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O A few Words apbout CRITRAD
= and Its laboratory

CRIIRAD / B. Chareyron Stockholm April 27th 2007




—

SNVAEINSICRIIRAD -~ -
BREFERCh NGO created ih 19861 (Chernobyl)
— Com ISSIOﬂ felf Indeendent Research and Infermation; about

RAD o —

SCOEL: tolnform people anout the health risks induced by
10 szg radiation and te' Impreve their protection

2000 members (supporters) give 1/3 of the budget

— r_l_dependent from the State, the nuclear industry and political
- parties

—Private laboratory equiped for radiation monitoring (7 engineers

=

-='=f‘=.f"' = Or technicians) : 2/3 of the budget
. — Studies made for the people, other NGO's, local authorities.

— Areas of interest : Natural radiation, medical use of radiation,
nuclear industry (mines, NPP, reprocessing plants, disposal,
etc..)
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La Hague
Reprocessing

Plant (1997) for
Greenpeace

3 Py, S

French Polynesia impact
of nuclear tests (2005)

repository
(2006)

CRIIRAD / B. Chareyron Stockholm April 27th 200/




MURA (2002-2006) for
GREENPEACE
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SEIZnitm miningNn: Erance

IR —

SP9eUE 200 mines : open pits and underground
r INES

Uanium mining took place from the end of

—a

= the 40's to 2001.

.|-l-_'_

= - i
“._‘-.'_‘.-—-
-—"__\_1_—-

“' — Today the French uranium is imported from
~ foreign countries Niger, Canada, etc..
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figure 2 : répartition des 23 zones miniéres définies




""" Open pit / SOMAIR / Niger
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Mine / COMINAK / Niger
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Pty = 71
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{VACORINENIthNadieactiverecks

Sedifor road construction or under

buildings
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Decay X or gamma Example of gamma
Radionuclide Half-life
mode emission 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 béta yes 63.3 keV 3.8%
Protactinium 234m 1.17 Minutes béta yes 1 001 keV 0.65%
Uranium 234 245000 years Alpha weak 53.2 keV 0.119 %
Thorium 230 75 400 years Alpha yes 67.7 keV 0.376 %
Radium 226 1600 years Alpha yes 186.1 keV 3.28%
Radon 222 3.82 days Alpha weak 510 keVv 0.07 %
Lead 214 26.8 minutes béta yes 351.9 keV 37.1%
Bismuth 214 19.9 minutes béta yes 609.3 keV 46.1 %
Lead 210 22.3 years béta yes 46.5 keV 4%
Polonium 210 138.4 days Alpha weak 803.1 keV 0.001 %
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adioactivem{-racted from the:mine are « stored », locally orre=
USed. Their uranium content can exceed 4,000 Bg/kg
SNSRI RIIMESTAOVE the average nattral activity, o‘f-i?rq'efearth crust (40
= Ba/kg)
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CRIIRA Dmmt radioactive Yocks extracted fromithe mines

had been used without limitation, O a—
SZIMIEIFING Ofi 2 sKi resort ((LEeiier/ Allier, year 2001)%"2 pSv/h on the
S ground = 10 times above natural background level.
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Countsyand oi a farm at Saint=Rrest-La-Prugne (France).
Poserate’ 1 mrabove radioactive rocks from the mine : 1.1, uSv/hi=15
times above natural level o
IHERAGHICIES doseratermoenitoing station IsNecAtEdN 00 mraway from
o — therceurt-yard

e T

— InL2) placeWhERE gammeairiadiationiis norimal.
. o s X ! ; ] |

F i
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mnne company (AREVA-COGEMA)ad to remove 2500m3 o
REieACHVE rocks from the farm courtyard (yeg_}()()ll)‘ —
— e, —

Due te CR{W local NGO pressure and media coverage, the
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.
CRIIRAD anal2 16calMNGO ! tried to IMpreve people awareness;abouirtie
EuiBIvEiEcaliisks induced by uranium minerals coming freMsuIEOIMmER--
mines.
VEXGIR2003) at Saint-Priest-La-Priigne

— -—-.-:“_- a
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ANGiliZENWas| keeping a sample of mineral comingfiem the
MINENNMIER garden  (Saint-Priest-la-Prugnepdtine 2002)
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Doserate measured by
CRIIRAD:

*1 milliSievert/h in
contact = 5 000 times
above background level
* 18,3 uSv/h at a
distance of 1 m

Comparison of radiation
dose with EURATOM
I 96/29 limits :
*Staying one hour at 1
meter : cancer risk is
« non negligible »

| *Staying 10 minutes per

day, each day of the
year : cancer risk is

& inacceptable.

" | CRIIRAD asked
COGEMA-AREVA to
remove the mineral
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- CFF RAD propoesals

IR —

S elppalinventory of places where radioactive rocks
r y lIeVe Peen| used years ago

3 Jradloactlve recks are present, this should be written
= irofficial documents

;" Elaboratlon of a national strategy : definition of

— = decontamination levels and creation of storage
- facilities for radioactive rocks

— Creation of a national fund to help citizens willing to
get rid off radioactive rocks situated in their property.
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Coplng with a radioactive and

very mobile gas : radon 222
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@ WORLD HEALTH ORGANIZATION

INTERMATIONAL AGENCY FOR RESEARCH ON CANCER
10 % of lung
cancer IARC MONOGRAPHS
probably due e

EVALUATION OF CARCINOGENIC
cTelely - RISKS TO HUMANS

|IARC 1988

“Radon and its

VOLUME 43

decay products
g are

241
4.5 Evaluation'

There is sufficiens evidence for the carci ici nd i :
experimental animals, e L

hu'::'ll.‘r't is sufficient evidence for the carcinogenicity of radon and its decay products in
ik

Overall evaluation

R i s (Group 1),
Esrivarion s de e da cor de pomesr R s clish hda il

CRIIRAD / B. Chareyron Stockholm April 27th 2007




2-1 / radon 222

In the outside air
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e =

i . .
Nilesuraniun mines are in operation, radioactive gas (raden'222) and
ieiECvVE st are. discharged into the atmosphere. in RUGE GUENTIHES S
NIRRERARCE; 1Nl several Casesiiiierstacks were locatedrnear dwellings.

Stack from COGEMA
mine (France)

Stack from COMINAK
mine (Niger)
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COGEMA AREVA Mines at "La Crouzille" (France)
Estimation of radon discharge into the atmosphere

Mining area Number of stacks H.ourly radon 222 A.nnual radon 222
discharge (Bg/h) discharge (Bg/an)

Year 1991

Bellezane 6 3.4 billion 30,000 billion

Fanay et Margnhac 14 28.4 hillion 249,000 billion

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

CRIRAD | B. Chareyror Stocknholm April 27tn 2007
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Radon 222 mean.;:t‘.rlmm the outside air near COGEMA mines and uranium mill at

Imousin) / CRIIRAD measurements with charcoal canisters during 48
p— ——

Remote places :

27 Ba/m3 (average
- value 7 locations)

Close to the
Industrial center
(780 metres)

87 Ba/m3
(average value,

4 locations)

Very close to the
site :

294 Bg/m3 (small
village)

Public road :

P ot b ST e 305 Bg/m3.
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2-2 [ radon 222

Inside buildings
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RadieaCHVE mate.m_al contalnlng uranium-raditims 226 will permanently generate

" radon gas:
ger el 1isks are especially highiwhen the gas may. accumulate Aside
- pulldings

()
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Radon escapes from rocks containing uranium-radium 226

-
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ihis sawmilifeeseseen built a few decades ageron radioactive waste rocks used

forlandfllfNfese rocks came fromia COGEMA uranium mine:
(France, Allier, near Saint-Priest-La-Prugne)
CRINRADNZO0I) discovered that radon; gasiaccumulationuasiderthe building was

Yeraigh (7 700 Ba/m3) andimere  than 7 times aboyve emergency: levels.

SUgrsingly. a few: years before, a COGEMA technician had checked radiation

gyl el plelel plgie neNaciclenicaliprehlen »
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i the Mﬁiﬂing company (COGEMA-AREVA) paidifor the
EIMEYARe1 6,000 m3 of radioactive rocks (under and neaiguessawimil
- (year 2003)

PIGHUIENsEIow . CRIIRAD) technician Is'measuring gamma radiation at the sawmilllwhile
decontamination; Is going on
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gy Coping with radioactive scrap

= _n: tal from the uranium mines and
mills (CRIIRAD mission to Niger)
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. .
ARLIT (NIGER), / December2003

- AU mInES; and mills
PPErate 0)/ SONVATIR ane
COMINAK, subsidiaries of
COGEMA-AREVA in Niger

Preliminary study made by the
CRIIRAD laboeratory in
cooperation with SHERPA and

on request of a local NGO :
AGHIR IN MAN

The companies tried to stop
CRIIRAD mission

CRIIRAD scintillometers have
been confiscated at Niamey
alrport
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\Gamimal radiation measurement with'arsmall Geiger Mullercounter.
Streets of ARLIT City. - —
Eamma, radiation is 10Mimes above naturalhackground.
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Plueifon Mm mill. A few: gramsiefi radioactive crust inside the
& pipe are brought back to the CRIIRAD! laboratery/ss

— { —r
“Uranium 238 / thoritm; 230 = 10,000 Ba/ka,
Sradivum 2261 = 240,000 Bg/kg - tailings; from; the mill
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A ARERE peop|e l'6‘0 mmonly use scraprmetal for their evemy/day liie

— —
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SRIIRAD press release (Deé‘erﬁﬁgf 2008)
7/- e cordzies sadlel

VGl /3 Oraer to. prevent contaminarea
Serdphimetal from thelr racilities: to be
0/0’ o AN market

/ Perfornm gamma scanning in ARLIT
c:/ty ana take back scrap metal already
acauired by the public ».
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AREVASCOGEMAanswer (summer 2004)™

Bt/ the regulations did not require:
iadiplogical’ checks on scrap metal from the
FﬁneS'

i 1999 COGEMA used gamma doserate limits
m (from SCPRI, French official radiological

=
e

E - protection board) : 1 microGray/hour at 50
—cm.
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SRANIRAD. comments : P —
- T

=NeSEMIEHOEY. Stay SIS IeuIs a day, all yearieng), S0 cm
AWaNAfrenira metalic pIecey a dose rate of 1
mIcroGray per hour, the cumulated dose will exceed
ENpiemationallimit of 1 milliSievert per year (limit
feeVeE wWhich the risk of dying from cancer is
I Csiimated inacceptable)

et E

B ihe total risk estimate should also Integrate internal

- —

= Jradiation by radioactive dust, radon gaz diffusion,

il o —
e

g CIC..

= |t seems that AREVA subsidiaries organized a
campaign to take back some of the contaminated
scrap metal at the beginning of 2005.
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VACopMaWithiradioactiveliguid
'ffluents and the long term
{eontamination of the aquatic

= envwonement during and after
" = mining operations

-r
_,...
—-
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.

AN/ Contamination of surface and

linderground waters.
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e
soliamination oft undergrounads

e tables (ex s Arlit, nger)

——

ARLIT - water s pumped from: a
non renewable resource at a
depth ofi 150 m (40 % is used for
Industrial process)

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

water

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

Some of the drills have been
closed since CRIIRAD and SHERPA
press conference
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Surfé"m-er and groundwater comingfirem
Nieibipgmines and open pits are contamiEteEd o)A
| redionuclides =

U.sua.ll_ rACIGACLIVILY O WALErs is higher during and after
oar?'i-"‘r- ulan before

Tne pe eiruclides will'depend on local conditions
SOIME 810f these nuclides are among the most radiotoxic ones when

___-me jested (for example Lead 210-polonium 210)

— = amples O measurements in raw water from uranium mines
| "'*(GRIIRAD 1993, Limousin, France) :

— uranium 238 ( 90.3 Bg/l, Bellezane mine),
— radium 226 ( 3.2 Bg/l, Bellezane and le Brugeaud mine)
— lead 210 (3 Bg/l, Henriette mine).
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i

———
Dose coefficients for an adult (ingestion) in microSievert/ Becquerel

(Official figures from EURATOM 96/29)

1, AEHI0~

Polonium 210
1,00E-400- \
Lead 210
SO0EO1 \
&0O0EL1 4

LO0E411 S

200E401 S

e o ThZ

PaZiim UZ3

T2 Ra2b

PDZ1d ar21d

Po2i0 a1210

Po 210
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REdum 226 actvity T raw waters usually’exceeds the dlscharge |1glie
' (about 0.37 Bg/l). e  —
IRGIEE 10, Cope With' Frenchsegulation, waters haverto be treated.
BURthE treatment process is Veny: raw: (radium insolubilisation)

Augeres

COGEMA mine (1997) /
Limousin

Puy de ’'Age COGEMA mine (1993) / Limousin
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ENater treatment plants are not efficient enough and discharge
limits are currently exceeded P i —
“(Example of COGEMAMmINES In Limousin /"F‘Tance)

- (‘QJJQ' DAieasurements (1908)
- 2 SC rrr “Ies EUL off 5 exceeded! discharge limits (radium 226 and
'er.t 238)
— £ Soluble radium 226 (0.67 and 1.1 Bg/l) : above 0.37 Bg/l limit

-_-Sbluble uraniumi 238 (40,6 and 33,6 Bg/l) : above 22 Bqg/l limit

s "'Aecordlng to French regulation « deéecret n°® 90-222 du 9 mars
1990/ », those waters should not be discharged to the environment
Unless local water policy Agency gives a special permit (which was
not the case).
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CRIIRAD@%&%N% with the measurements performed: by
COGENATIanora (C.R.P.M) and"discovered that dischanrge limits

were fret uently. exceeded ) but the French administrationrdid. S
19 o —

present,, In. some areas, liguidi discharges from old mines

NGIENIEINZONEEISIc0E)NE BREXCECORENIMISN(EXE LES BOIS
ISFCOGENMA MINE).

't e en ifthe discharge levels were below: the official limits the
LEiiinELon of therenvirenment would go on because of the
V 4- ulatlon off radioactive heavy metals in the environment.

_?Y ear 1991, Puy de I"Age mine discharge was exceeding the soluble Ra 226 limit (0.37 Bg/l):
~IniMay (0.64 Ba/l.),
- June (0.72 Bqg/l.),
~— August (0.39 Bg/l.) et
—- September (0.38 Bg/l.).

— The annual mean was : 0.39 Bg/I.
Such preblems occured as well in 1991 for liquid discharges from other mines :

— |La Traverse mine : between March and June 1991 (annual mean value : 0.43 Bg/l)
— Pierre Belle point 117mine : in June, July and December 1991,
— Venachat mine : in June and July 1991, etc...
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2 / Eong term contamination of

dlments and aguatic flora and
fauna
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Imphing of water and sediments (CRIIRAD) / Limousigiarea

sl ~a—
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Uranium 238 (thorium 234) activity in sediments / CRIIRAD
Measurements / Limousin 1993
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—

BOSSREIRINIRAD shows that, downstieamCOGENM AT
IRt mines (Linaeuisin area), sediments and
aEUEtc plants contamination s so high that they:
rriely clesarveirig iarprlirioloc)y <« [FleleflezieilVe

WEISTEIS>S

.
-

SECImEnt contamination :

%a\ivnstream Puy de ’Age mine :
= Uranium 238 (thorium 234) = 13,500 Bg/kg
— Radium 226 = 28,700 Bg/kg

s Downstream Bellezane mine :
— Uranium 238 (thorium 234) = 36,000 Bg/kg
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e former Puy de I'Age mine (Limousin: arez)
PICllirestaken afier, « Official »refiailiizton.

—
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—

IVACENAge mine after rehabilitation: 1998

o—

Nev SRIIRAID. measurements
A As e GIen (s Contamination 1s st Very migh
l\/lme Ilqwd efifiluents treatment Is stopped

EOMERWALEN tieatment basin contains no more water
Pl Tadioactive mud is still inside and nothing prevents

= ‘ople OF children from going Inside the basin
== \onetheless, the local administration (Prefecture) will

i’ = agree (1999) with the company statement : the
radielegical situation is normal and there is no need for

further water treatment or environmental monitoring.
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November 2003 / New CRIIRAD
measurements

Contamlnatlon Qf the SOI| of

.. i the meadow -
e Uranlum §38 20 000" Bq/kg

20 times above VLL Radioactive waste
(Euratom 96/29)
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—

RERIIRAD COMmMENnts: .

SRREnvlogical limits applied tor Liguid Bischarges from
NiebinNniResiEENucHNeeNIENandNIaVEsoNIE ozl
EEASEessed

YWer F, Acontamination with long lived radioactive metals is
'rocri lgh aind create a contamination of sediments, soll
mds TIVers, aguatic plants, etc..

— Tvirenmental monitoring methodologies have to be
jf?ﬂlmproved (selection of samples, list of radionuclides to

= _--"'

~ e measured)

~ - \Water treatment plant technologies have to be
Improyved, but it is not sure that affordable technologies
exist ... and for the long term.
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Coplng With hiuge amounts of
ong ived radioactive waste

(tailings)
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g O T LS

_ Uranium mills
(FRANCE)®
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Radionuclide

Half-life

Decay

mode

X or gamma Example of gamma

emission emission (Energy, %)

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

| y Most uranium is removed
Uranium 238 4.46 billion years Alpha .
from the ore (ex : chemical
Thorlum 234 241 days a2 reaction with sulfuric acid)
Protactinium 234m 1.17 Minutes béta
Uranium 234 245000 years Alpha
| But other radioactive
Thorium 230 75 400 years Alpha
metals from the U decay
Radium 226 1600 years Alpha Chain W|” remain in the
Radon 222 3.82 days apha  tailings (about 80 % of the
. . initial activity of the ore)
Lead 214 26.8 minutes béta
Bismuth 214 19.9 minutes béta
Lead 210 22.3 years béta
Polonium 210 138.4 days Alpha
CRIRAD [ B, Cnhareyror Stocknolr April 27th 2007 654



=Yadioactive

mud waiting for final
disposal (France}™

Tailings
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BNEAINGs do contain radioactive '
SIBments o —

B Ailings keep about 80 9% of the Initial activity.
of itheluranium ore

iey contain : a fraction of uranium isotopes
and 10 decay products ( from thorium 230 to

— polonlum 210)

-
—
..—-.-—
e

—= "_"‘— Tiotal activity of tailings is

—
.-‘I-'- T
—

®higher than 100,000 Bg/kg
®and sometimes higher than 500,000 Bg/kg
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—

NIIIeEE2lie Very hazardous substances

o—

=SNuclides with.wvery long half-lves;:
o T[riaritn 280 , ,F.' A

NSZATLE X

SERadium 226 = 1,600 years

lonuclldes Withi highi radietoxicity when ingested (Polonium 210 dose
efﬂment (uSy/Bq@) is higher than plutenium 239 one)

— adlonuclldes with high' radiotoxicity when inhaled (Thorium 230 dose
c0eff|C|ent (uSv/BQ) Is close to plutonium 239 one)

-~ Permanent production of a radioactive gas : radon 222
~— Fine grained mud, easily dispersable by wind or water

— Chemical toxicity (heavy metals and acid) : about 100 kg / ton.
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SHOEMEr Uranium mills in France
e ‘million tons of tailings have been produced

— R adloactlve tallings are « stored » at 20
Sdififerent places

_":-‘3:3-:-'——' Different disposal concepts :
. ® Dry. storage in former open pits or basins
e \Wet storage under water
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BELLEZANE Linet
BRUGEAUD (MCO)  LIM3
BRUGEAUD (VERSE) L4 | At
FANAY LIMG 3+
LAVAUGRASSE LIMa
MARGNAC-PENY  LIM2
MONTMASSACROT LIMID

5t PIEﬁJRE
pu CA.HTA.-L

FRANCE / COGEMA sites with tailings

CRIIRAD / B. C - )
@® Ancienne usine de traitement de minerais, avec résidus miniers.



"m.sur Gartempe (Limeusin area, 1993)
I2iiREsavere transported from the mill to the dispoesal placeNsy tnuchks
g : s “ _m—
ENEOIOECtve mud wasfalling down on thepstreetsior the village:

EocalfNGO sent a samplerofimud to the CRIIRAD! laboratory.
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Bellezah?aﬁ@osal place (COGEMAepen pit, Limousin area):
3 million tens of tailings stered by the end off 19948
Fadera surveysforthe local autheritiesy(@onsell"Regional and
conseilrGenenal).
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CRIIRADNMEASUrements (1993))/ disposal of tailings

Bellezane =
— ——

Mud i-;t'he open pit :

000 Ra/lk

g =

Fine grained fraction of the
mud in the old galleries of
the mine under the deposit :
. Total activity : 506 000 i a:-"_'
" Bg/kg "
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The Bellezane open pit (disposal of tailings) is rehabilitated ?
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mﬁ’rum mill / AREVA-COGEMA / Niger

CRIIRAD./ B. Chareyron
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Radieactive tailings freny COMINAK mill
S0hectares’/ 105 million tons. “FActivity above 500,000rBg/kg
_ Jailings are « stored » in the open air:
Viaal albout radon anesdust transier tor the atmosphere ?

| maE
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N

RAD technician is trying to get a sample of dust IRFARIECIty,

—
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om 1961 to 1975, more than 2 million tons
& 0i radioactive tailings have been simply
dlscharged Into the river
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SCRINIRAD COmments

IR —

Smprovement of regulatory status of tailings
=isposal technigues to be improved
_-4 Monetany provisions for long term surveillance
B Improvement of radiological impact studies
__—:f”hm (hydrogeology)
— |ntermediate storage of tailings without
proper cover should be forbidden.
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NSIGRAS

=SUraniimextraction |mI|es 2l Iong term contamination of the
‘—\f]\/J( et (Weitar ol feikiger sl fla gy
IFCrEateEs uge amounts, of radloactlve Wwaste and noebody knows
f}r jAtermanage it on the longl term

— eak andfscientificaly unsound regulations have been designed

re Penakle uranium extraction at low cost
- -" ‘Erance the main improvements have been obtained after long

o—

f1ghts nvelvingilocal NGO’s and CRIIRAD independent laboratory

= Citizens are more efficient if they are in a position to make their
— oW assessements and radiological checks

- PSi: It is easy to use a Geiger Muller and at each place with
uranium resources people should have one in order to check

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

official values)
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Wf\rr ple off CRIIRAD lalboratory studies I the area of uranlum mining
[ECIECCPRCR2004) |

- N

Division iiffEree Vendee /.Siterde I'Ecarpiere)/ Pour la municipalite: del Getigne. / Etude
Juricliguie (L9YL) ai Eijcle feic) W s —

PiViEieminicre de Vendée / Site de I'Ecarpiere, La Baconniére, Le Chardon / Pour I'association
J\/Ioma E Sevre pour IfAvenir / Etude ponctuelle (1998-1999)

Aminiere deila Crouzille / Pour le Conseil Régional du Limousin et le Conseil Général de la
r]rllki’ Vienney/ Contre-expertise (1993 — 1994)

- msmn miniere dul Eorez / site des Bois Noirs Limouzat / Pour le Collectif des Bois Noirs (1996) et
P azmunlmpallte de Saint-Priest-La-Prugne (2000 — 2003)

s = Sjte de Saint-Pierre (Cantal) / Etude préliminaire / Pour I'association Nos Enfants et leur Sécurité
- (2003-2004)

s __.
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