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DNA DEUTSCH NEDERLANDSE ANTI ATOOM AKTION 

AAP ALARMGROEP ATOOMPLANNEN 

Naar aanleiding van het in handen krijgen van het 

rapport ''Geologie Waste Disposal Program to be carried 

out in the Netherlands" bieden wij deze bro=hure aan. 

Inhoud 

1~ Brief van Drs. H.M.Harsveldt aan de commissje va~ 

europese gemeenschappen {fotocopie) 

2) Geologie Waste Disposal Program to be carried out in 

the Netherlands; Present state of Affairs {fotocopie) 

J) Dutch Geologie Waste Disposal Programma; Additional 

programme items {fotocopie) 

4) Vertaling van de onderdelen ·2en 3 .(stencil) 

5) Kommentaar. 

6) Conclusies. 

Groningen, 

24 maart 1976 
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The orig~nal progra~ van drafted by R.C.N. (now E.C.N.) in 

1972. This proero.r.1 han been subjected to e;cvcrnmcntcontrol by 

the for this purpose founded 11 Tecrm:i.Gche 'derk~rocp Hadioc.c­

tieve Afvnlstoffej1 11 • This \-;orkine;gl"'OU}? \·/as part of the 11Sub­

commisr:d.e. 1~adioactieve Afvalztoffen 1f \·:hi eh in its turn formed 

a branch of the 11In terclepa:rtcr:Jc:J. tale Co:nri1issic voC>r Kerncmer­

gi c 11 • 

\·.'ith some slight changes the VJo:d~iugproera.m of E.C.rl. Ha.s 

adopted. In l-lay 197L~ the 11 Tec1mische Herkgrocp Hac1ioactievc 

Afvalstof:fcn 11 reported th0ir conclt:.::;ions Hi th rer;ax·C. to : the 

tlispoDal of LAVA anc1. lV\VA :in rocksalt to· the 11Subcomr!l:i_ssic 

lb.dioac t:i.evc j,f\·<~l~>toffca 11 .. ~'his subco;.1r:-:iss:i.on rc'.·:orkc<l t}le 

advice of the 11 'l'cchn.ische \'/crkr:;rocp H<.1.dioacticvc Afvnlstof­

fen 11 . and reported in liusust ··1975 to the 11In terdej');:trter:!rmJ.:ulc 

Co:-.:r:d.t;n:ic voor Kerncne:cr;:le 11 Hi th the rCJ)O:>:-t 11 l;ac1ioacticve 

Afvalstoffen in Ncdcrland bij ecn vermogen aan Kcrn e~erGie-

ccn t rnlcs Yan 3500 l·i\'!o 11 .. J,s an c:mncx to the reJ•01't the 

Generul Ho. ::.~ard Analysis prepared by E. C. H. was aC.ded. Hi -i:;h. 

this report as a g;uiding pr:lnciplc ·it \Kts decided tu beti!l 

the investigation into thc .propcrtics . of rocksnlt as a 

. storagefn.cili ty and the possih'lc consequences fo1· the 

. environment fro~ that~ 

Vith this in mind four workinggroups have been .installed in 

1976 by the 11Subcommissie Rudioactieve Afvnlstoffen 11 i. c. 

a: Workinggroup fo~ lccal financial and orgnnisation 

matters 

b: Workin~group to test the selected snltdomes by means of 

geohyclrological, geological and seis::Jic mcthocls . 

c: Horkinggroup for mining aspects in rocksalt 

d.:.· \·Jorkingp·oup for fu1~ther evalua'l:ion of the Hazard Analysis 
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2) Oh-iectivcs -'--·· ... ---.. 
'J'o cvn1uate the posnibili tier.:; in the Hcthcrland.s for cliGpq::ml 

of solid radioactive waste of various catcgorien in · different 

rocl~t;rpes. 

Design and conotruction . of~a solution mined cavity for low­

and medium level wastcn. 

Evaluation of o.c~ep brJx-ehole disposal concept. 

Desien and construction o:f a rocksalt1~inc for hieh level \·:f!F.:i"CC 

D.nd K. S. A.-. 

3) DcRcri~ticn of Ohiccti~cs 
-··-----:-------~----------------

i;r1 c\·aluation hus been made of i.:he scologic formu.tions \·:ithin 

the Netherlands tha.t' could posr:;ibl;-t be suited for dispop?...l 

of radioactive waste. To the disposal iu the formation three 

conditions are set nam~ly: 

a) there nuat be ~ natur~l harrier between the waste in the. 

formation and the biosphere 

b) the cc:olocic forr:H:'.tion has to be re~.sonably stable 

c) the geologic formation Fiust lie at attainable depth 

\1i th r~card to the geologic lorr.lations qccurin::;. in the 

Netherlands nt . nttainable. dept~, as clay- ·shale-. limestnne and 

clolomi tic lir.testone layers, · must be stated that they are not 

sui tcd for definite disposal of radioc;tctive ua.s.te. 

The claylayers present are too thin (less thn.n 50 r.1 thickness) 

for the construction of cavities. The shale ci.eposits are very 

fissile and intcrlnninated with narl- and limestone layers as 

n consequence \·!hereof the ·homo~enei ty is disturbed vhich makes 

the formation unsuitable to the purpose. Also hore the thick­

ness ·does not exceed 50 m. The limestone and dolomitic lime­

~ton~ layers are lik~wis~ ~ot su{ted.f6r reason of their 

~chistosity, cleava~e pla~es and porosity. _ 
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Finally the possibility of injection of fluidized radioactiva· 

\·mate in to exhausted oil- r .. ud e;aafielclG in the H p<.c.rt of the 

Netherlands his been examined, also to no avail. 

An cnw:-~cration of possible Gite::> for O.inporoal of -solid 

· radioactive waste of various categories has been rnado fron the 

naltoccurcnccs present in ihe N.E. Nctherland~ b~sin. This 

st~dy was-made by the State Geological Survey in 1973. 

General theoretical discussions about the construction of drj 

and vet solutionnincd cavities for disposal of low and ccdiu~ 

level wastes h~ve taken _place in deliberation with the 

Also di BCl.:.ssions about · the st.:,bili ty of solutionmincd. ea vi ti ~s 

at o·catcr O.cvth (bcloi·r 1000 m) \·:•.":!re · c\·aluated .. . 

To gnin experience with . the several phases of solution rnining 

a num~er of tests is contemplated. To test aGalnBt leaks 

behind the casing, G.F. Donat published a very accurate ~cthod 

(pre:):!'j.nt SPE 3723) thi'l.t Ho.s -t:\ppliccl to b1o larc;(~ zc::.r; sto:.:~e:~ . .se 

solutio:1cavi tics at ·Ter.sa.nne, 60 kr-1 south of L::ons .. It involvei 

the use of a small nmoun~ of short-life radioactive tracer 

dissolved in the last injected ;-mtcr directly · nnde:rEcath t:1e 

oil blanket and checld.nr:; on poss_ible up\•:ard r:10vcment \·:i th a 

radioactivity log. The method seems well worth testins out for 

o~rselves. Other, cheaper meth~ds, • will also be tested. 

Providr~cl that the holes are in c. sui table condi·cion more . .... 
"CCS1.S 

could be carried out, in the first piace the controlled 

aolutionrnining itself, be it on a small scale.· Depending on 

dep·i;h ru1d mechanical behaviour the required pressure on the 

system may or may not involve excess pressure at the well head. 

Apart fror.1 the collection of inforaation, this V!OUld P!ovide 

an opportu:::1i ty to train sor.Je field staff in the manoevrcs \·:i th 

_tubing depth, oil blan~et, the oil- end brine~administratian, 

th~ observations .of tcr:1perature and cavity shape. Both in 
. . 

straight holeo and in smnll solution cavi tics, · i'illinc · tcch- . 

niquco uho\tld bo to otcc1 v;J. th dummy mt\ tcrial. 
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Upon conclu::;ion of clu:nmy f:i.J.linG u ·scaline of the· hole should 

be· tested by J.cavinc; behind Hi th the la.st du:·:il:-~y mu tc.::::r:ic.l ..some 

tracer, either a choQicnl o~e or a short-life radioactive one • 

. 3-3: norehole dis~os~l -·-----·-· .. ---·-----
The doep borcholc concept us a contrast to horizontal burial­

zon cs· aiJ.~o at the drillinr; of several l>oreholeo fror:1 c:t mine~ 

. gallery in a c;altd01:1e to dcr>·-~hs of r:laximt~m 2600 m. 

It is the intention to lower . into these horeholes high level 

\·l~stc and l~.S.l\. in Gnnir>ters .. The use of 30 cm di c:-.J:ict c r 

caniGt~rn \:ill b~J otucli ed.. Bore holes li1cc this C<).n J.ik~n-:ise 

sen·e to study tl"w behaviour o:t roc l~salt undzr hichel~ tcr:t.!_)c­

r 'ature and pre:::;sm·e (Creep and Conversion problems). 

A ·theoretical stml.y on this subject has been set up b~t not 

yet pnt ·to the test. 

Designs for arranging a roclwaJ.tmine arc in pror,rccs. 

Excavation of a rocksaltmine iri ~ serioubly considered be ins 

th~ r.;af'er;t, be it t he most cx11ensive solution . o:f the HJ\V A/ 

I~.S.A. pr0ble1il. 

The mine concept originated froc the wish to be able to con­

trol and repa ir the ·connection betv:een ::;ol'..lti9~1 ·cavity and 

surface on leaks and dnl.iar;es. 

This irnplied · the constructio~ of a ruanvay shaft as a 

connection between the cavity and .the surface. In fact this 

meant the construction of a mine which opened at the sa~e 

tiMe the possibil~ty for storage of high level vasto and 

K. S. A.. Ylhether the mine vrill be designed \·li th one or· tv;o 

shafts is still urider discussion. 

h) · }·I~ 4or '~'~"" 1C'"' T ~-.1 _. c . • _"' .: ,.., 

l.J·-1: Hor!~ done uu to the -prescn t 

In 1973 the State GeoloGical. Surycy made a prelioinary inves­

tigation of the sal toccurrences '~i tl:}.in the Netherlrmd.s that 
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po3sibly could be suited for disposal of radioactive waste. 

H.ocl:sal t occur:; in th0 . ~·rinssic (UrJl>c.:c Bunter) and Zech:.;t~in 

forr:w.tion. 

The saltd~ponits 

J .. CJ"'tff:::C'3• _..._ __ of the Triassic occur in the fox·m of <""'1 ~ . _ ._,, ., . •. V 

In the JicnGclo area (J-IidclJ.c }~ant of the Hcd:hc~.·l::uHh~) G:<JJloi­

tation of these layers ha.n b(!Cn nndc.:cta!~en since 1918 by 

i1oyal Dutch Sn.l·!::uo:rkso ·The upper side of the ~ult lies beb:cci1 

300 · aud 500 m below sround~ 

1'hc sal ttc:..:.:rer t1ips in ::;S'd dirccticm <UHl has a thicl:nes~ tha.t 

incr(:ascs fJ:om about · 30 m in ·~he lm to loe<~lly 100 El in t?:c 

S~. The daltlaycr is not suit~d . for the pnrpose of dis~osal 

Of 10\'l e:mcl l:iCdii.~El level l'n.dio[!.Ctivc \·mete heGD.1.WC it is sub-

divided by shale and ~.nb::tdrite lo.yers into four thin m~its. 

Le<::.0ninc o:i: P. cavity in the lv.yc:c \·:ill result in an unstable 

repo::d. tory. 

J.:oreover, the saltlayer is :Ln. ex:ploitation. 

Th~ usable oaltdeposits of the Zechstein occur in .tha for~ of 

sultpillo~G and saltdoncs. In the Middle East and in the ---·....,...--·--- ----··-·-·--
Northern provinces saltpillows and saltdomes are .presento. 

Sonc saltpillo~s are in concession for the exploitation of 

salt. 'l'he th:Lclmens of the salt in the pillo\·:s lies beb.;_e cn 

100 c-. ..r). cl l}OO m. 

The depth of the salt bclou c;round ll.es in betueen·.500 a..'1d 

700 n. 

Fror:l b 'orehole dato. it is lmo\·m that the salt is co\rerccl by · a 

caprock . of dolomite. The best developed rialtpillow lies just 

vouth of the to\·:n of Groenlo. Its dh1ensions as far as can be 

jude;ed from .the SC<!rce seisr.liC . inforniation · are 2-} :X 2} km. 

Geologically spoken this pillow is suited for st;rage .of 

lo\r and ·mcd.i um level radio~cti ve waste, but the prescnc e o:f 

exploitab~e coallayers below the salt forbids the excavation 

of a saltmine hereabove. 

For this reason leaching of the rocksalt is not permitted in 

-this area. 
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The other cnltpillows nrc leGs well devclopca. No bor~holcs 

h:we be'cn clrille<l into these pillow:;. Se:i.~~mic info:cmn.t i on 

rcvcaJ.r; th~t the tOI) of th.o rocl:nCJ.lt J:Jay be CX:!_)ectccl.. here 

bwbJCon li-00 and 500 m below ' erounu .• 

. '.Phc t!licl:ne[;~ of the r:;?..l t ~G eHtir1D.tod a..t 200 - 300 ril. 

Further ~~plora..tion is needed here. The Daltp~llows in the 

N<,rthe:rn. px·~vinccn l:i.e at dcpth r-j of 1500 m an cl more, · r ea.t;;(m. 

\'Jhorcforc ·~he:y ure less fn.vour.n.ble for the purpose of 

burying \·:u:.;to. 

r:;~:.L_t~l<2fi!o::· Hi th rc~ard to the s::ll t.do:;ies in the l:ortl',crn rmci 

l~us tc:::n Nctlwrln.nds the r.;:Ltun.tion i's ccologica.J.ly spoken 

not <liffi<:ulto 

Jlo\-:evcr aJ.J. · t hc~e sal tclo:-;1cs lie Hi thin co:nc~~s·::.don area's o X 

oil·· or saltcom:pa.nic ;:; , Hhich meant> .that they arc not <lircc ·i;-

ly availa ble for thic purpose. 

RocJ~sal t is cxploi ted b~· the Royal Dutch Sal t\·JOrl~s fro~,l the 

sal tclomen of Hinschotcn and Zu5_0.\·/endir.&• In the HinschotE:n 

0 a :t ·hlome the top of the roclc~~lt has been found a ·i; api>:coxi·­

mately 400 m depth bel~w groun~. 

The basis of the salt lies according to seismic i~for rnation 

bcb1een . 2500 and 3000 m. Cn.procl:: is present ,.,i th a thick.."'l.ess 

of up to ho m. 

The Zuilh/cnding sal tclomc has i t ·s rocl·:.sal ttop at ± 200 m beloi·T 

ground. 

In the Weer~elo saltdooc, also in concession by Royal Dutch 

Saltworks, the top of the rocksalt lies at + 450 m depth • . 

Not in exploi~ation but situated wi~hin the concession area of 

an oilcompany, is the sal tdome of Schoonlo. 'l'he top of the 

rocksn.l t here lies ut approxir.Jately 2.50 m belo\v ground, the 

basis at 2500 m. 

The ideal s a ltdome suited for the . dis~osal of radioactive 

\'taste shou)_d come up to the i'o~~owing requircmcn ts: 

1) ·the top of the rocksqlt should be situated beloH the level 

of gro~ndvat~r circul~tion · · 
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2·) tho thicknoc.~> of t~c sa.ltdepoci tz Gh ould · be r,:u:.!.'ficicn t 
-~.) . , lt ' , 1 l • 1 ~ • • .._ • 'I ,.., ·cne: r.;a. '(:Or:le ::.;.'l.C'Il.l~c nn.vc a cnproc.;: o:·: :tm:r>crvJ..ou:.:; To ii.l. ~o.Cl'.:!.<"'-· -

h) ahovr: the ca):)r-ock a claylnyer · or ::;;J.ndy-clnyla:,rcr r;houl<l l;e 

Pl'enont 

5) prc?crublc 2.11 :i:ffiJ)('~rviouc. clayla.ycr o:::- cc.i~1.dy--cl.~ylaycr 

6) 

7) 

should be rrcsen.t belo~·T tJ1c V!atorbearinfi [~rsten th~t 

part.ic:i:>ateG :i.n the h~~cJ.rolo~ic~l circulai: :!. on 

the r:;;:.J. t should be r' eiu.::o:'l.::!.'!?l~t stable (little creep) 

.t.!l c [:;:tlt shoulc1. be as pnrc D.s pos.sible aiHl be of r;ooU. 

qu::tli ty 

• ~ • J 
l.r.:mea:t.n ~e su):rounci.in·gs o:f' thn cnv:i. ty in 

salt 

9) one should be alert for 5as _or brine inclusions in. the 

10) no bituuina prospects should be pr~scnt in or around the 

sB.l tdonc 

11) no concession or d:r:-illing permit should. fo:r.- the 

selected saltdonc· 

12 the B<>.J. tclorne :::;hot~lcl be free fro:n other c!esti:J . ..,_tio.:;L;:; o.s for 

instr ... ncc '~he stol~in~ of oil,. ga.s or . chemical \·m.ste 

On top of thiG 1 on.c should tv.ke into a.count other not tech,~i­

cn.J./ (;Gvlogical factors us Uaiaage· to cnvi:r:-on:-aGn ts- toHn <.U1d 

country ~lannins · etc, etc. 

The rmltpillo·,·:s and sal·~doi:les pr0senJ~ iri the Northern anc1 

Eastern Netherlands \-:ill be examined n.ccord.ing to the direc-­

tives set here above. 

A geolo3i.cnl selection. based on seisl:lic inforrn.r:.t:i.on of 5 
saltdomca has been mndc. In Geological order of preference 

these are thi saltdornes of Gasselte (Province of Drenthe), 

Schoonlo (Province of Drenthc), Pieterburcn (Province of 

Gronin.~cn) 1 Onst\-reclde (Province .o.f' Groningcn) D.l'l.d An~o 

(Province of Drenthc). 

Fcasibili ty study and c;cncr·al hazard ~"lalysis wi t'h the aim 

to obtain I>Ublic nnd governmcn tal acceptance. 
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Theoretical utudico on vorticul . dispooal by monns of the deep 

borcholoconcept. 

Thcorctic~l framework for ·n thcr~al ~nalyois. 

I!l· order of ~mcc~cGion 'l:he follo·.-1ing stcpt.; hayc ·i:o be Jcu1:c:l: 

1~ .. 2-1: Pci·r·d.dsion.;; _________ .. _ .. __ -------
Befn~e uny activity can ta~o place in the fielA) 

ry perruissions ~ill havo to be obtained from all provincial 
~ .. 1 '1 '.1.' ' f'. • • . • ' nnc .. nunJ. CJ.f.l<t n.u·c lOrlloJ.cs concern_c,1. .:.;1J.CS1;:.tO:r.3 . r:-1.:.t:.:>ea. 

r_;t~.ld:~c::s .. · 

Goolc c•J' c~l ..,nfl n~o'Jl- -r'·,-.o'l or' C"l ~'V" ".:'\ ,._,..;n~.!--ion o·,.. .L?, .-, '='"'U ... , ~ .. ,.,..."!" .... co - • '..:, • <.l.. v . _, '-lv . J v... •• u-'- " '-' .-<"·· -~ (~"..I. .... ""·"' '"' u ,_, "- .!. , -., . ~ 

n:r·ound ~.nd above the :.;;;,;o.l·c<lo::!c dov:n to a nc:;.xir:IUi-:1 de.;~i:h of 

o.bov.t 300 m \·!ill be ca:.:riecl out in o!.·dor to inYes!ci:;c:·.to tLt: 

suitability of the saltdomc. 

This means veri1ication of th3 aquifcrsi dctcrruinatio~ of 

Groundwatcrrnovement and deter~ine the chemi ca l quRlitics of 

order to investigate if the ~rescncc of 

the s::tl tO.omo has h~d influcmce on the cor::}lo ::; i tion oi' t~e crau~-: :-t-

uatcr .. 

Also the examination will be directed to detect possible faults 

)• ·1 t',c J ~· .-er"' a'oo''C . l .L.. .. .c .. j - .. &.) • or adjacent to the .s~ltboc:y • 

lsopachmaps vill be prepared from special horizons with the 

purpose to learn about the geotcc ~onic history of tile :.:;a~.tboC..y .. 

The data ruentionc~ above vill be obtuined from the study of 

surface seismic work, geo~lectrical eiaminatio~s (only in fresh 

water ureus) and boroholeB dov:n tc u G.epth of about _300 1:1. 

Ultinately a geolocic- hydrologic ~odcl will be prepared with 

the help of these dnta. 

!±=2-3: Drillinc; activities r1nd borcholc cxu.ninati.ons 

Provided good rcsu~ts ar~ obtained with\the examinations do~a ' . 

in 4-2-2 a clrillin[i; perr.1it Hill be asked from the GQvernqe~t:. 
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After d.rillinr.; locations hnve bee.~ d.eterr.:i.nc(l_ t l!o s,:--1J.-cc~oi·.e 

· vill h~~ put to tne test hy b;o or three borcholco;." T\·Jo of: t!1e 

borc:holec \·rill be drilled. up to a cl81)ti1 of 1000 l:i eac!:-1 1 in 

order to investica~o the exact top of the rocksRlt, t~c 

continu:i. ty of th13 nal t. .. <lo1-m to total de_pth -of the bo:r.·c:holc, 

the presence of a cnproclc, the prcse~ce of'a elaylaycr abov~ . 

th '1 ' )'+ _,. th . ~ "', ... i ;,. _o s .:u )l. _:!. ... y Ol • c r,u..~ ... a.o ... c 1 

of th~ rocksalt, the jresence of ·inpur{ties (claylayers 

pota::;hlayc:r.s - 1il~WGtonelny~~rs ·- anhy0.ri teluyc]:s), the 

picsc~ce of brine-· or ga~inclusions. One of the borc~oleo 

Hill be corcn from top to bott·om. Corcc:t!!11Jles of .suff:i.Gicnt 

diameter for sc~vcrnl uses (rocl~mechv.n:i. cs- tcmpcrc.tu:::e-

li thology etc.) v::(ll be dr.:Hine On top of this, i>~ophy~;iccJ. 

boreholeueasurc ;;.cn ts \·JilJ. be r1m such as: G<=J.mr:wrny log-

Calipcrlo~- tompcrature log- Sonic log- laterolog- neut~o~-

loz- dancity log a~d dipncter ourvey in order to obtain 

correlation between the Geological and geophysical data in 

the bore holes. · 

It is considered that a third borehole drilled ru1d cored to 

gree.t ·o.c:rths into the salt (+ ·3000 m) could sivc t;.seful infor­

matiori about the behaviour of the salt at erent depths. 

For each borine ns tota.l depth has been rcachGd, repeated tem­

perature locs \·rill · be run~ l'rom the temperature builcl ur­

analysis by extrapolation the equilibriu~ temperatures will be 

dctermiued$ ancl t"hroush the rates of temperature adjustr:·~e~t the 

in situ val-ues of the heat conctuction coefficient. 

With the information obtained from the several borehole measure-

ments and the -visual inspection of the cores, series of cores 

will be sent to a laboratory to be investigated on their three 

dimensional -mechanic properties, and elastic and plastic 

behaviour as fu:1c tions of tempera turc. 

In some cases where it is evident fro~ lith6logical ex2mina­

tion that composition and h.:tbitus of the rocksalt are identic~l 

over a loncer distance, a second laboratory -will be asked· to -do 

the same detcrminntions somewhat higher or lower in that 

-9-



identical interval f6r rcucons of comparison. The duration 

of tho!:;c 1 -::l.horator:t test.s, ho•.-;ever, h;:!._s alvm;ys bC::r;n f;:drl:; 

short, n f~Jv! ri",onthc at the 1~1ost 1 and con~;idel'.:tble uncert.-.:.inty 

exists about the loncor ter~ b~haviour. As the latter is of 

rnnjor importance to our project _ it is proposed to devote 0llr 

main effort to a clarification of that nsp~ct. Other tc~ts 

rega.rcU.n:::.· th:! r.JC;)h ·.'.:.1ical bchc:.vionr, uircctly rcL.:.tecl to no.tu­

rnl scaling ·properti e s in sit~, shoule be carried out in the 

i:)t:i.rd 'bol'<2holc. The pressure in the hole \dll be rcduc0d by 

steps rmd repented caliper .surveys \·lill 'reveal u.n(1.:~r \·Jh.'J.t 

co~ditions a hole will close itself. 

In order to prevent cavin~ in and leaching put 0 ·'' ) . 

holes, ~ :dllin e and corinc, ti1ro~1[~h th::: :=:;:-tl t \·:ill bf: .carriec. 

D).rcctJ:J· nhovo thC! caprock on!l' the st.-tltc.1Gr.1e it if; po.~s:i. hle 

situation ic obtainGd. If watcrcands are encountered in 

logice,l sul'vey_ (/+-2-2) it is conGidcred · to instn11· one or 

· more m.ti:erfil te:r:-s before ubantloning the borcholc in o1·cler 

t~ be able to obsc~vc pressures and collect wa~ersamplcs. 

Should the need rise to 'determine the exact position of the 

· bo:cchoJ.e v:i th regard to the flank of the · sal tdorn~J 1 it i:;, 

a.dv isahJ.c · to carry on t a seismic sal tfl.:.;.nl;: deter;r.inc.:.tio:1. .. This 

enables us to cope with thi requirements of ttie State Super-
-

· vision of the Mines who prescribe ·a distance of 200 rn un-

touched ·rocksal t beb;een. the bore hole a.nd the fla:nk of the 

sal tdor:w. 

4-2-4: Reoucst for concession 

Before the ·construction of a sal tmine can ta1~e place 1 a con­

cession over the area where the saltmine will be located must 

be obto.i:u::d. 

4-2-5: Constructio:1 rocksc.J. tmine 

Desi6n and construction o'f a rockso.l tt:1ine for Jiposal of L.'o.V r., 
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l·i.\VA, IIAVA tmu K • .S.A. \'!astcs .. 

.So far no dcci;::;ions about ho \·: exactly the :nine \"Iill be deci;.·;a·~ ci. 

have been r.i"-'.do. It is con.sidered that, ;;. s cont:cn.r.t e:d. •.1ith for­

•~ er vic\m · rc e;ardine t::-.is subject, the ciesig:'l i ng of a c avity l.!l 

rockcalt by msans of colution will not be curried out. 

For the c_onstructio;l of a. L1inc-shaft un<l the tliF;po.sc:. l of" E.',"'A 

und K.S. A ~ from a callcry into a for this purpo~ c cxcavutcd . 
I 

roon in the saltbody the following roc0 ~~ch~nic proper~ics arc 

of i!~:portmi.c.c: i. c.: 

Hodulus o:f clastic.~ty 

. Poi.sHon-ra i:io 

Octahedra l shea ring s~rength 

Vi{;co.:;i ty 

llcat. conC:.uctivity coefficient 

Coefficient of expRnnion 

Specific heat capacity 

· All those p~oparticg will b e determined from saltcorcs in u 

J.aborc.tory, e>:c ~ pt t ~1e octa hC..dral shcarin~ strc:n g 'i::h that Tlt\.l..'J t 

be dctcrnined in the nino. 

In addition to this in situ ~cnsurcmeut~ will b~ dune jn the 

borcl;ole o.n convergence- tempe:cut.ure:... and prccsure (sec also 

lt-2-3). 

The modultw of .elasticity is an importar~t indic<:>.tor for the 

r>ressurc:ranr;e beh;ecn vJhich s a lt behaves cts an elastic rock. 

It depends on the mineralogical · and pctro,;raphical cor.ipo­

sition of the salt and the stress to which the salt is 

imposed. 

The same goes for the other e;eomechan{cal l)arar.~etcrs. ReliG.blc. 

·determinatio.ns of' the Poisson ratio u.ild the octahedral 

shearing ?t~cngth can only be obtained with. a triaxial co~­

paction cell. 

Factors that influence the structural stability a:-.al;p:;is arc 

the de.pendance of the. sh<;aring- strength' from the m,incralogical 

and petro8raphical compositio~ of the salt and the relation 
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. . 
<1otcr1::ina tion of oc t~-t.!10dral shc.:~ring ~trt:ngth in tl~c: r.ri.rlc, 

this p:l.rc:lt;:0tor cn.n also 'oo de to :rr:iincC., i:f one l1a1.1 }lCJf::r_:c.ssiort 

of scvcr.u.l c<:q.ipor v.n d tc:::pe rn tu re logE; tab)n Hi th r·e [;JJ.l~t:c 

intcrvalR in th0 bo~eholc. 

'I'hc rc::;ul ts of thcsn in r.d.tu l~tcacu:rer~c•ttG :~1ro ,r:to!'<::: !'81'l'CGIE!.!1·· 

ta t5. ye thrm the labrn·~,d;.o~·y · c;:p~rHle:n t.s ._ .-

Also the viacocj_ty of salt depends o~ its ~incralo~ic~l and 

T ,, ~ ro --,.- '>l'J'·l-·l C., 1 CO '·' '·)(l ~-l· '· -·L QY't :t.' +- <"" 1 C•" ,,.; '1 r-· .,,. r' .; t •• ·:·c "l') ''l''' , _,, .,.. :--. _Jv l• t.::..a. .:A.., . .1: . . ,t: .... .J... • 11.1 ;: ... _.. t,... A ... t "'"'-' · t:.tu-- 6 ( . 4.- ... .LU. ·'- ~~ ""' .,, , ..:. I...., c..<.. .... '-4 ... ~ o 

c~ecl_) bore!wle frvn n ;;aJJ.cry in a. s aJ.·i;r:::i !HJ, to rn.1 t to the 

"'\ 'P', ..... 

test the feasibility of the ultiDute disposal 6f soli~ificd 

J:ighJ.evcJ. l:'0}/I"COCG3f~ i!t,S \·Jasi.;(~ (!.:.S.A. ). 

4-2-7: Eaz~rd hsscs~ent stud•1r ---~- ... ----------------:-

published by I.C.K. will be reconsidered in so2e respects 

and completed with a per~issibls doses calculRtiono 

5) Exnend:i. tu.r0s 
--~·---------------

The following should be considered as a preliminary esti~ate 

of the costs. All fic;nres given are in million lletherlc>.nds 

guilders. 

5-1: Theoretical Studies and ExDloratory work 

Site Selection repo~t 

Hazard Asses:::1ent report 

Seismic lines 

Reproccssine seis~ic lines 
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0.025 

0.025 ? 

0.3 - 1.5 

0.05 



Vuloci ty <md ~·!ell <l<J.tc 

·Corer! 6 11 borchole to 1000 m 

Drilled borehole to 1000 m 

Drilled ~md cot•etl ho~cbole to ::; JOOO m 

Bo:coholer:lc;).surc::wnts 2 holes 

Vcllsitter cx~minntion 

6 borcholes [;Col~;;·<lx-. to 300 m 

Gooelcctrical exam. 

GaohyQroloGical codel . of area 

GeohydroJ.or;:i.c<~.l repor~inr; 

~--2: lt~;· ;ini ~d: r.:1. ti O~l c: ostr:; --------·#---.. --.----·-·--
Licences Htc., 

Dr:t..ll:tn[; Pc:t'i:J:i. t- Cone cssion-· oth~:r clutics 

· 5-3: Con Btruct i oncos t c 3 tirna toc .. --·-----·------·------.- ... - ~-

D'~sie,mvo:d-;: for conventional r.1ine 
13. ·1~· E"''l·n~c\1~ 'tl:l .. uJ.n[;C":' ,.1. c, .~. . .. ; · .. "' 

· Construction of minr; ;md bolonr;in[;s 

Very. rough csti::1ate 

1o00 

2.00 

Oo75 

1j ·5 
0.20 

1 .. 6 
o .. 8o 
O~ 2Li-

0.18 

0.06 

0.02 

0.05 

Oo10 

1.00 

2.00 

3.00 

- ..., ".l r_.,:; 

? 

50.00 - 100.00 

5.00 

Not included, because still under consideration are the 
. . 

cxp~mses for a d.eep1)oring up to me.:-:ir.mrr: 2600 rr.. If this 

project will be approved by the vorkinziroups ~ and c, 

the C}:)~enseG shou.lcl Ui~!ou;1t to 1. 2 million ~uilders at 

leant.. Instru:ncn tcosts for measurer.len t of creep (convcr-

si on) and te.mrJeraturc are not il1cludf)c1 • . 1.20 

6) Alloc;::~.ij.on of o'..u:1. ;::e~ over successive years ----
No sou~d . prediction cnn be given. 

If according to the ste,PC. tak.en in 4-2-<1 the \'rork ca."l stnrt 

the following schedule could be mai~tained: 
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IJ.· •• ;~-1: 1976 ~· 19T1 
-'1·-?.-2: 19'/'1 1973 
L, • .;_~-3: 1979 

lf-2··1~: 1900 

1+-2-5: 19[;1 - 1990 

l'., : .~ .. : 198·1 der!;1borins 

10 december 1976 

:S;-:pendi tnre::: ~ 1 .. /~ l:l::.ll::L 0 ?.1 . ) ' E;il J ... 0. ( : r· ~; 

fOj":' H~.stc 
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NETHERl,fii\J)S 
Eta~RGY H.ESEARCH FOijrtDATION EC}\ Pettcn, Dacc~ber J7, 1976 

At present various additional studies t~ the direct geologic a~d hydro­

geologic investir;ations are being con~iderecl. Some of these studies l:.1.ve 

been planned to some extent alrezC.y ~ others are still ~•1 en early stage 

of formulation and budgetting. E.o;..·eve.r' to our opinion all 'of tbis \;·:n:k 

lilUS t appear 1.11 the' technical an::! eX o:f a contract w·ith the Europea."'l Cc::r 

mi~:sio{l. In order to start detaileC. u~gotiaticms the follo· ... ~ing ?rogr2:'Z!':e . 

descriptions can be eiven, of nec~.ssity some 0f them only in prel_i.,._inarr 

form. 

1 • l·7ork by ECN 
ffi.rce ., 
F:c;Jt main items can be distinguisb~c1: 

I(j):: ... - o- · -~---~J2i~-~Tgii::of·· · f ac±il:±:~;:tzCci~~gu iv;;~j. 
~-...=:: .. - ·--· ~·----------------------·-=::.:;:..;:.:.;;.#, .. .:_J_ 
(i;:,•.'):;' ... ) /- Thermal calcul~tions ;- ( ... ,,.'·:'"t) . 

Cj,:;:;i~.::i: •. ) / S af c ty studies ;- ( 1. 2 )_ 

(i:\:i:-.-L::L )/~aclionu~lide mobility iil soils. ;- ( 1.3) 

Hark pl.;mncu Hill ·be pre,scntc!d belo\,•. 

-
l~·.!..:..J2£~~~~-~~~ . . . . . . / 

In t;~ov~rmr.ent \wrkinr, ·~roups, studying the various esp~cts,......o~e · . 
. --.......... . 1 •' . . /, .3 - ' 

'\olastc d~sposal'-prograrx:ne ~ :~,deas deve op concennng the g~nera_ ~es::.gn C:.>1Gi 
-............::. • 1 f . . . ~ . ' . 11 layout of the undergr~ end zoove grounc ac~l~t~es. These ~G~a.s Y~ 

be worked out and detailed~ relevant /R~ 
For instance a· system for lo-,.;en.'ng co~J:,ainers through a narrow shZ..::t: has . X' 
been studied already to sane· c; .. ::_s.Jlt. 'f!~ntly the original pl;ms for a. . 

solution mined cavity have he-er! a=:enced i~~h a \.;ay th2t a ""''ice snaft 
.............. " 

with humnn access is nmradopted. This of course. -~anges the fa.cil.:t:ies _,..-
d . /. • h d • • • -an equ~prnent needed to a large e:xtent ana muc ne\-' e'sJ.gn '1.-lOr~ l.S ::ore-

1 . / . d '·1 d d \ . ~~f t" ·r.· , 
seen. Lhm.;ever pre~a~ure ~o try. a eta~. e e~cr~:~~::_ ~.::· _.., . .-or~ 

becaus·e- the 'tvholc matter l.S st~ll . under consl.dernt~on 1n tne ~~~c.~ 

y~~-p,r.OUJ2.:___. ..... .. -·=· ·=-==== ·. . . ~ 



·- ?-

l . L. Titcrrt:.Il. cal c ul.a t:i (IUS 

A number of preliminary c~lculaticns ~as be2n ~ade on tlrc 3 di~Qnsiooal 

thermal effect!> of high lf::vel ,.,2-stc.- pl a ccracmt· U 1 a salt do::.:! , as 2. furJc.:­

t:i.(lll of \.J.JSLc qu~nt:ity and pli!cE::-:ec.t ~ecn.::try . Some of these: ca1culati(Jl1S 

have t:o be n~fincd :.rud further;~ore should 1.>c repeated \.:!1:::0.1 C):p~n. r:>ent<'.l 

values for heat conductivity of tl:e SC!}. t fro!n the relev2:-it". for_Dalion have 

bee n detcn:.1ined. TiLese r.Jeasun:~:::e:L~s theDselves are indicc:.:ted in anu~hc.r 

ch;::.pter of the. pror,ro:m:re . 
·····- --·- ---- ·- ·- - ·------··· --·- ··· ·--···-·-- ----- ·-----------·- ··------·----·=--· 

J:;·· t :1ie-thcrt.lal cnlc.uJ.c:!tim:.g eEL;>h2.sir> is plc.c ed on the d ': e:> ·-boreh~:n-ii" ·~f:i-i ·----...__ __ __ .,.._ _ I 
. . . -1--' . 1 ,. l~d \.. . gurat1.on, s1nce J.t 1as 6E:r::~r.-s.o_Q·...r~1 2 ~c~c':.Y-ln-t re vor t~ ::>ne, tuc:.t a !;men ----..... ---

bet tcr utilisation o~~J.1c-for.:T2:tT-;~-;;dOore--h-or,lr~~·~eneous th.:!rr;,al lozd -- . 
on it can··beachf~ved Hilh this conceP~ . 

..:=:..--.:::::-.=-_ ~ ...:-- ... -.. _ -------- - ·-·-----_:_-.. _---- _________ -::----";~ 
1.2 

1:.:~-.:.-~~f~S:L.~!:~~~£~ 

Our safety studies on geologic disposa l sofar have been of general nature 

and should be refined on the basis. o£ the vc.r1.ou s relev<!<1~ par-;~::H:!te·cs· 1!1t!a­

sur-cd on · the salt dome ultiwc.laly c'i:oosen for the dispo;;c.l f~cilities. In 

.this respect some wci~1t 1s placed on results of nuclicla cigra~ion measure­

ments described in 1.4 . 

In the original risk f'lSS0.r.Si:!lEmts e.tt.::ntion ~-l.:tS mainly ciirectc.:l to it~clic~tc 

the possible consequences of a large i~cident with the repository, either 

caused by naturnl catastro?hic events or by human influances. Sofar only 

limited attentio n was c~ven to the 6ose consequences for future genera­

tions ,,·hen b y accident sose of the \-;2.ste nuc.liclcs would retm:n to nan. 

Oijr initial work and literature results, c.s _ well as pr.elininary c alcula­

tions of J.spra all indicate that: dose coL11!lit~ents predicted \.,lith gi\'en acci­

dent and patb\,•ay models are very r:!oder2.te • . Nevertheless we feel thilt f o r 

public ·a cceptanc e of the whole geologic di~posal concept the possible c on­

sequences for our progeny should be investigated i n sufficient detai l . 

J:CN ,,i 11 perform part o f this work, na.inly on the basis of the United Sta­

tes model. 

Cor.upli1::1entary it l.S foreseen th2t IT.~.L, ·Hageningen, -o;.;iJ.l c.lso perfor-m these 

calculations, based on the ISP?~-\ ::rociel and possibly a 'Co.clel modified for 

the specific Dutch circumstc.nces. T.1is progr2m.111e appears ' in chapter 2 .•. 

1.3 
2:~-~~9.i~~~~li~£_JE~~ili~~-i:~-~?.A 1 s. · 

Tl~e work done sofar in this fit;!ld by EC}i \.;a.s on soil s~ples taken ·fror.1 



-J·· 

. cLA-1'1 i~qs. 
··.\i:~x :t-ou :~~l-H-:}...1, :..-:-_'i:~·s o~·t top of or ne<! rhy e:·:is ting ual t do:t;<!s , so t::1e re-

sults should already l1c valid for nuclide mig1~a1:ion c,alcuJ.r~~ io:u;. 

Jlo~cver new moasurcmcutu , expected to take about one m3n-ya~r of effort> 

,.,ill be pcrformt::d on net-: sarr:ples tc.:}:en il~o;;1 th~ actual e>:p J orato·q.· dril­

l.ilJ~S of: th fs pro~r..:m::-ne . 

Sofar distribution c6ef£icicnts for var1ous nuclides between 90X sature-

tee) sali~w solutio~1s <:Jnd c1ay and other soU . s;"mplcs b<tvc been &.:~1~<:::>urcd 

by r.ir:plc equililn'<ltion in stirred 1~d.xt:m~c.s of soil ~nd s<tlin~: nt1clide 

solud ons. In ord~r to sir.1ulate conditions of nature better He ·,ill also 

p erform equi. lib1.at:i.on tcs ts in Sl:\~ll lti!;h pre~su1:e \'esscls . 

Ftll:tber column experiments, ~ls1> under pressm~e, ~·~ill be cl0ne for t:h!! f;H; ter 

moving c•.lem~nts such as Tc , Cs C!n<l possibl:>: Np . Special 2.ttcnti0n ~-·il. J. be 

given. to the behaviour of l\p sHtca this can .be present <!~:pending en its 

valency state <ts an an1on or a cation. By careful adjust;~ent of the v<l­

l cnc:y, us in~ for. in:::t:anc:e reclcx·-buffers ·\o.Te hope t o obtain a bette-r in­

sight in Np mobility in soils . 

The ~l~o~p of clcmc·nts to b0. used in the experim(!nts inclt:.de the fol l or,d.nt;: 

Cs , Sr , Tc, Np , P.u, Am, Cm, Ra anci Ba . 

?. . \·!o ·ck proposP.d by I'.I.'AJ.., l~<;""t!ninr.:~:.n --------·----·----...---1..:!----· --
The Jr.stituut: voor Toepa!'sing \.·an ..t\tOC'i~l~ncr.t:,ie 1.11 de l.<m<.!bou;·J r•~Ci;ntly i'·co-

• 0 ..... 

pr;~ed to contribute t o the ,.,aste>. disposzl pl;ogrnmrne by calculations o£ 

the possible dose c:or:~.:'!litrnents to 1:1an. resulting fr.om disposal in a zeolo­

gic fornation. 'l'ney consider the Institute co~petent: for this ,.:ork be-· 

causa of their extensive eXj)erience on mi£ration of r<:!dionucl:i.des iri soil · 
. .. 

and transfer to plants. Th~y can certainly produce the rc) evant i Bput <.lata 

for the calculation~ based on the Dutch sit1.1ation. , but for t.l1e initial 

s tcps of the geospht:re transport fJ:Oin a disposal site to \~h:i.ch a brC!rrch of 

contain!:lcnt occurred they ,.,ill have to rely upon models devclop~d else\olhcre::, 

and spe-c i fically at Ispra ,' or to define a geosphere-biosp!1ere trat!sport mo- · 

d el themselves . At. present the proposed progra.-:.:ne is still under discussio~' 

so that no mor.e detaiis can be presented as yet. 

I~ 
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