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0 / A few 0 / A few wordswords about CRIIRAD about CRIIRAD 
and and itsits laboratorylaboratory
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•• WhatWhat isis CRIIRADCRIIRAD
–– French NGO French NGO createdcreated in 1986 (in 1986 (ChernobylChernobyl))
–– Commission for Independent Commission for Independent ResearchResearch and Information about and Information about 

RADiationRADiation
–– Scope : to Scope : to informinform people about the people about the healthhealth risksrisks inducedinduced by by 

ionizingionizing radiation and to radiation and to improveimprove theirtheir protectionprotection
–– 4,000 4,000 membersmembers (supporters) (supporters) givegive 1/3 of the budget1/3 of the budget
–– Independent Independent fromfrom the State, the the State, the nuclearnuclear industryindustry and and politicalpolitical

partiesparties
–– PrivatePrivate laboratorylaboratory equipedequiped for radiation monitoring (7 for radiation monitoring (7 engineersengineers

or or technicianstechnicians) : 2/3 of the budget) : 2/3 of the budget
–– StudiesStudies made for the people, made for the people, otherother NGONGO’’ss, local , local authoritiesauthorities..
–– Areas of Areas of interestinterest : Natural radiation, : Natural radiation, medicalmedical use of radiation, use of radiation, 

nuclearnuclear industryindustry (mines, NPP, (mines, NPP, reprocessingreprocessing plants, plants, disposaldisposal, , 
etc..)etc..)
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1986 

Caesium 
137 fallout 
on the 
French 
territory / 

CRIIRAD 
map 

Red spots = 
10,000 to 
30,000 Bq/m2 
(Caesium 137)
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Impact of spent 
fuel 
transportation 
(1998)

CRIIRAD 
gamma 
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laboratory

Sample 
preparation
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La Hague 
Reprocessing 
Plant (1997) for 
Greenpeace

French Polynesia impact 
of nuclear tests (2005)

ANDRA 
LLW 
repository 
(2006)
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Japan / ROKKASHO 
MURA (2002-2006) for 
GREENPEACE
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•• Uranium Uranium miningmining in Francein France

–– About 200 mines : open About 200 mines : open pitspits and underground and underground 
minesmines

–– Uranium Uranium miningmining tooktook place place fromfrom the end of the end of 
the 40the 40’’s to 2001.s to 2001.

–– TodayToday the French uranium the French uranium isis importedimported fromfrom
foreignforeign countries Niger, Canada, etc..countries Niger, Canada, etc..
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Open pit / SOMAÏR / Niger
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Mine / COMINAK / Niger
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1 / 1 / CopingCoping withwith radioactive rocks radioactive rocks 

usedused for road construction or for road construction or underunder
buildingsbuildings
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Radionuclide Half-life 

Decay 

mode  

 X or gamma 

emission

Example of gamma 

emission (Energy, %)

Natural nuclides / earth crust / uranium 238 decay chain / Main nuclides

Uranium 238 4.46 billion years Alpha weak 16.16 keV 4.1 %

Thorium 234 24.1 days bêta yes 63.3 keV 3.8 %

Protactinium 234m 1.17 Minutes bêta yes 1 001 keV 0.65%

Uranium 234 245 000 years Alpha weak 53.2 keV 0.119 %

Thorium 230 75 400 years Alpha yes 67.7 keV 0.376 %

Radium 226 1 600 years Alpha yes 186.1 keV 3.28 %

Radon 222 3.82 days Alpha weak 510 keV 0.07 %

Lead 214 26.8 minutes bêta yes 351.9 keV 37.1 %

Bismuth 214 19.9 minutes bêta yes 609.3 keV 46.1 %

Lead 210 22.3 years bêta yes 46.5 keV 4 %

Polonium 210 138.4 days Alpha weak 803.1 keV 0.001 %
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Radioactive rocks Radioactive rocks exctractedexctracted fromfrom the mine are the mine are «« storedstored »» locallylocally or or rere--
usedused. . TheirTheir uranium content uranium content cancan exceedexceed 4,000 Bq/kg4,000 Bq/kg

This This isis 100 times 100 times aboveabove the the averageaverage naturalnatural activityactivity of the of the earthearth crustcrust (40 (40 
Bq/kg)Bq/kg)
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CRIIRAD CRIIRAD discovereddiscovered thatthat radioactive rocks radioactive rocks extractedextracted fromfrom the mines the mines 
hadhad been been usedused withoutwithout limitation.limitation.

Car parking of a ski Car parking of a ski resortresort ( Loire / Allier, ( Loire / Allier, yearyear 2001) :  2 2001) :  2 µµSv/h on the Sv/h on the 
groundground = 10 times = 10 times aboveabove naturalnatural background background levellevel..
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CourtCourt--yard of a yard of a farmfarm atat SaintSaint--PriestPriest--LaLa--PrugnePrugne (France).(France).
DoserateDoserate 1 m 1 m aboveabove radioactive rocks radioactive rocks fromfrom the mine : 1.1  the mine : 1.1  µµSv/h  = 5 Sv/h  = 5 

times times aboveabove naturalnatural levellevel
The The «« officialofficial »» doseratedoserate monitoring station monitoring station isis locatedlocated 100 m 100 m awayaway fromfrom

the courtthe court--yardyard
In a place In a place wherewhere gamma radiation gamma radiation isis normal.normal.
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Due to CRIIRAD and local NGO pressure and media Due to CRIIRAD and local NGO pressure and media coveragecoverage, the , the 
miningmining companycompany (AREVA(AREVA--COGEMA) COGEMA) hadhad to to removeremove 250 m3 of 250 m3 of 

radioactive rocks radioactive rocks fromfrom the the farmfarm courtyardcourtyard ((yearyear 2004)2004)
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CRIIRAD and a local NGO CRIIRAD and a local NGO triedtried to to improveimprove people people awarenessawareness about the about the 
radiologicalradiological risksrisks inducedinduced by uranium by uranium mineralsminerals comingcoming fromfrom the former the former 
mines.mines.
(March 2003) (March 2003) atat SaintSaint--PriestPriest--LaLa--PrugnePrugne
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A A citizencitizen waswas keepingkeeping a a samplesample of of mineralmineral comingcoming fromfrom the the 
mine in mine in herher gardengarden (Saint(Saint--PriestPriest--LaLa--PrugnePrugne, , JuneJune 2002)2002)
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DoserateDoserate measuredmeasured by by 
CRIIRAD: CRIIRAD: 
*1 milliSievert/h in *1 milliSievert/h in 
contact = 5 000 times contact = 5 000 times 
aboveabove background background levellevel
* 18,3 * 18,3 µµSv/h Sv/h atat a a 
distance of 1 mdistance of 1 m

ComparisonComparison of radiation of radiation 
dose dose withwith EURATOM EURATOM 
96/29 96/29 limitslimits ::
**StayingStaying one one hourhour atat 1 1 
metermeter : cancer : cancer riskrisk isis
«« non non negligiblenegligible »»
**StayingStaying 10 minutes per 10 minutes per 
dayday, , eacheach dayday of the of the 
yearyear : cancer : cancer riskrisk isis
inacceptable.inacceptable.

CRIIRAD CRIIRAD askedasked
COGEMACOGEMA--AREVA to AREVA to 
removeremove the the mineralmineral
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•• CRIIRAD CRIIRAD proposalsproposals

–– Global Global inventoryinventory of places of places wherewhere radioactive rocks radioactive rocks 
maymay have been have been usedused yearsyears agoago

–– If radioactive rocks are If radioactive rocks are presentpresent, , thisthis shouldshould bebe writtenwritten
in official documentsin official documents

–– Elaboration of a national Elaboration of a national strategystrategy : : definitiondefinition of of 
decontaminationdecontamination levelslevels and and creationcreation of of storagestorage
facilitiesfacilities for radioactive rocksfor radioactive rocks

–– CreationCreation of a national of a national fundfund to help to help citizenscitizens willingwilling to to 
getget ridrid off radioactive rocks off radioactive rocks situatedsituated in in theirtheir propertyproperty..
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2 / 2 / CopingCoping withwith a radioactive and a radioactive and 
veryvery mobile mobile gasgas : radon 222: radon 222
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IARC 1988

10 % of lung 
cancer 
probably due 
to radon 

“Radon and its 
decay products 
are 
carcinogenic to 
humans”
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22--1 / radon 2221 / radon 222
in the in the outsideoutside airair
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WhileWhile uranium mines are in uranium mines are in operationoperation, radioactive , radioactive gasgas (radon 222) and (radon 222) and 
radioactive radioactive dustdust are  are  dischargeddischarged intointo the the atmosphereatmosphere in in hugehuge quantitiesquantities..

In France, in In France, in severalseveral cases the cases the stacksstacks werewere locatedlocated nearnear dwellingsdwellings..

Stack from COMINAK 
mine (Niger)

Stack from COGEMA 
mine (France)
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Mining area Number of stacks Hourly radon 222 
discharge  (Bq/h)

Annual radon 222 
discharge  (Bq/an)

Year 1991
Bellezane 6 3.4 billion 30,000 billion
Fanay et Margnac 14 28.4 billion 249,000 billion

CRIIRAD estimation is based on figures given by the mining operator 
calculation is made with the assumption of permanent venting

COGEMA AREVA Mines at "La Crouzille" (France)
Estimation of radon discharge into the atmosphere 
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Radon 222 mean activity in the outside air near COGEMA mines and uranium mill at
Bessines (Limousin)  / CRIIRAD measurements with charcoal canisters during 48 
hours in June 1993

Remote places : 

27 Bq/m3 (average
value 7 locations)

Close to the 
industrial center 
(780 metres)  : 

87 Bq/m3
(average value, 
4 locations)

Very close to the 
site :

294 Bq/m3 (small
village)

Public road : 

895 Bq/m3.
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22--2 / radon 2222 / radon 222
insideinside buildingsbuildings
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Radioactive Radioactive materialmaterial containingcontaining uraniumuranium--radium 226 radium 226 willwill permanentlypermanently generategenerate
radon radon gasgas. . 

Lung cancer  Lung cancer  risksrisks are are especiallyespecially highhigh whenwhen the the gasgas maymay accumulateaccumulate insideinside
buildingsbuildings

Radon escapes from rocks containing uranium-radium 226
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This This sawmillsawmill hadhad been been builtbuilt a few a few decadesdecades agoago on radioactive on radioactive wastewaste rocks rocks usedused
for for landfilllandfill. . ThoseThose rocks came rocks came fromfrom a COGEMA uranium mine.a COGEMA uranium mine.

(France, Allier, (France, Allier, nearnear SaintSaint--PriestPriest--LaLa--PrugnePrugne))
CRIIRAD (2001) CRIIRAD (2001) discovereddiscovered thatthat radon radon gasgas accumulation accumulation insideinside the building the building waswas

veryvery highhigh (7 700 Bq/m3) and more (7 700 Bq/m3) and more thanthan 7 times 7 times aboveabove emergency emergency levelslevels..
.  .  SurprisinglySurprisingly a few a few yearsyears beforebefore, a COGEMA , a COGEMA techniciantechnician hadhad checkedchecked radiation radiation 

levellevel and and hadhad notednoted «« no no radiologicalradiological problemproblem »»
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In the end, the In the end, the miningmining companycompany (COGEMA(COGEMA--AREVA) AREVA) paidpaid for the for the 
removalremoval of 8,000 m3 of radioactive rocks (of 8,000 m3 of radioactive rocks (underunder and and nearnear the the sawmillsawmill))

((yearyear 2003) 2003) 
Picture Picture belowbelow : CRIIRAD : CRIIRAD techniciantechnician isis measuringmeasuring gamma radiation gamma radiation atat the the sawmillsawmill whilewhile

decontaminationdecontamination isis goinggoing onon
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3 / 3 / CopingCoping withwith radioactive radioactive scrapscrap
metalmetal fromfrom the uranium mines and the uranium mines and 
millsmills (CRIIRAD mission to Niger)(CRIIRAD mission to Niger)
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ARLIT (NIGER) / ARLIT (NIGER) / DecemberDecember 20032003

•• Uranium mines and Uranium mines and millsmills
operatedoperated by  SOMAIR and by  SOMAIR and 
COMINAK, COMINAK, subsidiariessubsidiaries of  of  
COGEMACOGEMA--AREVA in Niger AREVA in Niger 

•• PreliminaryPreliminary studystudy made by the made by the 
CRIIRAD CRIIRAD laboratorylaboratory in in 
cooperationcooperation withwith SHERPA and SHERPA and 
on on requestrequest of a local NGO : of a local NGO : 
AGHIR IN MANAGHIR IN MAN

•• The The companiescompanies triedtried to stop to stop 
CRIIRAD missionCRIIRAD mission

•• CRIIRAD CRIIRAD scintillometersscintillometers have have 
been been confiscatedconfiscated atat Niamey Niamey 
airportairport
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Gamma radiation Gamma radiation measurementmeasurement withwith a a smallsmall Geiger Muller Geiger Muller countercounter. . 
Streets of ARLIT City. Streets of ARLIT City. 

Gamma radiation Gamma radiation isis 10 times 10 times aboveabove naturalnatural background.background.
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Pipe Pipe fromfrom the uranium the uranium millmill. A few grams of radioactive . A few grams of radioactive crustcrust insideinside the the 
pipe are pipe are broughtbrought back to the CRIIRAD back to the CRIIRAD laboratorylaboratory ::

uranium 238 / thorium 230 = 10,000 Bq/kg, uranium 238 / thorium 230 = 10,000 Bq/kg, 
radium 226 = 240,000 Bq/kg : radium 226 = 240,000 Bq/kg : tailingstailings fromfrom the the millmill
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In ARLIT people In ARLIT people commonlycommonly use use scrapscrap metalmetal for for theirtheir everydayeveryday lifelife



CRIIRAD / B. ChareyronCRIIRAD / B. Chareyron Stockholm April 27th 2007Stockholm April 27th 2007 3939

CRIIRAD CRIIRAD presspress release (release (DecemberDecember 2003)2003)
«« MiningMining companiescompanies shouldshould
1 / 1 / actact in in orderorder to to preventprevent contaminatedcontaminated

scrapscrap metalmetal fromfrom theirtheir facilitiesfacilities to to bebe
soldsold on on ArlitArlit marketmarket

2 / 2 / PerformPerform gamma scanning in ARLIT gamma scanning in ARLIT 
city and city and taketake back back scrapscrap metalmetal alreadyalready
acquiredacquired by the publicby the public »»..
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AREVAAREVA--COGEMA COGEMA answeranswer ((summersummer 2004)2004)

–– InitiallyInitially the the regulationsregulations diddid not not requirerequire
radiologicalradiological checkschecks on on scrapscrap metalmetal fromfrom the the 
mines;mines;

–– In 1999 COGEMA In 1999 COGEMA usedused gamma gamma doseratedoserate limitslimits
((fromfrom SCPRI, French official SCPRI, French official radiologicalradiological
protection protection boardboard) : 1 ) : 1 microGraymicroGray//hourhour atat 50 50 
cm.cm.
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CRIIRAD CRIIRAD commentscomments ::

–– If If somebodysomebody staysstays 3 3 hourshours a a dayday, all , all yearyear long, 50 cm long, 50 cm 
awayaway fromfrom a a metallicmetallic piecepiece withwith a dose rate of 1 a dose rate of 1 
microGraymicroGray per per hourhour, the , the cumulatedcumulated dose dose willwill exceedexceed
the international the international limitlimit of 1 milliSievert per of 1 milliSievert per yearyear ((limitlimit
aboveabove whichwhich the the riskrisk of of dyingdying fromfrom cancer cancer isis
estimatedestimated inacceptable)inacceptable)

–– The total The total riskrisk estimateestimate shouldshould alsoalso integrateintegrate internalinternal
irradiation by radioactive irradiation by radioactive dustdust, radon gaz diffusion, , radon gaz diffusion, 
etc..etc..

–– It It seemsseems thatthat AREVA AREVA subsidiariessubsidiaries organizedorganized a a 
campaigncampaign to to taketake back back somesome of the of the contaminatedcontaminated
scrapscrap metalmetal atat the the beginningbeginning of 2005.of 2005.
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4 / 4 / CopingCoping withwith radioactive radioactive liquidliquid
effluents and the long effluents and the long termterm
contamination of the contamination of the aquaticaquatic

environementenvironement duringduring and and afterafter
miningmining operationsoperations

..
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44--1 / Contamination of surface and 1 / Contamination of surface and 
underground waters.underground waters.
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Contamination of underground Contamination of underground 
water tables (ex : water tables (ex : ArlitArlit, Niger), Niger)

•• ARLIT : water is pumped from a ARLIT : water is pumped from a 
non renewable resource at a non renewable resource at a 
depth of 150 m (40 % is used for depth of 150 m (40 % is used for 
industrial process)industrial process)

•• AREVA press release (December AREVA press release (December 
2003) : 2003) : ““no contaminationno contamination”” of of 
waterwater

•• In fact CRIIRAD showed that In fact CRIIRAD showed that 
COGEMACOGEMA--AREVA subsidiaries were AREVA subsidiaries were 
giving water to the population and giving water to the population and 
workers with Uranium and decay workers with Uranium and decay 
products contamination above products contamination above 
WHO standards.WHO standards.

•• Some of the drills have been Some of the drills have been 
closed since CRIIRAD and SHERPA  closed since CRIIRAD and SHERPA  
press conferencepress conference
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Surface water and Surface water and groundwatergroundwater comingcoming fromfrom
uranium mines and open uranium mines and open pitspits are are contaminatedcontaminated by by 

radionuclidesradionuclides

•• UsuallyUsually the the radioactivityradioactivity of waters of waters isis higherhigher duringduring and and afterafter
operationoperation thanthan beforebefore

•• The type of nuclides The type of nuclides willwill dependdepend on local conditions on local conditions 
•• SomeSome of of thesethese nuclides are nuclides are amongamong the the mostmost radiotoxicradiotoxic onesones whenwhen

ingestedingested (for (for exampleexample LeadLead 210210--polonium 210)polonium 210)
•• ExamplesExamples of of measurementsmeasurements in in rawraw water water fromfrom uranium mines uranium mines 

(CRIIRAD, 1993, Limousin, France) :(CRIIRAD, 1993, Limousin, France) :
–– uranium 238 ( 90.3 Bq/l,  uranium 238 ( 90.3 Bq/l,  BellezaneBellezane mine), mine), 
–– radium 226 ( 3.2 Bq/l, radium 226 ( 3.2 Bq/l, BellezaneBellezane and le and le BrugeaudBrugeaud mine) mine) 
–– leadlead 210 (3 Bq/l, Henriette mine).210 (3 Bq/l, Henriette mine).
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Dose coefficients for an adult (ingestion) in microSievert/ Becquerel 
(Official figures from EURATOM 96/29)

Polonium 210

Lead 210

Plutonium 
239
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Radium 226 Radium 226 activityactivity in in rawraw waters waters usuallyusually exceedsexceeds the the dischargedischarge limitlimit
(about 0.37 Bq/l).(about 0.37 Bq/l).

In In orderorder to to copecope withwith French French regulationregulation, waters have to , waters have to bebe treatedtreated. . 
But the But the treatmenttreatment processprocess isis veryvery rawraw (radium (radium insolubilisationinsolubilisation))

Puy de l’Age COGEMA mine (1993) / Limousin

Augères

COGEMA mine (1997) / 
Limousin
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The water The water treatmenttreatment plants are not efficient plants are not efficient enoughenough and and dischargedischarge
limitslimits are are currentlycurrently exceededexceeded

((exampleexample of COGEMA mines in Limousin / France)of COGEMA mines in Limousin / France)

•• CRIIRAD CRIIRAD measurementsmeasurements (1993) : (1993) : 
•• 2 2 samplessamples out of 5 out of 5 exceededexceeded dischargedischarge limitslimits (radium 226 and (radium 226 and 

uranium 238)uranium 238)
–– Soluble radium 226 (0.67 and 1.1 Bq/l) : Soluble radium 226 (0.67 and 1.1 Bq/l) : aboveabove 0.37 Bq/l 0.37 Bq/l limitlimit
–– Soluble uranium 238 (40,6 and 33,6 Bq/l) :  Soluble uranium 238 (40,6 and 33,6 Bq/l) :  aboveabove 22 Bq/l 22 Bq/l limitlimit

•• AccordingAccording to French to French regulationregulation «« ddéécret ncret n°° 9090--222 du 9 mars 222 du 9 mars 
19901990 »», , thosethose waters waters shouldshould not not bebe dischargeddischarged to the to the environmentenvironment
unlessunless local water local water policypolicy AgencyAgency givesgives a a specialspecial permit (permit (whichwhich waswas
not the case).not the case).
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•• CRIIRAD CRIIRAD askedasked the files the files withwith the the measurementsmeasurements performedperformed by by 
COGEMA COGEMA laboratorylaboratory (C.R.P.M) and (C.R.P.M) and discovereddiscovered thatthat dischargedischarge limitslimits
werewere frequentlyfrequently exceededexceeded (1)(1) but the French administration but the French administration diddid
nothingnothing..

•• EvenEven atat presentpresent, in , in somesome areas, areas, liquidliquid dischargesdischarges fromfrom oldold mines mines 
((closedclosed more more thanthan 20 20 yearsyears agoago) do ) do exceedexceed the the limitslimits (ex: Les Bois (ex: Les Bois 
Noirs, COGEMA mine).Noirs, COGEMA mine).

•• But But eveneven if the if the dischargedischarge levelslevels werewere belowbelow the official the official limitslimits the the 
contamination of the contamination of the environmentenvironment wouldwould go on go on becausebecause of the of the 
accumulation of radioactive accumulation of radioactive heavyheavy metalsmetals in the in the environmentenvironment..

•• (1) (1) YearYear 1991, 1991, Puy de l'AgePuy de l'Age mine mine dischargedischarge waswas exceedingexceeding the soluble Ra 226 the soluble Ra 226 limitlimit (0.37 Bq/l):(0.37 Bq/l):
–– In May (0.64 Bq/l.), In May (0.64 Bq/l.), 
–– JuneJune (0.72 Bq/l.), (0.72 Bq/l.), 
–– August (0.39 Bq/l.) et August (0.39 Bq/l.) et 
–– SeptemberSeptember (0.38 Bq/l.). (0.38 Bq/l.). 
–– The The annualannual meanmean waswas : 0.39 Bq/l.: 0.39 Bq/l.
SuchSuch problemsproblems occuredoccured as as wellwell in  1991 for in  1991 for liquidliquid dischargesdischarges fromfrom otherother mines :mines :

–– La Traverse mine : La Traverse mine : betweenbetween March and March and JuneJune 1991 (1991 (annualannual meanmean value : 0.43 Bq/l)value : 0.43 Bq/l)
–– Pierre BellePierre Belle point 117mine :  in point 117mine :  in JuneJune, July and , July and DecemberDecember 1991,1991,
–– VenachatVenachat mine : in mine : in JuneJune and July  1991, etc... and July  1991, etc... 
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44--2 / Long 2 / Long termterm contamination of contamination of 
sedimentssediments and and aquaticaquatic floraflora and and 

faunafauna
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SamplingSampling of water and of water and sedimentssediments (CRIIRAD) / Limousin area(CRIIRAD) / Limousin area
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Uranium 238 (thorium 234) activity in sediments / CRIIRAD 
Measurements / Limousin 1993

Downstream 
Puy de l’Age
mine : 

13,500 Bq/kg

Downstream 
Bellezane mine 
36,000  Bq/kg

Water flow

Natural 
level 
about 
100 
Bq/kg

Main river 
(Gartempe)



CRIIRAD / B. ChareyronCRIIRAD / B. Chareyron Stockholm April 27th 2007Stockholm April 27th 2007 5454

•• 1993, CRIIRAD shows 1993, CRIIRAD shows thatthat downstreamdownstream COGEMA COGEMA 
uranium mines (Limousin area), uranium mines (Limousin area), sedimentssediments and and 
aquaticaquatic plants contamination plants contamination isis soso highhigh thatthat theythey
maymay deservedeserve the the terminologyterminology «« Radioactive Radioactive 
wastewaste »»..

•• SedimentSediment contamination :contamination :

•• DownstreamDownstream Puy de lPuy de l’’Age mine :Age mine :
–– Uranium 238 (thorium 234) = 13,500 Bq/kg Uranium 238 (thorium 234) = 13,500 Bq/kg 
–– Radium 226 = 28,700 Bq/kgRadium 226 = 28,700 Bq/kg

•• DownstreamDownstream BellezaneBellezane mine :mine :
–– Uranium 238 (thorium 234) = 36,000 Bq/kg Uranium 238 (thorium 234) = 36,000 Bq/kg 



CRIIRAD / B. ChareyronCRIIRAD / B. Chareyron Stockholm April 27th 2007Stockholm April 27th 2007 5555

Small river downstream Puy de l’Age
uranium mine. Contaminated sediments



CRIIRAD / B. ChareyronCRIIRAD / B. Chareyron Stockholm April 27th 2007Stockholm April 27th 2007 5656

The former Puy de lThe former Puy de l’’Age mine (Limousin area) Age mine (Limousin area) 
Picture Picture takentaken afterafter «« OfficialOfficial »» rehabilitationrehabilitation..
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•• Puy de lPuy de l’’Age mine Age mine afterafter rehabilitationrehabilitation: 1998: 1998

•• New CRIIRAD New CRIIRAD measurementsmeasurements
•• River River sedimentssediments contamination contamination isis stillstill veryvery highhigh
•• Mine Mine liquidliquid effluents effluents treatmenttreatment isis stoppedstopped
•• Former water Former water treatmenttreatment basin basin containscontains no more water no more water 

but radioactive but radioactive mudmud isis stillstill insideinside and and nothingnothing preventsprevents
people or people or childrenchildren fromfrom goinggoing insideinside the basinthe basin

•• NonethelessNonetheless, the local administration (, the local administration (PrefecturePrefecture) ) willwill
agreeagree (1999) (1999) withwith the the companycompany statementstatement : the : the 
radiologicalradiological situation situation isis normal and normal and therethere isis no no needneed for for 
furtherfurther water water treatmenttreatment or or environmentalenvironmental monitoring.monitoring.
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Contamination of the soil of 
the meadow

Uranium 238 = 20 000 Bq/kg

Radium 226 = 33 000 Bq/kg
20 times above VLL Radioactive waste 
(Euratom 96/29)

Downstream Puy de l’Age mine / 
November 2003 / New CRIIRAD 
measurements
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DownstreamDownstream Puy de lPuy de l’’Age mine / Age mine / contaminatedcontaminated meadowmeadow withwith
cowscows / 2003/ 2003
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•• CRIIRAD CRIIRAD commentscomments
•• RadiologicalRadiological limitslimits appliedapplied to to LiquidLiquid DischargesDischarges fromfrom

uranium mines are uranium mines are muchmuch tootoo highhigh and have to and have to bebe totallytotally
rere--assessedassessed

•• Water contamination Water contamination withwith long long livedlived radioactive radioactive metalsmetals isis
tootoo highhigh and and createcreate a contamination of a contamination of sedimentssediments, , soilsoil
nearnear riversrivers, , aquaticaquatic plants, etc..plants, etc..

•• EnvironmentalEnvironmental monitoring monitoring methodologiesmethodologies have to have to bebe
improvedimproved ((selectionselection of of samplessamples, , listlist of of radionuclidesradionuclides to to 
bebe measuredmeasured))

•• Water Water treatmenttreatment plant technologies have to plant technologies have to bebe
improvedimproved, but , but itit isis not sure not sure thatthat affordableaffordable technologies technologies 
existexist …… and for the long and for the long termterm..
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5 / 5 / CopingCoping withwith hugehuge amountsamounts of of 
long long livedlived radioactive radioactive wastewaste

((tailingstailings))
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55--1 / 1 / WhatWhat are are tailingstailings ??
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Uranium mills 
(FRANCE)°
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Radionuclide Half-life 

Decay 

mode  

 X or gamma 

emission

Example of gamma 

emission (Energy, %)

Natural nuclides / earth crust / uranium 238 decay chain / Main nuclides

Uranium 238 4.46 billion years Alpha weak 16.16 keV 4.1 %

Thorium 234 24.1 days bêta yes 63.3 keV 3.8 %

Protactinium 234m 1.17 Minutes bêta yes 1 001 keV 0.65%

Uranium 234 245 000 years Alpha weak 53.2 keV 0.119 %

Thorium 230 75 400 years Alpha yes 67.7 keV 0.376 %

Radium 226 1 600 years Alpha yes 186.1 keV 3.28 %

Radon 222 3.82 days Alpha weak 510 keV 0.07 %

Lead 214 26.8 minutes bêta yes 351.9 keV 37.1 %

Bismuth 214 19.9 minutes bêta yes 609.3 keV 46.1 %

Lead 210 22.3 years bêta yes 46.5 keV 4 %

Polonium 210 138.4 days Alpha weak 803.1 keV 0.001 %

Most uranium is removed 
from the ore (ex : chemical 
reaction with sulfuric acid)

But other radioactive 
metals from the U decay 
chain will remain in the 
tailings (about 80 % of the 
initial activity of the ore) 
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Tailings = radioactive 
mud waiting for final 
disposal (France)
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•• TailingsTailings do do containcontain radioactive radioactive 
elementselements
–– TailingsTailings keepkeep about 80 % of the initial about 80 % of the initial activityactivity

of the uranium oreof the uranium ore
–– TheyThey containcontain : a fraction of uranium isotopes : a fraction of uranium isotopes 

and 10 and 10 decaydecay productsproducts ( ( fromfrom thorium 230 to thorium 230 to 
polonium 210)polonium 210)

–– Total Total activityactivity of of tailingstailings isis
••higherhigher thanthan 100,000 Bq/kg 100,000 Bq/kg 
••and and sometimessometimes higherhigher thanthan 500,000 Bq/kg500,000 Bq/kg
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•• TailingsTailings are are veryvery hazardoushazardous substancessubstances

–– Nuclides  Nuclides  withwith veryvery long long halfhalf--liveslives ::
•• Thorium 230 =75,000 Thorium 230 =75,000 yearsyears
•• Radium 226 = 1,600 Radium 226 = 1,600 yearsyears

–– RadionuclidesRadionuclides withwith highhigh radiotoxicityradiotoxicity whenwhen ingestedingested (Polonium 210 dose (Polonium 210 dose 
coefficient (coefficient (µµSv/Bq) Sv/Bq) isis higherhigher thanthan plutonium 239 one)plutonium 239 one)

–– RadionuclidesRadionuclides withwith highhigh radiotoxicityradiotoxicity whenwhen inhaledinhaled (Thorium 230 dose (Thorium 230 dose 
coefficient (coefficient (µµSv/Bq) Sv/Bq) isis close to plutonium 239 one) close to plutonium 239 one) 

–– Permanent production of a radioactive Permanent production of a radioactive gasgas : radon 222: radon 222

–– Fine Fine grainedgrained mudmud, , easilyeasily dispersabledispersable by by windwind or wateror water

–– ChemicalChemical toxicitytoxicity ((heavyheavy metalsmetals and and acidacid) : about 100 kg / ton.) : about 100 kg / ton.
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55--2 / 2 / DisposalDisposal of of tailingstailings (France)(France)
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•• TailingsTailings in Francein France

–– 8 former uranium 8 former uranium millsmills in Francein France
–– 50 million tons of 50 million tons of tailingstailings have been have been producedproduced
–– Radioactive Radioactive tailingstailings are are «« storedstored »» atat 20 20 

differentdifferent placesplaces
–– DifferentDifferent disposaldisposal concepts :concepts :

•• Dry Dry storagestorage in former open in former open pitspits or basinsor basins
•• WetWet storagestorage underunder waterwater
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FRANCE / COGEMA sites with tailings
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BessinesBessines sur Gartempe (Limousin area, 1993)sur Gartempe (Limousin area, 1993)
TailingsTailings werewere transportedtransported fromfrom the the millmill to the to the disposaldisposal place by truck. place by truck. 

The radioactive The radioactive mudmud waswas fallingfalling down on the down on the streetsstreets of the village. of the village. 
Local NGO sent a Local NGO sent a samplesample of of mudmud to the CRIIRAD to the CRIIRAD laboratorylaboratory..
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BellezaneBellezane disposaldisposal place (COGEMA open place (COGEMA open pitpit, Limousin area). , Limousin area). 
1.3 million tons of 1.3 million tons of tailingstailings storedstored by the end of 1991.by the end of 1991.

CRIIRAD made a CRIIRAD made a surveysurvey for the local for the local authoritiesauthorities (Conseil R(Conseil Réégional and gional and 
Conseil GConseil Géénnééral).ral).
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CRIIRAD CRIIRAD measurementsmeasurements (1993) / (1993) / disposaldisposal of of tailingstailings
BellezaneBellezane

Mud in the open pit :

total activity : 256 000 Bq/kg

Fine grained fraction of the 
mud in the old galleries of 
the mine under the deposit :

Total activity : 506 000 
Bq/kg
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The Bellezane open pit (disposal of tailings) is rehabilitated ?
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SaintSaint--PriestPriest--LaLa--PrugnePrugne (COGEMA site)(COGEMA site)
1.3 million tons of 1.3 million tons of tailingstailings are are storedstored underunder water.water.

ArtificialArtificial dam (18 hectares).dam (18 hectares).
WhoWho willwill guaranteeguarantee the dam the dam stabilitystability on the on the veryvery long long termterm ??
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55--2 / 2 / DisposalDisposal of of tailingstailings (Niger)(Niger)
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Uranium mill / AREVA-COGEMA / Niger
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Radioactive Radioactive tailingstailings fromfrom COMINAK COMINAK millmill
50 hectares / 10.5 million tons. : 50 hectares / 10.5 million tons. : ActivityActivity aboveabove 500,000 Bq/kg500,000 Bq/kg

TailingsTailings are are «« storedstored »» in the open air :  in the open air :  
WhatWhat about radon and about radon and dustdust transfertransfer to the to the atmosphereatmosphere ??
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TwiceTwice a a dayday a a «« cloudcloud »» of of dustdust fallsfalls uponupon ArlitArlit streetsstreets
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CRIIRAD CRIIRAD techniciantechnician isis tryingtrying to to getget a a samplesample of of dustdust in in ArlitArlit citycity
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55--3 / 3 / DisposalDisposal of of tailingstailings (Gabon)(Gabon)
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•• Gabon (COMUF : Gabon (COMUF : subsidiarysubsidiary of CEAof CEA--
COGEMA)COGEMA)

–– FromFrom 1961 to 1975, more 1961 to 1975, more thanthan 2 million tons 2 million tons 
of radioactive of radioactive tailingstailings have been have been simplysimply
dischargeddischarged intointo the riverthe river
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•• CRIIRAD CRIIRAD commentscomments

–– ImprovementImprovement of of regulatoryregulatory statusstatus of of tailingstailings
–– DisposalDisposal techniques to techniques to bebe improvedimproved
–– MonetaryMonetary provisions for long provisions for long termterm surveillancesurveillance
–– ImprovementImprovement of of radiologicalradiological impact impact studiesstudies

((hydrogeologyhydrogeology))
–– IntermediateIntermediate storagestorage of of tailingstailings withoutwithout

properproper covercover shouldshould bebe forbiddenforbidden..



CRIIRAD / B. ChareyronCRIIRAD / B. Chareyron Stockholm April 27th 2007Stockholm April 27th 2007 8484

•• ConclusionsConclusions

–– Uranium extraction Uranium extraction impliesimplies a long a long termterm contamination of the contamination of the 
environmentenvironment (water, (water, soilsoil, , faunafauna and and floraflora))

–– It It createscreates hugehuge amountsamounts of radioactive of radioactive wastewaste and and nobodynobody knowsknows
how to manage how to manage itit on the long on the long termterm

–– WeakWeak and and scientificalyscientificaly unsoundunsound regulationsregulations have been have been designeddesigned
to to enableenable uranium extraction uranium extraction atat lowlow costcost

–– In France the main In France the main improvementsimprovements have been have been obtainedobtained afterafter long long 
fightsfights involvinginvolving local local NGONGO’’ss and CRIIRAD and CRIIRAD independentindependent laboratorylaboratory

–– CitizensCitizens are more efficient if are more efficient if theythey are in a position to are in a position to makemake theirtheir
ownown assessementsassessements and and radiologicalradiological checkschecks

PS : It PS : It isis easyeasy to use a Geiger Muller and to use a Geiger Muller and atat eacheach place place withwith
uranium uranium resourcesresources people people shouldshould have one in have one in orderorder to check to check 
radiation radiation 
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Dose normalisée ( homme-sievert par Gigawatt et par an ) Composante locale et 
régionale

3,2%

7,9%

41,2%

0,1%

47,6%

0,0%

5,0%

10,0%

15,0%

20,0%

25,0%

30,0%

35,0%

40,0%

45,0%

50,0%

 Extraction-
traitement-résidus

(1,5)

Fabrication
combustible (0,003)

Exploitation des
réacteurs (1,3)

Retraitement (0,25) Transport (0,1)

Source: UNSCEAR 1993 (avec coefficients de dose officiels) 

Global radiological impact of nuclear electricity : local and regional 
collective dose (man-Sievert per Gigawatt per year : UNSCEAR 1993 

official values)
Uranium 
extraction, 
concentration, 
tailings : 

47.6 %
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ExamplesExamples of CRIIRAD of CRIIRAD laboratorylaboratory studiesstudies in the area of uranium in the area of uranium miningmining
impact  (1992 impact  (1992 àà 2004)2004)

•• Division miniDivision minièère de Vendre de Vendéée / Site de le / Site de l’’ÉÉcarpicarpièèrere / Pour la municipalit/ Pour la municipalitéé de Gde Géétigntignéé / / ÉÉtude tude 
Juridique (1991) et Juridique (1991) et ÉÉtude radiotude radioéécologique (1992cologique (1992--1993)1993)

•• Division miniDivision minièère de Vendre de Vendéée / Site de le / Site de l’É’Écarpicarpièère, La Baconnire, La Baconnièère, Le Chardon  / Pour lre, Le Chardon  / Pour l’’association association 
Moine et SMoine et Sèèvre pour lvre pour l’’Avenir  / Avenir  / ÉÉtude ponctuelle (1998tude ponctuelle (1998--1999)1999)

•• Division miniDivision minièère de la re de la CrouzilleCrouzille / Pour le Conseil R/ Pour le Conseil Réégional du Limousin et le Conseil Ggional du Limousin et le Conseil Géénnééral de la ral de la 
Haute Vienne / ContreHaute Vienne / Contre--expertise (1993 expertise (1993 –– 1994)1994)

•• Division miniDivision minièère du re du ForezForez / site des Bois Noirs / site des Bois Noirs LimouzatLimouzat / Pour le Collectif des Bois Noirs (1996) et / Pour le Collectif des Bois Noirs (1996) et 
la municipalitla municipalitéé de de SaintSaint--PriestPriest--LaLa--PrugnePrugne (2000 (2000 –– 2003)2003)

•• Division miniDivision minièère de lre de l’’HHéérault (rault (LodLodéévoisvois) / ) / ÉÉtude prtude prééliminaire / Sur fonds propres (2003)liminaire / Sur fonds propres (2003)

•• Site de SaintSite de Saint--Pierre (Pierre (CantalCantal) / ) / ÉÉtude prtude prééliminaire / Pour lliminaire / Pour l’’association Nos Enfants et leur Sassociation Nos Enfants et leur Séécuritcuritéé
(2003(2003--2004)2004)


