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IntheGermanBundestag,arecentexhibition[1]honoredGermanuraniumminingremedia-
tionontheoccasionofits30thanniversary.ThefederallyownedremediationcompanyWis-
mutGmbHprovidedinformationonthestateofaffairsofEurope'slargestandprobablyalso
mostprotractedenvironmentalproject.Anoccasionforreminiscenceandappreciation,which
theKirchlicherUmweltkreisRonneburg(ChurchEnvironmentalGroupRonneburg)gladly
joinsandwouldliketospecifythefollowingmainpointsfromthepointofviewofthoseaf-
fected.Whatinfluencecouldtheremediationhaveonthehealthconsequencesandcata-
strophicenvironmentaldamageofuraniumminingintheformerGermanDemocraticRepub-
lic(GDR)?Theexhibitiontriedtobringthefloodoftechnicaldata,figuresandthecomplex-
ityofthetopicclosertotheinterestedvisitor(stillopenlyaccessibletoeveryoneintheonline
version)withthemostmoderndesignandmoreorlesscatchysuperlatives,butalsoimportant
uniquesellingpoints.Noeasyundertakingandtheshorterandmoreconcise,themorediffi-
cultitistounderstand:onelearnsthat97-99%ofallsurfaceandundergroundfacilitieshave
beendemolished,jettisoned,backfilled,disposedof,floodedorcoveredtodate.5%ofthe
nearly2,000kmofmineworkingsstillinoperationin1990and15%oftheminedumpsand
formeroperatingareasarestillinprogress;5%
oftherehabilitatedareaisinfinalcontouring.
Almost200formermineworkingshavebeen
preserved.Somefacilities,suchasminework-
ingsorlandfills,mustremainopentodealwith
variousresidualcontamination.Andthisisac-
tuallywheretoday'spublicinterestinclarified
andunclarifiedlong-termtaskscomesin.Be-
hindthefiguresistheremovalofenormous
radioactivecontaminationfromtheopenair,buildingsandwatersoftheuraniummining
areas.Thepiecharts(below)provethepositiveeffectonthesupra-regionalwaterpathwayup
totheElbeRiverandultimatelytheNorthSea.[3]

Whathasbeenachievedsofar
Thirtyyearsofrehabilitationshouldbeanoccasiontogivethepublicageneraloverviewwith
technicaldata,achievementsandextents:
Of7.5km2offormerWismutGmbHoperatingareasinSaxonyand30km2inThuringia,
morethan50%havereturnedtotheusecycleofsociety:muchreforestationandnotafew
areasforcommerce,photovoltaicsand,ultimately,recreationhavebeencreated.Itdoesnot
alwayshavetobea50hectaregolfpark(aprestigeobjectnearAue),butanumberofnew
landscapeconstructionsarenowactuallytouristhighlights.Theformerenormousradioactive
dischargesintotheatmosphere,soilandriversare(almost)historythere.Whereasin1989at
officialmeasuringpointsauraniumdischargeultimatelyaddedupto62tonnesasfarasthe
Elbe,todayitisstilljustunder2.5%oftheinitialload[3].Unfortunately,thisvaluewillin-
creaseduetothetechnologicallyandeconomicallynecessaryconversionofthewatertreat-
mentinKönigstein.
Ofthe37.5km2ofminingareas,11.5km2hadtoberehabilitatedindepth,atgreatexpense
andwithagreatdealofnewscientificknowledge.Quiteafewareasremainpermanentlyun-
dermininglaw,whichisconducivetosafetyandaftercare.Despiteunavoidableconditions
andsafety-relatedrestrictions,localcitizens'initiativesalwaysadvocatefortheirpublicacces-
sibility,whichisanimportantincentiveforremediationquality.Afterall,wearetalking

Miningarea Uraniummined
(tonnes)

Ronneburg 113,000
Schlema-Alberoda/Pöhla 81,630
Königstein 18,000
Freital 3,700
Others 23,931
Total 240,261
Massbalanceuntil1990after[4]
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aboutthelargestradioactivefinalstoragefacilityintheworld.Thefollowingisrepresentative
ofthis:

Undergroundremediation-"Twooftheworld'slargestdepositsweretheSchlema-Albero-
dadepositinsouthwestSaxonyandRonneburgineasternThuringia.Hugewaste
rockpilesdominatedthetownscapeuntil1990.OneoftheprimarytasksofWis-
mutGmbHwastodecommissionthewidelyramifiedminetunnelssothatthey
nolongerposedanydanger.In1990,therewereabout500kmoftheseinSaxony

andalmost1,500kmineasternThuringia.

IllustrationoftheRonneburgmineintheexhibition"FürdieMenschen,fürdieUmwelt"[1].

Duetotheminingoftheore,insomecasestojustbelowthesurface,andtheresultingcav-
ities,therewassometimesanacutedangertothepopulation.Inordertoachievepermanent
stability,thecavitieshadtobelargelyre-exploredandmadeaccessibleagain.Undertoday's
BadSchlemaintheOreMountainsalone,300,000tonnesofconcretehadtobebroughtinto
galleriesnearthesurfaceviaboreholes."[1]Theformerminingvolumesthatwererefilledor
partiallyfilledduringactiveminingamountedto4,200kmofhorizontallyexcavatedmining
driftsintheshaftsaroundAue-BadSchlemaalone(ofwhich176kmwerestillopenin1990).
179shaftsanddayopenings(73inThuringiaand106inSaxony)havebeenclosed.In2021,
WismutGmbHwillnowbackfillthelastshaftinAue-BadSchlema,whereEurope'sdeepest
minewaslocatedwithadepthofupto2,000meters.Tokeepitrunning,70megawattsof
electricitywouldbeneededaroundtheclock,i.e.halfamedium-sizedpowerplant.Innuclear
terms,thiswouldhavebeenanannualrequirementofalmost30tofuraniumandwouldhave
correspondedto5%ofthemine'suraniumproduction(1989:585t).AndWismutoperateda
totalof6majoruraniumminingandprocessingsites.
Thestrategyforremediationforthepitswastheclearingandpartialbackfillingwithsubse-
quentflooding.Stoppingdewateringwasnotenough.Eachminehadlong-lastingandcompli-
catedspecificproblemswiththeresurgenceofthewaters.
Aseriesoftechnicaldevicesforminewatercollectionandtreatmentcontroltherespective
floodingprocessestothisday.Differentpremisesapplytoeachminingsite,thecommongoal
ofwhichisthepreventionofuncontrolledanddamagingspillingoutofwateratsurface.For
severaldecades,miningwatersundergotreatmentpriortotheirdischargetoreceivingwaters,
untilsufficientlynormalgroundwaterqualitiesarerestored.Pollutantssuchasuranium,ra-
dium,arsenic,nickel,iron,manganeseandotherheavymetalsareremovedfromthewaters;
hardnessformersandsulfate,however,arenot-here,onereliesondecliningdissolutionpro-
cessesthroughrecurringnaturalmilieuconditionsandacceptsadditionalcontaminationofthe
receivingwaters.AttheRonneburgsite,thisamountstoover20,000t/aofsulfate.
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ThediagramshowstheinputfromtheRonneburg
(blue)andSeelingstädt(brown)watertreatment
plants.UraniumplaysaspecialroleintheKönigstein
mine,duetotheformerundergroundminingmethod
usingleaching.Therefore,asaremediationmeasure,
"uraniumrecovery"wasnecessarydowntoacertain
concentrationlevel,whichhasbeenreachedinthe
meantime.InMay2021,thelastdeliveryof
19.5tonnesofuraniumoxidewasmadetotheAmeri-
cancompanyFNC[5].Apositivemeasureendeddue

totechnologicalreasons.Inthefuture,tonnesofuranium-containingfiltersludgemustbe
landfilledannuallyandahighereffluentconcentrationandquantitywillbedischargedtothe
ElbeRiver(previously<0.3t/aU);thepermitvalueis1.7t/auranium.

Remediationaboveground-Ex.1:TheRonneburguraniumminingareawiththeLich-
tenbergopenpitmine.

Thefollowingwasfoundinthecurrentpublicexhibition[1]:
"Thecontoursofaman-madelandscapevisiblefromafarandawalkablepit
lampasaviewingplatformonthehighestpointaresymbolsofuraniumore
mininginEasternThuringiatodayafter30yearsofrehabilitation.Thesur-
roundingarearutted,churnedandbattered,thatwastheobviouslegacyofura-
niumoreminingaroundRonneburg,thelargesturaniumoredepositinEur-

ope.Arestrictedzoneshroudedinmystery,destroyedbyrecklessmining.Over113,000
tonnesofuraniumwereextractedfromundergroundhere,andalmost10%ofthatfromthe
Lichtenbergopenpit."Attheendofitsactiveoperatinglifein1976,thisopenpitmine,
whichwasthedeepestinEuropeat240m,hadavolumeof160millionm3atthattime.With
theendofuraniumoreminingin1990/91,workwascarriedoutatfullspeedonconceptsfor
asimultaneousrehabilitationofthesite,whichunderscoredtheurgentneedforactiontore-
duceenvironmentalandhealthhazardsatthattime."Atotaloftwelvehugewasterockpiles
werestoredaroundtheresidualopenpit,whichin1990wasabout2kilometerswideand
160metersdeep,betweenseveralvillages.Severalhazardsresultedfromtheresidualhole.
Numerouslandslideshadoccurredontheslopesovertheyears.Radioactivecomponentsaf-
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fectedtheairandwater.Extensivescientificinvestigationsledtoaremediationconceptin
whichthereclamationofthewasterockdepositswaslinkedtotheremediationoftheresidual
openpit.Inordertoavoidhavingtocollectandtreatacidicseepagewateratseveralwaste
rockpilesfordecadestocome,thismaterialwasthereforerelocatedtotheopenpitandthus
storedinaconcentratedformatonelocation.Mountainswereliterallymoved.Thefootprints
ofalltherelocatedwasterockpilesweredecontaminatedandmadeusableagain.The84mil-
lioncubicmeterstoragespaceoftheresidualopenpitwasnotsufficienttoaccommodatethe
entire133millioncubicmetersofmaterialfromthewasterockpiles,surfaceremediation,
andfromthedemolitionoftheoperatingfacilities.Thesurplusmaterialwasthereforeusedto
buildalandscapestructureabovethebackfilledresidualopenpit,thehighestelevationof
whichbearsthename"SchmirchauerHöhe"inmemoryofthevillageofSchmirchau,which
hadtomakewayfortheopenpit.Withawalk-inmapandapitlightasaviewingplatform,
thishistoricsiteisaplacetoexperience.Theredevelopmentworkontheformeropenpitsite
hasbeencompletedsince2018.Apredominantlyforestryafter-useisplannedfortheland-
scapedsite,whichcoversatotalareaof222hectares.Thesiteismonitoredbyanextensive
environmentalmonitoringnetwork."[1]

Ex.2:Radioactiverepositories(Photo:IAACulmitzschtailingsdeposit2018)ofuranium
processing:110milliontonnesofradioactivetailingsaloneplus55millionm3ofcontami-
natedwasterockarestorednotfarfromRonneburg.Theseobjectsrequirelong-termafter-
care,whichwasrecentlysecureduntil2045.WismutGmbHhadtoremediate4suchtailings,
euphemisticallycalledindustrialsettlingponds.Indeed,"Aswamp,radioactiveandupto
70mdeep."[1].

Tailingsdeposits Thuringia Saxony

Name
Cul-
mitzsch Trünzig Helmsdorf DänkritzI+II1)

Tailingssurfacearea(ha) 234 115 200 27
Tailingsvolume(millionm3) 85 19 45 6
Tailingsdepth(m)upto 72 30 55 23/19
Operationalperiod 1967-1991 1960-1967 1958-1989 1955-1958
Reclamationperiod 1991-2028 1990-2013 1996-2022 1996-2022
Aftercare until2045andlater,aslong-termtasksremain
1)legacysiteDänkritzIIhasnotyetbeenreclaimed(planned)

TheoriginalWismutstatementcontinues:"Workonwhatisprobablythegreatestchallenge
inremediationwillcontinueuntil2028:theremediationoftheindustrialsettlingsponds.This
iswheretheresiduesfromtheprocessingoftheuraniumoresarestored.Inordertodissolve
theuraniumoutoftheminedore,ithadtobechemicallyprocessed.Todothis,therockwas
takentoprocessingplants,finelygroundandleachedwithsulfuricacidoralkaline,depending
onitsnature.Thefinelygroundradioactiveresidues(tailings)werepumpedintoatotalof
foursettlingfacilities.Withatotalareaof684hectaresand154millioncubicmeters,theyare
thelargestdepositsoftheirkindandarealsolocatedindenselypopulatedregions.Strategies
andtechnologiesforremediationdidnotexistanywhereintheworld."
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Theschematicoverviewdocumentstheradonemissionsintotheatmosphere(airpathway)bysurface
andundergroundsourcesofuraniumminingintheRonneburgregionintheyear1989/90[2].

Themostimportantremediationeffectachievedforthepopulationistheeliminationofra-
diationexposureintheairatmosphere.Whilein1990aroundRonneburgalmost700tera-bec-
querels(anumberwithtwelvezeros)peryearofradon-222gaswascarriedintotheatmo-
sphereofthedenselypopulatedregionbytheminevents,thisloadcomponentdroppedto
zerobytheturnofthemillennium.InSaxony,theloadduetomineventsdecreasedtoalow
of65.2TBq/aby2007.
However,specificradon
problemsintheAueregion
havesincecausedare-
boundabove111TBq/a.
Locallyoccurringradon
outdoorairexposuresupto
over400Bq/m3occur;in
summer2018,35%ofthe
70+radonairmonitoring
pointswereabove
80Bq/m3[6].Thereisstill
someneedforactionhere
andthisregionisrightlya
radonprecautionaryarea
undernewradiationprotec-
tionlegislation.

Whatexpenditurewasandisnecessary:TheremediationcontractofWismutGmbH,which
hasbeenfederallyownedsince1990,wasendowedwiththeequivalentof€6.65billionovera
roughperiodof30years.By2018,€6.46billionhadbeendeployed-almostaprecisionland-
ingwhencomparedwithotherprestigiousGermanprojects(thenewBERairportinBerlin
alone,whichultimatelycostalmostasmuch,haditscostsmultipliedeightfold!).By2040,a
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further€1.36billionisplannedforclosureandaftercare.Thespecificcostofremediationvar-
iesregionallyaccordingtoconditionsandminingtechnologies.Costsincurreduntil2018
werebetween10,000and60,000€pertonneofuraniumproduced.Currently,€6.8billionhas
beeninvested;withthetotaluraniumminingoutput,thespecificremediationexpensetodate
iscalculatedtobeapproximately€30,000/t.Thetablebreaksdowntheamountinaregional
overview.Basedontheamountof216,350tonnesarrivedorregisteredintheSovietUnion,
theexpensedevelopstoabout37,000€/tofformerlymineduraniumby2040.Inthe1980s,
themining/productioneffortpeakedaround400,000GDRmark/t,whichcouldberoughlyin-
terpretedas50,000€/t(intotal87,000€/t).Thespotpriceiscurrentlyat61,000€/tandfluc-
tuatedinthelast3yearsbetween57-80,000€/t(Ø67,000€/t).Inanycase,inretrospect,the
unprofitabilityoftheuraniumminingisevidentfromapurelyeconomicpointofview.

ReclamationcostpertonneuraniumonceminedatthevarioussitesinSaxonyandThuringia
Reclamationarea Uranium

(Tonnes)
Reclamation
cost(€/t)

Elbsandsteingebirge(Königstein) 18,000 60,000
Dresden(Gittersee,Freital) 3,700 35,000
OreMountains(Schlema,Pöhla) 81,200 14,000
Ronneburg 113,000 20,000
Tailings(in4deposits) 163,000 10,000
∑Wismut(costsuntil2040) 216,000 37,000
LegacysitesinSaxony 6,000 20,000
LegacysitesinThuringia 12,200 01)
Amountsafter[4] 1)noreclamationoflegacysitesinThuringia

Whatproblemsremain
Itisinthenatureofthings:radioactivitychangesdimensions.Andsodifficultconsequential
problemsremainandmostlywitheternitycharacter.Aselection:
 Almost16,000minersstillcontractedcancerafter1990,primarilylungcarcinomas;
newcasesstilloccurtoday.Theoccupationalillnessrecognitionratewasamaximum
of50%annually,sothatmanycancerdeathsarenotincludedinthesestatistics.

 Long-termtreatmentofcontaminatedgroundwaterisrequiredatallsites;indefinitely
attailings!

 Themonitoringoftheair/waterpathofuraniumlegacysitestakesplaceinSaxony
withaminimumeffort-inThuringia,however,notatall!

 Uraniumandotherheavymetalcontaminationcontinuestodiffuselyaffectaquifers
andreceivingwaters.

 Coversaresubjecttotemporalerosion,butalsotonaturalforces(mostrecentlyin
2013floodsandmudslides)andreleasedradioactivesubstances.

 Tailingscovershavebeencriticizedforyearsforhavingtoolittlesealinganddrainage
effect,andcriticsbelievetheyarealong-termradioactive-hydraulicproblem.

 Remediationofuraniummininglegacysitesshutdownpriorto1990onlytakesplace
inSaxony;inThuringia80sites(3,200ha,approx.100millionm3contaminatedmate-
rial)remainwithoutremediationandwithouteffectivecontrol!

 Especiallywasterockdepositsreclaimedinsitutendtoleadtorenewedincreaseofra-
donreleases;aninsufficientlysolvedtechnicalproblemandthereforeaneternitytask
atresidentialsites.Thetablebelowgivesapercentagelevelofrecoveryofnaturalra-
donradiationatmajorsites.Thecolorgradationfrombrown-brownishtogreenclearly
showstheremediationsuccessinRonneburgandKönigstein;Schlema-Alberoda
struggleswiththeheapfootdischargesandSeelingstädtmainlyfailsduetotheradon
dischargeofonelegacysite.
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Fictionalpercentageoftheapproachtonaturalbackground[9]

 Millionsoftonnesofradioactivetailingswereusedinroadandbuildingconstruction
andarenowreappearingdecadeslater(oftenunrecognized);arealsolutionisnotin
sight.

 Remediatedareaswereprivatizedtooquicklyinsomecases(subsequentcontamina-
tionisunresolved).

Thelatterisexplicitlyaproblemintheareaofafter-use,sincetheobligationoftheFederal
MinistryofEconomics(BMWi)orthefederalstatetotakecareofafter-useendswiththesale
oftheland.Consequence:Thereoccurrenceofpollutionisthennegatedandcoveredup;mea-
surementsareprevented.Inparticular,"normal"privatepersonsandsmallbusinessesare
technicallyandfinanciallyoverburdenedwithsuddenlyorinsidiouslyoccurringradioactive,
butalsohydraulic"incidents".Thelegal-politicalcomponentinthiscontexthasbeenrepeat-
edlydiscussed(e.g.[7]).Thelackofeffectivepublicparticipationasaresultoftherigorous
applicationofmininglawhasadetrimentaleffectoncitizensandcommunities.

Casestudyofun-remediateduraniumlegacy:Remaininglegacysitesinotherwisereme-
diatedareaspreventtheachievementofregionalremediationgoals,namelytherecoveryof
thenaturalbackgroundradiationpresentwithouturaniumminingliabilities.Thenegativeex-
ampleofsuchacontaminatedsiteisshowninthefigurebelow.

Inthecourseofremediation,thereisnosteadyimprovementinradiationlevelsinthesur-
roundingarea,whichisotherwisetypical.Theadjacentresidentialbuildingsaresubjecttoan
additionalloadofØ42%,thelong-termradonconcentrationof31Bq/m3intheoutdoorair
exceedsthenormalrangeby9Bq/m3;whichasanaveragecomponentisanenormouslyhigh
value,towhichtemporarypeakloadsofover300Bq/m3correspond[8].

Conclusion:muchremainstobedone.F.L.

Region 1991 1999 2004 2009 2010 2011 2014 2018
Schlema-Al-
beroda

20% 12% 31% 34% 33% 18% 35% 37%

Ronneburg 14% 44% 48% 95% 92% 85% 88% 83%
Seeling-
städt

52% 50% 42% 85% 85% 72% 70% 53%

Königstein >50% 54% 91% 94% 94% 88% 94% 100%
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