. BIURRAN,
K. SCHIPPERS :

“Entwicklung ven Rechenverfznren und DurchiGhrung von
Moaeilrechnungen zur thermcmechanischen Wecnselwirkung
des Steinsalzes mit der EBonriochauskleidung bzw. mit
eingelagerten HAW-Ablallceninden™ - EUR 10342 (1986) Eurotfice

J.L. BLES. R. BLANCHIN
“*Fracturation profonce des mass:fs rccneux granitiques™ - EUR
10378 (1986) Euroffice

B. HAIJTINK (ED.)

“Corrosion behaviour of contziner materials for geological
disposa! of high level waste - Annual progress report 1984 - EUR
10398 (1986) Euroffice

C.J. SFIERS. J.L. URAL G.S. LISTER. H.J. ZWART.

J.N. BOLAND

“The infiuence of fiuid-rock interzction on the rheoiogy of salt-
rock™ - EUR 10322 (1¢66) Eurofiice

E. SMAILOS. W. SCHWARZKOPF. R. KOSTER

“Corros:on benhaviour of container materiais for the disposai of
high leve! wastes in rock salt formations™ - EUR 10400 (1988).
Eurotfice

JM. WEST. N CHRISTOFI, J.C. PHILIFS. SC. ARME
“Invesications on the pooulaticns of inirccuces &nc resicent
MICro-0rganisms in geeD reoositoties ana thetr €lfects o1 con-
tainment of rac:'oa::iw= wastes ' - EUR 10405 (12291 Euvrotiice
G.P. MARSH, 1.D. BLAND. K . TAYLCR. S SHARLAND.

P. TASCHER B

“An a2ssessment of carcon stes: overnacks for rec.oactive waste
dispcsai” - EUR 10437 (1986) Euroflice

A. BILLON. M.-TH. GANDEZ

*Mesures des traces d'éiéments transuraniens en soiution. étuce
biblicgrapniqgue™ - EUR 10441 (18881 Euroffice

J.LL KIM et-al.

“'Chemisches Verhalten von No. Pa und Am in vn'schxecenen
Salzitsungen™ - EUR 10444 (19381 Euroffice

R. STUMPE. J.I. KIM

“'Laser-induzierte photoakustische Spexiroskopie zum oxida-
tionsstufenspezifischen Nachweis von Aktiniden in Lésungen™
- EUR 10445 (1986) Euroffice

TAYLOR WOODROW

“Performance of concrete backfiling materials for sha'ts and
tunneis in rock formations - Volume 1. Concrete selection and
properties: Volume ll: Mathemauca: modeling”™ - EUR 10383
(1986 Euroffice

T. ROTHFUCHS o
*Untersuchung der thermisch induz:erten Wasserireisetzung aus
polyhaiitischem Steinsalz unier in-situ Bedincungen,
Temperaturversuch 5 im Salzbergwerk Asse” - EUR 10392 (1858)
Eurcifice
B. SKYTTE-JENSEN, H. JENSEN
“Basic retention mechanisms Multieiement ionexcnange” - EUR
10423 (1986) Eur. Applied Res. Reo. 7(4) 481-538
L. CARLSEN. D PLATZ

*“Reiention of radionuclides in ha:te enc anhydrite” - EUR 10442
(1966) Eur. Aooliea Res. Rep. 7ié) 538-375
P. VITORGE. A. BILLON et 2l
“Etuce du comportement physico<himicue ges é'éments trans-
uraniens 0ans les stockages de cécrets ragioactis” - EUR 10425
(198€) Eurofiice



"'J.'svc‘ gg ~.azeryng nochred. oa«.n er Ahlgile im Saizzergwerk

27 - BECR 10489 (1986) Euroflice
ANCCN. P. MIARA. JM. VINS\,\J JC. PETRONIN.
F DOZ
“Meécen ="es de rétention et de micration des radioéiéments
cens l'environnement géologigue d'un Stockage de déchets en
‘cemraton custelline” - EUR 10480 {1S86) Euroffice

TJ FREEVAN, JRF. BURDETT

~Des0 ocezn mocde! penetrator experiments” - EUR 10502 {1 986)_

Ercitice

P GOBLET
€. aker o2 la vie d'un site d'évacuziion de déchets radioactifs
a ctlerenis sigdes de son évolution. Voi. I: Hydraulique avant.
pencant £l.gores creusement” - EUR 10502 (1986) Euroflice
MM SARSHAR
“Re- 'ao-i'.y of sub-seabed disposa’ coerations for high level
wesie” - EUR 10542 (1986) Graham & Trotmsn Ltd. (Loncon)
C. =OL'ZZ=NO. F. BENNEGNU. G. GIANNOTT
C U ZSANDMARTI :
"E':exn ce: nscaldamento naturale suile lormazioni argillose ed
c v Quzz'cne dei passaacio e degii effetti de- fluio geoterm ci'”
UR 10222 11686 Euroflice
F.'.’. EWAERT, R M. HOWSE. B M. SHARPE et al.
“Integrai m-cration and source-term experiments on cement and
cadmen wesie forms™ - EUR 10587 (1886) Eurofiice
NMCTL HeY & ANDERSCN
“Cesgnseziions e interface fiow preziems - 2 voiumes™ - EUR
(1221 Eurcttice
T=Z DCRA "ARI NERS

ERA:‘:JRY A. GREEN
for-}

Rgz-gercncfrac onuc"ce transocn by fracture fiow in granite
ang z-¢rilzzenus recks” - EUR 10612 (1886) Eurotfice
ENESISMES
“S:.2i Su'e oropegazione deile disiocazion; teitoniche nelle
e'c 2" - EUR 10620 (1288 Euroflice
AL SCHLICH

~€ wulanen cer Bewegung von im natdrlichen Steinsalz ent-
neiener Feucnte im Temperaturfeic” - EUR 10672 (1286)
Earcitice
F= MESSAH. R CAYE, M. RECAM
“Déveiccrement d'une sonde de mesure des contraintes en
ferece utiisant le principe de la photoélectricité™ - EUR 10625
(16£5) Eurctiice :
J.PFEl et s
“"Mezsurements in the 300 metre dry-drilled borehole and
feas ity g1u0v on the dry-driliing of 2 €30 metre deep borehole
in 1me Asce || salt mine™ - EUR 10737 (1986 Euroffice
J NMERIVCIT A SALTELLL N. CADE'_LI

“Unceneniv analysis technigues’ - EUR 10%41 (1987) Eurotlice
A S3.TELLI J. MARIVOET
“Feermancesoin orrpara'ne'r.c stalstics in sensititivity analysis
anc oareeer ranking” - EUR 10651 (1987) Euroffice

DQGLIO. A, DE PLANO ’

"Ne:'.":;—n Mic_:ra:ion in Salt Brine Aquifers” - Nuclear
G ECZCGL |O A AVOGADPO A. DE FLANO

! ¢z c recox environments on the ceacremicai tehaviour
esomozices” - Matenal Res. Scc. Svmp. Preceecings. Vol
Lo To2-716 (1885)

eratus (DORAY - EUR

H. DWORSCHAK. BA. HUNT
“Alcne-naste m, rmigation by senaration processes: imitet:ons
~C scivtiens” - EUR 9728 11€35) Euroffice

W. HAGE. K. CARUSO
“An znalysis metnoa for the riestron autocerreiation with multipiy-
ing semples”™ - EUR 9792 (1985) Eurotfice

F. LANZA. C. RONSECCO
“Corrosion of low<cz-0on stee in clay 51d sea sediments™ - EUR
10522 (198€) Eurolice

B.A. HUNT. H. DWORSCHAK. F. MOUSTY

“Siudy of waste management strategies which minimise the long-
term risk: waste streams merging”™ - Proceedings of the int.
Tocica' Meeting on Fuel Reprocessing and Waste Management,
ANS. Jackson Hoie (USA), August 1986 - Vol. 2, pp. 152 (1986)

A. MANARA, F. LANZA, B. CECCONE, G DELLA MEA,

G. SALVAGNO

“*Application of XPS and nuclear technique at the study of the
ge! leyers formed under different redox conditions on leached
glasses” - in Scientific Basis for Nuclear Waste Management
VIl Voi. 44, p. 63 (1985)

C.N. MURRAY, R. DUJARDIN. T. FREEMAN

“'Data transmission from instrumentziion emplaced in deep
ocezn sedimentzry formatiors: an assessment of preliminary
tes:s in the North Atlantic™ - First Meteosat Data Collection
System Users® conference. Lisoon (Portugal). 8-9 January 1886

D.A. STANNERS. A. DE PLANOC
“Uopizke Kd stucies of Np ana /:”1 by seabed segiments under
norme! ang anoxic 21mosonetes’” - Raowaste Management and
the Nuclear Fue! Cycie. Voi. 7. (1). po. 1-11. March 1985
M. SACCH!. M. ANTONINI, &.N. BUCKLEY. A. MANARA
"Akzi effects on bubbie formzuon i irradiaied borcsilicate
glesses” - Mat. Res. Letiers (1£86)
E. ZAMORANI. G. SERRINI. H. BLANCHARD
“Caicium Release from cement sampres of different size™ - Ce-
meni and Concreie Research Journal, Voi. 16, pp. 394-328 (1986)
E. ZAMORANI. G. SERRINI. H. BLANCHARD
“S:atic leach tes:s of simulated MLW conditioned in cement™
- Recwaste Manacement anc the Nuclear Fue! Cycle. Vol. 7 (1),
p. 35-52 (1985)
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Agenda for the Joint U.S. DOE and FRG
Workshop on Geotechnical Instrumentation
May 4-8, 1987
Asse Mine, Near Braunschweig, FRG

Monday, May 4, 1987

7.30 Pick up at Friihlingshotel

8.30 General Protocol and Introductions {Purpose and
, Objectives, etc.) o
9.00 Current Status of Salt Repository Testing Program for
~ Characterization of the ESF (Kalia)
9.45 Instrumentation and Testing at WIPP (Munson)
10.45 Break
11.00 Instrumentation for the Measurement of Deformations and °
perceived Difficulties (Green)
11.45 Instrumentation for - absolute Stress Measurements and
Temperatures and perceived Difficulties (Shuri)
12.30 Lunch )
1.15 The Operation of the Tiltmeter Array in an lIron Ore Mine
in Order to Detect aperiodic énd episodic Rock Movements
(Flach) '
2.00 . A Microseismic Monitoring. Array in Combination with
Flooding a Salt Mine (Heick)
2.15 Short Coffee Break
2.25 In situ low Pressure Permeability Measurement Techniques
| (Wieczorek) - _
3.10 Technical Instrumentation for the in situ Measurement on

Gas Liberation and Generation in the HAW-Test Field at
Asse (Jockwer) '

3.50 General Discussion

4,30 Depart for Gorleben

7.00 Arrival at Hotel Wendland - Gartow



Tuesday, May 5, 1987

8.30
8.45

10.15
10.30
11.30
12.00

Wednesday, May

7.45
8.30
9.15

9.45

10.39
10.45

11.30

12.15
1.00

1.45
2,30
2.45
3.45

5.00

M Rt ]

by

Welcome address (Griibler)

Disposal of Radioactive Waste in the Federal Republic of
Germany (Schneider)

Current Status of Shaft Sinking (Griibler)

Coffee Break '

SRP Plans to monitor and test ESF Shafts

General Discussion |

Lunch

Visit the Gorleben Site

Depart for Braunschweig

6, 1987

Pick up at Friihlingshotel Lo
Stress measuring instrumentation at Asse (Feddersen)
Evaluation of Stress Measurements in the Asse Salt Mine
(Heusermann) B & |

Obsérvation of the Spreading of a Fracture during and
after Hydraulic Fracturing Tests (Fischle)<sF

Coffee Break -

In Situ Deformation Experiments on a Rock Salt Pillar in
the Asse Mine (Hunsche)§ér

Instrumentation and Results of Deformation Measurements in
the HAW-Field at the Asse Mine (Staupendahl)

Lunch - _ |

Geotechnical Monitoring in the MAW-field at Asse

(Wieczorek)

Multi Heater Experiment in the Asse Mine (Jakob)

Coffee Break

General Discussion

Concluding Discussion and Remarks including Release of the
HWorkshop . Report 'and Future Thoughts and Plans for a

Follow-up Workshop _
Depart for Wolfenbiittel - Sightseeing 01d Wolfenbiittel

.S*LL;(I LC:L»'.Y.‘. [/m_:
’ Sclsepes, /¢



P

Thursday, May 7, 1987

7.00

449 B<00 = 11,00

11.00
12,00
1.30 -
3.30
4.20
8.59
9.00

3.30

Pick up at Friihlingshotel

Asse Mine Tour

Lunch

Depart for Hannover

Meet at BGR and visit BGR-Labs
Transfer to Main Train Station
Depart for Karlsruhe by Train
Arrival in Karlsruhe

Pick up by Mr. F. G18tz1 and Transfer to Hotel Erbprinz in

Ettlingen

Friday, 8, 1987

8.30

Visit the facilities of "Glgtzl-BaumeBtechnik", at

Rheinstetten

End of Visit in the early Afternoon and Return
individually planned {a.g., Frankfurt Airport)

as



List of Participants

Joint U.S. DOE/FRG Workshop on
Geotechnical Instrumentation
May 4-8, 1987

FRG

U.S. Participants:

FRG Participants:

Dr. Kalia
Dr. Clark
Dr. Munson
Dr. Green
Dr. Shuri

Prof. Dr. Schneider
Dr. Preuss
Griibler

Dr. Schrimpf
Dr; Heusermann
Dr. Hunsche
Jakob

Heick

Dr. Briickner
Feddersen
Fischle

Dr. Flach

Dr. Jockwer
Rothfuchs
Staupendah)
Wieczorek

(BMI-ONW1)

(BMI-ONAI)

(SNL) ‘
(Shannon Wilson/Golder)
(Shannon Wilson/Golder)

(PTB)
(PTB)
(DBE)
(DBE)
(BGR)

. (BGR)

(BGR)
{(KBB)
(KFK)
(IT)
(IfT)
(IfT)
(IfT)
(1fT)
(IT)
(I1€T)
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ATThcmENT T

JAEA-SM-294

INTERNATIONAL ATOMIC ENERGY AGENCY
OECD NUCLEAR ENERGY AGENCY

Internationsl Symposium on the Back-End of the Nucleer
Fuel Cycle - Stratepies and Options

11 - 15 May 1687
Vienns, Austrig

PROVISIONAL PROGRAMME

MONDAY, 11 Mev 1987

08.00-06.30 Registration
09.30-10.00 Opening of the Symposium
10.00-12.30 Session 1 ‘  National Approaches to the Back-End
of the Nuclear Fuel Cycle
14.00-17.00 Session II _ ~ National Approaches to the Back-End
of the Nuclear Fuel Cycle (cont.)
TUESDAY, 12, May 1987
09.00-12.00 Session II1I (s8) : ~ Options and Strategies'for the Back-End
) of the Nuclear Fuel Cycle
14.00-15.00 Session III (b) .~ oOptions and Strategies for the Back-End
of the Nuclear Fuel Cycle (cont.)
15.00-17.00 Session IV Treansportation of Spent Fuel and
’ ' Radiocactive Wastes
13.30-14.00 and 17.30 Poster Session I Transportation

WEDNESDAY, 13 Mav 1987

09.00-12.00 Session V , Handling, Conditioning and Storage
' ' of Spent Fuel end High-Level Wastes
(HLW)
Poster Session II . . Handling, Conditioning end Storage of

12.00

Spent Fuel and HLW



- 11 -

THURSDAY, 14 Mey 1987

09.00-11.30 Session VI Development Programmes for
' Reprocessing Facilities

11.30 Poster Session II1I Development Progremmes for
Reprocessing Facilities

14.00-17.00 Session VII | Utilizetion of Materials Recovered
by Reprocessing

17.00 Poster Session IV Utilization of Materials Recovered

by Reprocessing and Disposal of Spent
Fuel and HLW

FRIDAY, 15 May 1987

08.30-09.00 Poster Session IV Utilization of Meterials Recovered
by Reprocessing and Disposal of Spent
Fuel end HLW (cont.)

09.00-11.30 Session VIII -Disposal of Spent Fuel and HLW

11.30-12.00 " Closing of the Symposium



MONDAY, 11 Mavy 1987

. 09.00-09.30 Registration

09.30-10.00 Opening of the Symposium

10.00-12.30 Session I

— National Approaches to the Back-End
of the Nuclear Fuel Cycle

Designating Member Title of Paper

No. of paper Name(s)
State/Organization
" IAEA-SM-294/
28 B. Lensil Frence - Le programme frangeis
J.C. Gueis concernant le partie
G. Benistan ~ terminale du cycle du
I. Blanchon combustible nucléeire
81 W.T. Hancox -Canada Stetus of the Canadian
J. Howieson nuclear fuel waste
H.N. Issaac management program
69 W.L. Wilkinson United Kingdom Spent fuel management
P.¥. Billem strategy in the UK
48 J.D. Saltzman United States The national programme
of America of the United States
: releted to the back-end
of the nuc}ear fuel cycle
15 D.X. Wang Chine ’ " Some aspects of the back-

end of the nuclear fuel
cycle in China



MONDAY, 11 May 1987

14.00-17.00 Session II

Netional Approaches to the Back-End of the
Nuclear Fuel Cycle (cont.)

No. of peaper Name(s) Designating Member Title of Paper
State/Orgenizetion
TAEA-SM-294/
14 V.H. Ryhénen Finland Strategy for spent fuel
E.K. Peltonen management in a small
1.T.H. Mikkolea nuclear power programme
38 M.H. Blosser Germeny, Federsl Back-end of the nuclear
Republic of fuel cycle in the Federal
Republic of Germany -
strategy and current
status
4 P.-E. Ahlstrém Sweden Once-through fuel cycle
today and with a view of
future trends
(invited)
3 V.I. Vlasov Union of Soviet Redioesctive waste manage-
et al. Socialist Republics ment under closed fuel
cycle
(invited)
76 0. Lendvai Huhgary Long-term nuclear power
et al. development in Hungary
with regerd to nuclear
fuel cycle
43 G. Rolendi Italy The "back-end" of the

P. Venditti

nuclear cycle: Italian
policy and programs



TUESDAY, 12 Mav 1987

09.00-12.00 Session III (a) -~

Options and Strategies for the Back-End
of the Nuclear Fuel Cycle '

No. of paper Name(s) Designating Member Title of Paper
State/Organization
IAEA-SM-294/
11 P.L. Kunsch Belgium/CEC A multicriteria study
Th. van Steenberghe on LWR fuel management in
A. Decressin "the European Community
12 J. Niemi Finland Back-end options in the
P. Silvennoinen face of uncertainty
T. Vieno
59 K. P. Messer Germeny, Federsal The alternatives of the
K. Schmsle Republic of back-end of the nuclear
E. Merz ' fuel cycle - A compre-
hensive anslysis under the
long-term aspects of
economy, ecoiogy and risk
with the potential for
improvements by multi-
nationel solutions '
91 V.V. Shatalov Union of Soviet Development of safety
et al. Socislist Republics eassessment criteris for
the back-end of the
nuclear fuel cycle
46 R.P. Bush United Kingdom Selection of strategies

R.H. Flowers

R.C. Webster

16 P. Svec

T. Rajeci

J. Kubant

Z. Velvods
65 R.¥. Korthof

H.F.G. Geijzers

Czechoslovakia

Netherlands

for the back-end of the
nucleer fuel cycle in the
UK

Approach to the
Czechoslovak resesrch

to the specific fuel

management concept

The Netherlands approach
to radicsctive waste
policy



TUESDAY, 12 Mey 1987

14

.00-15.00 Session III (b)

-4 -

- Options and Strategies for the Back-End
of the Nuclear Fuel Cycle (cont.)

No.

of paper

Name(s)

Designaeting Member
State/Orgsnization

Title of Paper

IAEA-SM-294/

5

21

258

g9

35

50

62

68

P.M.S. Jones

B. Lenail

C. Bernard

B. Savorin
J.M. Courouble
L. Chaudon

United Kingdom

France

Economics of the Back-End
of the nuclear fuel cycle
(invited)

Back-end of the
nuclear fuel cycle

- various technigques
developed in France

.00 - 17.00 Session IV - Transportation of Spent Fuel and

G. Sert
B. Kirchner

N.S. Tichonov

et al.

R. Bach

L. Barrett
Y. Essshi

K. Kobayeshi
E. Yemskawa
T. 1to

H. Abe

R.D. Cheshire

R. Gowing
1.J. Hunter

¥. 01d

Radioactive Wastes

Frence

Union of Soviet
Sociaelist Republics

Germany, Federeal
Republic of

United States
of America

Jepan

United Kingdom

Design and operational
features of transport
peckeging for high
activity reprocessing
wastes

Organization of spent
fuel safe transportation
in the USSR

Road transport of spent
LWR fuel in Germany

U.S. high-level redio-
active waste transport-
gtion system development-
technical and :
institutionel aspects

Optimum design and sefety
evaluation of high level

- vitrified waste transport

cask

Develcpments in HLW
transportation technology



TUESDAY, 12 May 1987

-13.30-14.00 and. 17.30 -~ POSTER SESSION I

Transportation

Name(s)

No. of paper Designating Member Title of Paper
Stete/Organization
IAEA-SM-294/
31p R. Cagnon "France Active demonstration-of
.the TN 24 storage and
transport cask.
61pP N. Urabe Japan Can ductile cast iron be
T. Nishimursa suitable material for
shipping cask?
82p T.F. Kempe Cenada Radiological assessment of
~ R.M. Zimmermann transpertation for the
‘L. Grondin Canadien nuclear fuel
waste management program
g3p ¥..E. Nash - Canade ANDU irradisted fuel -
J.F. Tanska cask impact anslysis

and testing



WEDNESDAY, 13 Msy 1987

09.00-12.00 Session V - Handling, Conditioning and Storage of

" Spent Fuel and HLW

No. of paper Name(s) Designating Member
‘ State/Organization

Title of Paper

IAEA-SM-294/

1 D. McGoff " United States
of Americs

79 K. Einfeld Germeny, Federal
H. Lahr Reputlic of

19 L. Beillif France
C. Bonnet :

2 K. Einfeld = Germany, Federal
- ¥, Peehs Republic of

63 T. Saegussa Japan
Y. Nakamura

K. Nemoto

K. Ishide

¥. Hironega

H. Ohnuma

Y. Yamaji-

S. Fukude

85 P.K.M. Rao Canada
R.A. McEechrsan
P.J. Armstrong

49 : J.H. Carlson United States
. of America

Technical and sefety
aspects of handling,
conditioning and storage
of severely damaged
nuclear fuel - the TMI
experience

. (invited)

The DWK pilot conditioning
end encapsulation plant

Advanced concepts for
spent fuel interim storage

Comparative analysis of
dry and wet spent fuel
technologies for choosing
of an optimal spent fuel
management scheme
(invited)

Technical and economic
assessment of storage
systems of spent fuel
from commercial LWR

Management of irradiated
fuel at the Ontario Hydro
nuclear genersting
stations )

The role of monitored
retrievable storage

in the U.S. integrsated
waste mansgement system




WEDNESDAY, 13 May 1987

12.00

POSTER SESSION II
Hendling, Conditioning and Storage
of Spent Fuel and HLW

Title of Paper

No. of paper Name(s) Designeting Member
State/Orgenization
IAEA-SM-294/
30p P. Blum France A modular equipment for
H. Leers underwater fuel rod
V. Roland consolidation
51F R.E. Steing United States Development of proto-
T.L. Reasmussen of America typical dry rod consoli-
dation equipment for
United States waste
management
73P M.J. Lerkin United Kingdom Development at Sellafield
W. Smith - . in support of the
C.E. Megrabi Windscale Vitrificetion
R.G. Fitzsimons Plent for HL waste
S0P V.N. Romanovskii Union of Soviet Fixetion of radiosctive
et al. Socialist Republics waste in ceramic materisls
18P K. Scheffler Germany, Federsal Future lay-out of @
E. Tittmann Republic of ceramic melter for HLLW
vitrification
20P Y. Beroud France High sensitive snalysis
system of alpha emitters
in radioactive waste
58P L.P. Cecille CEC Economic evaluation of
R.A. Simon various maenagement
strategies for the
elkaline solvent wash .
waste (ASWW) ’
42p P. Gerontopoulos Italy The application of gel

V. Lupparelli
A. Nobili

supported precipitation
process (GSP) in the
nuclear field: conversion.
of U/Pu solutions for

(U, Pu)0, pellets fabri-
cation and irmmobilization
of high level wastes in
SYNROC ceramics



Designating Member

No. of paper Name(s) Title of Paper
State/Organization . '
IAEA-SM-264/
26P J. Teulon France Installetion de stockage
L. Chsudon 8 sec pour combustibles
J.C. Fsbre irradiés ou déchets de
- haute activité
43P G.H. Beeman United States Technical basis for
R.D. Tzett of America licensing the dry storage
of spent nuclear fuel in
the US
34P M. Peehs Germeny, Federsal Experimental investi-
H. Ruhmsann Republic of gation on spent fuel
G. Kaspar beheviour under strong
mechanical impact
13p V.J. Kangss Finland TVO-KPA-STORE. A
Finnish wet intermediate
storage for spent fuel
93p B.P. Shevelin Union of Soviet Design principles for the

et al.

Socialist Republics

the equipment in the
back-end of the nuclear

fuel cycle



THURSDLY, 14 May 1987

-9 -

06.00-11.30 Session VI .- Development Programmes for

Reprocessing Fecilities

No. of psper

Name(s)

Designating Member

Title of Paper
Stete/Orgenization :

IAEA-SM-294/

70

27

87

€0

74

R.J. Taylor
P.I. Hudson

C. Phillips

M. Bourgeois
J. Arod

G. Beaudin
H. Rouyer

¥X. Hartmann
J. Fleisch

N. Tsuji

T. Yamanouchi
K. Takahashi
H. Furukaws

J.C. Almagro
A. Menlich
G.A. Dupetit
D. Quilici

The development of oxide
fuel reprocecssing at
Sellafield

United Kingdom

Les recherches et
développement sur le re-
traitement et les déchets
au Commissariat &
1'Energie Atomique

France

Germany, Federal
Republic of

Influence of R and D
results on the engineer-
ing of Germany's
Wackersdorf reprocessing
plant. ’

Development and
improvement of reprocess-
ing technology at Tokei
reprocessing plant

Japan

Progrema de
reprocesamento Argentino

Argentine



- 10 -

THUESDLY, 14 May 1987

11.30-12.30 POSTER SESSION IIl
: Development Programmes for
Reprocessing Facilities

No. of paper Name(s) Designating Member Title of Psper
State/Organization

IAEA-S¥-294/

44p N.R. Geary United Kingdom Development of an environ-
: mentslly optimized repro-
cessing process

S7P Cy. Csom ~ Hungary Some aspects of fuel
S. Feher reprocessing development’

strategy for symbiotic
nuclesr energy systems

8EP Gasteiger ' Germeny, Federsal Safety of reprocessing
Schulze Republic of plant at Wackersdorf
Gross . (WaW)in the light of the
Hildenbrsand accident 8t Cherncbyl:

41P T. Candelieri Itely Italian experience on
G. Grossi , advanced sepsrstion pro-
F. Pozzi cesses for spent fuel
A. Moccia reprocessing

71p " R.D. Shaw United Kingdom Corrosion control

equipment at the
Sellefield Nuclear Fuel
Reprocessing Plant

17p M. Kvrs Co Czechoslovakia The review of research
" 2. Dlouhy end practice in Nuclear
J. Moltasova Research Institute in the

field of the back-end of
the nuclear fuel cycle

24P G. lamsarque ,4 France Mésures utilisées dens
G. Frejaville ' ) A une usine de retraite-
J.L. Bouteine ment pour la surveillence

du procédé et le controdle
des déchets

gp - R.O. Korob Argentins Using resins XAD-2 &nd
R.R. Cecrdero X1D-4 for TBP removal

L. Dell'Occhio ' from acqueous solutions
G. Del Cul ' ’



THURSCAY, 14 May 1986

14.00-17.00 Session VII

- 11 =

- Utilizetion of Materiasls Recovered
by Reprocessing

No. of paper Name(s) Designating Member Title of Paper
’ -State/Orpenization
IAEA-SM-294/

6 K. Uenmatsu Japan The incentives for
recycling of fissile
meterisls in thermal
resctors and fast
reactors in Japan
(invited)

10 H.F. Bairiot Belgium Colleboration between

G. Lebastard Frence end Belgium on Pu
recycle

45 J.2. Peleit United Kingdom Recycled uraniur - &

J.A.B. Gresley velusble commodity
75 Berthet France Actions et experiment-
¥. Darrouzet ations menées en France
M. Lebers pour 1l'introduction du
J. Vergnes plutonium .dans les
réacteurs & esu
pressurisées (REP)

33 G.J. Schlosser Germany, Federal Thermsl recycle of

S. Winnik Republic of - plutonium and uranium
in the Federsl Republic
of Germany: strategy
and present status

22 J. Baumier Ffahce ‘ Aspects econbmiques du

recyclage du plutonium
dans les réacteurs & eau
pressurisées (PWR)



THURSDLY, 14 Mev 1687
17.00-1€.00

FRIDAY, 15 Mev 1987
0£.30-09.00

- 12 -

POSTER SESSION IV

Utilizetion of Materials Recovered by
Reprocessing snd Disposeal of Spent Fuel and HLW

Ko. of paper Name(s) Designating Member Title of Pseper
State/Orgenization
IAEA-SM-294/
7P ~ L. Koch CEC Potentiesls of Np and Am
recycling
92F V.P. Popik Union of Soviet Study of extraction and
et sl. Socislist Republics separation of palladium,
rare earth end trans-
plutonium elements using
FOR-TVEX
9P E.M. Trsuwaert Belgium Recent progress in manu-~
, facturing of plutonium
fuel for recycling
in LWR
18P R. Cestelli France Le combustible au
A. Chotsard plutonium FRAGEMA dans
J.L. Mourlevat les réacteurs & eau
sous pression
80P D.D. Sood India Chemicel invéstigation
relevant to plutonium
recycle
23P J.P. Grouller " " France Recyclage des sctinides
G. Flemenbaum mineurs avec le plutonium
JY. Pipaud -dans un réacteur a
neutrons rapides.
Consequences sur le bilan
en reactivité et sur les
sctivités des
combustibles.
37p W. von Heesen Germany; Fed§r31 " Multi-purpose storage
Republic of plant for radioactive’

G. Weinhold

materigls



- 13 -

No. of paper Name(s) Designating Member Title of Paper
State/Organization
JAEA-SM-294/
36P H. Hahne Germany, Federal Advenced three dimensional
Republic ‘of numerical temperature
calculations exemplary for
for the Gorleben
repository - A
comparison with a
semi-analyticael cal-
culation
64P J.B.M. de Hass Netherlands Some safety sspects
R.B. Helmholdt of the disposal of high-
level radicactive waste
in selt formations
72P T.K. Bates United Kingdom Techniques for measure-

ment of low ectivity
levels of radionuclides



FRIDAY, 15 Mev 1987

09.00-11.30 Session VIII

- 14 -

- Disposal of Spent Fuel and HLW

No. of paper Name(s) Designeting Member Title of Paper
State/Organization
IAEA-S¥-294/
52 T. Issacs United States Overview of the U.S.
of America program to develop
geological repositories
for high-level radiocactive
waste disposel

32 R. Papp Germany, Federal Concepts for direct

W. Bechtold Republic of disposal of spent LWR'

R. R81lling end HIR fuel in the

H. Brunner Federal Republic of
Germany

6€ T.C. de Boer Netherlands Engineering safety

B. Vriesema aspects of the High Active
Weste (HAW) test dispossl
project in the Asse salt
mine (FRG)

84 K. Nuttell Canads The development of
engineered systems for
conditianing and disposel
of nuclear fuel wastes in
Csanada

86 D.J. Féhringer United States The US Nuclear Regulatory

D.A. Galson
J.J. Linehan

11.30-12.00

of Americe

Closing of the Symposium

Commission's proposed
definition of "high-level
radicactive waste”. A
risk-based criterion



Thursday, May 21, 1907:

© POLICY AND PRACTICE FOR THE MANAGEMENT OF SPENT FUEL AND
RADIOACTIVE WASTE

chairman: Mbgt Dr. Popp, BMFT/Bonn

8:30 - 9:00 a.m usa

fien C. Rusche, Director, Office of
- Civilian Radloactive Waste Management

DOE

9:00 - 9:30 a.m. France

: Jean Lefevre, Director,

Nuclear Waste Management, CEA

9:30 - 10:00 a.m. Switzerland

.Nagra
10:00 - 10:30 a.m. break

10:30 - 11:00 a.m, " Sweden .
B : Or. Olof Soederberg, Director,

Statens Kaernbraenslenaemnd

11:00 - 11:30 a.nm. Great Britain
br. Ron H, Flowers, Director,

- Fuel Processing, UKEA

11:30 - 12:00 a.m, Japan
Dr. Kunihiko Uematsu,
Executive Director, PNC

12:00 - 1:00 p.m. Panel Discussion with the foreign
speakers

0 1:00 - 2:00 p.m. lunch
o CONCLUSION:
chalrman: Minister of State A. Dick

2:00 - 2:45 p.m. Nuclear Waste Management and Peace-~
. . ful Use of Nuclear Power as the Ele-

ments of a Responsible Environmental
pPolicy
Federal Minister of Environment and
Nuclear Safety/Bonn

2:45 - 3:30 p.m, The Dack-end of the Fuel Cycle in an
Fthical-moral View
Father Basilius Strelthofen/nonn

3:30 - 4:00 p.m. Resume of the Meeting in the view
: of the State Minlstery and Closing
Remarks

Minister of State A, Dick

THE_DACK-END OF THNE FUFEL, CYCLE

Symposium from May 18, 1987 to May 21, 1987

Monday, May 18, 190807:

o WELCOME AND OPENING OF THE SYMPOSIUM

1:30 - 1:45 p.m,
1:45 - 2:15 p.m.
2:15 ~ 3:00 p.m.

o 3:00 -~ 4:00 p.m.
0 SOME STEPS OF THE
chalrman:

4:00 - 4:30 p-m.
4:30 - 5:00 p.m,
5:00 - 5:30 p.m.

5:30 -~ 6:00 p.m.
.6:00 - 6:30 p.m,

o IN THE EVENING:

from B8:00 p.m.

Welcome of the Participants

Minister of State A, Dick

opening Speech

Minister President Dr.h.c. F.J.Strauf}
Credibjlity of Science and Confidence
in_the Future

Prof.Dr.Dr. Maler-Lelbnitz, Miinchen

break
BACK-END OF THE FUEL CYCLE

Prof.Dr.Dr.Ing. E.h. Birkhofer,

TU Miinchen

Integrated Concept for and Situation of
the Back-end of the Fuel Cycle in
Germany

MDgt Dr. Hohlefelder, DMU/Bonn ,
Reprocessing of Spent LWR-Fuel Flements
Prof. Dr, Baumgdrtner, TU Miinchen
Treatment of Radioactive Wastes

Prof. Dr. Béhm / Dr. Krause,
KfK/Karlsruhe

Final Disposal of Radiocactive Wastes
Dr. Kiihn, GSF/Braunschweig

Biological Effects of Ionizing Radiation
Prof. Dr. Trott, Univ. of London

Reception of the Bavarian Government

8 103w RIVALY



Tucsday, May 19, 1987:

o STRATEGIES OF THE ENERGY SUPPLY AND THE FUEL CYCLE -
STATE OF ART AND IMPACTS.

chairman:

9:00

9:45

10:30
11:00

11:45

012:30

9:45 a.m,

10:30 a.m.

11:00 a.m.
11:45 a.m.

12.30 a.m.

2:30 p.m.

prof. Dr. Merz, KFA/Jillich

Long-range Aspects of Energy Supply
and the Fuel Cycle

State Secretary Dr. v. Waldenfels
safety Aspects of the Transport of
Radiocactive Material from and to the
Reprocessing Plant Wackersdorf

pr. Rimkus / Dipl.-Ing. Nerlich,
Tiiv/Minchen

break

A Safety Comparison of the Use of
Nuclear Power together with or with-
out Reprocessing; Status of the Acti-
vities for Direct Conditloning of
Fuel Elements’ .

pr. Closs, KfK/Karlsruhe;

pr. Einfeld, DWK/Hannover

Recycling of rissile Materlals,
Technology and Economy

prof. Dr. W. Stoll, Alkem/Hanau

lunch

o STRATEGIES OF THE ENERGY SUPPLY AND THE FUEL CYCLE -~
STATE OF ART AND IMPACTS {CONTINUATION)

chairman:

2:30
3:15

o 4:00
o 4:30
5:15

3:15 p.nm.
4:00 p.m.

4:30 p.m,
5:15 p.m,
6:00 p.m.

pr. Kroebel, KfK/Karlsruhe

Concepts of Tritlum Waste Randling
Prof. Dr, E. Merz, Kf{A/JUlich

Waste Dlspocal Projects with

Special Consideration of Reprosessing
Waste.

prof. Dr. Réthenmeyer,
pTB/Braunschwelg

break

Safequarding of Nuclear Fuel

pr. Randl, DHFT/Bonn

sense and Nonsense of the Collective
pose as Measure for the Assessment of
Radiologlcal Risks

Prof.Dc. Streffer,

University llospital/Essen

wWednesday, May 20, 1987:

o THE PROJECT OF THE REPROCESS*NG PLANT WACKERSDORF (WAW)

chairman:
9:00 ~ 9:45
9:45 - 10:30

10:30 - 11.00
11:00 - 11:45

11:45 - 12:30

012:30 '~ 2:30

a.m,

a.m,

a.m,

a.m,

p.m

Prof. Dr. Levi, GSF/Miinchen

Design and nasic Data of WAW
Dipl.Ing. Mischke, DWK/Hannover
Safety Design of WAW

Dipl.Ing. Gasteiger, DWK/Hlannover

break

Assecsment of the Plant Safety
Dipl.Ing. Thomas, GRS/Minchen;

Dr. Rimkus, TUV/Miinchen

Radiological Impact and Environmental
Survelllance

Dr. Géttel, GSF/Miinchen

lunch

o THE PROJECT OF THE REPROCESSING PLANT WACKERSDORF {WAW)
. (CONTINUATION)

chairman:

2:30 - 3:15 p.m.

3:15 - 4:00 p.m,

from .B8:00

0 4:00 - 4:30 p.m.
0 4:30 - 5:15 p.m.,

LK\

IN THE EVENING:

p.m. :

Prof. Dr. Baumgirtner, TU Miinchen

Securing of Ecological Site Data;
Environmental Protection and Surveil-
lance of Natural Conditions
Dr.Schaller,Planning Office/Kranzberg
Economical Influences on the Region’
of Oberpfalz by the Congtruction and
Operation of the WAW

Dr. Weinlénder, DWK/Hannover;

Dr. J. Genosko, Univ.of Regensburg

break
Risk Analysés of Fuel Cycle Plants T
prof.Dr.Dr.Ing. E,h. Birkhofer,
TU Minchen ( jf{pme.cr 1

(et r

Bavarian Evening

BAN

ol

i l. ”;!"" -
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ATTACHmENT q

Comman Press-Information of DBE, Peine, West-Germany
(German Company for Planning,
Construction and Operation of Repositories)
and Bergamt Celle (Department of Mines, Celle, West-Germany)

On May 12, 1987, -at 9.45 a.m., an accident occured at shaft 1 at the
Gorleben mine site. '

The shaft 1 is presently 239 m below surface and the sinking is going
through the overburden and the caprock of the saltdome. ’

During the time of the étcident seven miners, .two of them supervisiors
were at shaft bottom.. '

The accident occured while the miners were sinking with jackhammers and
the preparations of the installation of the'shaftvwa11 supports. The
shaft lining (concrete blocks) had been installed approx. 1.4 m above
the shaft bottom. In addition support rings (U-beams) were set over a
height of 12 m in this area between the overburden and the caprock. 4

One of these support r\ngs gave way and fell down from a he1ght of 5m
to the shaft bottom. The cause is still unknown

Six of the seven minens were injured. One of them died may 14. Three of
them were released from the hospita1 after first aid treatment.

The chief mining inspector of Celle started the investigations
jmmediately after the accident. -

DBE (German Company for Plann1ng, Construction and Operation of
:Rep051tor1es)

P.0. Box: 11 69 ,

Phone 49-5171-43-1; 49-5846-498

Telex 092 646 dbe d / Telefax 49-5171-43-218



-  ATrAacdmewmT ®

The DBE (German Company for the. Construction and Operation of

Respositories for Waste) and the PTB (Federal Institute of Physic¢s and

Technology) joint press statement

Last Sunday (17 05.1987) the mining off1ce in Ce11e ordered further
security precautions in the lowest region of shaft 1 of the Gorleben
exploratory mine as a result of the investigations and findings to date
following the accident there on Tuesday 12.05.1987. These measures
exceed the ones taken so far. '

Among the safety measures taken immediately after the accident was the
installation of cteel ropcs with the help of which the suppurt rings
were additionally secured. At the same time the pdsitions of the
gupport rings were meecsured anew ‘and visually appratsed. It could be
seen from this thot 1t had come to deformation in the support r1ngs due
to rock pressure.

In order to secure the existing situation,‘shaft 1 will first of all be
provided with an additional support consisting of lean concrete with a
minimel heat generation and & - compressive strength of épprox. 5 -
10 N/mm* from the floor to the upper rim of the support ring lining
already in place (approx. depth 239 to 225 m). The work commenced on
Monday the 18.05.1987.

The support concrete will enable either 2 new 1ining or a new lining
reinforcement to be 1nsta11ed

The recommencement of the sinking work (after 239 m) will be delayed
for several months as a result of this.

The geological situation:

At a depth of 239 m shaft 1 of the Gorleben exploratory mine 1§ in the
transition region between the overburden and the cap rock over the salt
dome.
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FRul I o4 S171 43 218 -28.05.87 14515

The ge'—ohgica'l -quarternary formation (0 to 162 m below the surface)
including the Lauenburg clay contained there (73 to 76.5 m) was sunk
through without any problem. Simplified, the tertiary formation lying

beneath this at a depth of 162 to 237 m can be nrptnnfnd in thraa .

pfrts.. _ oo

- -

There is an upper clay horizon (162 o 210 m), & middle region of sand
and sandstone (210 to 229.5 m) and a lower clay horizon (from 229.5
m)\ying over the cap rock (the cap rock upper edge starts at 237 m).
Because of its close proxiggty to the salt dome, the rock moisture in
this lower clay has a high salt content and 1s 1{nterspersed with

potential sliding planes (= joint faces brought about in earth history)
to a greater extent than expected. Therefore only in this lower clay
rwylun did convergence worth mentluning come about because even the

frost body formed by the freezing shaft sinking technique could not
completely prevent the movement of rock ‘on the sliding planes.

18.05.1987 : T-

Deutsche Cesellschaft zum Bau und Betrieb

* + von Endlagern fiir Abfallstoffe mbh (DBE)
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