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* Integration of models for radionuclide transport in
coastal waters: THREETOX and POSEIDON

* Integration of models for long-term radionuclide
transport in freshwater bodies and catchments: MOIRA

* Application to the water bodies in the fallout zone of the
Fukushima Daiichi NPP and coastal areas

Integration of short- and long-term radionuclide transport models for
freshwater bodies and coastal waters into JRODOS
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Rodos - real time online decision support system for nuclear
emergency management developed under auspices of 3rd- 7th
Euratom Framework Programmes 1992-2013.

Re-engineered b
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Hydrological Dispersion Models (HDM) of EC Decision = = =
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Innovative integrated tools and platforms for
radiological emergency preparedness and post-accident
response in Europe

Work Package 5: Extension of aquatic dispersion and consequence
modelling in Decision Support Systems, on the basis of recent experiences
and technological advances
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Integration of short- and long-term radionuclide transport models for
freshwater bodies and coastal waters into JRODOS



Additional development of JRODOS-HDM inthe == ==, =
frame of PREPARE project (WP5) ~UINGI AL

I. Modelling radionuclide transport in coastal waters driven by the
atmospheric fallout from JRODOS ADM and/or by direct releases

iInto marine environment.
= for the post accidental real-time forecasting and for the analyses of long
term contamination of the marine environment including marine biota;

li. Modelling of long-term fate of radionuclides in freshwater system
for predictions of the radiation doses via aquatic exposure
pathways, by integrating the lake and river models from the
MOIRA DSS;

lii.Analyses of the efficiency of countermeasures to diminish such
doses after an accident, based on MOIRA DSS models

Integration of short- and long-term radionuclide transport meodels for
freshwater bodies and coastal waters into JRODOS
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Aims of models for coastal areas in the PIRIEIPA R
JRODOS system

« THREETOX is 3D hydrodynamic modeling system for short-
and medium term prediction of dispersion of radionuclides in
surface water systems;

« POSEIDON/RODOS is 3D compartment model for long term
prediction and assessment of radioactivity contamination of
coastal seas

» Both models extensively validated with historical data (overall
fallout and post-Chernobyl)

tegration of short- and long-term radionuclide transport models for
freshwater bodies and coastal waters into JRODOS



THREETOX modeling system
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tegration of short- and long-term radionuclide transport meodels for
freshwater bodies and coastal waters into JRODOS

Main Characteristics

* Free-surface, primitive equation model;
* k-epsilon model of turbulence

* |ce dynamic-thermodynamic model

« Orthogonal curvilinear system coordinat
« Mixed vertical coordinates

» Wetting-and-drying algorithm

* Heat exchange with bottom

« Two-way nesting

* Near field sub-models

« Eulerian models of sediment transport

« Eulerian models of radionuclide transpoi
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THREETOX Radionuclide transfer processes in OIRIE|=2/A
water and sediments
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Integration of short- and long-term radionuclide transport meodels for
freshwater bodies and coastal waters into JRODOS



Two modes of use of THREETOX

 Prediction of thermohydrodynamics of water bodies and

transport of radionuclides

* Prediction of transport of radionuclides using available
hydrodynamics fields from ocean forecast models (MyOcean

e.qg.)

tegration of short- and long-term radionuclide transport models for
freshwater bodies and coastal waters into JRODOS



Compartment structure of
POSEIDON-R boxes
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BURN-POSEIDON dynamic food chain model =~ = =/~ -

wytoplankton receives radionuclides via adsorption and

sorption of radionuclides (equilibrium approach). Simplification in the BURN
model

Cop (1) =C (@) CF,,, » Grouping the marine

organisms in a limited nurr
of classes based on the trc
level and types of species

A K 1. preyC roprey TO K wC V) - K 0.5.:01C tpreaty Grouping the radionuclides

r other organisms dynamical approach is used.
dc(pred) _
dt

e

into a limited number of
20 ~ = h Y g v classes associated for fish
the dominating (target) tiss
in which a radionuclide
, b — extraction coefficients, K, 5 — biological half life accumulates preferably

2ling R., Koziy L., Bulgakov V. (2002) On the dynamical uptake model
veloped for the uptake of radionuclides in marine organisms for the
DSEIDON-R model system. Radioprotection 37 (C1), 833-838.

tegration of short- and long-term radionuclide transport models for
freshwater bodies and coastal waters into JRODOS



Radionuclide release assignment in
POSEIDON-R

e Point sources associated with routine releases of nuclear facilities

* Point sources associated with accidental releases

« Atmospheric fallout > New software interfaces for the transfer
of atmospheric fallout on marine surface simulated by JRODOS

ADM into THREETOX and into POSEIDON have been developec

tegration of short- and long-term radionuclide transport models for
freshwater bodies and coastal waters into JRODOS



Surface contamination of radionuclides DIRIER/A [
interpolated from JRODOS-ADM
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TRHEETOX new software tool for the retrieval of the DD
marine and weather forecast data for coastal areas -
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o
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Since autumn 2011, regularly updated results of the U.S. NOAA, National Weather
Service, Ocean Prediction Center, global oceanographic modelling are available in ope
source mode (for Europe in www.myocean.eu.org).

A software tool has been developed for the retrieval of the global marine current
operational model data to be used by THREETOX as the outer boundary
conditions for the currents downscaling in any specified coastal area and for the
retrieving the operational meteorological fields

 In the same manner as the regional Numerical Weather Prediction model WRF can use the NOAA/
NCEP global weather forecast results for downscaling the meteorological fields for JRODOS-ADM

modelling.

Software tool for processing boundary conditions data consists of two independent
branches

» numerical weather prediction (NWP)

* marine model data branch

Each branch includes downloader, data storage, storage access block and interpolato

tegration of short- and long-term radionuclide transport models for
freshwater bodies and coastal waters into JRODOS



TRHEETOX new software tool for the retrieval of the DDA E
marine and weather forecast data for coastal areas v de=d g
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tegration of short- and long-term radionuclide transport models for
freshwater bodies and coastal waters into JRODOS
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MOIRA IS FIRIEFALr
s Decision Suport System

« MOIRA is a computerized Decision Support System (DSS) to help selecting
optimal management strategies for different aquatic ecosystems contaminats

by radionuclides.

« MOIRA is NOT aimed at emergency situations, but rather at management
strategies for the long-term. It complements JRODOS-HDM. Some users
suggested integration of both systems.

« MOIRA is designed to allow for a realistic assessment of the radiological,
ecological, economic and social impacts of management alternatives, in a w:
as rational and complete as possible.

* The system incorporates a decision analysis module based on Multi-Attribute
Analysis (level 4)

tegration of short- and long-term radionuclide transport models for
freshwater bodies and coastal waters into JRODOS



MOIRA

E’TJMOIRA PLUS / MOIRA 3.0.4a - [Select river by selecting any its segment on the map]
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@ @lals| »[FmE| of = s | | ol NP1 =] @ o]
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MOIRA-PLUS customisation: the Tagus and Ebro rivers in Spain
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Land use I “% Usage I
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11 Pasturages (%) 27.61

Root veq. areas (%) 0.03

MOIRA-PLUS customisation: the Doubs river in France (Biguenet et al., 2011)
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Elements of MOIRA goftware (1) ~~=-/"

 Validated models for predicting time behaviour of contaminants ('3’Cs ar
%08Sr) in lakes, rivers and drainage areas and well as the effect of
selected countermeasures to reduce the contamination levels.

« To analyse complex rivers systems and catchments it is limited to the definition of
not more than 20 river branches and reaches.

* The models have been validated against several lake and rivers historical data.
 Models to assess doses to man and biota (fish) and to evaluate dose

resulting after implementing countermeasures affecting the direct humar
exposure to contaminated elements

A conceptually simple micro-economic approach to assess the economic
cost of the different kind of countermeasures implemented

tegration of short- and long-term radionuclide transport models for
freshwater bodies and coastal waters into JRODOS



Elements of MOIRA goftware (2) ~~=-/"
* In lakes, a Lake Ecosystem Index (LEI) to assess the impact of physical ar
chemical countermeasures on the lake ecological quality (Hakanson et al.,

2000).
* Methodologies based on multi-attribute analysis (MAA) techniques for rankir
the different feasible interventions accounting for the above-mentioned

impacts (Rios-Insua et al., 2006).
» Software components implementing the above models and methodologies

« Data storage and analysis tools (Geographical Information System, GIS, anc

data bases) (Hofman, 2004)
« MOIRA runs in a simple Windows PC (with MaplInfo® GIS and PowerSim®)



Countermeasures available for
simulation in the MOIRA system
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Integration of MOIRA Lake and River models DDE
into JRODOS B

MOIRA DSS (standalone)
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Integration of short- and long-term radionuclide transport meodels for
freshwater bodies and coastal waters into JRODOS



Integration of MOIRA Lake and River Models DB
into JRodos .

* Development of the MOIRA Models as Fortran modules (based
on their Powersim® implementations in the MOIRA DSS)

* Development of the model-specific JRODOS User Interface
Java modules

» Establishment of the data exchange between models and user
interface

* Transfer of the GIS data available in the MOIRA DSS into the
JRODOS GIS

Integration of short- and long-term radionuclide transport meodels for
freshwater bodies and coastal waters into JRODOS



JRodos Software structure
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Integration of short- and long-term radionuclide transport meodels for
freshwater bodies and coastal waters into JRODOS
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Implementation and testing of the extended HDM-
JRODOS for the coastal areas, rivers, reservoirs and
lakes affected by the Fukushima Daiichi NPP fallout

Integration of short- and long-term radionuclide transport models for
freshwater bodies and coastal waters into JRODOS




Modelling of Fukushima releases with JRODOS P IRRIZ /A ]

Steps done to model atmospheric dispersion and deposits with ADM:
« Adaptation of JRODOS to Japan (topography, land use, from open

sources
* The Meteorological Institute of KIT and IMMSP/UCEWP have provided

meteorological forecast data based on the American global model GFS
(50-100 km) adapted with the model WRF for local applications (10-20 km)

 The GRS (Gesellchaft fur Anlagen und Reaktorsicherheit) has provided
potential source terms for the calculations

Coupling of JRODOS-ADM results with JRODOS-HDM modules

Integration of short- and long-term radionuclide transport models for
freshwater bodies and coastal waters into JRODOS



Comparison of monitoring and simulation - = =~ -
with JRODOS-ADM FINErAL

--> Ground contamination dry+wet: Cs-137 [Bq/m?], 16.03.2011 14:00 (UTC)

Project: 3peak-analysis_near_rimp, Task: LSMC - run:1306402343215

Maximum value: 9.5E7 Bq/m*
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Integration of short- and long-term radionuclide transport meodels for
freshwater bodies and coastal waters into JRODOS
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Application of compartment model POSEIDON-R to DRIE>
the Northwestern Pacific and adjacent seas
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Integration of short- and long-term radionuclide transport meodels for

freshwater bodies and coastal waters into JRODOS



Application of compartment model POSEIDON-R to =R EVAVE
the Northwestern Pacific and adjacent seas
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Application of compartment model POSEIDON-R to DS/ |-
the Northwestern Pacific and adjacent seas o T
urces of contamination due to Fukushima Dai-ichi accident
Damaged
137Cs. PB s, e reactor an
rce (1081’58 )q PBq urbine
q (1015Bq) 7 buildings
! N A e eyt e torage t.
S s 8#3:?%}55’45
pheric 8.2 0.0 Continuing leakage of 137Cs was estimated
,t 3 (Kanda, 2013) as:

3.6 TBg/yr — from NPP area
1.56 TBq/yr — from rivers

da J. (2013) Continuing '3’Cs release to the sea from the Fukushima Dai-ichi nuclear power plant through
. Biogeosci. Discuss. 10, 3577-3595.



Application of compartment model POSEIDON-R to DD ED/A
the Northwestern Pacific and adjacent seas T :
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Water systems of Fukushima regions: DS/ [E
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Water systems of Chernobyl and Fukushima regions-: DDIEC
differences: o

shima Region: Mountainous watersheds - steep

Chernobyl Region:
Plain watersheds- mild slopes, small erosion
Mild amount of precipitations, no rain season

S, high erosion
amount of precipitations, rain seasons, typhoons
nic soils
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Water systems of Chernobyl and Fukushima regions-: DD
differences: -

)

* 90%-95% of Cs-137 at Fukushima is transported by sediments in river water
* At Chernobyl — only up to 50% in initial period, then less, why??

* What are the reasons and with which weight for such difference??

1) Steep mountain slopes vs mild or small plain slopes ??

2) Volcanic Fukushima soils vs soils of the Ukrainian- Byelorussian Poles’ye, i.e
difference in Kd?

3) Typhoon generated higher amount of precipitations?

« Since November 2013 the model implementation for the water bodies of the
Fukushima fallout zone has started in IER Fukushima university.

» Experimental plots to help interpretation.

 For instance, for the same Kd the twice steeper slope provides 20 times higher amount
of Cs-137 on sediments — only for highest amount of precipitation !
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Integration of short- and long-term radionuclide transport models for

RODOS models implementation within PREPARE
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RODOS models implementation within PREPARE DIDI=/D/) [E

Watersheds and Rivers . /8 Taem
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Integration of short- and long-term radionuclide transport meodels for
freshwater bodies and coastal waters into JRODOS
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Fukushima University
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oy 2D COASTOX model implementation for simulation of Cs-137
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Status of THREETOX, POSEIDON & PIREFAIF
MOIRA in JRODOS within PREPARE

« Development of software interfaces for the transfer of atmospheric fallout simulated by
JRODOS-ADM

« Comparison of THREETOX and POSEIDON with other models approaches of marine
radionuclide transfer.

« Software tool for the retrieval of the global marine currents from operational model data
« THREETOX model improvements and testing of the updated model
« POSEIDON model improvements and testing of the updated model

« MOIRA Lake and River models translated and implemented in JRODOS. GUI developed. G
adapted.

« Comparison of JRODOS-MOIRA Lake and River models against well-known test scenarios
* Application to Fukushima sites ongoing

Integration of short- and long-term radionuclide transport meodels for
freshwater bodies and coastal waters into JRODOS
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