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Excess Relative Risk for Solid Cancer

RIRHIRE DEFHRLY

(LSS A-bomb Report 14)
(from Ozasa k et al.; Radiat Res
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FIG. 4. Excess relative risk (ERR) for all solid cancer in relation to
radiation exposure. The black circles represent ERR and 95% CI for
the dose categories, together with trend estimates based on linear (L)
with 95% CI (dotted lines) and linear-quadratic (LQ) models using the
full dose range, and LQ model for the data restricted to dose <2 Gy.
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ICRP 103 2007 | BF(&EZa—HIF) R CYERER S 1
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R)FO LK TEHRINF=-TRTOZE (EBRMT—)4E 2 5L, RBEEIX1~3.5D&HIZHo1-. HY
TIRELLERT BHE, KEBHD DIEIXLIZ3DBIZHY, F=XERIZRHLTIEKEB D (F1~2T, FTDZLIEL1~1.50DET
Ho1=,

R)FHLIKELTOR)FHLDNEDAR—2EEMEIZDNTESNT-RBEE(L, IELETHEHEIZ L T—HRIZE
WINBHEOHTHANTHY, B—DOMEHEMEFRBELLTCOIFFERTLEVSEMEIN-7TO—F(XN)F
) L Z3E S TE S, (ICRP 103, 2007, B94IE, B96IE, KU))
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M) FOLEREZEDRB(CNETOXET —FDBE)

M)FOLBIELITIBERNTHEIILTHS
- HARNTIE, KHTO) BLUEEEESR (OBT) ELTHEET S
- SRR TOEFRIL. 7TH~18H (HTO) BXLT40BFEE (OBT)

- EMFERIThER L (RBE) [£1.0~2.052E
(ChEYUEL. HAWTEWNELSTHELH D)

- R =(L8GYIEE
(XY REERERIR 5 T0.56~0.93 GBg/glhE)

£33 TYXEFESEHARISES M) FI LB D RBE.

FEONE  RBE ot pE
LDso/30 1.7 4~8 J.E. Furchner (1957)

PRl & MBROZERE  13-15 1~10  ].B.Storeretal.(1957)
wiif O REsRE 1.0-20 0.6 R. Kozkowski etal.(2001)
MNEPVTMEROTHEMNYA 14-21 0.13~028 K. Ijiri (1989)

R OEFE  16-30 0055 RL.Dobsoneral.(1976)

HE:BHEL) TIAIKBMEFEREE 2012

*RBE: HUVHMOXIBEI1ELI-EEDHRFIRDEREEDKRESZHLODT
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EHRLT-HTOIZE8 9 SICRPHHETJL (ICRP Publ.71, 199513 /)

&
v
97 % [ 1 3%
HTO OBT
T,,=108 | v T,,=408
FR 47 % l l#;HE 3% | ZEDith 50%
A5~ D Bttt

[£%] OBTIERIZEIT AICRPRBIETIL

HTO: M)Fo LK
OBT: AHESEN)F UL

HIEE
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50 % [ l 50 %
HTO OBT
T,,=108 ] 1 T,,7408
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AR BT ERITIKFELTELTS

BIETEENRLTE, FEH-YDHEIECE REFR) NN STNITHIHRERDZE T
INSKIFYFET,

ICRPD R1F: 181t ERER) REIMIIDFZE R, 2t (GHRER) WEIDZEDES

M)FLKBEEDRMERR AU TROXRIFELRLLEEL

RUFLAK _°

1 F i ]

1 10 100
=3 (Gy/h)

ROAMEDELEFREALTEDHRERIKTFIE (Okada et al. 1986&YHE)

RARKEME /1 Gy-10%H 2 =Y



IO RIZMN)F ) LIKEEFEIZH=->TEUKIRE LiRIT=-EER {5

Yamamoto, O.I&H> International Journal of Radiation Biology 68: 47- 54 (1995)
“Oral administration of tritiated water (HTO) in mouse. Il: Tumour development”

Yamamoto, O. (¥5" International Journal of Radiation Biology 73: 535-541 (1998)
“Oral administration of tritiated water (HTO) in mouse. lll: Low dose-rate irradiation and
threshold dose-rate for radiation risk”

2= (mGy/day) JEHRE 02 0.9 3.6 10 24 48 96 240
EERL-< O ADERKFE 120 55 58 120 53 60 60 38 45
EyEFam(R) 811 790 758 804 622 481 414 259 165

+IEERE +134 +121 +112 +68 +92 +38
EMNALI=IOR ABAE (%) 59(48) 27(49) 45(78) 26(46) 4(83) 42(70) 42(70) 32(84) 34(76)
TR H@H%U//\HE B St e et e
(REKIZEDD | FEMIRU/SIE| 25 25 29 20 21 15 20 11 11
&%) | REERIE 8 9 22 9 11 7 3
TN A 5 3 9 6 2 13 7 5
A 8 8 17 2 4
ANA 4 2 15 5 2
L Z0fh 5 7 4 26 25 13 5
[5%E]

ERIKDHTOEE: 3.6 mGy/day — 1.39 X 108 Bg/L
0.2 mGy/day — 8.69 X 105 Bq/L
#REEF(L, 50, 100, 2008 E O P (XK. FiE. R O ) FOLEEEZTICERE



HKPRERE (ARTORMNRNFOLEBUT MG MELL DV LELERT D)

NM)FoLJK 60 Bg/ml (A#{E&1¥E20) HEKEEREIXImSy. F£%1H{E T 58
Cs-137 0.09 Bg/ml — EULNDERIEIBaHI-YDETIR=

Dose coefficient (EXNHRE (%50
BEOARNEEDLIAL—2aVETILICE DLW THBSEMEE2EH L. AT ERH
FNTTENREZFBaH-YIZHBEL TS, 1 HAA. ETILFHEL O TRENIIIFZSLH,
E2=ELTH, KIEISHES S EIEALY,
BADEZE GEROER, BEfAld u Sv/Ba)
~JF oL (K) 0.000018 (F##1k & #21£0.000042)
) L-137 0.013

i Li-134 0.019
') Li-40 0.0062 H B :ICRP Publ.119 (2007)

ERNRERBHAEIEAE?

137 | UL 134 ~JF L (HTO)
D ER A = ek HA 30 £ 2.1 4 12.3 &
A M= R Rk ER 70~100 H 70~100 H 7~18 B*
WM T 5B EmAIRILEY— | F(Z514keV ¥ [Z 658keV 18keV
FHAE 662keV 605. 796keV 7L

* FRES RN FULIIEYENF AN 0B IEE

BEEE DD LIZFERFEHREA RO G065 . BHBIRILF—HAKRENEERE
HI-YDHIEA L) AR EBE NS BILEEDILENY | |IFLEDE

. #HERELT, M)IFOLDGZEIIRGFEEL D LDI00H7D1LUTIZES
7
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F)FoLIKDRNER# LT
AREENTFEREBORFICEABE (M) A2 TEMEXRDE LK
NCRP 1979, Yamaguchi 1987
D (mGy/h)=C (MBg/ml) X 3.29 X W (ml/g)

3.29[XFE %K
1 X108 1% /s-MBq X 3600 s/h X 5.7 X 103 eviEZE X 1.602 X 10712 y/ev X 106 mGy-g/J

WIZE KSR Mg OB, £FEIZLY0.7~0.9(F140.8F2 )
E:GyIERINGE (MER) . AR IHETIICDEETICSVEEHRT .,

R#HDOXZMOZBBICHLERAL, RIHEIRILTF—ORENERTRIRENDETNIE
(2 B IR IFHEATIEFRNEND) . T F—FA 025 W= ((FH) TRIILEF—D

EWHIHREDIELIZILES,
H-3: BT IRILF—5T7Xx10%eV. HUTHE 5L
Cs—137: B#HFEHIRILF—19%X10%eV. HU T 6.6 x105eV

Cs—134: BIRFEHITRILFX—16x10%eV. H T (6.0+7.9) X 105 eV
EAURBIIEREZ BT AR DHB=H. ETHERIREIN ST TIEAEL



TS L BEHERY™S L, RUF 9 LOHE

F R HA BIERDBRAIARILF— RS

watiEtES o L

Cs-137 30 & 0.514 MeV 662 keVIEH

(1.176 MeVhHi6%)

Cs-134 2.14F 0.658 MeV [Fh 605 keV. 796keV [Eh
WatEH 9 L

K-40 12{85F H 4 1.311 MeV EH 1,481 keV (11%)

(BEEFHE11%)

~)Fro L

H-3 12.334F 0.0186 MeV L
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1. FEKRRBGLAD 7 BB T &5
1-1 % 8%
1-1-1 KX B
1-1-2 KFRZEE (Fn i)
1-2 E LRI A
1-3 BN fEE
1-4 T D1

2. BEKBHE-N)FOLRBICRAIELETSURER
2—-1 7I0:Darlington Tritium Removal Facility
2-2 &% :Wolsong Tritium Removal Facility
2-3 B: STAEKBEEE (D). (1)
2-4 EU:ITERR F70 LK AR & (ERETELRE)

3. EKBE -FN)FIOLDEIZIRDZTSUNEZEDED



1. KRB LA D 53 BEG AT &

Vapor
KZES)

1-1 ZRB&
1-1-1 JKZ% &
Depleted
JEIE t'f()?'?A@fiﬁé Condenser
7
KDOEHERERRE = BKSEK>SK)FOLIK A
- RFAMEORBRYIRL (FB) ICXKY . HEDFWN)FOLKEZRHBIZEE, I
BEISRAS—2HWTERIEE., BIEICEBERZHLT, REEKIC -
RY_ETERETEY. BYRLEFEZSES, ‘ITA:
I
KD T3 SE (torr) I
: N
T(°C) mmmm B} B
P(H,0) 23756 14938  355.1 |
=
P(HTO) 21.7 141.5 341.3 738.8 A :
P(H,0)/P(HTO) 1.095 1.056  1.040  1.029 I
I
- — o Concentrated @ :
BT RBEELT. BHISUNETELOIEEREE, GPTINT 5 \ 4 1
B4 ﬁ’E{‘?yﬁl(—P(H 0)/P(HTO)) A FEFEIZ/IELY, (%K) Bolor
— KRF- 5 ﬂﬁ@%ﬁ:%&blﬁlaﬂlb\%( BNELHES,

DRBEHEKRSKT =0, BIETEER,

AEEOBE



1. KRR CLAD 7 BEE AT &8
1-1-2 KFEZFHY

JRIH:
RIRKBDFEEERRE=FKEZES>EKESN)FIOL
RIARKZBDORBIZKY ., HBEADESVN)FOLFRERIZEMRE.

RIKIKFEDFEHEERKRIE (torr)

T [0 5

P(H,) 677.4 2374.7
P(HT) 288.8 1332.6
P(T,) 750.3
P(H,)/P(HT)  2.346 1.782

AT KELGDBERE(=PH,)/PHT)),
AT RIARKERE ($920K) TOEE—-OR NS
KBZEARADTALITH T HEER K. KEKRLHE,

Depleted
(KFHR)

Feed
(BRIAKR)

Distillation Packing

€

lH{-}------------

Concentrated e

(M)FILAR)

heater Z

X

R

RIKKRZBEZDOEZ

4



1. IKFR BB IARD 53 BB AT &R
1-2 RGLR ST MIR—IK/ KR EGL i3 (1)

JRIE
- K e Kz KRB D R ALIA KRS
EKRKRRUMN)FIOLDEE=KE>KEH> KK
K. IKER . KEFEH A%, MR T,
KFEARBDEKFNPINFOLEZKEZTEERLTKEBRIZERE.,

B FERRRE

-FRARIGIZ, SRENBE ., KITENSETFEEZRD,
EI[UFBEKFEBDHDVPCE (Vapor Phase Catalytic Exchange)
MNETEFE, HITHRGO TIHREM, SEiEasss +ZFHBITEEIC
(hF45 . &),

- BR/K AR E ANBA S
LiC. BRES . FFRKO T EZERFELPCE (Liquid Phase Catalytic
Exchange)

BEICEREIILEHELTKIKREZRE, BRISERZESCEE

ZE KB LERILEEIZT H), CECE(Combined Electrolysis Catalytic

Exchange), B . 8E. %k,

R AR D D EERE AR -RE T B#ZZaV:H,O(L)*H,0(V)&
AR[-IKRB DR BEFREAG H,0(V)&H,(C)KYE DA, aGHXEEH

Depleted

Water IKFEork

>

Feed é‘

7K

P,

[

Electrolysis

<

Cell
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I Why is it important to study the transfer of tritium in the
environment?
| Except for rare gases, the amounts (Bq) of tritium from
controlled release are higher than for other radionuclides (10-100
times)

I Increase of tritium releases in France

» Tritium is released by Nuclear Power Plants (NPP), Nuclear Reprocessing Plants
(NRP, e.g. AREVA NC La Hague), research centers and defense facilities;

» In the future, the releases will increase with the commissioning of new built
nuclear facilities like the Laser Megajoule (LMJ), the European Pressurized

Reactor (EPR) and the International Thermonuclear Experimental Reactor
(ITER).

I Uncertainties on transfers in marine and terrestrial ecosystems

» existing uncertainties on transfer knowledge in marine and terrestrial
ecosystems, e.g. transfer kinetics of tritiated water (HTO), tritiated hydrogen
(HT) and Organically Bound Tritium (OBT) in the different compartments of
ecosystems.

Anticipate concerns from the public
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| Main document in France, white paper on tritium (2010),
coordinated by ASN (French Nuclear Safety Authority): see lecture
on tritium “the French situation” by J. L. Lachaume (ASN, Deputy
Director General) at ME Tl.

Position et plan d'action
de I'ASN

Les groupes de réflexions

Synthéses et recommandations

Etat des connaissances
Inventaire des sources
Origine du tritium
Métrologie du tritium
Impact sur I'environnement
Impact sur 'homme

Accueil > English version

; ) -
Carte des rejets tritium ﬁ
!

Livre Blanc
du Tritium

English version

Context

Tritum is a hydrogen isotope that is s low-energy beta emitter (mean
energy 5.7 keV). The most commoniy-found form in the biosphere is
tritisted water and the dominant exposure route is ingestion. The
radiotoxicity of tritium is low. The overall impact of trittum releases in
France is also low, with an annusl effective dose of roughly one pSv or

1. ASN’s position and action plan
2. What is Tritium ?
3. Tritium working groups: objectives and

less for the reference groups. approach i
4. Summary of work and recommendations
Radi in the er it sround civilian nuclear 1. “Tritium Impact” working group

facilities have significantly decreased over the last few decades. with 2. Tritium: Defence in Depth” working group
the exception of tritium. Discharges of this element are forecast to
increase due to expected changes in the fuel mensgemenl methods
used by tne NPP, and also due to new ftriti

including new power plants thst are to be built. and the ITER project.

In Iste 2007, pspers published in the UK (RIFE 11 report, study by the HPA's Advisory Group on lonising Radiation (AGIR)) raised questions
as to the behaviour of tritium in the environment, in particular focusing on potential accumulation in organisms of organically bound tritium
(OBT) from tritium refeased into the environment and on methods for assessing the biological impact of tritium in humans.

Given this context, ASN wanted to get a clesr analysis of the existing studies into the issue and in early 2008 decided to establish two broad
working groups. chsired by Dr Patrick Smeesters of the Belgian Federal Agency for Nuclear Control (AFCN) and Mr Roland Masse of the
Académie des fechnologies. The groups were formed of experts (from the CEA, CNRS, GSIEN, Institut Curie. IRSN, universities and
European Commission "Article 317 experts), representstives of operastors (ANDRA, AREVA, CEA, EDF and ITER), associations (ANCCLI,
ACRO and CLI) and safety authorities {ASN, DSND). Their findings and r

were sub d in early April 2010.

The ASN is pleased with the high quality of the work and the large bibliography provided, which have led to the recommendations issued st
the end of each group’s summary.

The studies highlight the small impact that tritium releases have in France. However, they do also show the need to camry out further study
and h in order to st current data and knowledge on the behaviour of tritium in the environment.

The ASN has drawn up its action plan on the basis of the recommendstions made by the two working groups. It also hopes that research
bodies take into account the requests made by the working groups, as described in the summary of work and recommendations.

Written by a group of
experts with various
backgrounds
(governmental experts,
operators, experts from
non-governmental
laboratories): The
white paper
encompasses the state
of the art and
recommendations from
IRSN dedicated to the
environmental impact
of tritium

http://www.asn.fr/sites/tritium/plus/english-version.html
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Objectives

| Increase knowledge on the quantification (e.g. fluxes) of
tritium transfers in marine and terrestrial ecosystems with a
focus on speciation and kinetic of OBT build up:

» Estimation of tritium turnover in aquatic biota: e.g. marine
seaweed, marine invertebrates such as shellfish, fish ;

» Quantification of tritium in grassland ecosystem: kinetic of OBT
biosynthesis throughout the human food chain; dry and wet
deposition;

I Improve tritium transfer models between the source of release
and the different components of the ecosystems (seawater:
MARS, atmosphere: TOCATTA);

0 ... to have a more realistic human dose assessment.
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| Transfer of tritium in marine and terrestrial ecosystems

» Importance of the knowledge of speciation (HT, HTO, OBT)

>




Importance of the knowledge of the speciation

| Tritium is present into biota mainly in two forms:
» TFWT (Tissue Free Water Tritium): tritium is incorporated with water exchanges;
) Quick exchange with the environment (~hour);

» OBT (Organically Bound Tritium): tritium is incorporated with biochemical
processes;

1 Relatively slow exchange with the environment (~-month).

| Tritium speciation of atmospheric or aquatic releases and
bioavailability:

» HTO (tritiated water): bioavailable for species with high exchange velocity (few
hours) with TFWT;

» Organic molecules: bioavailability depends on the molecule;

» HT (tritiated hydrogen in the atmospheric releases): not bioavailable for species
but can be oxidized by biogeochemical reactions and become bioavailable.

S, RS




Importance of knowledge of the speciation

I Example of speciation in AREVA NC La Hague NRP atmospheric
plume in the environment: how can we study the speciation?

Sampling particles on
filter » Dilution in cocktail
(PIAF)
Sampling water vapor .. : .
(H3R7000) » Mixing with cocktail »
Liquid scintillation

HT and total tritium
extraction and mixing
with cocktail

Air sampling
(pressurized bottle)



Importance of the knowledge of the speciation

Example of speciation in AREVA NC La Hague NRP atmospheric
plume (in 2013 ~ 6.0 1073 Bq year')

Sampling date

2013/02/22 10:20
2013/02/22 11:50
2013/06/13 10:15
2013/06/13 12:30
2013/06/27 14:27
2013/12/10 11:50

1 83 % of T released by the NRP is in the form of HT

<0.02
<0.02
<0.02
<0.02
<0.02
<0.02

<0.02

HTO
(Bq m~)

0.46 + 0,01
0.37 + 0,01
0.46 + 0,02
0.48 + 0,02
0.72 + 0,02
0.40 + 0,01

0.50 (17%)

HT
(Bq m~)

1.2+0,3
2.8+0,5
2.0x+0,4
2.5+0,5
41+0,6
21+0,4

2.5 (83%)

<0.4
<0.5
<0.4
<0.6
<0.9
<0.6

<0.6

IRSN



] Context

I Objectives

| Transfer of tritium in marine and terrestrial ecosystems
» |Importance of the knowledge of speciation (HT, HTO, OBT)
» Marine ecosystem
» Terrestrial ecosystem

» Interface between marine and terrestrial ecosystem

] Conclusions
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Marine ecosystem: schematic transfer pathways

| Behaviour of tritium in the marine environment

Evaporation, diffusion, sea pray Dry deposition

7

Wind friction
>

[ Wet deposition

./

Biochemical processes:
photosynthesis, tritium/hydrogen
exchange

TFWT/OBT
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Marine ecosystem: liquid releases from La Hague NRP

| Liquid releases in the English Channel by AREVA NC: HTO

oLat, Shetlz%jg
i) , 2,0E+16
58’ :\
rak E 1,5E+16
Mer o
du Nord (5 g m Om (]
564 Dahemark g £ OO - =@ m
[ O O —
a § % 1,0E¢16 - g
4 9 (|
54 .
=
Allemagne ,a' 2,0E+15
% Hollande -
52 ChenaN g e
St George »s‘»*.-. VelineS 0.0E+00 . | . | . | . | . | . | . .
N f 1z Belgi ]
Mer b PO 1997 1999 2001 2003 2005 2007 2009 2011 2013
5 Celtique /' Manche Penl L
Les casquets Palue Time (year)
= France
( La Hague
m ' Flamanville 1
s J One PWR NPP: 1/100 of La Hague
A \ » NRP release
4

L o 4 & 4 2 0o 2 4 6 & nlong.

) Annual releases are quite stable ~ 1.2 101¢ Bq year-!

1R S T




Marine ecosystem: radionuclides dispersion

I Model validation of hydrodynamic dispersion
(numerous in-situ measurements vs. modeling)

/

Goury
: NR? SIMULATION
W Tritium
(no input from the Seine river)
ji—
Jr+
-
g +
| .t
+
T
i MEASUREMENTS

Gedymac campaign
September 1994

T

7500
6500
5500
4500
3500
2500
1750
1300
1150
1050
950
850
750
650
550
450
350
250
150

Bq/m3

1 Average dilution coefficient close to the outfall of La Hague (Goury) - NRP is well known

~ 0,76 Bq m-3 per TBq year"!
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Marine ecosystem: hydrodynamic modeling and validation

I Concentration in water: hydrodynamic modeling

5500 m

5]
M 5000 m 48,90
4500 m
4000 m o
3500 m
3000 m
48,80
2500 m
2000 m
1500 m el
1000 m o
o P 5
500m 4870 e
om ) . .
Bathymetry QT
S s
48,65 5
\ ::gg
3 , 1700
' o =
g ; 920
) 740
-  IRSI] 00
‘Simulation DISPRO [ss0
% 310
R — 250
o \ 1200
i 1180
b 130
100
\ 88
8% i | ——89
I ]
45
36
29
48 40 ::
15
3 12
4835 N 10
Fichier source : DSP11VAmaLg_Tr01_20030517_070000.grd = J
Elément simulé : Tritium Edition du 27/02/2004 16:48:53 ~ il —a
— \ T (=
MARS model o A A S
N oy el
240 2% EE 210 200 190 K an 160 '

frames and mesh sizes Real discharges and meteorology,

one frame every 15 min

]l After model validation, the uncertainties for individual measurements are around 50%
(the model is highly reliable)
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Marine ecosystem: transfer to biota

I Concentration in marine biota near the point of release

Location

OBT/HTO

Mollusc
Crustacean
Mollusc
Mollusc
Crustacean
Fish
Mollusc
Seaweed
Seaweed
Seaweed
Seaweed
Seaweed
Seaweed
Crustacean
Crustacean
Mollusc
Mollusc
Mollusc
Mollusc
Fish
Fish
Fish

Fish

) Around 10 Bq L' (TFWT, OBT) for 1.2 10'¢ Bq year-'

1R S T

earshell
edible crab
periwinkle
periwinkle
edible crab
mackerel
earshell
Fucus serratus
Fucus vesiculosus
Fucus serratus
Fucus vesiculosus
Fucus serratus
Fucus serratus
lobster
lobster
limpet
limpet
whelk
limpet
plaice
sea wrasse
sole

s€awrasse

Omonville La Rogue
Omonville La Rogue
5t Germain des Vaux
Herquemoulin
Jobourg
Omonville La Rogue
Herqueville
Carteret
Dielette
Dielette
Goury
Goury
Sciotot
Carteret
Flamanville
Carteret
Dielette
Flamanville
Goury
Carteret
Carteret
Flamanville

Flamanville

Sample date

21/07/1997
21/07/1997
21/07/1997
21/07/1997
21/07/1997
21/07/1997
21/07/1997
16/03/2006
15/03/2006
15/03/2006
14/03/2006
14/03/2006
15/03/2006
23/05/2006
26/04/2006
30/03/2006
28/03/2006
26/04/2006
27/03/2006
19/06/2006
19/06/2006
26/04/2006
26/04/2006

Mean

122
19.0
12.7
11.8
15.6
4.0
11.0
9.7
10.8
11.4
8.0
10.7
10.1
4.0
172
5.3
16.0
5.9
7.0
13.5
14.0

11.1

11.0
9.5
10.7
11.3
8.1
10.8
10.1
4.0
17.4
5.1
16.1
5.8
6.9
13.5
14.0

11.2

11.2
12.5
12.4
12.3
6.6
8.3
9.1
4.2
14.2
9.5
13.1
8.6
9.7
13.8
13.3

10.7

© o = o

-

o -
W O W N O W N N o N

> - S e
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e
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Marine ecosystem: transfer in biota and his modeling

I Concentration in seaweed as function of water concentration

35 HTO in Fucus serratus 35 - OBT in Fucus serratus
Bq.L? S Bq.L?
30 (r Seawater HTO 30 - cr T Seawater HTO
i —&O— Seaweed HTO .:': i ¢ Seaweed OBT
25 - i 25 o transfer model
20 - 1 20 i
15 - o i 15 P
10 - / 10 s
5 - 5
Date Dat
0 1 T T T [ T 1T 1 1 1T [ T T 1 T T [ T T T T T [ T T T T T [ 1T 0 1 T T 1T [ 1T T T T 1T [ T T T T T [ T T T T T [ T T T T 1 \a\e
< =z < = < = < Z < = < =
¥ 3 2 2 2 2 g 2 ¥ g 3 2
Q 3 5 5 = n Q 3 5 5 = n

[l Steady state between seawater and seaweed TFWT is rapidly achieved while transfer
between HTO and OBT is much slower: need to take this into account when modeling

Transfer parameters OBT/HTO(steady state), expecting 1 t,,,bio (day)
half-life
Fucus serratus 0.78 [0.76-0.82] 128 [99-175]

it vt s o, . s con oo | RS [



Marine ecosystem: dispersion around Fukushima NPP

| Estimation of '37Cs quantities from measurements

378

*

*

*

*
*
o
*

*

*
141

141 1412 1414

April 25 - May 02

11 141.2 1414 1416 1408
April 18 - 25 c

141 1412 1416 1408

a April 11 -18

1414

1416 1408
d

1412

May 02 - 16

1414

141.

* * * *

*

* * * *
* *

*

*
1408 141 1412 141

€ May 16 - 30

1414 1416 1408

f

141 1412 1414 1416 1408
May 30 - June 13 g

141 1412
June 13 - 27

1414

1416 1408 1412
h

*
1414
June 27 - July 11

* : Sampling locations  Blue frame: area for integration of 137Cs quantities okm

20 km 40 km 60 km

Interpolated
concentrations
from April 11
to July 11

1 137Cs quantities were estimated on the basis of individual measurements in a 50 x 100
km (100-1000 measurements for each period) area around the plant (issues: depth,

mixing layer, atmospheric fallout, rain water washout, .

I ——— (RS H R



Marine ecosystem: dispersion around Fukushima NPP

| Estimation of the rate of seawater renewal

Exponential decay back
extrapolated to April 8:
22 PBq

1E+417 ¢

a6 | Main incertitude: depth of the

- 1N\¢ “.mixing layer

1E415 |

16414 |

137Cs activity (Bq)

16413 |

1E+12 ||||||I||||||}||||||}|\|\||}|\|\|\}\\|\|\I\\\\\\\I
08/04  22/04  06/05  20/05 03/06 17/06  01/07  15/07

Evolution of 137Cs quantities measured in
seawater

Constant dilution by clean water
through marine currents due to
convergence of  Kuroshio and
Oyashio currents:

» Seasonal changes in the
ocean circulation ?

» Return of contaminated
water back in the area ?

- Environmental half-time exponential decay t,,, = 6.9 days
] This source-term could be used in numerical dispersion models
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Marine ecosystem: dispersion around Fukushima NPP

| Flux estimation of '3’Cs from direct releases and the dilution

coefficient

1E5+

on of concentrations
corresponding flux

and

7Cs in seawater

1E4 -

|,

Caesiumr37, Byl
()

=
m
W

=== |

Total direct release until
July 18 -> 27 PBq
(12 PBq -> 41 PBq)

1 E 1

20/ /@E3/AKD/Q7 /CRA/GAL /RS /A5 /22 /(2D /s /AIe? /A6 /s /@B /A0 /Ql77 /07
—— 30 m North of Fukushima Dai-ichi

-1E16

[
M
[
0]

l—\
m
Caesium 17, Ba/day

F1E13

~1E12

Assumptions:
.

Measurements close to the
plant are representative of
the released flux;

Amount of 22 PBq
corresponds to the
quantity of 3Cs released
from March 26 to April 8;
(average concentration:15
716 Bq.L', number of
values = 28, duration =
13.2 days);

Right Y axis in figure shows
this conversion.

) Fluxes of 137Cs could be deduced from concentrations by applying the factor: 1.06 10"

Bq released per Bq L-' measured

1 Conversely, concentrations could be estimated from fluxes
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] Context

I Objectives

| Transfer of tritium in marine and terrestrial ecosystems
» |Importance of the knowledge of speciation (HT, HTO, OBT)
» Marine ecosystem
» Terrestrial ecosystem

» Interface between marine and terrestrial ecosystems

] Conclusions
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Terrestrial ecosystem: schematic transfer pathways

I Behaviour of tritium in the terrestrial environment

Turbulent diffusion

Transport

Release
HT/HTO

HT/HTO

Stomatal exchange

HTO

Photolysis

Evaporation

Soil diffusion

Dry deposm

HT

HTO

Bacterial oxidation

Root uptake >

HTO

Transport/Diffusion to the groundwater

) Background level in North hemisphere < 1 Bq L-' water vapor (102 Bq m-3 air)

IRSN




Terrestrial ecosystem: gaseous releases from La Hague NRP

I Gaseous release in the atmosphere by AREVA NC: HTO/HT

> 1,0E+14 r

60 ":‘ 7: 3 ) [

. 8,0E+13 | —
1 p Qo o
. \ B o o
20 - : o o o o
Main wind 6.0E+13 < < &
\ direction ’ i < o
; | oo °

4,0E+13 :

2,0e+13 |

Gaseous release (Bq.year')

0’0E+00 [ I I I I I I I I I I I I I I I
1997 1999 2001 2003 2005 2007 2009 2011 2013

Time (year)

] One PWR NPP: 1/50 of La Hague
NRP release

) Gaseous release decrease: in 2013 ~ 6.0 1013 Bq year"!

1R S T



Terrestrial ecosystem: radionuclides dispersion

I Model validation: krypton 85 as a tool to validate atmospheric
dispersion modeling

10605 ¢
10606 [ ®

1,007 |

1,06-08 § A
1,009 |
1,060 |
L0611 E o
1,062 [
1,0E13 | A
1,0E-14 - ®Mesures ¢Briggs-rural ADoury

C'i'Amax (s m)

1,0E-15 L ' ‘ '
0 500 1000 1500 2000 2500 3000 3500
Distance from source (m)

1 Strong discrepancy between models
and measurements

) Atmospheric Transfer Coefficient (ACT) ~ 3 10¢ s m3

ey e Ay e e, R S[]




Terrestrial ecosystem: dispersion modeling and validation

I Concentration in the atmosphere: Gaussian modeling

Wind
direction

Plume axis

Standard
deviation
of plume

Activité vohmlque dans I'alr Insta nta nee(Bq]mB)
Somme des sources - I(r-85 '

-“53

Gaussian modeling

1 After model validation the uncertainties are below a factor of 3 for in all meteorological
conditions

IRSN



Terrestrial ecosystem: transfer to biota

“In field experiment” technical platform (2 km downwind
distance) to study tritium transfer (kinetics of OBT, dry and

wet deposition, microbial oxidation of HT in soil)
- { _— -4
10 m mast with sonic anemometer
(turbulence & wind)

Grass and soil
(unsaturated
zone)

Weather station ‘

Lvsimeters CO,/H,0 measurement acquisitions ] 14¢ 13 .
, (LICOR 7000) C/3H trapping

device (bubbling)

Continuously Recording Field Monitor for 85Kr




Terrestrial ecosystem: concentration to biota

I Concentration in grass around the NRP: “In field experiment”
technical platform (2 km downwind distance)

18 ¢
16 | ® o
S . @ Air HTO
14 —— - @ Grass (TFWT)
: -Or-- Grass (OBT)
12 | e
<10 F -0 9 L O L
3 : ® / A/ '
: 8 O_ B . 7
o NS
"é 6 0;“. .{r;- - . . 0 ..___ .
2 \®) ., "O' """ O
[3] Y i -
g 4 N P —®
S g {!; """" O @ @
2t
ok

26/02/2011 17/04/2011 06/06/2011 26/07/2011 14/09/2011 03/11/2011 23/12/2011 11/02/2012 01/04/2012

Date

) around 10 Bq L-' for 6.0 10'3 Bq year-'

! In La Hague area, concentrations in vegetable are in the
same order of magnitude
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Terrestrial ecosystem: transfer to biota and modeling

| Modeling of tritium transfer
(TOCATTA), a part of the SYMBIOSE Platform

SOURCE :: Gas dispersion  Wet input (HTO, Wet input (HTO,

St (HTO) via precipitation) via precipitation)

R e Interception by e Interception by

seriiniiin soil plant

CANOPY Soil surface Foliar diffusion

ATMOSPHERE exchange (HTO) (TFWT)
SOIL WATER (HTO) Root uptake

Radioactive decayl' (G

PLANT WATER
(TFWT)
Radioactive
decay

Not formation

in

terrestrial

ecosystem

(OBT)

PLANT DRY
MATTER (OBT)
Radioactive
decay

growth

Biological. - _Bialagical_ 5

growth

Ageing Cutting
(grass)
Ageing
______ - Respiration
REST OF
PLANT
SINK

0 TOCATTA is a hourly time-step model, implemented within the SYMBIOSE

modeling platform
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| Transfer of tritium in marine and terrestrial ecosystems

>

>

» Interface between marine and terrestrial ecosystems




Interface between marine/terrestrial ecosystems

| Tritium evaporation and partial pressure equilibrium induce
transfer between water and the atmosphere

— I,O Es:
@
e

“D
Ae)

060Co A3H ONa

o N

 —

maximum
“C)
(8]

hi_lﬁ

“D
NN

concentration

A

“C)
W

Normalized concentration to

0,2
Main wind 0,1 e T S e, ——
direction ’ _-'m_mgF
0,0 . . . . . .
0 500 1000 1500

Distance from the shore (m)

] Near the shore the atmospheric tritium concentration due to seawater is around 5
Bq L' of water vapor
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] Context

I Objectives

| Transfer of tritium in marine and terrestrial ecosystems
» Importance of the knowledge of speciation (HT, HTO, OBT)
» Marine ecosystem
» Terrestrial ecosystem

» Interface between marine and terrestrial ecosystems

I Conclusions
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Conclusions: evaluation

| What do we need to estimate the human dosimetric impact of
tritium releases into the environment?

» Speciation of releases (HTO/HT/organic molecule): Tritium
released in the environment as HTO behaves like H from H,0.
The transfer to the biota, is very quick (hours) for TFWT and
slower (months) for OBT;

» Dispersion: validation of dilution coefficients or dilution
models are prerequisites to estimate the transfer to biota
(e.g. Fukushima, 1.06 10"" Bq released per Bq L' measured);

» Transfer to biota: a constant ratio 3H/H is kept in all
compartments of the environment (e.g. water/air and
TFWT/OBT);

» Water to atmosphere: this pathway could be taken into
account for population close to seawater.
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Conclusions: monitoring

I Monitoring the tritium concentrations in the environment:
»  Water: direct sampling;

» Air: HTO by cold trap (e.g. H3R7000) and speciation by
bubbling device (e.g. MARC 7000);

» Biota and specifically food web: freeze drying to separate

TFWT and OBT (combustion water extraction from dry
matter).

| Measurement by counting scintillation (DL ~ 1 Bq L'). For
lower levels: 3He ingrown (Mass Spec);

| For example, in the vicinity of La Hague NRP, average tritium
concentrations are 10 Bq L' in the marine and the terrestrial
ecosystems.
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Conclusions: an example of stakeholders involvement in France

| This methodology was used by North-Cotentin Radioecology
Group:

>

Indeed, epidemiological studies have shown in 1997 a trend
towards an excess number of leukaemia cases in the region of
Nord-Cotentin (France) and it was suggested that the risk of
leukaemia was associated with some aspects of lifestyle;

To respond to public concern, the French Ministries of the
Environment and Health decided to commission
complementary epidemiological studies and a detailed
radioecological analysis;

The radioecological study was entrusted to a group of experts
with various backgrounds (inspectors, governmental experts,
operators, experts from non-governmental laboratories and
foreign experts)-the North-Cotentin Radioecology Group;

Its principal objective was to estimate the exposure levels to
jonizing radiation and associated risk of leukemia for
populations in the Nord-Cotentin.
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Conclusions: application

I Example, the gaseous/liquid releases contribution to the dose to the
public in 2010: 8.7 uSv y'! for the farmer and 4.7 uSv y'! for the
fisherman
» Gaseous releases: 3H contribution ~ 1% for 57 TBq y'

Farmer (Digulleville) Fisherman (Goury)

’ ’ m3H
B 14C
w129l
| 85Kr
M dose: 6.3107psvy! M dose: 24102 psvy !

» Liquid releases: 3H contribution ~ 1% for 10 000 TBq y’

m3H

W 14C
w1291
m 85Kr

Farmer (Digulleville) Fisherman (Goury)
H3H m3H
w = 14C ’ m 14C
m 1291 m 1291
W 99Tc m99Tc
m 106RuRh ® 106RuRh
H dose: 2.6 102 svy! SHdose: 9.6 103 svy

IRSN



Conclusions: general

In France tritium releases will increase in the future with new
built nuclear facilities.

ASN has coordinated a work on tritium (White book, 2010) and
recommended to improve knowledge on tritium transfers in the
ecosystems: see lecture on tritium “the French situation” by J.
L. Lachaume (ASN, Deputy Director General) at METI.

IRSN studies tritium behaviour to have more realistic dose
assessment for human and biota.

Uncertainties remain in the marine and terrestrial ecosystems
(kinetic of OBT formation, wet deposition...).

IRSN will carry on developing specific programs on these topics
(e.g. VATO project).
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Conclusions: IRSN

I How can IRSN help for calculating dosimetric impact of
controlled release of tritium?

» IRSN has developed up-to-date parameterized models of tritium
transfers in marine & terrestrial ecosystems where various
scenarios can be tested and compared in terms of resulting
human dosimetric impact, including sensitivity and uncertainty
analyses;

» IRSN has developed sampling methodologies for environmental
monitoring of tritium in various compartments and ecosystems;

» IRSN has developed low-level tritium metrology adapted to
environmental monitoring.
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Introduction to the Culham Centre for
Fusion Energy (CCFE)

By Stuart Knipe
(Head of Tritium & Vacuum Unit)



SHAE3557
タイプライターテキスト
【参考資料１３】


Culham Centre For Fusion Energy

* Operates JET (Joint European Torus) on behalf of the European
Commission.

* Operates MAST (Mega Amp Spherical Tokamak) as part of the UK
domestic program.

* Theory and Modelling research.
» Technology and Materials programme.
* International Thermonuclear Experimental Reactor (ITER) contracts

 DEMO (Demonstration Fusion Reactor) work under European
consortium.

* Tritium Science and Engineering




CCFE Operates JET




CCFE Expertise

« A dedicated Tritium Science and Engineering Group with
over 20 Scientists and Engineers

* Over 20 years of Operational, Research & Development
expertise with tritium systems

* Founding member of UK Tritium Users Group

— Established to ‘encourage and maintain effective information
exchange on tritium issues and studies’

— leading to the sharing and exploitation of "best practice"
methodologies in tritium operations and waste treatment.




Tritium Sources and Users

*  Atmospheric via cosmic rays
— Natural inventory = 3.5kg, 200g produced every year [l
— Small amounts additionally produced within the Earth
. Nuclear weapons tests
— Residual atmospheric tritium levels amount to 1.26 107 TBq (35kg) !
. Nuclear fission power plants
— Fission products and nuclear fuel reprocessing
— Activation of deuterium in CANDU/heavy water reactors
. Fusion facilities
. Nuclear weapons research/production
. Radio-nuclide labelling

— Particularly significant due to the production of tritiated organic
molecules

. Luminescent devices

1 - Livre Blanc (White Book) du Tritium, I'’Autorité de sGreté nucléaire, 2010




Tritium Operations
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Active Gas Handling System (Tritium Plant)
e Closed loop tritium fuel cycle
e Authorisation for 90g Tritium (32,000 TBq)
e Water Detritiation System Commissioning in 2014



JET Water Detritiation System (WDS)

Oxygen
Water T
o Stack
Pre-Treatment
| Water
» Dissociation by
Particulate Electrolysis
Filtration Chicride
& ather Salls
rermoval Organic
Carbon Hydrogen
Destruction Da- Folymer
innization Elactrolyte
Membrane

Electrolysis splits
Waler into Oxygen
& Hydrogen

* To recover tritium from water
produced by a ‘clean-up’ system

» Simple process to meet specific

need at JET

* Not ‘State of the Art’

Oxygen &
Impurities

To Stack

Hydrogen
R mnen'rﬁnt
r
Pall:::lli%m
Membrane

Hydrogen with

negligible amounts

of Tritium

T To Stack aor use in

l

Allows only
Hydrogen |sotopes
through - Protium
Deuterium Triium

Fuel Cell
Hﬁﬁn Distillation &
Separation by | wydragen Isotopes
Cryo-Distillation at 21 - 25K

|

Tritium product
to main process




Water Detritiation System (WDS)

* Reprocessing plant (Canada) unable to accept water due to chemical
impurities

» Simple system employing water purification, electrolysis, hydrogen
purification and hydrogen distillation

* Non ‘State of the Art’ design from considering options available
* Not optimum efficiency
 Capital cost of ~ £1.5M

 Process up to 135 kg of water per day (34ms3 per year based on 250
operating days per year)

* Activity up to 0.18TBqg/l (6,000TBq per year)

* No residual water. Full conversion to molecular hydrogen

* Power consumption ~ 130kW (Electrolysers 40kW)




Water Treatment Options

* 4 individual options involving 5 locations were considered in
combination to produce 30 options.

* Purify

« Concentrate (water)

« Detritiate

» Discharge (via an external organisation)

* 10 passed ‘pre-screening’ which included being technically viable to
achieve disposal and being able to address existing inventory and
future arisings.

» Each option assessed against 16 criteria under 5 headings

» Sensitivity analysis performed against each of the 5 headings. Each
normalised before applying a weighting factor of 2.




Criteria and Scoring (1)

Availability/ Leadtime Time required for full 1 — Greater than 3 years
Practicality availability 3 —-1-3 years
5 — Currently available
Continued Likelihood of continued 1 — Route closed in 2-3 yrs
availability availability 3 — Route available 5-10 yrs

5 — Available for
foreseeable future

Proven Technology proven for use 1 — Theoretical
technology 3 — Proven for samples
5 — Proven at required scale




Criteria and Scoring (2)
Heading  Criteria  Notes  scoring(ltos)

Financial  Start-up cost Initial cost to set up route 1 — High
3 — Medium

5-Low

Operational cost  Running cost: utilities, raw 1 — High
materials, training etc. 3 — Medium

5-Low

Decommissioning Decommissioning cost 1 — High
3 — Medium

5-Low

Commercial Potential for commercial 1-Low
Benefit opportunities 3 — Medium

5 — High




Criteria and Scoring (3)
Heading  Criteria  Notes  scoring(lte5)

Environmental Transport Emissions/carbon 3 — As current route
emissions associated with
transporting HTO

Process energy Energy used (excluding 3 — As current route
use transport) for entire route —
including off-site
Tritium Does method allow tritium 1 — None recovered
recovery to be recovered for re-use 3 — Some recovered
5 — All recovered

Volume Overall volume of waste 3 — As current route
reduction reduction (including

secondary waste)




Criteria and Scoring (4)
Heading  Criteria  Notes ~ Scoring(1to5)

Healthand  Proximity Dispose/manage close to 3 — As current route
Safety Principle point of production

HTO Risk of exposure during 3 — As current route
Handling handling

Number of Increased opportunity for 3 — As current route
processes  accidents




Criteria and Scoring (5)
Heading  Criteria  Netes  Scoring(ites)

Regulatory/ Changeto Would option require 1 — Major or immediate
Public Environmental change to Permit change required
Relations Permit 3 — Minor change or change
in 2+ years
5 — No change required
Legislation Feasible under 1 — Potential for legal
current/future breach
legislation 3 — Legal breach unlikely
5 — No potential for legal
breach

Public Image  Perceived
harm/potential for
damage to image




Local Stakeholder Engagement

* Twice yearly Culham Local Liaison Committee (LLC)

— Discussion with local politicians, tenants, local inhabitants
(schools and villages) and regulators. Present progress
and future plans. Chaired by CCFE Chief Executive

* Close links with local councils — especially economic
development teams and planning

* Close links with local MPs (UK Parliament) and MEPs
(European Parliament).

* Open evenings/days — one per month, 100 people
attending each. Many of them local residents; some
dedicated to local villages and towns. Free to attend.

CULHAM CENTRE 2
FUSION ENERGY=



Local Stakeholder Engagement

« ‘Best Available Techniques’ (BAT) Study performed by
independent organization to develop Culham Integrated
Waste Strategy considering all waste streams not just
radioactive.

* Local stakeholders and regulator are an integral part of
the BAT study team. Independent technical experts
present to provide balanced view.

» Considers all aspects of strategy including traffic, noise,
energy, discharges, employment and timescales etc.




History of Culham

3

Dedicated fusion laboratory since 1965

Selected to host The Joint European Torus
(JET) in mid 1970s — JET completed in 1983.

Run by the UK Atomic Energy Authority



The UK Atomic Energy Authority Mission

The Authority’s principal mission is to position the UK
as a leader in a future, sustainable energy economy by
advancing fusion science & technology and related
technologies to the point of commercialisation.




Thank you for your attention
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Location in the USA
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4 By Road
= 200 km north of Washington DC
= 160 km from the Delaware Bay
= 40 km to city of Lancaster, PA

O By River

= 26 km to the city of Lancaster, PA
water intake
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Overhead Aerial
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Relative to the City of Lancaster
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How much Tritium?

Initial tritium: somewhat less than 3000 curies (111 tBq)
Final tritium: 658* curies (24.3 tBQq)

Final Water: 2.3 million gallons (8706 metric tons)

Final Concentration: 2.8 x 10° Bqg/liter

US EPA Drinking water standard: 740 Bqg/liter

Where did the tritium go? It was reduced by:

» radioactive decay (12 year half life),

» used for decontamination; loss via evaporation; removed by ventilation
systems

* viathe air ejectors**

DooOoo0do0C

*  Final PEIS estimate was 1020 Ci (37.7 tBq) in 1987

* * The air ejectors were used to maintain cooling in the reactor via the steam generators
and the steam system; they were under internal vacuum relative to the reactor
containment where they were located.

l:;u Environmental Management
safety <+ performance <+ cleanup <

closure www.em.doe.gov




Why Disposal Waited 10 Years
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« The addition of water was /
not at a high rate 1,888

CAHULATIVE WATER PROCESSED
e There was some \

evaporation and
discharge via ventilation capacarr o
. 3.BET—
» Several storage locations /
within the plant
e The containment . 46—
basement acted as a

“surge tank” S b /
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« Eventually built 2 half P
mllllon gallon tanks WATER PROCESSING TIMELINE

(5,000 metric tons) for I ocesom won oo ut&ﬁ
REACTOR VESSEL WATER

processed water storage TRNES AVATLABLE

|

SUBMERGED DEMINERALIZER SYSTEM CLARITY LOST
WATER EROCESSING REGING

EFICOR II WATER PROCESSING BEZING

MarCh 1981 NRC AECLUENT b THNE FARM AVATILARLE

"a decision could be deferred until after the water has been processed. Then the concentration
of radionuclides remaining in the water will be low enough for the water to be stored safely
onsite until the disposal decision is made ."

CEFUELING WATER CLEANUF SYSTEM
WATER PROCESSING BESINS
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TMI-2 Containment

Unit 2
Containment
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SEEARATES ALuir

safety <+ performance < www.em.doe.gov



TMI-2 Waste Management Facilities
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Why Evaporation was Preferred at TMI-2

 From the on-site and owner’s viewpoint:

Know technology, system design was not complex

Could be designed, procured, installed, and operated without outside
specialists

Reasonable cost
No offsite dependencies
Could begin in reasonable time

1 Why not grouting the tritiated water and transport for
disposal?

Technically feasible

On-site processing systems and buildings

Very large number of shipments

Very high cost for solidification, transport, and disposal.

l:;u Environmental Management
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Evaluation Method Background

0 The National Environmental Protection Act (NEPA) requires evaluation
for government actions affecting the environment
O Three levels of evaluation; increasing order of complexity:
= Categorical Exclusion
* Environmental Assessment
= Environmental Impact Statement

d Environmental Impact Statement Topics (General)
= Environmental Resource Impacts (subject table below)
=  Cumulative Impacts
= Irreversible and Irretrievable Commitment Of Resources
= Unavoidable Adverse Impacts

1. Land Use 6. Socioeconomic 11. Transportation Safety

2. Geology and Soils 7. Water Resources 12. Traffic

3. Noise 8. Historic Archeological and 13. Environmental Justice
Native American Resources

4. Greenhouse Gas Impacts and Climate Change 9. Biological Resources

5. Air Quality 10. Human Health and Safety

l:;u Environmental Management
safety <+ performance <+ cleanup
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TMI-2 Evaluation Method

 Programmatic Environmental Impact Statement (PEIS)

= License approval for discharge is at TMI-2 is a government action,
therefore a PEIS was conducted

= PEIS conducted by the NRC (using specialists from national
laboratories, such as SRNL, PNNL)
d TMI-2 Impacts see later viewgraph....

1 Note: Separate safety analysis and operating specifications
for the evaporator; Similar to NRA approval of
Implementation Plans for Fukushima Daiichi operations.

l:;u Environmental Management
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Nine Options Evaluated by the NRC

Option Disposition of Tritium Disposition of Borate*
Evaporation, solidification of bottoms**, and disposal at a Atmosphere at TMI Commercial LLW burial
licensed burial ground ground
Evaporation, solidification of bottoms, and retention onsite | Atmosphere at TMI TMI Site
Distillation (closed cycle evaporation), solidification of Susquehanna River Commercial LLW burial
bottoms, and disposal at a licensed burial ground followed ground

by river disposal of the distillate.

Offsite Evaporation at the DOE Nevada Test Station (NTS) Atmosphere at NTS Shallow land burial at NTS

Solidification and permanent onsite storage of solidified Atmosphere at TMI Ground at TMI Site
waste

Solidification and disposal at a commercial low-level waste | Atmosphere at TMI Commercial LLW burial
site ground

Long term (years) discharge to the Susquehanna River Susquehanna River Susquehanna River
Short term (days) discharge to the Susquehanna River Susquehanna River Susquehanna River
Liquids storage in tanks (the no-action alternative) TMI TMI Site

* In every case there would be some cesium-137 and strontium-90 associated with the borate; however, in those
options employing re-treatment of the water, the quantity is approximately 1/1 0 of what it is without
retreatment

** "bottoms" refers to the concentrated solids mixed with water in the evaporator.

l:;u Environmental Management
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Impacts and Range

Impacts

Range of Impacts

Bone dose to the offsite population

0 to 14 person-rem total population (0 to 0.14 person-Sv)
0 to 0.4 mrem to the maximally exposed offsite individual (0 to 4 uSv)

Total body dose to the offsite population

0 to 3 person-rem total population (0 to 0.03 person-Sv)
0 to 5 mrem to the maximally exposed offsite individual (0 to 50 uSv)

Thyroid dose to the offsite population

Up to 6 person-rem total population (0 to 0.06 person-Sv)
Up to 4 mrem to the maximally exposed offsite individual (0 to 4 40 uSv)

Estimated number of radiation-caused
cancer fatalities to the offsite population

0 to 0.0004

Estimated number of radiation-caused
genetic disorders to the offsite population

0 to 0.002

Occupational dose

0 to 25 person-rem (0 to 0.25 Sv)

Estimated number of radiation-caused
cancer fatalities to the worker population

0 to 0.003

Land commitment

0 to 49,000 square feet (0 to 4552 square meters)

Radioactive waste burial ground volume

0 to 460,000 cubic feet (0 to 13,026 cubic meters)

Cost to the Licensee

$100 thousand to $41 million

Time to complete

0 to 36 months

Number of traffic accidents

Oto 12

Estimate number of traffic fatalities

0to 0.8

Maximum individual dose from accidents

0 to 60 mrem total body (0 to 600 uSv)
0 to 3000 mrem bone (0 to 30 mSv)

Population dose from accidents

0 to 0.7 person-rem bone (0 to 70mSv)
0 to 0.02 person-rem total body (0 to 0.2 mSv)

l:;u Environmental
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NRC Conclusions (partial)

No alternative was found to be clearly preferable to the licensee's
proposed action. The total estimated impact to persons living near TMI
and to the work force from any alternative is very small. While the
guantitative estimates for some potential impacts (i.e., cost, long-term
commitment of space, and time required) were found to vary for some of
the alternatives, these differences were not judged sufficiently large to
allow for either identification of a clearly preferable alternative or
rejection of any of the nine evaluated alternatives.

The NRC staff has concluded, based on this evaluation and after
considering comments on the draft supplement, that the licensee 's
proposal to evaporate accident-generated water is an acceptable disposal
plan . As identified in this report, evaporation of the water at the TMI site,
followed by the solidification and disposal of the remaining low-level
radioactive solids will not significantly affect the quality of the human
environment .

l:;u Environmental Management
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Fifteen Options Rejected*

Ocean Disposal

Disposal at the Oak Ridge National
Laboratory Hydrofracturing Facility

Pond evaporation onsite

Reuse

Distillation and solidification of the distillate

Land spraying at the Nevada Test Site (NTS)

Distillation followed by open cycle
evaporation

Combined catalytic exchange treatment

Onsite cooling tower evaporation and
concentrates disposal to the river

Water distillation treatment

Deep-well injection at Three Mile Island

High-altitude disposal

Deep well injection at the Nevada Test Site

Open cycle evaporation at Maxey Flats,
Kentucky

Crib disposal at Hanford

* Discussion of reasons are provided on a separate handout

safety <+ performance <+ cleanup
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C. Negin Personal Observations

 Several evaluations of isotopic separation for waste water were
negative; leads me to conclude the same will result for
Fukushimi Daiichi

d The NRC'’s health and safety summary of acceptable options
leads me to infer the same will result for Fukushima Daiichi

4 If not allowed to discharge to the ocean at the site, barging to a
selected location reasonably offshore should be an option.

d Regarding Evaporation

= QOperation at the site must consider weather conditions for condensation
on the site as well as rain and snow

= Evaporation could also be done offshore, but would be costly to install
and operate on a ship or barge

l:;u Environmental Management
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Stakeholder Involvement at TMI-2

1 Press Briefings; immediately after the accident
4 Information meeting with residents in the beginning

1 Advisory Panel formed November 1980, 20 months after
the accident

 Public invited to submit comments on the Programmatic
Environmental Impact Statement (PEIS)

 Eight State agencies were invited to comment on the PEIS

l:;u Environmental Management
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Considerations for the Path Forward

[ Factors that can affect evaluations

d Technical sequence for evaluating options:
= “Screening” to reduce the number options to be evaluated

= Develop sufficient details for those remaining to support the
evaluation

= Conduct evaluation of the impacts to support decisions

Define factors not

directly related to the
options l l l

Phase 1: Tech:itaafi:r:\ce t Phase 3: Phase 4:
Screen options for [ P —»| Determine Evaluation (% Conduct Evaluations
- development for . . .
feasibility Factors Leading to Decision

screened in options

l:;u Environmental Management
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Examples of Factors not Directly Related

to the Options

Criteria for what is acceptable with regard to dose impact, population dose,
maximum exposed individual, and worker

Pathways analysis; describe steps, analytical methods to be used, form of
results, etc. for dose to humans via all exposure paths for tritium
Organization and Stakeholders:

= Who has prime responsibility for conducting evaluations? NRA? METI? TEPCO?

=  Who will do an independent review of the analysis, what are required
qualifications, the review approach, etc.

» |s a qualified stakeholder group to be involved in following the analyses (like the
NRC'’s advisory panel)?

= Prefectures’ review and public comment submittal and response

Interpretation of the London convention; is this "dumping waste" if
concentrations are similar to standard discharges from operating plants?

Impacts of "no action" (continued storage) for the long term
Elements of a monitoring program once an option is selected for
Implementation

l:;u Environmental Management
safety <+ performance <

cleanup < closure www.em.doe.gov

19



Phase 1: Screen Options for Feasibility (1)

Identify all options to be screened identifying the combination
of the following phases as applicable to each

Processing/conditioning
Packaging/containerizing
Transportation

Disposal of tritium, other radionuclides (Cs, Sr, etc), and other
constituents (e.g., borate)

Decide on technical screening factors, such as:

Past experience with the method

Technology maturity, degree of R&D needed

Technical data needed (example, geological conditions for deep well
disposal)

Will a demonstration pilot plant be needed?

Processing rate

l:;u Environmental Management
cleanup

closure www.em.doe.gov
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Phase 1: Screen Options for Feasibility (2)

3. Decide on project implementation screening factors,
such as:
= QOrder of magnitude cost
= Timeline
= Effect on other operations
4. Conduct screening (Example: Judgment; maybe Kepner-
Tregoe method)
= Decide if any can be eliminated outright as not feasible
= Conduct screening to select those for detailed evaluation

l:;u Environmental Management
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Screening Evaluation Approach

dWhat is the Kepner-Tregoe Method?

 Partially shown in the Criteria and Scoring
viewgraphs #10 through #14 in the March 13
presentation by Stuart Knipe

 Scoring and ranking is done by a knowledgeable
group of individuals

dWhen ranking is completed, the final step is to
adjust using judgment to consider less tangible
factors

l:;u Environmental Management
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Phase 2: Technical Concept Development

. Describe functions and steps

. Concept description identifying facilities, systems, and
equipment.

. Overview description of the operations (for example, with
high level process flow diagram, etc.).

. Environmental and public exposure pathways for the
release of water considering tritium, other residual
radionuclides, total quantity, periods over which the
disposal would occur, and other parameters that may be
unique to each option.

. Order of magnitude cost estimate for capital investment,
overall project management, operations, and other
Important cost elements.

l:;u Environmental Management
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Phase 3: Determine Evaluation Factors

Environmental Resource 2. Human Health and Safety Factors

Impact factors = Bone dose to the offsite po_pulation |

= Land use = Total pody dose to the o_ffsﬂe popglatlon

=  Geology and soils = Thyroid dose to the offsite population

=  Noise = Estimated number of radiation-caused cancer
=  Greenhouse gas fatglities to the offsite popul_ation |
= Air Quality . E_stlmated number o_f radlatlonjcaused genetic
=  Socioeconomic dlsorder§ to the offsite population

= Water resources = Occupational dose o

= Historical preservation . Estlr_n_ated number of radlatlon_-caused cancer
= Biological resources fatal_ltles to thfe _vvorker population |

= Transportation safety " Maximum individual dose_from accidents

= Traffic impact = Population dose from accidents

3. Implementation factors
= Laws, treaties, regulations, and standards that could be a barrier
» Radioactive waste burial ground volume
= Cost
= Time to complete

l:;u Environmental Management
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Phase 4: Conduct Evaluations & Decide

1. Evaluate screened options for the selected factors
and draft the results

2. Submit for prefecture review and public comment

3. Resolve prefecture and public comments (could
require including an option that was screened out)

4., Recommend one or more options for
Implementation

5. Decide

l:;u Environmental Management
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At the Savannah River Site

dFrom Task Force Meeting 1 presentation

= Qverview of the Savannah River Site

= Status and Practicality of Detritiation WSRC-RP-96-0075
IS related to environmental remediation

P Reactor Disassembly Basin Evaporation during In
Situ Decommissioning (Entombment) in 2010

d Tritium Separation Processes

J Savannah River National Laboratories is the best
source for further details
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TMI-2 Evaporation Operations

qu Environmental Management
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Vapor Compression Distillation

Centrifugal o Hot Steam

Compressor

Preheated
Feed Water

FEED WATER
Distilled Waler
Heat Exchanger
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Calciner

Cutaway shows unifized design.
FEED INLET Breaker bars enhance local mixing and assure
self-cleaning.

FPORCUFINE AGITATOR

o BREAKER BARS"

STUFFING BOX

JACKETED VESSEL

*Opposing breaker bars, on opposite
wall of vessel, not shown

ROTARY JOINT

PRODUCT DISCHARGE
(Bottom ar Side}

’5;4 Environmental Management
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Wiped Film Evaporator
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Process Water Disposal System Block Diagram
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Block Diagram Description

The PWDS disposed of the AGW via a two-stage evaporation process.
The PWDS consists of:
1.

a vapor recompression distillation unit (main evaporator) that distilled the processed water
in a closed cycle and recycled the purified distillate for subsequent release by
vaporization;

an auxiliary evaporator that further concentrated the bottoms from the main evaporator;

a flash vaporizer unit that heated and vaporized the purified distillate from the main
evaporator and released the vapor to the atmosphere in a controlled and monitored
manner;

a waste dryer that further evaporated water from the concentrated waste, and produced a
dry solid: and

a packaging system that prepared the dry solid waste in containers acceptable for
shipment and burial in a commercial low level radioactive waste disposal site.

l:;u Environmental Management
safety <+ performance <+ cleanup

closure www.em.doe.gov
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Evaporation Timeline

1980

The Susquehanna Valley Alliance, based in Lancaster, successfully prevented GPU/Met Ed from dumping
700,000 gallons (2650 metric ton) of radioactive water into the Susquehanna River.

December 1990

GPU began evaporating 2.3 million gallons (8706 metric tons) of accident generated radioactive water
(AGW). The evaporator was shut down two days after operations commenced due to mechanical problems.

January 1991

The evaporator was shut down four times due to electrical and mechanical "difficulties."

February 1991

An operator "inadvertently flooded the vaporizer" and several days later an operator was discovered
"apparently sleeping."

March, 1991

A "small quantity of accident generated water was vaporized" without being processed.

April-May 1991

The evaporator was shut down for most of this period so GPU could "rewrite the main operating
procedure." The Nuclear Regulatory Commission (NRC) issued a Notice of Violation related to evaporator
operations

February 1992

The evaporator was shut down again due to the failure of the blender dryer. Replacement of the blender
was delayed until August.

May 1992

GPU decided to use a "temporary" blender-dryer until a permanent replacement was installed in August..

August-Sept.
1992

Some of the water in the evaporator's borated water storage tank was "processed" twice due to "slightly
higher activity levels."

Nov. 1992

Approximately 600,000 gallons (2271 metric tons) of AGW was processed twice due to "slightly higher
activity levels."

August, 1993

Evaporation of 2.3 million gallon (8706 metric tons) of AGW was completed over six months behind
schedule. The evaporator will be disassembled and removed from the site by October, 1993.

October 28,
1993

According to the Pennsylvania Department of Environmental Resources, the total activity during
evaporation was 658 curies (24.3 teraBg)of tritium or 1 to 1.3 mR (.01 to .013 mSv) dose to the public.

l:;u Environmental Management

safety <+ performance <« cleanup < closure www.em.doe.gov
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Disagreement SiR
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Building Trust

RESPECT

SR
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Stakeholder Dialogue SiR
shows Respect STRATERI CoNsUUTING (D

Fielding competent & committed senior team

Empathising with and actively listening to Participants

Developing and using consensual statements

Showing confidence and allowing budget

Jointly agreeing Aims & Agendas and being flexible

Giving feedback on dialogue-informed decisions




Relevance to SiR
Nuclear STRATEGIC CONSULTING 1D

Situations complex & Trust may be low

Choices are difficult
Many Parties could be affected
Many Parties have a ‘Stake’

Stated ‘Positions’ will differ




Two approaches to
difficult decisions

SR
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Involving has Benefits 2R

STRATEGIC CONSULTING LTD

sssssssssssssssssssssssssssssssssssssss

%—» time

start decision-making 'selling’ implemantation

!
owne (Mt ——{t— §§—~ 3 |
start decision-making "selling' imnlen';entatiﬁn
INTERACTIVE %i Qg Qgig 8_§ ___j_ ______ >
WORKING Q 2 pﬂ Qz Qz ‘GA[N ’:

Source: Allen Hickling



Benefits R

STRATEGIC CONSULTING LUTD

Responsible decisions ¢ Sustainable actions

Confront the Issues not each other

Wider Understanding & TRUST

Retained Disagreements
Wider Ownership
More Informed Decisions

Reduced legal & other costs of conflict

Less stress on key staff



Dialogue Vs Debate SIR
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Dialogue Vs Debate SIR

STRATEGIC CONSULTING LUTD

Responsible decisions ¢ Sustainable actions
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Working together 2R

STRATEGIC CONSULTING LUTD

Responsible decisions ¢ Sustainable actions




Early Dialogue — SiR
trategic Options

The six options we consulted on
OPTION 2 - Four offshore circuits south from Moorside

OPTION 1 - Four onshore circuits south from Moorside
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OPTION 4 — Two circuits north from Moorside
and two offshore circuits south
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OPTION 6 —
and two circuits east from Harker

OPTION § - Four circuits north from Moorside
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Sellafield Discharges 2R
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e Discussed at great length in our stakeholder
dialogues & learning is:

1. There are many Marine Stakeholders including
nearby countries

Regulators can participate in discussions

3. Short term higher discharges were tolerable if
from the ‘balancing benefit’ of speeding up
decommissioning or reducing hazard



NDA & Bellona 2R
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e | know this discussion is about tritium, but if
we take radioactive discharges in general the
example of the ‘InfoArena’ dialogue involving
NDA, Sellafield Ltd from UK & Bellona and
others from Norway is interesting



. S

Tritium YR

 There are obviously many different options for
dealing with this issue, and one of the
challenges is to work out a suitable process to
come to a conclusion.

* You may be interested in this system, which
we have used in the UK to distinguish
between reactor systems



Strategic Attributes Versus Reference System
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Strategic Attributes Versus Once-through LWR Reference System
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WINS SiR
Best Practice Guide
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Contact 2R

STRATEGIC CONSULTING UTD
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Steve Robinson
SJR Strategic Consulting Ltd
steve@sjrscltd.com
t. +44 20 8878 9362
m +44 79 63 948 761
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* The reqgulation of the discharges of tritium
from nuclear facilities in France

e The tritium controversy in France
=> « The Tritium white book »




The regulation of the
discharges of tritium from
nuclear facilities in France




y < Regulation of the discharges of tritium

asi from nuclear facilities
Regulation of nudeor safety and rodiation protection in France
Parlioment
Parliomentary Office

for the Assessment of Scientific and Technological Options

General regulations Regulation of installations
Major decisions concerning BNIs Clarification of Governement dedsions
Issue of authorisations

Government

Nuclear safety and rodiation
protection unit

Nuclear Safety Authority

High
for Prevention of

Technological
Risks

9 April 2014 Tokyo Tritium 4
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e A board of 5 commissioners
— A full-time job
— A non-renewable 6 year mandate
ASN Chairman:

Pierre-Franck Chevet (appointed in 2012 for 6 years)\

Commissioners: President of the

Michel Bourguignon (appointed in 2008 for 6 years) Republic
Jean-Jacques Dumont (appointed in 2010 for 6 years)~ B
Philippe Jamet (appointed in 2010 for 6 years) _] President of the Senate
Margot Tirmarche (appointed in 2012 for 6 years) : President of the ~

National Assembly

« ASN Commission Tasks:
— Defines ASN general policy
— Takes the major decisions
— Adopts public statements on key issues within ASN competence

9 April 2014 Tokyo Tritium 5 .




Regulation of the discharges of tritium
ash from nuclear facilities
-

ASN duties

( Regulates '
( Authorizes '
( Controls: inspections and enforcement actions '
‘ Contributes to the emergency situations response '

‘ Informs the public '

9 April 2014 Tokyo Tritium 6




asn Regulation of the releases of tritium
> 4 from nuclear facilities

Warious levels of requlation in the field of smollscale nuclear oclivifes in France (arientations, recommendations}: legally binding or nan-tinding nature

ICPR, IAEA, WENRA, HERCA Publcains Reconmenietons

Burapeon Commission Divectives

Parlioment Ads

Government Decrees and Orders Compulsary applications

Technical Requlatory Dedsions (Generol requirements)

Individuol Dedsions (Technical requirements)

ASH guides / RFS

9 April 2014 Tokyo Tritium 7




lasn Regulation of the discharges of tritium
from nuclear facilities
_—

Saructure of the draft new techrical requlations

Order of the 7th February 2012 setfing the general rules concerning bosic nuclear installations, called the "BNI" order
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-

9 April 2014

For each nuclear installation in France, there are two
ASN'’s resolutions

- water intake and discharges limits (gazeous, ligquid)

- general requirements (water intake, discharges
operations, environmental and discharges monitoring...)

The limit values for emissions, water intakes, and effluent
discharges from the installation are set on the basis of the
best available techniqgues under technically and
economically acceptable conditions, considering the
characteristics of the installation, its geographical location
and the local environmental conditions

Tokyo Tritium 9




asi

« Gaseous discharges:
- Usual limits (NPP) :

- Yearly total discharged activity: 5 TBq (2 reactors), 8
TBq (4 reactors)

- Weekly added volume activity, estimated after
dispersion at ground level: 50 Bg/m?

- Control:

- Sampling at the stack with bubbling systems (2 jars),
measurements for each period (7 to 10 days), DL =40
Bg/m?3

9 April 2014 Tokyo Tritium 10
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e Liquid discharges (NPP) :

- Usual limits:

- 40/45 TBq (2 reactors)

- discharged activity in the river (mixing area) : Volume activity in
the river shall not be above: 280 B/l

 Control:
- Measurement of each tank before discharge: DL=200 Bqg/I
- Sampling at discharge location and measurement in laboratory

- Sampling in the river at the “well mixed” location and
measurement in  laboratory: DT=10 Bq/L

9 April 2014 Tokyo Tritium 11
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Environment
* Atmosphere:
- HTO in Air: DT=10 Bq/L
- HTO in precipitation: DT=10 Bq/L

o Water body:

- If the water is to be used for human consumption: a tritium
activity equal or above 100 Bg/L implies an analysis to verify
the absence of artificial radionuclides

- For other uses: DT=10 Bq/L
- Piezometer: DT=10 Bq/L

9 April 2014 Tokyo Tritium 12




Annual average releases

Liquid releases (TBg/year) Air releases (TBg/year)
La Hague 12000 70
Parc EDF (58 reactors) 1 000 30
Research (CEA) 20 (99% Marcoule) (85% I\/Iarcoul7eogn d Valduc)

9 April 2014 Tokyo Tritium 13
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Radioactive discharges have very much decreased during the last 20 years in France.
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However, Tritium discharges are stable and are an issue for the stakeholders

9 April 2014
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=> The tritium white book




The Tritium white book
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Context in 2007:

« Global agreement about the low toxicity of tritium and no technical
possibilities for treating tritium in the industry; agreement about the low
health impact of tritium

» France consider that the way of dealing with tritium should be periodically
reviewed

 End of 2007: ASN decided to create two independent working groups with
the stakeholders

— The "tritium impact" group: inventory of the scientific knowledge
concerning tritium's impact on health;

— The "defense in depth” group: state of the art about technical
possibilities for treating tritium.

Results:

* A « state-of-art » white book is published the 8th of July 2010
— http://lwww.asn.fr/sites/tritium/

9 April 2014 Tokyo Tritium
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http://www.asn.fr/sites/tritium/plus/english-version.html

asi

http://www.asn.fr/sites/tritium/fichiers/summary-of-work-and-recommendations-tritium-impact. pdf
The issue of bioaccumulation

Measurements

Health effects of tritium

http://www.asn.fr/sites/tritium/fichiers/summary-of-work-and-recommendations-defence.pdf
Recommendations from the “Tritium Impact” working group

All these recommendations are taken into account in the ASN position

http:/www.asn.fr/sites/tritium/fichiers/position-and-action-plan.pdf

9 April 2014 Tokyo Tritium 17
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1 ASN action plan
1.1 Measurements

There is currently no standardised measurement protocol for the various physico-chemical forms of

tritium, in particular the various organic forms of tritium (exchangeable and non-exchangeable). The
fact that there is no standardised method makes it difficult to interpret existing studies and data. The
CEA’s CETAMA (commission for the establishment of analysis methods) has started work to define
shared and recognised measurement protocols.

In the ASN'’s view, this work:
* must lead to the production of a guide to the measurement of organically bound tritium;
* is a vital first step prior to launching further studies.

9 April 2014 Tokyo Tritium 18
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1 ASN action plan
1.2 Control of discharges

It is currently felt to be unrealistic to detritiate discharges from nuclear reactors and the La Hague fuel
reprocessing plant at an acceptable cost using the best technologies currently available. In addition,
detritiation would only have a limited effect on the radiological impact from these facilities. Given the
increase observed in tritium discharges from civilian nuclear facilities and the absence of a detritiation
method, the ASN, as part of the development of defence in depth, considers that:

* publishing the quantities discharged for each facility on an annual basis will ensure a long-term,
reliable inventory of sources of tritium production. The public should be regularly and specifically
informed of this inventory of tritium discharges by nuclear operators;

 accounting for discharges from all facilities should continue to be managed in all circumstances, as
is the case today;

* a “technology watch” should be set up with respect to detritiation technologies.

9 April 2014 Tokyo Tritium
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1 ASN action plan

1.3 Environmental monitoring

Tritium monitoring in the environment and throughout the food chain must be supplemented as follows:
* measurements performed must take into account the physico-chemical forms present. The ASN

will consequently ask operators to characterise the physico-chemical forms of tritium in the

discharges, particularly with regard to any possible organic precursors (small tritiated organic
molecules);

» sampling plans in the different compartments of the environment must be undisputed and shared.

In particular, the choice of animal and plant species to be measured must be reviewed in order to
remove any species bias.

9 April 2014 Tokyo Tritium 20
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1 ASN action plan

1.4 Impact assessment

Some studies mention the potential for underestimating the relative biological effectiveness (RBE) of

tritium radiation. The ASN will ask the ICRP to review the value of the tritium weighting factor (WR)
used in calculating effective doses. Even before the ICRP’s response is known, the ASN will ask
operators to supplement the radiological impact studies for their projects with a critical study in which a
variant using a tritium weighting factor (wR) of two is included.

9 April 2014 Tokyo Tritium 21
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2 Research themes

Current knowledge about the biological effects of tritium is in some areas rather fragmentary. The
following topics should be investigated further by research bodies in order to answer all the questions:
» Harmonisation of dose assessment methods according to the physico-chemical form of the

tritium, contamination pathway and length of exposure;

« Studies into the effects of tritium exposure on embryos and foetuses;

* Investigation of new approaches to the potential induction of hereditary effects.

In most cases, this research will require international cooperation.

9 April 2014 Tokyo Tritium 22
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Finally, the ASN believes that all stakeholders must continue to think about
and discuss these issues and to this end suggests the establishment of a
supervisory committee to oversee the actions undertaken following the

recommendations of the working groups.

A monitoring committee was created
— to follow action plan progress with all stakeholders
— to oversee the actions undertaken following the recommendations of the
working groups
« A meeting once a year (2011, 2012, 2013)
— Progress on research and ideas ;

— Action plan

9 April 2014 Tokyo Tritium 23
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French interlaboratory test (ILT) was organized in 2010 in biological sample for
the measurement of OBT : ASN delivered specific approvals for OBT

Standard for OBT measurement (AFNOR/BNEN) : ASN ask french
standardisation organisation to provide a standard for OBT measurement. A
draft has been estabished

9 April 2014 Tokyo Tritium 24




The Tritium “white book”
asi |
y 4 ASN action plan
environmental and discharges monitoring

ASN publishes on a web site the quantities discharged for each facility on an annual
basis : http://www.asn.fr/sites/tritium/

- annual liquid and gazeous discharges ;
- estimation of the doses received by the public based on the actual discharges
- dose share of tritium
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http://www.asn.fr/sites/tritium/
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ASN asked operators to demonstrate that they realease only HTO

Measurement of OBT is required by regulation in environmental monitoring
(ASN Resolution 2013-DC-0360 of 16th July 2013 relative to control of

nuisance effects and the impact of basic nuclear installations on health and the
environment) :

- sampling of aquatic flora and fauna (yearly) ;

- sampling of the main agricultural produces, particularly in areas
situated downwind of the prevailing winds (yearly)

9 April 2014 Tokyo Tritium 26
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ASN asked the ICRP to review the value of the tritium weighting factor (wg)
used in calculating effective doses.

ICRP response

ASN asked operators to supplement the radiological impact studies for their
projects with a critical study in which a variant using a tritium weighting factor
(wg) of two is included.

9 April 2014 Tokyo Tritium 27
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* Important decrease of the radioactive discharges in
France during the last 20 years; however, the tritium
discharges remain stable

 The Tritium whitebook: a fruitful experience still going on

9 April 2014 Tokyo Tritium 28
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