N
N

N

HAL

open science

Flow and radionuclide transport modelling in geological
radioactive waste repository

Alain Genty, Christophe Le Potier, Stephane Gounand

» To cite this version:

Alain Genty, Christophe Le Potier, Stephane Gounand. Flow and radionuclide transport modelling in geo-
logical radioactive waste repository. MAMERNI11: 4th International Conference on Approximation Methods
and Numerical Modelling in Environment and Natural Resources, May 2011, Saidia, Morocco. <hal-04108166)

HAL Id: hal-04108166
https://hal.science/hal-04108166v1

Submitted on 2 Jun 2023

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documents may come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaire HAL, est des-
tinée au dépot et a la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
francais ou étrangers, des laboratoires publics ou
privés.

Qoo

Distributed under a Creative Commons CC BY-NC-ND 4.0 - Attribution - Non-commercial use - No
Derivative Works - International License


https://hal.science/hal-04108166v1
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr

MAMERN11: 4t" International Conference on Approximation Methods
and Numerical Modelling in Environment and Natural Researc
Saidia (Morocco), May 23-26, 2011

Flow and radionuclide transport modelling in
geological radioactive waste repository

Alain Genty, Christophe Le Potier and S&phane Gounand

Commissariat a Energie Atomique et auEnergies Alternatives
CEA-Saclay, DEN DM2S SFME
alain.genty@cea.fr

Keywords: Radionuclide Transport, Geological Repository, Numéeficraor.

Abstract. In the context of radioactive waste repository simulations, the
numerical accuracy of the radionuclide transport calculations performed on
repository objects is rarely estimated and considered as the best as possible.
In this paper, we present a basic numerical accuracy estimation technique and
the value obtained when applying it to the iodine transport simulation in a part
of a geological radioactive waste repository.

1 Introduction

In the context of high-level radioactive waste repositaimigations, nu-
merical codes based on sophisticated space en time distiati approaches
are used to solve flow and radionuclide transport modelshdmptactical case,
the radionuclide transport simulations performed on thes@ered geological
repository object are carried out on the most refined meshtlaadmallest
calculation time steps as possible. The space and time medimelevel used
mainly depends on the available computer resources andeanaiximum cal-
culation time that the user agree to wait for. Atthe end, thmerical accuracy
is considered as best as possible but never evaluated sipahper, we present
a basic numerical accuracy estimator that we applied tcetienuclide trans-
port simulation in a part of a geological radioactive wastgasitory.
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2 Radionuclide transport problem

The flow and radionuclide transport equations we considex hee given
by relations[(ll) and{(2)

divU = 0
{ U = -KVH @
w% = V.(DVC - CU) —w\C 2

ot

whereU [m - s~ 1] is the Darcy velocity,H [m] is the head X [m - s~!]is the
hydraulic conductivity tensorty, [—] is the porosity,\ [s~!] is the radioactive
decay constant; [mol - m~3] is the concentration, an® = D, + aU [m? -
s~1]is the dispersive tensor (expressed in velocity coor@isiatvhereD, [m?-
s~1]is the effective diffusion tensor an@[m] is the dispersivity tensor.

We solve equations (1) andl (2) numerically using a finite M@umethod
for the space discretization scheme and an implicit timerdigzation scheme
for equation[(2). We chose a finite volume method using thetiNRdint Flux
Approximation (MPFA) which is flux conservative and leadsat@sulting dis-
cretization global matrix of dimension equal to the mesksaahimber. Finally,
the discretization matrix was solved using a multi-gridvsol

3 Description of the repository

We focused on the French vitrified waste repository desigmoteel to the
isolation of radioactive waste resulting from spent fuglreeessing. The de-
sign of the repository includes a vertical shaft that pesraitcess to the middle
of the host rock layer and a network of horizontal connectjalieries that con-
tain about3, 600 horizontal repository cells in which vitrified waste capig
will be inserted.

The flow and radionuclide transport calculation on the whelgository
geometry is beyond the reach of computational resourcesvarahose to per-
form computation on elementary parts of the system like #pository unit
shown in Figuréll. The chosen repository unit includes a @ésadconnecting
gallery allowing access to a double row of 10 waste disposiéd and is then
embedded in an argillaceous box 100 meters long direction, 320 meters
long iny direction and 100 meters long indirection.

The repository unit components consist of disposal cellsdfivith waste
canisters, of a connecting gallery filled with backfill madéjust before dis-
posal closure and of engineered materials like bentonitecamcrete plugs
used to seal the disposal cells. Finally, gallery and dislposll excavation are
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Figure 1: Three dimensional view of the repository unit fwitit host rock and EDZ).

known to damage the host rock at the repository walls. Thia & called the
Excavation Damaged Zone (EDZ) and surrounds the repository

4 Numerical accuracy estimation

The numerical solution of the transport probleff¥, wheren andm refer
to the space and time refinement level used respectivelyrezeh the real
solution S* as close as needed by increasingndm. The L? error E™ =

\/f |Sm — S*|2/ [ $*2 can then be decreased as low as wanted. The error

E™ is known to be of the fornEZ = Cn~® + Dm~" whereC and D are
constants andr and 5 refer to the convergence order of the space and time
schemes respectively. We chose= n®/? to obtainE,, = An~.

The problem in estimatinds is that S* is not known. We can only cal-
culate S,, for different value ofn. Let then consider two levels of refine-
ment calculation: andp with p > n. Dividing E,, by E, leads to the re-

lation E,/E, = (p/n)® = K = /[ |S* = S|/ [ |5* — S,[2 which allow
to write K2 [|S* — S,|2 = [|S* = Sul> = [|S* =S, + S, — Sul? <
[15% = Sp12 + [ 1S, — Sn|*> where the left part is maximised using the tri-
angular inequality relation. Rearranging the previouatieh allow to exhibit

a new error¢, giving access to the accuracy of the performed calcula$ipn
which is maximized by a value depending 8pand.S,,.

sp:\//rs*—spwﬁ//sg<1/ﬂ(2—1-\//rsp—sw//sg 3)

In order to evaluate the accuracy of our computations, wesam the
radionuclide activity flux across the upper boundary of talewalation domain
by the mean of the err@. Note that for dominant diffusive transport problems,
Finite Volume scheme is second order£ 2) and we chose = 2n (K = 4).
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5 Computation Results

We performed flow and iodine transport computation on théesgspre-
sented in FigurEl1 using a coarse space and time steps tiaticet (361,800
cells, 16 time steps) and a refined space and time stepstdiatian (2,894,400
cells, 64 time steps). The time evolution of the calculatatirie plume inside
the system indicates that the transport is mainly diffu¢see Figurél2).
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Figure 2: lodine concentration plume in the repository ratit = 50,000 years.

2.41e-13

The output flux calculated for the two refinement level is preed as a
function of time in Figuré 3. The calculation of the numeliaaecuracy of the
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Figure 3: lodine output flux evolution.

obtained output flux curve with the finest level leadter 0.0.X.
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