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March 17th 1997 may be
remembered by most peoplein
Britain for the announcement of
the general election. But for the
nuclear industry in Britain, this:
was the day that their waste -
disposal plans fell apart.

A planning inspector and his
team had undertaken a local.
planning inquiry, examined the
evidence put forward by Mirex
for continued development leading
towards an underground
radicactive waste repository sie
near Sellafield, and had dacisivaly
rejected the Nirex proposals.
Amaongst the reasons specific to©
the Inspector’s rejection was
Mirex's poor understanding of
the geology and hydrogeology
of its proposed site. How did
this come about, and how did
Hirex come unstuck so badly,
after spending some £400M :
derived from public compantes?

The Longlands Farm cite naar Sellafield was abweos a difficult dechnicai FRopoEton. The
methods leading 10 i3 choice are outfined by Keling and Knill in this issme of
Geascientist. It eems that Lemglands Fann was chossn hecanse itis cIo8 70 welafieg,
flere #0% by volums of the present and fiture wastes are predicted to be generated. The
site was acknowledged not fo be the best available geelogy 1n Britam, bat was chogep
brezuse of sxpectad support ot the Lecal population, and becasse of its expected cheap.
£r operating coats. Ammouncemént of a Flanning Inquiry, to start in late 1995 focuged
efforts by groups end organisations opposed to wasie disposal at this sites Cumhbria
County Couneil, Friends of the Earth, Greenpeace and local geoups such as CORE.

fost. To this cad Nirex

prepared to rslease comg-

pany reports detatling information aiwd ioterpretation fom its site imvestigations since
1991, in suppoet of its cape for development, A sentor legal counsel and his tearn ware
engaged; aven 4 mack planning Inquiry was held, A budget of L1000 iz said 1o have
been spent by MWirex on the Inquiry. The chjecting groups likewise prapared their
cages, by means of seeking consultants to.act as expert wimesses, but with 3 budget
some 10U fopes smaller than that of Mirex. Tt became apparent that idependent
experts were hard to find, many technical professionals with speeialist expertise had
previously been employed by Nirex or ita contracter cotnpanies, and perhaps perceived
i comflice of interest).

The Inquiry was held in owo parts; Part A #xarined issues of surface planning; Pat B
cxamined the Sclence and Policy issues, To discuss the techoical geoscience and
enginesting iagwas in Part B, Mirex produced 7 expert witeesszs, All except one. 3 mem-
ber of Nirexs acagernic reviéw committes, were employed directly by Narsx.  For the
opponents, Cumbria County Coneil produced 5 sxpers (one arploved by Cuaban),
focosing on site sslection, hydrogeology and overall risk. Greenpeace pregented 5
experts (ome emploped by Gresnpeaces), investigating site ssleciion, geclopy, hydrogeala-
&y How modelling, gecchemistoy, and comparable iovestigations worbdwide. Friends of
the Barth fielded 2 experts oo employed by Friends of the Eanby), tackling Goemment
palicy, gealogy, site 3-D srmacnoee, Iydrogeolopy, fluid flow in fractares, enginescing and
geochemismy.

The Mirex evidence can be consulted in Whitehaven library, Nirex's Hareezll Jibraryomd
at wawwpirex.couk. The gecscisncs setiing 15 sunimanksd m a Roval Society Repoctof
Movember 1904, and thematic 1s5usas of the Yhokshire G:glugi;al Su;n:in:T_L' va0, 1-112%,
and the Cuarterly Tournal of Engineening Gealogy (v29 51-5107)

The technical gegscience avidence presanted against Mirex has been reproduced in 2 book
prublishad by the Geology Depertment of fhs University of Glasgow. This also includes
the lega] statement of case and summing-up by cach objecting group, There L2 oo space
ty themaise all the desailad geosciencs objections, but rather we will selecrively sumrnarise
soime of the main themes. Sie szlsction in Britain was procesding wall through the
1980's; regions of auitahls generic peolegy bad been identified by the BGS. Several tvpes
of sitz appeared geologically feasible, inchading large areas of East Anglia, whers crys-
talline bazernent rocks were antickipared to be hydmogeologically poorly conected 9
groursdwater flow in aquifers of the overlying sedimentary cover. Howvever the e dite
selection process in 1988 changad such aitez of “Basement Under Sedimentary Corver™ 10
“passment adjacent fo sedimentary caver”, and Sa managed ta intlude the S=llatizld area
Elementary hydrogealtgy warms as that raon falbing om the 1L{Xm high hills of the Lake
Dismwice migjﬂ: be drven dewnwards and cunwards by the r{\-]_\:rgmphjc. he=ad. Wiould the
Borrowdale Volzanio Rock (BVE), where the dispoeal site was planmed, be sufficiently
umpermenble to physically reduce the flow mte of such waeter? This physical isolation
from waier flow and haman intervention is one of the main reazons for seebing desp
dispesal.  Hisiorical imformatipn ghows the Triassic agnifers in Weat Combria 1o be
arresian, with flow wowards the swrfacs; wonld any desp flews show the s pattam? By
Tun= 1991 Mirex had drillzd pao borehales and annownced thar Longlands Farm was its
intended site for o repository, By mid-15%2, Kirsx had complated thres boreholss inves-
tigatng the deep BV, for & repository planned about §50m depth below the surface.
Hudioulio heads measured at depth confirmed thet wpaasds water flow was probable.
Preliminary modelling of the hydrogeslogy system showed us ar Glazponr Unversior that
tha meazured permeability rznge of the B3WG was oo wide, Yes, there were low perme-
ahility zomes, but 10-38% of the fractures were far oo peemeable. Nires choge b igron
the higher pesmeabllines, concenivating nstead on the much lower average valuz o
papresent the regigmal rock mas:. That was an waforTanate ecrar.

It became apparent that Wires's strategy was unigue in the waorld, Many other natieas

Geology, hvdrogeology,
geophysics and engineer-
ing were recognised as
areas of expert lkmaowl-
edps, on which  the
debate wiwld he wor or




hiave programimes 1o dispose of radicactive waste, amd sgveral
Iave exrarg undarground laboratories, or plans for similer jabo-
vatories. However she Brivish plan was unlike any other coun-
trye intanding 1o digpose of radioactive waste in fractured vol-
. canic eocks, samcated by meving water, Thare were no other
mstances of a research “rock laboratory™ such a3 Wivex's Rock
Characterization Facility (RCT ), which wers planned 1o becore
an integral part of the final repesitory, and ceriainly not in soch a
ghont tuneseale,

Lrarium, plutondum snd jodine peed pecchemical ag well as
phivsizal barsiecs 10 contam the wasfe, Nirex engineered and
patentad an aikaline weak concrete to use as geochemnicil
backfill in its enginested vanlt. Althouph this conceste may help
to contain plutonium complex jong, it doas not reduce the
salubility of todine, nor of the 2, 50KMons of uraniwm to be placed
in & disposal site. Uranim solubility can instead be lessened by
makig wie of geochemically reducing conditions, rathee than
oxidising cenditions, Mirex had sponsored repevation for owrism
of one of fve former Irom ore minzs in Wit Curnbria, and 50 st
have been aware that this district was the site of 1800 illion toos
of hasmative ore, Brirain’s largest iron oxide daposit
Groundwater conditiogs in the geological past have thus been

abnommelly oxidising. The oxidation stats {Eh) of present day .

ers within the BVG was measured in borsholes, and found o
ﬁ'oﬂdi&iu,g. Mirex “cortected” these measurements to tedie-
ing values by assuming the existence of iron piites lining ail the
fractures within the BVG. In spite of the specific assertions
green to the Planning Tnguiry by Nirexs managerd, no mom
porites could be discoversd to justify & reducing Eh. A geo-
chamical barrier was therefore unlikely to exist,

For the evaluation of fluid geobogy within a deep reck body, the
oil todustty has evelved the seispuc reflection method a5 &
key cost-sffective way of ifnaging underground stoucmmee. Several
2D selstnic lines existed close to the site, and inteypretation. of
these showed significant major and miner fanits. Unfornmately
the interpretations had changed on a yearly or even on a monthly
fimescale (Figuree 1), 2o there could be po confidence that & final
irtarprotation lad been converged upon Mirex commissiomed a
wial survey esing fhie more up-to-date 3-D seigmic method, with
expertise from fhe University of Glasgow. This was lnghly sue-
cesafinl. The preliminary results of this were available to Mirex
before the Inquiry commenced, and showed that five structuce was
vary complex. However Niméa made 0o afteinpt to iaciuds the
maw results in its Inguiry evidence. Even so, indepeandently of the
© gurvey, seisoie lormegrams were produced as evidence by
Wirex, to image reck structure between boreholes. Unforrunately
theze were muleally confradictory, and were slag inconsistent
with the location and dip of fuults interpreted from earbier seismic
dara. Thase fnlting effects could have all besn anticipated i a
site chosen at the edge of a famlted and collapsed valcanic
caldera, Field examination of the BV shows if to be 4 complex
geoup of rocks, highly favlted and fractured, and extremely dif-
{tcult o predict m 3-I)
Looking w the future integrity of a disposal site, one or mure
glacial re-advances can be anticipated in the fest 50000 to 1
Million years. Loading by ice i esmblished in MW Eurcpe 1o
have driven recharge of deep watérs; such waber pressutes may
&vzn have been able o ydaubfically lift S00m of rock, Melting
atd unloading of ice in Brilain is strongly implicated to have trig-
gered sarthguakes up 1o magnitude 6. The Sellaficld coastal fault
zone has evidencs af earthquakes up fo magnifude 5 even in his-
torical time, Thess can both frachine an enginsered sfrachyre and
pump water from a disposal site to the surface, These risks ame
=till unquantified at Sellatisld

To make predictions of safety inta the far futuee if @5 necessany 0
krenwr the present conditions, therefor: the hydregeology and geo-
chemisiry at the prasent day must be well measured for a long
¢nongh timescale.  Thess are the baseline conditions.
Measurements at the Longlands Famm site 4id awot follow best
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45 a developer can onfy rely on judgement taldng proper
accounF O obwngns massgsment considerationg such as
scheduling the avadiandiy of information and knowledpe to
€79 service decisions thar dhe developsr needs to meks, includ-
ing coramiment of resources to futher phases of invesiga-
o
prageamming of activities to previde for optimum wtilisaticn
of resources [for example, to avoid the nead for cou-
£ wackors 1o stamd, or to be repeatedly mobilised and
demobilized, in order to obizin best pozsible Sommer-
cial termas for work requiredy; and .
deferment of pctivittes uni! requirad by fhe deveioper, botk o
=nsurs that eesivities have avalable reagonably complate data sees
and knewledge possible and 1o menage cagh flow on the project,

An unscheduled external review stage 1o the progrmme, such as
imppsed by the public inquin: inta Mirexs applicasion for an
underground phase of the investigations, cretes significant prob.
tetmns, particulacdy when thera are expectations on the patt of oth-
ars, not tated in advence, tat cevrain itemns of mformation aes
matzrial to the review. These activitias (o visid sweh information
may have becn programmed by the developer do be available
when vaquized far regulatory or praject management milestonss.
A= pxaenple of iz af Sellafield has been the detailed scientific
p.dctions of the waponse of the mck mass and groundwarer
system to RCF excavations, These were programmed by Rivax o
e available for the start of that excavauon, The Inzpector, on the
other hand, clearly felt that thes infermation should have been
aveilable ar #he time of the plmning application for permizsion
for the research facikity. This vould have requircd the packege of
work to have been complersd some three weass ariier than
plantied by Mirex. Carcving out the work “fust in time™ had, how-
sver. been the optimum aporoach as it permined wilization of the
greatest amount of available data and knowledoe from the rolling
progranume of imvestgations and stadies, thereby enabling che
use of the best possible scientific informaticn for the generarion
o ihe predictions.

A miated matter is the level of detail that can be expected io be pro-
vided on any topic a1 various stages, pardeularly recopnisine that
later stages of itwestigation, because they provide for the spplica-
don of different ranges of techniques, will inevitably provide
grearer levels of detail, Thus, for xample, if modelling of ground-
water flow fhrough 3 frecture perwork requizes, ag it does, an under-
standing of Tacture langths and commectivity, and such dalz canmer
e sbtained withow: the inspaction of the m sit rock mass op the
4 __.af langth scale that can onby be prondded by an andergoound
facility, what level of confidence regarding the roodsls is it reaiis-
Tic b0 expeet nzing data only obtained fom boreholes?

There i5 a pasadex heve. 1f the expectations of the reviewess are
unreatistic, then the developer iz destined 4o fail repeated]yt. The
developer provides what he regards 4o be a ealistic level of con-
fidence, but the reviewers consider that a higher level of confi-
denes should have been provided. There nesds w be a shared,
realistic and sciemtificellv-bosed understanding about the stages
of investigation ar which external reviswes shouid ve carried out
and of the levels of knowdadge and umdsrstanding thar a develop-
er should be expected to hawe achieved ar thess various sages of
a sils invesigadon programme.

Paer Reviaw

Thiz paradox raises arother h‘npmaur Point megerdimg pest
review, The scienrfic commurity cecognizes and nodsrsiands the
peer reviaw preyided during end throngh submidsios of papers for
publication. However, for a progvammae of waork as complex as the
azgessnerit of the suifaptline of a gite for radicactive waste dispas-
al, It is unlikaly that such & zeview process will provide the deprh
or foous of Tevisw mecessary (o underpin & ripesitory project.
The Nirex approach s peer review [see raference 4] has recently
oesa reviawed by foe Oevermments Radicastive Wasis
Manpgement Advisory Commities (EWMAC [see referencs 5]

The review' concluded iaf Mirss had awide range of pest review
processes whtich generaliy work very well Some supplementa-
ricn of these processes was recommended and Mirex is rspond-
mg to these recommsndations,  Hewever, virtslyy all these
proceszes ars initisted and fimded by Mk, The enly odher
Teviews tend fo be initiated by madividusls and groups whe ane
spposed 1o Mirex, many are funded By the “green” groups and
ahnost exclusively critiesl, The Secrewry of State for the
Enwizonment has siated that he considears that explorarory iovesti-
gations 10 inform choics and desien of a satisfactory répositery i3
patentially of great epvironmental benefit to the padon. MNirex
fully recognises the need for continued independent revizw of i
soienisfic and techaieal progranumes. Tt i3 cloar also that che tog-
ulators have an fmperant cols to play, in advence of any propos-
al to develop a repository at 2 particular site, in carrying oot tech-
ttical reviews of the programmes ar regular stages.
Concliusions

Radisactive waste exists and Earth scientists have 2 moral and
professional responsipility e assim in fanding 3 Jong-term
solution for its disposal. Irrespective of personal visws about
the future of the ervil nuclear powar indusiry, the wastes that
already exist, and thase that will continue 1o arese from a ranze
of sources. noed  be disposed of in 4 safe and énvivopmen.
tally sound manner, Finding a sshution to this problem poses
significant challenges to rhe Earth science community,

The long vimescalas over which radioactive wastes remain
hazardous are such that disposs! mvst take account of climatic
and geslogical chenge inclhuding future glacistions, sea jevel
chenges and erosion.

Erratuation of amy site for radioassee wasie disposal must ke
appropriste account of uncectainty, desling with this in a scientif-
iz and, whenever posaibls, & guanfifative manner,

Investigations &t a potensizl site for 3 deep repesitory tehe place
in phazes and knowledge is progressively acquired on e charac-
teristics of the site, The scope of the investigaitons is defined by
the requirements of the safety case, Hence, 3 thovough urbder-
standing of the fesds of the safety cage (3 necessary to defing the
scope of the investizations.

There is & need to have a clear definition of the levet of know!-
edge thar is both appropriate to and feasibls ai the varions phas-
es of investigation. Thers i3 & need to esrablish well-founded
expectaiions regarding appropriate levels of knowiedge achicv-
able urilising different forms of investipation and at differem
stages in the evaluation of & site for a repository, This defind-
tion is needed to enzhic affeclive managernent of vesources
whilss baing responsive to the requiremnents of the planning and
regulatary systems and of the develgper.

Feview of the sciemific issuzs underpinning decp underground
disposel of radioactive wastes must take place in an informed and
scientific manner. Continved efforts arc required to endiourage
and faciiitate such infermed debate,
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praciice in comparable hyvdregeclogica] investigations. It was
alse diffierl to imagine how such nafirsl baseling tneaguramants
cogld he recovered after cpsstruction of MNirexs Rock
Charneterisation Facilice. The very excavaion of the twe open
verticel shafis would alier pressures. watey chemistry apd fiow
directions, so destroyizng mamy of (he natural conditions they pus
ported to aszist in measuing,

Predictions of water flow and gepchemistry oo the fumre
requive conipurer madels. These must simulate the remonal fow
of warer and idsally must alse descnbe the local flow of water
arcund the waste fhrough 2 fractured rock mass, There has besn
likthe intermaticnal success o date in precize predictive modelling
of water flow through fractured rock, and other countries plan-
ning radioactive wiste dispoesl in warer satueated fractured rock
have spent many vears underaking fizld experiments to inprove
their capabilities. The Mirex time schedule was toa rapid 10 per-
mit amy smgmificant irvestigation, allowing onky a few months
from reaching the depth of desposal with the mitial RCF shatts, 1o
applvimg for final planning permiszsion for a fingl repository aite.
Tn gy computer modelling sfudy, it 15 possible to generate han-
dreds of different riodels, Consequently it is necgssary to choose
which of these compars favourably with the real world.  This
imeodves a crscial proeess of calibration, where the needel para-
meters (.o, reck gromeiry, peomeabalind are adjusted so that the
output from the model fits fhe measured real-werld data
Calibeation can then be followed by on® or more cveles of vali-
dation, whan the roodel is wsed o predict data poiats which are
msagired independently of the calibrated model, Cmee the eali-
brated model succeszflly predicts mew data. then that model can
be gaid o conmin elemems of tath, Meither of these staps was
sdequately pesformed by Mirex with their models, Even the sim-
ple calibeation of subsurface pressurss (heads) in borsholes close
to the repogitory site was wery poor.  Modeliing at Glasgow
University did, bowever, achieve a better calibranon of model
predictions 1 measured heads. This was achieved by increasing
the meodelied regional permeability of the BYG (Figare 2, Sucl
Bn incTease necessarily tmphes a faster flow of water, and thete-
fore a larger volurmes of water, passing threngh the deop disposal
site. This again sevecely lamits the effect of the physical baroer,
and has adverze consequences for the overall safery of the site.
The ovsrall safery of 2 deep radipective waste :egn.'-ltm} haz o
meet & Government nisk target not exceeding 10°%, This q.uantl-
fies the anmuzl risk of death or sesions illpess 10 an individual in
a population exposed m radicactive leakage from the disposal
gite. The final risk 16 modelled by a series of seemingly complax
squaions, fed into 3 statstical Monte Carlo type compiter 2imi-
lation which attempts to combine fhe many poesibilities. These
equations are controlled iy vwo simphe geclogical factorss- first-
by the time spent by water in the enginesred disposal vaults
(thereby becoming contarminated with radioactive coniplex bons),
and gecondly the mime aben for that radicactively polluted water
i spread through the gsosphers towards the groand surfsce, In
this Longlamls Farm site, where subsurface water flow is dniven
by ahead from the sdjacent hills, both these factors are cotitrolled
oy the flux of water fhrough the repesitors, iz the rate and voliums
of flose. To present its safety case, Mirex had chosen only the log-
arithmic mean valves of all parameters. Eviderce given by
Cumbtia, Greenpeace and Friends of the Earth experts all sug-
gegted that the BVG permneabilitizs veed by Wirex wers unrealis-
tically low, snd also that many oiher “noa-tnedian™ cases should
be comsidered. Conssquenily, replicate calculstions of nak by
Cireenpeace suggested dhat the final elak wes not 0.5x10° as pro-
pased by MNirex, but the fimal risk could equaily pogsibly be
S 107 ’5', exceceding even the most lax safery reguiation by a fac-
tor of 50 (Figurs 31 Mirex adooifted dhat i had no way of dmd-
iz which of diese possibilitiss was more likely.

Following the rejzcton of their RCF plan on 17 hlamch 15597,
Tairex halted all contracts and technical wadk wherever passible.
This even extended o cencelling presentations in late March at

the EUG 9 mecting (Buropean Union of Genstignces) @
Strasbourg. The Mirex speaboers simply did aot num wp, leaving
ample time for aoe of us {RSH) 16 try ta present both sides of the
debate to the assanbled indernational audience. Media inlrest
has ¢otinued regulanly sioce March, Compansons have bean
made with the T'3A radwaste dispozal site in New Mexico salt,
where the cost started ar £2Bn, but to date totals £9Bn. The
Longlands Farm gite was similarly costed at £2.5Ba, but even the
¥irex Managims Director adimitg the final cost could casily have
been £3.58n. Atienipls have been made to sxamins “what went
wrang” b, swprisingly to mavy, the Micex beard of manage-
ment remain intact. [n many private isdustries such 2 fundaien-
tal veburtal of 13 core business experiise would necessiiate 2 basic
revisw of corporate cultare, and a clearout of menagement from
Chairenan and Chief Executive, poesibly svan down fo-tethnical
lewvel, In am intmguing developement, Bridsh Moclesr Fuzls
Limited (one of Nirzcs main fundsrs) bas in late Apnil purciased
the Cenadian underground laboratery ag Whiteshell. This maives
fhe possibility that international business itersits could overtake
Mirex and the ssarch for & Brirsl disposal site. Will ENFL sim-
ply fund its own cormmercial studiss at Whiteshell, and even
apply to dispose of waste at that site? The future of British imves-
tlgation remaine uncertsin. There will probably be a revies
There is & nesd to ensure much more poblic confidence than
dxigis ot present. Thiz can only parthy be achieved by gream
transparency of site selection and investigation. An imyportans

lgssen from the Longlands Fanm experience is that seiemtific

apposiiton and dabate by compating groups 5 a very poweiul
methed of exposing weabmesses it a techmicnl geoscigncs propo-
sition. This necessitates fording for sope replication of work by
active researchers, not simphy 2 tapid entical reading of repotis,
Therz seems to be ¢ strong futere rele here for TUniverzites, con-
sulfancies. the BGS and even ol companiss, with geniling paec
review in open scientific meetngs and the normal scisntific li-
eratire.

On 3-6 July there 15 an Envircnment Croup mecting oo the
Csternary Geolegy of Sellafield. From Sept 10-13 at Mewcastle
University the Engnesring Group of the Geclogical Society will
examine hagardons and radicactive westes, incliding tao pagl-
led debates on “the new vy forwand”,

. In cenclusion, Sellafield was zlways a long shot, The ste was

chosen for nop-seieatific reasons, in & gecision-making process
which eencealed its true gendogical problams.  Results of initdal
drilling were ignersd by the Wirew management, In a cuimre of
speed and sver-optimism. As more aod mors information arrived
in the foliowing four wears, it seems that there waz no holistc cuit-
{eal gverview, marely a desite to achieve the drilling schedale and
meer the Quality Assuancs tapgets. For this dota maching to be
halted by a loeal planning mguiry came a8 @ Jurprise W Nigs
The Planning Inspector’s comprehenaive mﬁw # hord
l,ﬂ'm"ﬁ'l’emplﬂ: & TEEUTTL.fa this sibe, evem AR VS yeaps in the fulure.
Hiéwrsrer this is 2 suceeds of the Bnusﬂ}__g g SYSIEI, Whui:h
ErABLE; "ihe reasorable man o tke o el amd hal:-m:ed o
1:ﬁ.cpm1:ll:,'m ‘e siaply Ty o, m'rh-::c

O Btwari Hasieldine Js Senfor Leclurer af Glasgow
Linfversify: and was an expert withess for Gresnpeace af
the 1895-5 Planning Inquiry.

David Smythe is Pmrus:rr of Geophysics af Glasgow
Universily, and was an expért wrfnesa for Eriands of
.the Eanh. e

Research undertsken =t Glaag-:rw University by
Chrsiopher MoFeown was fusded by the Greanpasce
Environmental Trusk | Techafesl evidence presented by
the Qhjacting groups &t the fguine is published by the
Dept of Geology, Universily of Glasgow ;



he decision mads by the Secnasy of State for flye Eovirorment on 17 Jarch 1957 do
I disindss T Mirex’s appeal agaimst Cumbria County Council’s refusal of planning per-
tission for 8 Rock Charactarisaion Facility (RCF) at Longlands Farm near the village
of Gesforth, and close io the Bribsh } u..l'.-e-ar Fuels Works at Sellafield in Cumbria, was the
thied time dhat Mines has faced larg, Im this arfiele we examine the history of
irex, wiac o the prosent siaation ( Tabls 17 (Blowsrs, Lowry & Solomon, 1991,
The Sixth Report of the Royal Comemission on Brviroamental Pellution (the “Flowers
Repor:™) published in 1978 highlightsd the deficiencies in radisactive waste management
peactice then carreat in this counsry. The report made two recommerdetions designed to pat
in place m srategy for dealing with radioactive waste, Firsr, thers would be o Nuclear Waste
MManagement Advisery Coemamittes, veporting to Governmuent, which should consist af &
ik of scientists, and representatives from povernment depertmenis, agencies and the
nuehens indwsiey, This comreittes in the form of the EWMAC fisst meat in 1978 and hes,
smee thet time, published Arnual Feports and individesl weports dxaling with specifie
jzsuzs (BWRLAC, 1590b). The secomd recommendation was that thers shonbd be a Muclear
Waste Disposal Corporation {N'WDCh which woeuld develop and then mansge otig o mors
dispasal facilities, This Caeporzrion would be respomeive to the Seerstary of State for the
Emviromment and there would be Directors representing the muclear industry and the
Mational Radiclogical Protactien Board

Events following the Flowers Report

|kp the fimely establishment of the RWMAC, oo immediate $tops wers takan o
aafablish the WWEeC, A number of Tegsons may have conmbuted 1o this sreatiod.
The ooncemms of d:re Foval Commission were dirscted lagpely, but ot esrdrely. 1o
ris reprocessing of spent fael, Before such Wasts
cuu]ﬂb::-_nnrlg:l:ﬂ[n dispasal it wauld peed te B2 selidified aivd, arshe tme, no plans were
in hand for the condirioning and packaging of high leve] wagta ineo 2 solid form In addi-
tion, the EEC was iy the process of estblisking a deep drilling ressarch progesmane, in
relaton to the disposal of HLW, in which the UK was closely mvelved. This weck would
takoa soare: years to come fo fivibion,

The UK was alse actively involved from 1977-38 m an OECD-zponsared sudy into she

feasibility of HLW disposal within e sea floor sedimente of the desp Aflmic (Sandia,
1988 RWhAC, 19288}

Gilbert Kelling' & John Knill*

“Daparment of Earih Sclences,
Keele University, Staffordshire £T5 5BG

Highweood Farm, Long Lare, Shaw,
tiewbury, Berkshire RG14 2TE

The metfars wive the geslogian menthars
o the UK Government s independen!
Erdionctive Fasre Munagemant ddvisary
Contmittee TRWALACH jor ten vears from
J085: dakw Knill chaived she Commeiines
Srowm JRBT ¢ F993, Duering thiz period
the quekors had an weigue perspecitive
af the vale of the Earth sciencos in the
evalving history of radicaehivg wasie
adiggrrpal in TRIE comEry.

The Flewers Repart (p 2037 was in 2ddi-
tion critical of “the lack of cleerhy formrlar-
ad policy for the disposal of lnermedinne
feved solid woaste ar mreles swetions "' and
comumented that the “palicy of secumalat-
fng meare Kghly active solid wastes at AEA
and BNFL shes with a wiew ra evenmiel
coean disposal aupears madegrate . The
indiesary view ar the time seems w have
baen that e dispesal ronte for part of the
intermediate leved waste (TLW) to the north-
cast Atlantic was apen, and would conmnus
1 Be usad That IDW which could oot be
dispesed of by ocean duraping would con-
tinue to be stored, In the event LW has con-
tewad 1o sccumulate ever sines that tims,
and a joint HM Muclesr Instllasion
Inspectorate and HM Inspectosare of

{Pollution study in 1596 was crtical of
aspects of dwe mansgement of this wase

Events m the early 1950: changed the sit-
wation. The EEC-sponsored rezcarch pro-
grapme of deep d=ifling into granire started
in this coumrry bat soon met considerable
locel opposition. Tle ivestgafions weéné
only eomplated ar ome site, Almabreac in
Caithness, betors the Sesratary of Stata for
the Envircament discontinged this research
programme on 15 December 1981, In paral-
1=k i wes decided thar Houid HLAW would be
~vitrified and swoved at the sarface for fifty
vears avd possibly wuch longer o emablz
caoling o take place. Profesgar § H U



Bowiz, coe of the genlogist members of the BWRAC, resignad as
& pomzeqiience of these dacigions.

During the 19704 and carly 1980s thers wae alao moreacing
intérmatitnal cpposition to the continued wse of ocean disposal
for certain rypes of low level waste €LLW) and IDW. In 1933 the
Maticnal Union of Seamen and theae trangport Trades Unions
blacked the disposal i the north-zast Adlantic plarmed for Later
that year. The 1983 dispegal operation was suspended in Aliguse
of that vesr, and the waste packages are still in s2ore a2 Heraell
and alsewhere. In May 1988 the Government apnounced hat it
had finally decided not 1o dispose of drummed radioactive
wasie af 524,

By the emby 19305 the circumstnces in place when the
Flowers Report was written no longer sxistzd; fhe ocean dispozal
routs was foreclosed, and HLW was consignad t long-tamm star-
age. The NWIRC was £stablished in the form of KIEEX in 1982,
Tn October 1982 it was announced that the company would be
considering 2 site for deep ILW disposal in the ICI Bitlingham
anhydrite Mine, whick was nndar-a cars-and-maintenance pro-
gramme. and @ sita for shallew LOW disposal in an zbaadonsd
pit in the Cxford Clay at Elstow in Buckinghamshire, Bodh pro-

ls met imifiediae publis opposition (Openshae, Carver &

e, 19897, ICK imikially indicated a willizgness to co-dpernte
1.8 national intarest bot yehlarch 1984 had decided to oppase
the Billingham scheme. No phyeical investigations were carried
ok at either site. Although NIREX indicated that the Billingham
propesal was “'safe”, 3 critique waz published in the British
Geologis? (Anon, 1954} describing possible peological flaws in
tha proposal. In Jamsary 1983 the Gevernment abandoned the
Billngham proposal having argeed mo the previous year that
thers was not the same urgency for the constraction of a deep
faciliry. The Govertment decided that NIREX shauld announce
at least three separate canddidate sites for the disposal of LLW
and T, and that Special Deselopmert Orders (S0R0) woald be
peomolgated (o enable MNirex 1o carry o investigations an che
sites. In Movember 1985 Unitsd Kingdom MNirex Lid (irex) was
eiablished 22 2 legal antity in iz own right

The four shaliow sites for LLW

ollowing o natfeqwide stedy of potential sites for LEW dis-
F posal (¥cEwen & Baich, 19871 Minex amnounced ow 23

February 1936 thar investigasicns would be carried out ag
faur locationa: the sine at Elstons, wogeiher with sites a1 Bradwell in
the Londan Clay of Basex, Fulbeck in the Lower Lizs Clay of
I  Inshire, and af Killingholme in glicial driff owerlving the
Upper Chalk m Lincolnshire, The investigations began that year
under the antharty of SD0s, and these agam ran itto significant
local oppesition. Nevertheless, the imvestigations procesd=d rela-
fiwaly unfrnderad el 1 bay 19587 when the Sacretary of Stare for
the Environment, just prior to the Gensral Ebection and swithout
consalting the RWMAC, announced the cancellation of the mmes-
tigations in response 1o a lettar he had received from the Chairman
of Mirmx dared the previeus day. The grounds edvanced for the can-
eellation were that it bad been established thes the e of shallow
disposal of LLW wes such that, on a marginal costing hasis, there
wis financial sdvanmge in so-disposel of LLW and [LW in 4 deep
repositary, This decision kag never sat comfomably in the record,
At the vime the EWMAC (RWAAC, 1988) challepged the cost
srgument and a former Nirex Director recently deseribad the
decision mads ar the Wizex Beard meating on 1 Mey 1947 as g
Blarant devics io get ruclear waste af the ganeral election agen-
dc* (Baolter, 1996), The Wirex lattar of 30 April 1997 stated that
the izsne of the gareration of gases, which would be mainly
detived from LLW, “would bg of swuch less signlficonce i we
were fa pursue @ less good but sl adeguote peolagy or if we
wipd o deep peposlfors”. In fact, gas generation was, and
Temaing, cne of The reasons for the preferred disposal of LLW
from mixed scurces ar shailow depth, Nizex quietly abardoned
e coneept of co-diszosal in 1993, thereby reditsng the volums
Al 0 Aaan Famnritsen e Far T alana e alone SN0

Site selecticn for a desp ILW repository

irex then et aboul the task of identifring af legst three sites
Nﬁ:lr the deep co-dispeaal of LLW and ILW, publishing a dis-

cussion document “The Wiy Foroard” in Neventber 1587
of which 30,000 copies vwers distributed. 2,525 repliss were
received and ihese wers reviewed, on behalf of Mirex, by the Risk
Aszeggment Unit of the University of East Angha who published 2
report in Movember 1988, In paralle]l with this consultative process
Mirex had beeo carrying ot a sire selection exercise (EYWMAC,
1969) which identificd & shom-list of rorelve sites, all of which
were stated to meet the redloleaes] safely vequirements in the
hiex PEREA report (Mirex, 192%a) The mecommendation was
maide 1o, and accepled by, Goverrenent in barsh 1988 that iovesti-
gaiiong should be concentiated m the {181 instance at wo lecations
which wers adjacent to the existing muclear sites of Dounrzey and
Sellafield. This declzion recognized that most of the ILW involved
was locared at these beo sives, thus reducing tramsportation costs
-and associated rizks, and the local populations wers already famil-
iar with the noclesr indwstry culture, An gutliee of the factors con-
sidered by MNirex in selecting these two sites was published m its
document “Going Foramed™ (Mirex, 1989h)

Invastigations at Sellafield

restigations &t Doarreay and Selafield then proceeded with the

-duilling of e borebeles ot sach sit2 prior to making a decision

as te a preferred site for farher mvestigation. A slke within The
Berowdale Volcamie Group (BVIF), and inland of e EMFL
Sellafield Worlse, was then identified as the praferved sme on the
graunds that, zlthough Mirex interpreted the grological conditions at
Both 2ites as eesrpenable in reenss of safery assecoment, there was an
overriding cost disadvantage m the twnsportation of waste 1w
Drounreay. The first geclogical and Byvdrogeological resalts from
Sellafield wers published to Maseh 1592 (Mirax, 19592). At shar time
it was the inention of Nirex to submit & planning application focang
1D repository in the swunn of 1992 with the plinning mquicy
starting in 1993 on the Basis of the resulta of this limired drilling
(FWRALC, 19908). However, media comanent swiftly drew attention

oo Ll o O Dl B g
4T, Amsnnon was dowan o the apparent ater eondi-
tioms i the BVIZ, a situation already édantified decades bafiore from
the explotatosy drilling asseciated with hematite mimng,

Ax a consaquence, Wirex deloyed, and then radically resroetoned
its programme and internal organisation, ereating its gwn staff
striscture but with heavy reliance on conractars. Tt was decided te
carry out more Gzep dtilling before any decision on a planning
application was made. Further, it was decided 1o s2ek planing per-
tnission for a Rock cnmrﬁfmfﬁﬁm
consist of twin shafts excavared to The Tevel o posaible Teposi-
tory combined with headings at that depth. The RCF would enxble
more aocurate characterisation of fie repository 2one, as well as
facilitating i sity resesrch and develaproent proprammies. Such an
undeeground laberatory had been proposed by the EWMAC in 1950
(EWRAC, 15008) who, ot that ffme, had smubtemsssly recom-
mendéd a morg satended programme of deep dolling. The
RWHIAC propesal was limked fo a proposed twe-stage public
inguiry tn which an inirie] nquisitorial inquicy conterning the RCF
wonld “mrovide the o o widch she techofoal geestions conld be
Jorsifared, which world need to be responded 1o af o subsejuen
inguiry”, By such a means the EWMAC felt that the adversanal
svstem adopied in the Englich apd Welsh [zgal systems could be
avoided, ad a more coisensual approach adopted. n the eveat, the J
fiest st ge inquiry was held but i an adversanal form.

From 1992 aaywerds tdee progress of the restructiced Mirex irvas.
tgation programms was recorded in a seriss of reports and sume-
mary dosumenis. During this peniad the BWMAC Anvmal Reporiz
(1993, 1954, 199%a) commented on this programms pardeulacly
thess aspects concaming the zealomcal and bydrogenlogicsl imves-
tigations. The RWMAC stated "ir s ar ppen question af o wisaifer
the obsaved voriabilite In ike Bfogeolosical comdiions af
rhar the aeimeat
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