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Regulations

A potential radiation risk can result from the presence of natural radionuclides in
materials usually considered as not radioactive and used in non nuclear manufacturing.

96/29 EURATOM Directive
Title VII - Significant increase in exposure due to natural radiation sources

Art. 40: Which industries are concerned ?
Art. 41: Are radiation protection actions required ?

French Public health code French Labour code
|

French Ministerial Order of May 25, 2005
* Defines a list of ten industries concerned
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The list of relevant industrial activities

Coal combustion in thermal power plants

Treatment of tin, aluminium, copper, titanium, niobium, bismuth and
thorium ores

Production of refractory ceramics and smelting, metallurgy and glass
industry using them

Production or use of compounds with thorium

Production of zircon and baddeleyite, and smelting or metallurgy plants
using them

Production of phosphated fertilizers and phosphoric acid

Treatment of titanium dioxide

Treatment of rare earths and production of pigments containing them
Underground water treatment by filtration

Spas

t%[> A significant number of industrial facilities potentially concerned
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Regulations

A potential radiation risk can result from the presence of natural radionuclides in
materials usually considered as not radioactive and used in non nuclear manufacturing.

96/29 EURATOM Directive
Title VII - Significant increase in exposure due to natural radiation sources

Art. 40: Which industries are concerned ?
Art. 41: Are radiation protection actions required ?

French Public health code French Labour code
|
' French Ministerial Order of May 25, 2005
* Defines a list of ten industries concerned
* Imposes on the operator to carry out dose assessments for workers
and population

* Characterization of raw materials, products and waste

Q{>Doses assessments are conducted under the responsibility of the industrial
operator and conclusions are addressed to the French Nuclear Safety Authority
(ASN) and to the IRSN
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Uranium and thorium series activities

The studies received

B 90 studies received at the end of 2009

B 43 studies present activity concentration measurements
»mainly carried out by gamma spectrometry

B 4200 results of measurements for 500 samples

0K = 9%
712U series = 15%

B >°Th series = 29%
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Uranium and thorium series activities

Sorting of samples

B Type of industrial activity
B Nature of the sample

®  Raw material

=  Product and by-product

®m  Waste, effluent, sludge and dust

®m  Environment (excluded from our work)

O Environment = 20% O Raw material = 21%

[OWaste = 32% B Product = 27%
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Uranium and thorium series activities

Chain segments of 238U and 232Th series

U 238
4,47.10%yr

|

Pa 234
6,7 h

Th 234
241d

238|J series

Group 1

22 - 26 March 2010 - NORM used in French industrial facilities - Page 8/21

232Th series

U 234
2,44.105 yr| ©OUP 2 Croun
| roup
I
Th 230
7,7.104yr Group 3
Group 2
Ra 226
1600 yr
Group 4 Group 6
Po218  Po214 Po 210
3,05 min  16,4.103 s 138 d
Bi 214
el Bi 210
Pb 214 5,01d
26,8 min | Ipp 210 Pb 206
22,3 yr stable
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/Th 228

\

Th 232
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N -
( Ac 228
6,13 h
Ra 228 Ra 224
5,75 yr 3,62d
Rn 220
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Group 3 Po 216 Po 212
0,15s 3,0.107s
ad
Bi 212 l
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/
Pb 212 Pb 208
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Tl 208
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Uranium and thorium series activities

226Ra* activities w ;

_ ] ‘ 1 Refractory
Raw materials (16) 1 - - | l
Products (64) | l | : T l
Waste (37) | ‘ 1 l
_ i | | | Kaolin
Raw materials (1) l o l
Products (3) | | I S E—
Waste (3) i 1 ‘ | ‘ |
i l l l Thorium
Products (0) i i 3
1t quartile 3 quartile Waste (7) | R : |
i l l l Titanium
Minimum | | Maximum Raw materials (4) | I — |
Products (1) | ° l |
Waste (6) | | <: TN T ]
Median i | | 1 >
. l l . Lanthanides
[T11] Raw material Products (1) | ¢ series
O Product Raw materials (7) | | B — 1
Products (13) } 5 e — } Glass
[T Waste Waste (15) | I : I |
y ] | | | Zircon
R ateri 23 ‘ w ‘
(X) Number of samples with an aw materials (23) | 1 1 ) — :
activity > LD Products (9) | | . emm>
Waste (4) | < I E
m— |AEA’s exemption level 0.0001 0.001 0.01 0.1 1 10 100 1000
recommended for NORM Activity (Bg.g")
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Uranium and thorium series activities

Conclusions on U and Th series activities (1/2)

B Wide variability according to:
®m Type of industrial activity
® Nature of the sample

B The highest activities in general correspond to waste

B Activities greater than 1 Bq.g™! (IAEA’s exemption level recommended for
NORM ):

O Raw material = 16%

O Waste = 55%
B Product = 29%

B Some imbalances have been identified :
m 226R3 in excess in waste from filtration of underground water
m 210pph in excess in ashes or dust produced by heating processes

22 - 26 March 2010 - NORM used in French industrial facilities - Page 10/21 I RS “ -




Uranium and thorium series activities

Conclusions on U and Th series activities (2/2)

B Example of 2'9Pb in excess in dust from refractory industry

Raw material (11)
Bv-product (2)
Product (30)

Dust (7)

o Mininmuim or maxinmui
I Median
[ 1=tand 3** quartile

Waste (4)
Effluent (1)
S]lldge (3) : : : : : : : : . i

0 2 4 6 8 10 12 14 16 18 ... 80

210ph+ Activity (Bq.g)

"'_:p 70 : (:’ T Maximum

g : 3rd quartile

: i .‘ Average

é 15 Median

= 10 | E L 1st quartile

.B‘ Minimum

> 5

&) 0 1 % | | | | % | | % | | % | | | | 0 | | G | | 0 |
238+ 234 230Th 226Rg* 210pph+ 210pg 232Th 228Rg* 228Th+
(12) (0) (2) 3) (7) (0) 3) (10) (4)
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Occupational exposure

The studies received

B 90 studies received at the end of 2009
® 91% of them present an occupational dose
® 9 types of industrial facilities

O02% H1%
B 0%
06%

@ 16% o
O Coal combustion in power plants

B 15% O Production of refractory ceramics and smelting,
| 7% metallurgy and glass industry using them

B Production of zircon and baddeleyite, and smelting or
metallurgy plants using it

03%

049%
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Number of doses calculated .

Occupational exposure

Doses presented by operators (1/2)

B -~400 workplaces

93

90 -

80

48% of doses < 0.25 mSv/yr

70 15% of doses > 1 mSv/yr
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Occupational exposure

Doses presented by operators (2/2)

B Difficulties to compare these doses
®m  Routes of exposure

»Some doses take into account:
= External exposure
= Internal exposure by inhalation of dust

» Some doses do not take into account one of these routes of
exposure even it could be significant

»Some doses take into account internal exposure by inhalation of
radon progeny

®m Natural background

»Some doses take into account the exposure due natural radioactivity
present in the environment

» From others doses, the natural background have been subtracted
®  Wide variability according to the industrial activity

B To compare, for each industrial activity defined in French regulation:
®  Calculation of doses in excess of the natural background
®m Exposure due to radon have been considered specifically
® |dentification of doses likely underestimated
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Occupational exposure

Refractory industry

B -~ 100 workplaces evaluated

B Maximum effective dose ~ 1.5 mSv.yr' = Consistent with literature

2 workplaces with a dose greater than 1 mSv.yr-!

175+ calculated with a generic occupational time of 1600 h/yr |-

1,5

1,2 - e e

Effective dose (mSv/yr)
H

0,75 -

0)5 == =7 oo

0,25 -

R

0,

* * * * *

* % * * %

O External exposure B Dust inhalation == With radon inhalation * Likely significant route missed out

. ———
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Occupational exposure

Zircon industry

B -~ 60 workplaces evaluated
B Maximum effective dose ~ 2.3 mSv.yr' = Consistent with literature

4 _
8 workplaces with a dose greater than 1 mSv.yr-! H
35 - calculated with a generic occupational time of 1600 h/yr - -
3- -
e -
@ -
E T
S L
© 1
2 L
S5
I ;
1’ ”””””””””””””””””””””””””””””””””””””””””””””” e ET”’-T-”””””’L ””””
- T T ll IIII”I|||
0- _---:-lll.....i.llIIIIIiIIIIIIiIIIIlII
O External exposure B Dust inhalation == With radon inhalation * Likely significant route missed out
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Occupational exposure

Treatment of Sn, Al, Ti and Nb ores

B -~ 40 workplaces evaluated
B Maximum effective dose ~ 6.0 mSv.yr' = Consistent with literature

A

6 L ____o___
13 workplaces with a dose greater than 1 mSv.yr!
5 New measurements of dose rates in 2008 show an
important reduction of exposure with a maximum
effective dose to a value of 3.2 mSv.yr-'
4 g ——— =

Effective dose (mSv/yr)
N w

-

]

]

]

‘ i
: ]
: ]

* *

* *

[ External exposure B Dust inhalation == With radon inhalation * Likely significant route missed out
O No route indicated
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Occupational exposure
Coal combustion

B -~ 30 workplaces evaluated

B Maximum effective dose ~ 0.4 mSv.yr' = Consistent with literature
04 -

0,3

Effective dose (mSv/yr)
(@]
N

0,1 1

0,

* * * * * * * * * * * * *

O External exposure B Dust inhalation == With radon inhalation * Likely significant route missed out
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Occupational exposure

Others industrial activities

B Production of phosphated fertilizers
® 6 workplaces
= All doses are below 1 mSv.yr!
®  Maximum dose = 0.5 mSv.yr-'
= Consistent with literature

B Treatment of lanthanides series
® 3 workplaces
= All doses are below 1 mSv.yr!
®  Maximum dose = 0.3 mSv.yr-'
®m  Consistent with literature

B Production or use of compounds with thorium

® 6 workplaces

m Except two doses, all doses are below 1 mSv.yr!

= Maximum dose = 82 mSv.yr-' mainly due to dust inhalation

®m  Actions of exposure reduction presented by the operator:
» Use of personal protective equipment
» Periodically cleaning of dust in his installation
> Installation of an equipment of air filtration

=>» A significant reduction of doses is expected but IRSN and French
authorities have not yet received the new study
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Occupational exposure

Route of exposure

B Not enough data for these activities to conclude:
®  Production of phosphated fertilizers
® Treatment of lanthanides series
®  Production or use of compounds with thorium

B Others industrial activities

15t quartile 3rd quartile
Minimum Median |Maximum
v v

, [External exposure | ]
Coal combustion Dust inhalation .

..........................................

..........................................

Dust inhalation |

Ores { External exposure

0% 20% 40% 60% 80% 100%

Main route clearly identified : Potentially main route :
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Conclusions

Conclusions

B 10% of dose in excess of the natural background (without the contribution
of radon) are still greater than 1 mSv.yr-'

B Assessments are still expected

® For example, studies dealing with occupational exposure due to
underground water treatment by filtration

B Highest doses were found in facilities which:
= Produce materials involving thorium (82 mSv-yr1)
® Treat tin, aluminium, titanium and niobium ores (6 mSv-yr1)

B External and internal exposure are often of the same order of magnitude
® Except for coal combustion

B Some types of industrial facilities currently not included in the French
regulation

®  Modification of the list of industrial facilities set by the Ministerial order
of May 25, 2005

» By addition
» By deletion
= e.g. paper mills
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