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A �nite volume s
heme for the transportof radionu
leides in porous mediaE. Ch�enier, R. Eymard and X. Ni
olasUniversit�e de Marne-la-Vall�ee �Abstra
t. This paper presents the use of a �nite volume s
heme for the simulationof the COUPLEX1 Test 
ase. We �rst show that the results of the simulation 
anbe mainly predi
ted thanks to an analysis of the data. We then give the formulationof a �nite volume s
heme, yielding a

urate and stable results for a low 
omputa-tional 
ost. We �nally present some of the numeri
al results, 
omparing the expli
itMUSCL s
heme and the impli
it s
heme with variable upwinding a

ording to thelo
al di�usion.Keywords: COUPLEX1, �nite volume s
heme, variable P�e
let numberAMS Subje
t Classi�
ations:: 35K65, 35K55
1. Introdu
tionThe COUPLEX-1 Test 
ase (ANDRA, 2001) is a ben
hmark of numer-i
al te
hniques designed for the simulation of the transport of 
ontami-nants by the water 
owing through a porous medium. Sin
e the goal ismore to 
ompare numeri
al methods than to improve the engineeringstudy, the geologi
al 
on�guration is simpli�ed in a four-layer 
ross-se
tion. Nevertheless, within the framework of an engineering study,the numeri
al results are ne
essarily 
ompared to simple 
al
ulationswithout a 
omputer, even under 
oarse approximations. Thus we �rstpresent in Se
tion 2 an approximate analysis whi
h gives some indi
a-tions on the qualitative results whi
h 
an be a priori expe
ted from thedata of the problem. We se
ondly give, in Se
tion 3, a short dis
ussionon the appropriate numeri
al s
hemes. We then present in Se
tion 4some of the numeri
al results whi
h have been obtained using, on theone hand, an expli
it MUSCL s
heme for the transport part of theproblem, on the other hand, an impli
it s
heme with variable upwindinga

ording to the lo
al di�usion.� Laboratoire d'Etude des Transferts d'Energie et de Mati�ere, UMLV(http://www-letem.univ-mlv.fr) 5, boulevard Des
artes - Champs-sur-Marne -77454 Marne-la-Vall�ee Cedex 2, FRANCE
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2 E. Ch�enier, R. Eymard and X. Ni
olas2. Approximate analyti
al studyWe �rst begin with a global study of the problem, mainly using hand
al
ulations. Su
h a pro
edure is 
ommonly followed in industrial 
on-texts. The data are re
alled, for the sake of 
ompleteness, in the ap-pendix of this paper.2.1. Chara
teristi
s of the velo
ity fieldSin
e the geologi
al des
ription of the domain redu
es to two highlypermeable thi
k layers (limestone and dogger) separated by two weaklypermeable thin layers (marl and 
lay), (see �gure 1) the hydrauli
 head�eld 
an be approximately evaluated using the volumi
 
ow 
onserva-tion in a 1D medium for ea
h of the permeable layers:� this yields a 
onstant head gradient in the dogger layer, leading toa linearly de
reasing head from the bottom right verti
al boundary tothe bottom left verti
al boundary,� this also yields the following equation for the hydrauli
 head in thelimestone layer (sin
e the lower boundary of this layer is tilted, the areaof the verti
al se
tions is given by a linear fun
tion of the horizontalposition x) �300 � 300� 24525000 x� �H�x = 
onstant; (1)with x = 0 at the left boundary and x = 25000 m at the right bound-ary. Therefore a logarithmi
 head pro�le is available in the limestonelayer, de
reasing from the right to the left.
Figure 1. A priori 
ontour levels of the piezometri
 headIt yields the following values for the hydrauli
 head in the doggerlayer: H(x) = 286 + 289� 28625000 x; (2)
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A �nite volume s
heme for the transport of radionu
leides 3also available at the bottom horizontal boundary of the 
lay layer,and H(x) = 200 + 110ln(245=300) ln�1� 300� 245300 � 25000 x� : (3)in the limestone layer, also available at the top tilted boundary ofthe 
lay layer.Therefore, using equations (2) and (3), the piezometri
 head H isexpe
ted to be approximately equal to Hb�l = 288:2 m at the bottomboundary of the 
lay layer and Ht�l = 278:9 m at the top boundaryof the 
lay layer at the level of the left side of the repository (x =18440 m). In the same way, the piezometri
 head approximately equalsHb�r = 288:6 m at the bottom boundary and Ht�r = 294:0 m atthe top boundary of the 
lay layer at the level of the right side of therepository (x = 21680 m).Sin
e the verti
al dimension of the domain is mu
h smaller thanthe horizontal one, the verti
al 
ow will predominate in the 
lay layer,and the Dar
y velo
ity 
an therefore be 
omputed using the di�eren
eof pressure between the top boundary and the bottom boundary ona verti
al line. Thus, the 
hange of sign of this di�eren
e along therepository 
on�rms that its lo
ation has been 
hosen su
h that thevelo
ity �eld vanishes at the level of the repository.Taking this result into a

ount and sin
e the thi
kness of the 
laylayer varies between 135:6 m and 142:7 m at the level of the repository,the maximum upward velo
ity at the left side of the repository isabout umax�l = �3:15 � 10�6 278:9�288:2135:6 ' 2:2 � 10�7 m=year andthe maximum downward velo
ity at its right side is about umax�r =�3:15� 10�6 294:0�288:6142:7 ' �1:2� 10�7 m=year.The x-
oordinate at whi
h the verti
al pressure gradient in the
lay is vanishing is then given by x = 18440 + (21680 � 18440) �2:22:2+1:2 ' 20500 m. The a

ura
y of this value should be dis
ussed, sin
ea small un
ertainty on the piezometri
 head leads to a more importantun
ertainty on this position.2.2. Chara
teristi
 times for the iodine transportFrom the previous values of piezometri
 heads (Hb�l and Ht�l) andvelo
ities (umax�l and umax�r), one 
an guess di�erent 
hara
teristi
time values:� let dt = 85:6 m be the shorter distan
e between the repositoryand the top boundary of the 
lay layer; the 
onve
tive time of iodine
letemn.tex; 25/07/2002; 17:39; p.3



4 E. Ch�enier, R. Eymard and X. Ni
olasto this boundary is �t
onv�t�i = !iRidtjumax�lj , whi
h is about 10�3�1�85:62:2�10�7 =3:9� 105 years;� let db = 44 m be the distan
e between the repository and thebottom boundary of the 
lay layer; the 
onve
tive time of iodine tothis boundary is �t
onv�b�i = !iRidbjumax�rj , whi
h is about 10�3�1�441:2�10�7 =3:6� 105 years;� the di�usion time in the 
lay layer 
al
ulated from the repositoryto the top boundary is about �tdiff�t�i = !iRid2tDi = 10�3�1�85:629:5�10�7 =7:7� 106 years;� the di�usion time in the 
lay layer 
al
ulated from the repositoryto the bottom boundary is about �tdiff�b�i = !iRid2bDi = 10�3�1�4429:5�10�7 =2:0� 106 years;� the 
onve
tive time in the dogger layer from the repository tothe left bottom boundary of the 
omputational domain (distan
e dl =18440 m) is about �t
onv�dog�i = !iRidlKdogrH = 0:1�1�1844025:2�(288:2�286)=18440 =6:1� 105 years;� the 
onve
tive time in the limestone layer from the repository tothe left middle boundary of the 
omputational domain (distan
e dl =18440 m) is about �t
onv�lim�i = !iRidlKlimrH = 0:1�1�184406:3�(278:9�200)=18440 =6:8� 104 years.This �rst estimation of the 
hara
teristi
 times of the iodine trans-port in the 
lay layer shows that �tdiff�t�i > �tdiff�b�i > �t
onv�t�i >�t
onv�b�i. Therefore, in this layer, the di�usive transport is slowerthan the 
onve
tive transport and iodine rea
hes the bottom bound-ary of the 
lay layer before the top boundary. Furthermore, sin
e the
hara
teristi
 times in the 
lay layer and the 
onve
tive times in thelimestone and dogger layers are mu
h smaller than the half life of iodine(1:57�107 years), nearly the full amount of the iodine whi
h will rea
hthe limestone and dogger layers will propagate until the left boundary ofthe 
omputational domain, before the de
ay of the iodine radioa
tivitybegins.2.3. Chara
teristi
 times for the plutonium transportThe 
hara
teristi
 time values for plutonium are quite di�erent:� the 
onve
tive time of plutonium to the top boundary of the 
laylayer is about �t
onv�t�p = !pRpdtumax�l = 0:2�105�85:62:2�10�7 = 7:8� 1012 years;� the 
onve
tive time of plutonium to the bottom boundary ofthe 
lay layer is about �t
onv�b�p = !pRpdbumax�r = 0:2�105�441:2�10�7 = 7:3 �1012 years;
letemn.tex; 25/07/2002; 17:39; p.4



A �nite volume s
heme for the transport of radionu
leides 5� the di�usion time of plutonium in the 
lay layer 
al
ulated fromthe repository to the top boundary is about �tdiff�t�p = !pRpd2tDp =0:2�105�85:624:4�10�4 = 3:3� 1011 years;� the di�usion time of plutonium in the 
lay layer 
al
ulated fromthe repository to the bottom boundary is about �tdiff�b�p = !pRpd2bDp =0:2�105�4424:4�10�4 = 8:8� 1010 years;Therefore, the 
onve
tive times, di�usive times and half life time(3:76�105 years) of plutonium are very di�erent. The main me
hanismis therefore the de
ay of plutonium before it is 
onve
ted or di�used. Nosigni�
ative amount of radioa
tive plutonium 
an rea
h the boundariesof the 
lay layer.2.4. Con
lusion of this first surveyWe have been able to give 
oarse predi
tions of the amount of radionu-
leides whi
h rea
hes the left boundary of the domain, using only verysimple 
al
ulations. This is mainly due to the fa
t that the data arehere very simple, 
ompared to realisti
 ones. However, from our pointof view, su
h a pro
edure must always take pla
e before any numeri
alstudy, be
ause it gives the physi
al key points whi
h help to validatethe numeri
al results. 3. Numeri
al s
hemesThe following analysis of the required numeri
al s
hemes 
an be made.� The problem is a 
onve
tion-di�usion problem with a heteroge-neous anisotropi
 di�usion matrix (due to the expression of the disper-sion matrix). Therefore some advantages 
an be drawn from a P1-�niteelement formulation (linear �elds on triangles), viewed as a �nite vol-ume method on the dual mesh (given by orthogonal bisse
tors) for the
onve
tion terms (Eymard, Gallou�et, Herbin, 2000).� The high ratio between the horizontal and the verti
al dimensionsimplies to use meshes designed for this purpose.� The dispersion terms are in 
ompetition with the numeri
al di�u-sion provided by the �rst order upstream weighted �nite volume s
hemefor the 
onve
tion term (a 
entered s
heme 
annot be used everywherebe
ause of the 
onstrast between the di�erent ro
k properties withinthe domain). The low verti
al size of the dispersion matrix implies thatthis term 
an be a

urately handled in the verti
al dire
tion, but thatit is ne
essarily partly in
reased in the horizontal dire
tion.
letemn.tex; 25/07/2002; 17:39; p.5



6 E. Ch�enier, R. Eymard and X. Ni
olasWe have therefore used the following s
hemes. A P1-�nite elements
heme is used to solve the equation�div �rH = 0; (4)in whi
h we denote by � isotropi
 heterogeneous value of the per-meability. We write this s
heme as follows� XL2NK TKL(HL �HK) = 0; (5)where K is a vertex of the mesh, and NK is the set of the verti
esof all triangles having K as a vertex (see �gure 2, left).
K

N  = {     }K

K

Figure 2. Triangular mesh: neighbours of a vertex (left), dual mesh (right).In equation (5), we denote by TKL the term of the rigidity matrix,given by TKL = � Z
r'K(x) � �(x)r'L(x)dx; (6)denoting by 'K the P1 basis fun
tion, whi
h is linear in ea
h tri-angle, 
ontinuous, whose value is 1 at the vertex K and 0 at all theother verti
es. As we remarked above, ru (and therefore of D(ru)) is
onstant in ea
h triangle. Note that the P1 �nite element s
heme 
analso be seen as a �nite volume s
heme on the dual mesh: see �gure 2(right), whi
h shows the Vorono�� mesh related to the triangular meshof �gure 2 (left).We 
an now write, in the same way, a �nite volume s
heme for the
on
entrations, setting the volumi
 
ow between two 
ontrol volumesaround verti
es K and L byQK;L = TKL(HK �HL) (7)and setting initial values for 
on
entrations
(0)K = 0: (8)
letemn.tex; 25/07/2002; 17:39; p.6



A �nite volume s
heme for the transport of radionu
leides 7The s
heme writes, at a given time step n,!KmK h(
(n+1)K � 
(n)K )=�t + �
(n+1)K i +XL2NK " 
(m)K;LQ+K;L � 
(m)L;KQ+L;K�DKL(
(m)L � 
(m)K ) # = f (n)K (9)where the di�usive 
oeÆ
ient DKL is given using the dispersionmatrix by DKL = � Z
r'K(x)D(rH)(x)r'L(x)dx: (10)In (9), mK is the area of the 
ontrol volume K around the vertex K(it is in fa
t taken as 1=3 of the areas of all the neighbouring triangles),!K gathers the e�e
ts of the e�e
tive porosity and of the retardationfa
tor, f (n)K denotes the sour
e term, and in (10), D(rH)(x) denotesthe dispersion matrix in the domain as a fun
tion of the approximategradient of hydrauli
 head. An expli
ite s
heme is obtained withm = n(the time step �t is then bounded to respe
t a CFL value: this boundis approximately 77 years for the mesh whi
h is used below) and animpli
ite one is given by m = n + 1 (in this 
ase, the time step �t isajusted along the simulation to yield maximum variations of 
on
en-tration equal to 10�4). We now have to de�ne the way of 
omputingthe values of the interfa
e 
on
entration 
(m)K;L used in (9).� In the expli
ite 
ase we use a MUSCL s
heme. We �rst 
omputean approximate value for r
(n) in all the 
ontrol volumes around theverti
es. We then limit this gradient in order to obtain that all thevalues 
(m)K;L = 
(n)K + 12 ~r
(n)K � ~KL (11)be between 
(n)K and 
(n)L , for any pair of verti
es of the same triangle(in (11), we denote by ~r
(n)K the limited gradient).� In the impli
ite 
ase, the following upwinding s
heme 
an be used:
(m)K;L = 
(n+1)K : (12)S
heme (12) will be referred, in the following, as the \upwinding" im-pli
it s
heme. Taking into a

ount some dis
ussions during the CouplexWorkshop, we introdu
ed the s
heme
(m)K;L = (1� �K;L)
(n+1)K + �K;L
(n+1)L ; (13)for all pairs K;L of neighbouring verti
es. In (13), �K;L is given by
letemn.tex; 25/07/2002; 17:39; p.7



8 E. Ch�enier, R. Eymard and X. Ni
olasQ+K;L�K;L = min�DKL; 12Q+K;L� (14)S
heme (13)-(14) thus only adds the minimum needed numeri
aldi�usion for the stability of the s
heme (whi
h thus satis�es a 
onditionon the lo
al P�e
let number). Note that (13)-(14) 
an even add somedi�usion if DKL < 0 (whi
h 
an o

ur with a non diagonal dispersionmatrix), yielding a strong respe
t of the lo
al maximum prin
iple. Thiss
heme will be referred, in the following, as the \
entered" impli
its
heme.Using a dire
t Gauss band solver for all linear systems, we haveobtained the following run times on a PC 
omputer (
lo
k frequen
y500 MHz):� using the impli
it s
heme, the run-times have been of about 1 hourand 10 minutes for 23906 verti
es,� a 5 hours 
omputing time has been ne
essary for the MUSCLexpli
it s
heme on the same grid.4. Numeri
al resultsWe present hereafter the main results 
on
erning the piezometri
 head�eld and the Iodine transport (in agreement with se
tion 2, the Pluto-nium transport is not numeri
ally signi�
ant).4.1. Numeri
al results: the piezometri
 head fieldFigure 3 shows the grid used, and 
ontour levels for the piezometri
head (a value equal to 180 m is given at the upper left 
orner, thenthe 
ontour levels 196, 212, 228, 244, 260, from 276 to 292 with step 1,308, 324 m are shown from the left to the right, and a value equal to340 m is given at the upper right 
orner).The obtained values of H are very 
losed to that whi
h have beengiven in Se
tion 2 in the limestone and dogger layers (the di�eren
ewith equations (2) and (3) being lower that 1:5 m).4.2. Numeri
al results for Iodine transportThere is no 
ontour levels at time = 200 years. The 
ontour levels
 = 10�12; 10�10; 10�8; 10�6; 10�4 for the times 10110, 50110, 106, 107yearswithin the three s
hemes (expli
ite, upwinding impli
ite, 
enteredimpli
ite) are given in Figures 4 to 7 (de
reasing from the repositoryto the boundary of the domain). The expli
it MUSCL s
heme and the
letemn.tex; 25/07/2002; 17:39; p.8



A �nite volume s
heme for the transport of radionu
leides 9

Figure 3. Contour levels of the piezometri
 head.
entered impli
it s
heme seem to be less di�usive than the upwindingimpli
it s
heme.
Figure 4. Contour levels of iodine 
on
entration at time 10110 years (expli
itMUSCL (left), upwinding impli
it (middle) and 
entered impli
it (right))
Figure 5. Contour levels of iodine 
on
entration at time 50110 years (expli
itMUSCL (left), upwinding impli
it (middle) and 
entered impli
it (right))In Figure 8, we have shown separately the four 
umulative Iodineamounts obtained by integration of the 
uxes with respe
t to time(from the 
lay layer to the limestone and dogger layers, a

ross the top

letemn.tex; 25/07/2002; 17:39; p.9



10 E. Ch�enier, R. Eymard and X. Ni
olas
Figure 6. Contour levels of iodine 
on
entration at time 106 years (expli
it MUSCL(left), upwinding impli
it (middle) and 
entered impli
it (right))

Figure 7. Contour levels of iodine 
on
entration at time 107 years (expli
it MUSCL(left), impli
it upwinding upwinding impli
it (middle) and 
entered impli
it (right))

and bottom left boundaries), in order to 
he
k the qualitative resultsbased on the 
hara
teristi
 times. The obtained results thus appear tobe in full agreement with the �rst survey of the problem.
letemn.tex; 25/07/2002; 17:39; p.10



A �nite volume s
heme for the transport of radionu
leides 11
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Figure 8. Cumulative Iodine amount5. Con
luding remarksOn the COUPLEX-1 Test 
ase, a �rst hand 
omputation survey ofthe problem 
an give the essential results: nearly all the iodine rea
hesthe left boundary, and nearly no amount of plutonium 
an rea
h theboundaries of the 
lay layer. This shows that if the main point ofengineering studies is the un
ertainties evaluations, simple analyti
almodels must also be used for the evaluation of the mass transfers.A more a

urate is nevertheless usefull. For this purpose, the �nitevolume s
heme that we have used here appear to be eÆ
ient, stableand 
heap. However, COUPLEX-1 problem has been 
arefully designedin order that the mathemati
al aspe
ts were well posed. This 
an bedi�erent with more realisti
 data.Referen
esANDRA: http://www.andra.fr/
ouplex/.Eymard, R., Gallou�et, T., Herbin, R.: `Finite Volume Methods', Handbook ofNumeri
al Analysis, P.G. Ciarlet and J.L. Lions. eds., VII pp 723{1020, 2000.
letemn.tex; 25/07/2002; 17:39; p.11



12 E. Ch�enier, R. Eymard and X. Ni
olasAppendix: Data of the Couplex1 Test 
as
COUPLEX1 Test Case

Nuclear Waste Disposal Far Field Simulation

January 25, 2001

Abstract

This first COUPLEX test case is to compute a simplified Far Field model used in nu-
clear waste management simulation. From the mathematical point of view the problem is of
convection diffusion type but the parameters are highly varying from one layer to another.
Another particularity is the very concentrated nature of the source, both in space and in time.

1 Introduction

The repository lies at a depth of 450m (meters) inside a clay layer which has above it a layer of
limestone and a layer of marl and below it is a layer of dogger limestone. Water flows slowly
(creeping flow) through these porous media and convects the radioactive materials once the con-
tainers leak; there is also a dilution effect which in mathematical terms is similar to diffusion.
The problem has two main difficulties:

1. The radioactive elements leak from the containers, into the clay, over a period that is small
compared with the millions of years over which convection and diffusion are active.

2. The convection and diffusion constants are very different from one layer to another; for
instance, in the clay layer there is almost no convection while, in the other layers, diffusion
and convection are both important.

2 The Geometry

In this first test case, the computation is restricted to a 2D section of the disposal site. Thus,
the computational domain is in a rectangleO = (0; 25000)� (0; 695) in meters. The layers of
dogger, clay, limestone, and marl are located as follows (with the origin taken at the bottom left
corner of the rectangle):� dogger0 < z < 200

1

� clay lies between the horizontal linez = 200 and the line from(0; 295) to (25000; 350)� limestone lies between the line from(0; 295) to (25000; 350) and the horizontal linez =595� marl595 < z < 695.

The repository, denoted byR, is modeled by a uniform rectangular source in the clay layer:R = f(x; z) 2 (18440; 21680)� (244; 250)g
The geometry is summarized on figure 1 below. For this domain the computation should be
carried fort 2 (0; T ) with T = 107 years.
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Figure 1:Geometry of computational domain

3 The Flow

It is assumed that all rock layers are saturated with water and that boundary loads are stationary
so that the flow is independent of time. Darcy’s law gives the velocityu in terms of the hydro-
dynamic loadH = P=�g + z: u = �KrH (1)

2

where the permeability tensorK, assumed constant in each layer is given in Table 1,P is the
pressure andg is Newton’s constant. Conservation of mass (r � (�u) = 0, with the density�
assumed constant) implies that r � (KrH) = 0 in O (2)

Marl Limestone Clay DoggerK (m/year) 3.1536e-5 6.3072 3.1536e-6 25.2288

Table 1:Permeability tensor in the four rock layers

On the boundary, conditions are:H = 289 onf25000g � (0; 200);H = 310 onf25000g � (350; 595);H = 180 + 160x=25000 on (0; 25000)� f695g;H = 200 onf0g � (295; 595);H = 286 onf0g � (0; 200);�H�n = 0 elsewhere.

4 The Radioactive Elements

We are considering two species of particular interest, Iodine 129 and Plutonium 242. Both escape
from the repository cave into the water and their concentrationsCi; i = 1; 2 is given by two
independent convection-diffusion equations:Ri!(�Ci�t + �iCi)�r � (DirCi) + u � rCi = fi in O � (0; T ) i = 1; 2: (3)

where� Ri is the latency Retardation factor, with value 1 for129I, 105 for 242Pu in the clay and 1
elsewhere for both Iodine and Plutonium;� the effective porosity!, is equal to 0.001 for129I, 0.2 for 242Pu in the clay layer and 0.1
elsewhere for both;� �i = log 2=Ti with Ti being the half life time of the element :1:57 107 for 129I, 3:76 105
for 242Pu (in years);� The effective diffusion/dispersion tensorsDi for any speciesi = 1; 2 depend on the Darcy
velocity as follows: Di = deiI + juj [�liE(u) + �ti(I � E(u))℄
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with Ekj(u) = ukujjuj2 :
and with the coefficients, assumed constant in each layer, given in Table 2 below.129I 242Pude1(m2/year) �L(m) �T (m) de2(m2/year) �L(m) �T (m)

Dogger 5.0e-4 50 1 5.0e-4 50 1
Clay 9.48e-7 0 0 4.42e-4 0 0
Limestone 5.0e-4 50 1 5.0e-4 50 1
Marl 5.0e-4 0 0 5.0e-4 0 0

Table 2:Diffusion/dispersion coefficients for the radioactive elements in the 4 layers

In this test case, the values of the source termsfi; (i = 1; 2) in the repositoryR are given
in tabulated form in separately provided data files. The source terms are assumed to be spatially
uniformly spread out in all the repositoryR. It is assumed that there is no source outside the
repository (fi; (i = 1; 2) in On �R). The dependence in time is shown on figure 2, for illustrative
purposes. The structure of the data file is described in appendix A.
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Figure 2:Release of Iodine and Plutonium as a function of time

4.1 Initial and Boundary Conditions

We call time zero the time when the containers begin to leak and the radioactive elements to
spread, hence the initial values of the concentrationCi are zero at time zero.
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Boundary conditions for the transport of any nuclidei = 1; 2 are�Ci�n = 0 onf0g � (295; 595)�Ci�n = 0 onf0g � (0; 200)DirCi � n� Ciu � n = 0 on (0; 25000)� f0gCi = 0 elsewhere on the boundary.

wheren is the outward normal to the vertical linef0g � f0; 695g
5 Output requirements

The following output quantities are expected from the simulations(both tables and graphical
representations):� Contour levels ofCi at times 200, 10110, 50110,106, 107 years (the following level values

should be used:10�12; 10�10; 10�8; 10�6; 10�4);� Pressure field (10 values uniformly distributed between180 and340;� Darcy velocity field, along the 3 vertical lines given byx = 50, x = 12500, x = 20000,
using 100 points along each line;� Places where the Darcy velocity is zero;� Cumulative total flux through the top and the bottom clay layer boundaries, as a function
of time;� Cumulative total fluxes through the left boundaries of the dogger and limestone layers;� The discretization grid of the domains and the time steppingused in the simulations should
also be given.

A Descritpion of the data file

The filesource.dat contains data needed to compute the source termfi in eq. (3). These
data come from a Near Field computation. The file has 212 lines, and each line contains three
numberstp; ~f p1 ; ~f p2 ; p = 1; : : : 212, wheretp is the time, and the source termfi(tp) is related to~f pi by: fi(tp) = ~f pi =S, whereS is the surface of the repository.

The timestp are in years, and the numbers~f pi are in units of mole=year.
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