Modelling tritium in
aguatic environment
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Some processes cannot be described by steady-state models :
discontinuous process such as sediment deposit and resuspension

Steady state models, used to demonstrate compliance with
regulatory dose limits, are difficult to validate in the environment
where concentrations change according to time in the day, season,
river discharge,...Case of NPP liquid releases, discontinuous
process and time-dependent pathways (irrigation)

Validation is possible by :

o Comparing dynamic models to field data

o Running dynamic models on a longer time range (year) and comparing
yearly average results with steady state model to check that they are

conservative
Dynamic models useful to demonstrate that different turn-over rates ‘
for HTO and OBT can explain observed OBT/HTO >1 d;:
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HTO in river downstream of NPP
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tritium transfer by irrigation : maize in Saumur
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. of existing tritium models

@ Dispersion/transport in river or sea
® Transfer to aquatic organisms

® Transfer through irrigation to
agricultural products
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- Review of aquatic tritium models

@ Literature review in 2000 : Steady state specific
activity models with or without OBT

@ In 2000, CALVADQOS (later called OURSON)
dynamic model for tritium and carbon 14 in
aquatic environment applied on the Loire river

® In 2004, IAEA EMRAS intercomparison exercises

odispersion /transport model ___, Loire river
scenario

odynamic transfer to mussel transplantation
— P
scenario in Perch lake

ono scenario with irrigation
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EMRAS - A comprehensive Loire river basin
scenario from 1994 to 1999
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EMRAS scenario on trittum migration in the
Loire river

= Simulation of the dispersion of Tritium discharges in
the whole Loire river system (~ 350 km)

= Reproduction of the real hydraulic conditions, from
July to December 1999

o

= Comparison between calculated tritium concentration
and measurements at Angers

" |nter-comparison between the different models at
different points along the river
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Models tested on the Loire scenario

GOUTAL et al., 2008, Journal of Environmental Radioactivity

= CASTEAUR IRSN, France

= MASCARET — TRACER module EDF, France

= MOIRA+ — MARTE module ENEA, Italy

= RIVTOX IMMSP, Ukraine
Conclusions :

*Good agreement between model and measurements for average
concentrations

*Performance of models controlled by appropriate estimates of water velocities
and water fluxes : 1D hydrological models better adapted to sharp release or‘
high hydraulic variability ‘ ‘
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Models tested on the mussel transplantation scenario

=  Model from NIRS, Japan

=  Model from SRA, Japan

=  QURSON EDF, France

=  AQUATRIT IFIN, Romania

=  BIOCHEM TUM, Germany
Conclusions ;

» Underestimation of OBT concentration in the first 24 h,overprediction after 88
days

*Understanding of processes involved in OBT dynamics need to be improved
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General model for transfer to biota

------

o Rapid equilibrium between HTO in the organism and HTO in the
surrounding media (air or water)

o Turn-over rate controlled by ratio between water intake and body water
content

® OBT

o same general equation for OBT and carbon 14 in phytoplancton, fish,
terrestrial plants and animals based on food intake rate or CO2
assimilation rate for photosynthetic organisms (Sheppard et al 2006)

Cl4 X
d(ASK, M)
dt

Cl4
AC]4 ([’) dM;"af (l’) mass (t) ACI4 (l‘) - dAdt (t) _ —k AC14(t) +k DF %hyt AC14 (t)
fish
_/llass : Ab(i;iz (t) ' Mbijtsa (t) + I K D Asci;gtmte (t) ' Ml:;l:;: (t) b‘*
> B

10 EMRAS II -WG7 - 27/28 september 2009 R@D



Determination of turn-over rate of tritium in phytoplancton
from phytoplancton growth model

------

*Phytoplancton growth model developped for eutrophication problem
to predict O, evolution in aquatic environment :

«  Growth is a function of light (photosynthesis), water temperature and nutrient
availability

+  Disappearance (respiration and predation)

Evolution of phytoplancton in spring
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Phytoplancton model

------

dI;HY :(CP—DP)PHY T T a(Tmax_Tpt)
{ a(T- - .
gl(T):e ¢ T{W) = ﬂ<Tmax
Tmax - Topt
gl(T) = Oﬂ 2 Tmax
CPt)=|C,, x g,(T) x RA_Y x LNUT(t) 1 1o kex =
Ibim itation sunlight — = Is e Is
tc%}mpérature Ke X H
LNUT = min| — ™0, ™Mb
nut, +k,, - nut, +k, .,

DP(t)=| RE +MP(t) |xg,(T)

respiration mortality
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® For living organisms, single compartment model has the advantage of
simplicity, two compartment model with a fast and slow turn-over rate
might be more accurate but parameter values difficult to establish

® Check the availability of food intake rate for different categories of
aquatic organisms (molluscs, crustaceans, fish )

® Process to be included or not:

o transfer from dissolved OBT(radiolabelled biomolecules) to aquatic
organisms (done in AQUATRIT)

o Transfer from sediment organic matter to bottom feeder - requires to
determine the bioavailability of OBT

o Transfer between atmosphere and water (done in MASCARET)
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Compartments and pathways (including irrigation)for

exposure to tritium from liquid releases (OURSON)
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% Uncertainty of mean annual dose (Sv/an)

------
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in Montjean (OURSON results)

O5th percentile

Qutput Fifth percentile Ratio 95th
percentile/fifth percentile

Dose — ingestion of milk 9.9 x 1077 4.1 x 107" 4.1

Dose — ingestion of meat 1.3 107" 44 1077 34

Dose — ingestion of leal vegetables 8% 107" 27 %1077 34

Dose — ingestion of fruit vegetables 6.6 x 1077 1.7 x 107" 2.6

Dose — ingestion of root vegetables 1.9 % 1077 8.8 x 1077 4.6

Source : Ciffroy ,Siclet et al , 2006, Journal of Environmental Radioactivity
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Sensitivity analysis for ingestion of milk and ingestion
of root vegetables

 ose due to ingestion of milk — sensitivity index

Transformation coef. from HTO to

OBT in milk fat
Transformation coef. from HTO to
CBT in lactose
Waler content at fleld capacity Source : Ciffroy ,Siclet et al , 2008,
Journal of Environmental Radioactivity
Grass water content

Height of the cultivable zone of the soil

Daily consumption of milk

Transfer factor rom HTO to HTO in
milk

R2tot

0.0601 D.Dlm CIJI2I1 U.I1 1
® Dose due to ingestion of root vegetables — sensitivity index

Hydrogen bound to storage organs

Water content at field capacity
Root vegetables water content

Height of the ploughing zone of the soil

Translocation index during the linear phase of

growth
Daily consumption of root vegetables ‘
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