Available online at www.sciencedirect.com

sc.sncs@n.“w

55

ELSEVIER C. R. Geoscience 337 (2005) 1492-1499 GEOSCIENCE

http://france.elsevier.com/direct/ CRAS2A/

Surface Geosciences (Hydrology—Hydrogeology)

Evolution of water quality in the abandoned iron mines of Lorraine:
towards a semi-distributed modelling approach

Pauline Collor¥*, Robert Fabrio?, Michel Bues

8 CEVH, ENGEES, 1, quai Koch, BP 61039, 67070 Strasbourg cedex, France
b BRGM, 1, av. du Parc-de-Brabois, 54500 Vandceuvre-lés-Nancy cedex, France
¢ LaEGO, ENSG, INPL, rue du Doyen-Marcel-Roubault, BP 40, 54501 Vandceuvre-lés-Nancy cedex, France

Received 23 February 2005; accepted after revision 6 September 2005
Available online 20 October 2005
Presented by Ghislain de Marsily

Abstract

In Lorraine, flooding of the iron mines leads to a degradation of groundwater quality. Based on a global approach, a numerica
simulator has been built that can reproduce and predict the evolution of water quality at the overflow point of the mining basin. In
order to specify the spatial distribution of these pollutant concentrations, a new model has been developed. The basin is represen
as a network of homogeneous reservoirs. Although encouraging, the results show the need to specify the spatial organisation
water flow in order to reproduce the pollutant concentrations in the different monitored Veetise this article: P. Collon et al .,

C. R. Geoscience 337 (2005).
0 2005 Académie des sciences. Published by Elsevier SAS. All rights reserved.
Résumé

Evolution delaqualitédel’ eau danslesminesdefer abandonnéesdel orraine: versune modélisation semi-distribuée. En
Lorraine, I'ennoyage des mines de fer entraine une dégradation de la qualité de I'eau souterraine. Basé sur une approche globale
simulateur numérique a été construit. Il permet de reproduire et de prévoir I'évolution de la qualité de I'eau au point de débordemer
du bassin minier. Pour tenter de préciser la distribution spatiale de ces concentrations, un nouveau modéle est développé. Le ba:
est représenté comme un assemblage de plusieurs réservoirs homogenes connectés entre eux. Bien qu’encourageants, les rés
obtenus démontrent la nécessité de préciser 'organisation spatiale des flux d’eau pour reproduire les concentrations dans
différents puits de contrél®our citer cet article: P. Collon et al., C. R. Geoscience 337 (2005).
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Consécutivement a I'arrét de I'exhaure miniere, I'eau
* Corresponding author. accumulée daqs les apmennes mines de fer de !.orrame
E-mail addressegpcollon@free.f(P. Collon),r.fabriol@brgm.fr (France) constituera, a terme, une ressource d’environ
(R. Fabriol). 300 millions de meétres cubes. Cependant, lors de I'en-
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noyage des travaux miniers, la qualité de cette eau setation qu'ils représentent et qui est calculée a partir des
dégrade, ce qui la rend impropre a la consommdfion  plans miniers digitalisés. Cette distribution se fait avec

9]. Afin de gérer les ressources en eau de cette région,un répartiteur et un collecteur assure le mélange des flux
autrefois alimentée en grande partie par I'eau d'exhaure d’eau sortant des réacteurs. Les entités représentant les
miniére[12], il est nécessaire de prévoir a long terme sept secteurs sont assemblées en un réseau schématisé
son évolution quantitative et qualitative. sur laFig. 3. On considére que le débit d'alimentation

Peu de données spatialisées étant disponibles, c’estdu bassin minierQ;, est le résultat de l'infiltration des
une modélisation globale de type «réacteurs en ré- précipitations. Ce débit a été déterminé par un modéle
seaux» (RER) qui a été reten[®7]. Un modele chi- inverse, basé sur I'analyse des chroniques de données,
mique cinétique a été construit de maniére a reproduire et permet de reproduire le débit au point de déborde-
les réactions entre I'eau et la roche observées lors d’'unement, avec un écart-type moyen de 0,3%5sn! et un
étude expérimentale en laboratojg}. Ce modeéle chi- coefficient de corrélatiorR? = 96,8% [17]. Au temps
migue a ensuite été intégré a un simulateur RER pour = 0 (1995), les pompages d’exhaure sont partielle-
modéliser le bassin «sud» du Bassin ferrifére lorrain ment stoppés et I'ennoyage commence. Les secteurs de
(BFL) [7,9]. Le simulateur permet de reproduire les Droitaumont 1 et 2, les plus profonds, se remplissent
concentrations observées depuis cing ans au point deen premier en drainant 'eau de I'ensemble du bassin.
débordement, avec une précision #i40% pour les Puis ils débordent dans Paradis a la concentrafign
éléments majeurs (SONa, Ca, Mg et HC@), donne qui déborde a son tour dans Auboué, avec un d@bit
I'ordre de grandeur de la concentration des éléments se-(Fig. 4) et a la concentratio@p. Lorsque le réservoir
condaires, comme le potassium, et peut étre utilisé ded’Auboué est plein, il déborde en méme temps dans
maniére prédictive. Cependant, les analyses chimiquesles secteurs de Moyeuvre, Joeuf et RoncokEigg. 3
de I'eau en différents points des réservoirs montrent et 4). La répartition du debit sortant d’Auboué entre
une hétérogénéité spatiale et des évolutions différentesces trois zones se fait proportionnellement a la surface
de ces concentrations, ce dont le modéle ne rend pase connexion existant. Lorsqu'il est plein, Roncourt dé-
compte. borde dans Joeuf a la concentratiGp, qui déborde a

Disposant d’un suivi de la qualité de I'eau dans son tour dans Moyeuvre. Ce dernier secteur déborde par
quatre puits du bassin sud, nous avons construit un mo-le tunnel dans I'Orne a la concentratiogy .
déle semi-distribué afin d’appréhender I'efficacité d'une Notons que chaque secteur est alors caractérise par
approche de type RER pour rendre compte de la varia- (Tableau }.:
bilité spatiale des concentrations.

Le bassin sud a ainsi été divisé en sept secteurs — sa surface relativé : rapport entre sa surface au
(Fig. 1), cinq d’entre eux contenant I'un des points d’ob- sol et la surface totale du bassin mini€pdssin=
servation (puits et tunnel de débordement). Chaque sec- 159 kn?). Ce paramétre détermine la part des infil-
teur est modélisé comme une entité de trois mélangeurs  trations qui alimentent le secteur selon I'équation :
représentant chacun les différents types d’exploitation Osecteur= Srel X Oi ;

(Fig. 2). Le modeéle géochimique utilisé dans chacun de — SON Volum&/secreur; I'€aU occupant les vides laissés

ces mélangeurs repose sur une étude expérimentale et  par I'exploitation, on suppose que le volume d’eau

a été décrit dans Collon et 4I7,8]. Le modéle prend total dans le bassin sud (230 millions de meétres
en compte les cinétiques de dissolution—précipitation ~ cubes) se répartit proportionnellement au rapport
des minéraux, les réactions d’échanges d'ions, la com-  entre la surface exploitée dans le secteiyefreu)
plexation des espéces dans I'eau, 'équilibre avec les €t celle exploitée dans I'ensemble du bassin sud
gaz @ et CQ. La valeur des paramétres cinétiques (Etotale= 139 knf). On a donc :

du modéle, définie au cours de I'étude en laboratoire Esecteur
précédente, reste inchangée. Seuls les parametres carac- Vsecteur= E
térisant la nature des roches distinguent les trois types

de mélangeur$7,9]. Dans chaque mélangeur, un en- Quel que soit le point d’observation, le simulateur
cadrement Cmax €t Cmin) de la concentration simulée permet de reproduire le pH et la concentration en HCO
est calculé. Il s’appuie sur la dispersion observée dansEn effet, ceux-ci sont contrdlés par la pression partielle
les résultats expérimentaux pour des roches d’'un mémede CQ et le r6le tampon des carbonates. De méme,
type [7,9]. La répartition du volume d’eau et des dé- I'ordre de grandeur de la concentration en potassium
bits d’alimentation dans chaque réacteur est supposéeest toujours en accord avec les valeurs mesurées. En
proportionnelle a la surface relative des types d’exploi- ce qui concerne les autres éléments, $€g. 5), Ca,

x 2,30 x 108 m®

totale
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Mg et Na, les résultats sont plus variables. Ainsi, les engineering, the association of reactors in series and
simulations d’Auboué, Roncourt et Moyeuvre sont sa- parallel was used to model the reactive transfer of pol-
tisfaisantes. Mais, a l'inverse, les concentrations sont lutants in soilg[3,13]. This approach was also used to
sous-estimées a Droitaumont (particulierement pour le model tailing effluent$l] and the composition of water
Na) et a Paradis. Ces différences peuvent s’expliquer dedischarge from flooded ming§].
plusieurs facons : An experimental study was carried out on rocks of
the Lorraine Iron Basin (LIB) to characterise the nature
— a Droitaumont, une simple augmentation de la of the pollution and its probable mineralogical origin.
quantité initiale de sodium échangeable dans la Based on these results, a chemical kinetic model was
roche permet de corriger nos résultats et d’obtenir built that reproduced the water—rock reactions observed
une bonne adéquation entre simulation et observa-in laboratory test§3].
tion; The LIB is subdivided by faults into three major
— a Paradis, I'étude des cartes d’exploitation montre structural units: the North, the Central, and the South
gue le puits est situé dans une zone foudroyée ouBasins. The modelling was developed for the South
trois couches ont été exploitées. Or, si une conti- Basin. In our previous studigg,9], the South Basin
nuité d'exploitation apparait dans la couche grise was represented as a single unit of three parallel reac-
avec les concessions voisines, I'exploitation des tors. Each reactor corresponds to one of the three types
deux autres niveaux est locale. L'eau captée au puits of exploited areas encountered in the mine, in which the
de Paradis ne serait donc pas représentative du méwater reacts with a type of rock:
lange de I'eau de tout ce secteur.
— ‘marly intercalations’ in the collapsed zones;
Le peu de données géologiques spatialisées nous — ‘shelly limestone’locally calledcrassiriin the gal-
a donc conduits a utiliser une composition minéralo- leries zones;
gique «moyenne» déterminée en laboratoire, qui ne — a‘mixed rock’, composed of 34% of marly hanging
rend pas complétement compte des variations spatiales  wall and 66% ofcrassin in galleries within marly
a I'échelle du bassin. Par ailleurs, les différentes meé- hanging wall zones.
thodes d’exploitation et I'existence de concessions mi-
niéres indépendantes les unes des autres entrainent une The chemical composition of the water at the over-
distribution des écoulements souterrains non homogene flow point of the South Basin is the result of the mixing
Pour affiner la modélisation, il est donc indispensable de of water from these three zones.
comprendre et de définir plus précisément les chemins Each type of reactor is built with the same chemi-

préférentiels d’écoulement dans le bassin. cal kinetic model as described in Collon et []. It
includes the dissolution—precipitation kinetics of min-
1. Introduction erals, the ion-exchange reactions, the aqueous specia-

tion, the equilibrium with CQ and GQ gases. The val-

In Lorraine (France), the accumulated water in aban- ues of the kinetic parameters defined formerly in the
doned iron mines will, in the long run, represent a re- laboratory experiments are unchanged. The parameters
source of around 300 million square meters. However, depending on the composition of the rocks distinguish
when the mine workings are flooded, the quality of this these three types of reactors. In each reactor the max-
water is lowered, making it inappropriate for human imum and minimum possible concentrations were also
consumption[7,9]. In order to manage the water re- calculated, based on the laboratory dispersion of exper-
sources of this region, which was in the past supplied imental result$7,9].

to a large extent by dewaterifg?], it is necessary to The model therefore makes it possible to predict the
predict the long-term quantitative and qualitative evolu- evolution of water quality observed at the overflow of
tion of this mine water. the South Basin for the major elements S®a, Ca,

Most of the hydrogeochemical modelling studies Mg and HCQ with a precision of£10% and it gives
dealing with mine drainage have been developed for an order of magnitude for minor elements such as K.
mine tailings, which are similar to porous media (e.g., The model can be used in a predictive manner; how-
[2,11,14-16). In the case of the Lorraine mine reser- ever it gives no information on the spatial distribution
voirs, for which the data are spatially poorly distributed, of chemical concentrations in the basin groundwater.
we adopted a Network of Chemical Reactors (NCR)-  Chemical monitoring of water quality is available
type global approach. Originally developed for process at four wells of the South Basin. In order to evaluate
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the accuracy of the NCR in accounting for the spatial and Moyeuvre. The Z1, Z2 and Z3 sectors are above the
variability of the concentrations, we developed a semi- overflow level.

distributed model. The total volume of water contained in the South
Basin (V) and total recharg&X) were determined with
2. Method a hydrological mode|7,9]. The correlation coefficient

between observed and calculated flow rate at the tun-
2.1. Definition of the areas and their characteristics nel of Moyeuvre iskR? = 96.8% and the difference be-
tween these values are always inferior to 18.8%j.

The South Basin has been divided into seven sec- The inflow rateQ; is the result of the rainfall infiltra-
tors: Droitaumont 1 and 2, Paradis, Auboué, Roncourt, tion through the Dogger limestone. We assume that each
Joeuf and MoyeuvreHig. 1). Five of them include one  sector receives a part of this rechar@®ectos directly
of the monitoring points of the basin (wells or overflow). proportional to its relative surface areg (Table J):

The grey layeff8] wall isohypses are representative of

the mine topographj#]. Consequently, the upper limits Sy =
of Droitaumont 1, Paradis and Auboué follow the grey Sbasin

layer wall isohypse corresponding to the well bottom.  (Sbasin= 159 kn?)

Indeed, the NCR approach implies that the calculated

concentrations represent those of a point where vari- Table 1

ous waters converge and mix. Consequently, the sectorsCharacteristics of the seven areas
have been demarcated in order to consider the wells Tableau 1

as outlets for each zone. In the southern part, a major Caractéristiques des sept secteurs

SSECtOI‘

and  Qsector= Srel X Qi

structural fault divides the Droitaumont concession into Sectors Symbol Srel (%) Veector (M3)
two parts known as parts 1 and 2. These two sectors areproitaumont 1 D1 4.2 8.46 107
not connected, but a cross-cut connects Droitaumont 2 Droitaumont 2 D2 3.0 6.24 107
and Paradis. In the northern part, the overflow altitude Paradis P 16.8 4.16 10;
(172 m NGF) delimits the flooded zone. The existence Auboué A 8.3 24410
o : Roncourt R 14.6 4.8 10
of structural faults and the exploitation of different lay- Joeuf ; i 369 107
ers in this zone mean that it cgnnot be C(')n'5|dered as ONeyoyeuvre M 19.2 7 1% 107
group. Consequently, two major faults divide the north- 7; 14.2 non-flooded
ern part of the basin into three sectors: Roncourt, Joeuf z2 2.3 non-flooded
Z3 8.9 non-flooded
* Located above the overflow altitude (172 m NGF), these zones
IN will never be flooded.
unnel of
oyeuvre Mining area with a volume V
€5
Qrci ><J| Qt,¢1
Well of Auboué o _ >
¥ < Collapsed zones (V1)
Well of Paradi P
ell of Paradis .
. Q2 Cci [B] @z ¢2 Qo, Cq
Well of _ QG Distributor | % —{ Collector Ji-— 3>
Droitaumont.__=#* i %, Roncourt Crassin galleries zones (V2)
gld
Q3, Ci >J] Q3 C3
- "3
hd * Galleries with marly hanging wall zones (V3)
Fig. 1. Breakdown of the South Basin into sectors: (D1) Droitau- €5 _ )
mont 1, (D2) Droitaumont 2, (P) Paradis, (A) Auboué, (R) Roncourt, q;Ej Chemical Q.: Flowrate C Confce_ntratlon,
(J) Joeuf, (M) Moyeuvre; Z1, Z2 and Z3: non-flooded areas. reactor V- Volume ; i: inflow ; o: outflow

Fig. 1. Division du bassin sud en secteurs : (D1) Droitaumont 1, (D2)
Droitaumont 2, (P) Paradis, (A) Auboué, (R) Roncourt, (J) Joeuf, (M)
Moyeuvre ; Z1, Z2 et Z3 : zones non ennoyées. Fig. 2. Schéma du modele adopté pour chague secteur.

Fig. 2. Flow chart of the model adopted for each sector.
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For each ore-bearing layer, the zones mined in the Each sector can be represented as a unit of three parallel
galleries and the collapsed zones were digitized with reactors Fig. 2), each reactor corresponding to one of
Maplnfd® from mine plans of each South Basin conces- the three types of conditions encountered in the mine —
sion[7,9]. The distribution of the total exploited surface collapsed zonegrassingallery zones, and gallery with
area Erotal = 139 knf) in each sectorfsecto) gives an  marly hanging wall zones. A distributor divides the

estimation of the distribution of the exploited rock vol-  mine inflow between the reactors and a collector mixes
umes and, thus, of the water volume in each sector. Theyo oytfiow of the reactors in order to determine the

total water content in the South Basin is 230 millioA.m

e chemical composition of the water at the outlet of each
As a result, the volume of each sector is given Bbg-(

sector. The distribution of the inflow in each reactor is

ble 1) assumed to be proportional to the relative surface area
Vsector= Esector %« 230x 18 m3 of the various types of mining methods that they repre-
total sent.

Step 1 g{;{g Step 2
7

-9 97%Qi @

|m—————
7
I3
1
]
U
\
ﬁ
\
]
i
é
N

. oleps 4,9, 6
Overflow in éj{\:}” Steps 4, 5, 6
the tunnel of 57
Moyeuvre /4//// 7

Model of area X

— Outflow rate (Q,) and concentration (Cy) for
an area X by overflow

-——=% Inflow of the mine with Ci Concentration

= Part of the inflow that floods the area when
0,
saturated

3% Qi ?‘"gn of the inflow that floods the area during
lling

Fig. 3. Schematic diagram of the hydraulic flow in the South Basin.
Fig. 3. Schématisation des flux hydrauliques dans le bassin sud.
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2.2. Conceptual framework of groundwater flow and  up at the same time, when Auboué is saturated and
model construction overflows with a rateDa (Fig. 4). In proportion to the
surface contact that they have with Auboué (estimated

Attime r =0 (1995), the dewatering ceased partially on digitalized maps), the overflow of Auboué{ rate,
and flooding started. Groundwater flow within the mine  C, composition) is divided between Moyeuvre (54% of
reservoir can be divided into six stepgsd. 3). 0On), Joeuf (45% ofD a) and Roncourt (0.009% aP ),

(i) At the beginning of flooding, the mine reservoir  which is connected to Auboué by only one gallery. Each
is empty. Governed by gravity effects, water percolates sector is recharged by rainfall watef,(composition)
through the Dogger limestone and recharges the lower and drains the upper unsaturated zones: Z1 for Moyeu-
sectors: Droitaumont 1 and 2. Droitaumont 2 is only vre, Z2 for Joeuf and Z3 for Roncourt. The observed
recharged by the rain that falls on its surface area. Con- |eakage rate is included as an imposed outflow rate for
versely, Droitaumont 1 receives the water drained by the Moyeuvre sector.
the upper sectors in addition to its direct rainfall wa- (v) When Roncourt is saturated, it overflows into
ter. Since transfer times through the upper sectors arejoeuf with a flow rateQr (Fig. 4) and a composition
very short, we consider that the water has a chemical cg, and then, when Joeuf is saturated, it overflows into
composition similar to that of the Dogger fluids, . Moyeuvre with a flow rate? ; and a compositiol.

(i) When these lower sectors are saturated, drained  (vi) Finally, when Moyeuvre is saturated, the mine
water from the upper sectors no longer recharges them,reservoir overflows from the Tunnel of Moyeuvre with

but now supplies the Paradis sector. Nevertheless,a flow rateQy (Om = O — Qleakags Fig. 4 and a com-
Droitaumont 1 and 2 are still recharged by the rain- positionCyy.

fall water in proportion to their relative surface area and

they _both pverflow into Paradis with @ water com- 3. Resultsand discussion
position Fig. 4).

(i) When Paradis is saturated, this mine reservoir  The simulated concentrations for any observation
overflows into the Auboué sector with a flow rafe point are in good agreement with the observed evolu-

(Fig. 4 and a water compositiol€p. Auboué also  tjon of pH and HC@. This is due to the buffer action of
receives the water drained by Z1, Z2, Z3, Roncourt, the CQ pressure and the presence of carbonates. More-
Moyeuvre and Joeuf({; composition). Droitaumont 1 gyer, measured K concentrations fall within the range of
and 2 and Paradis are still recharged by the rainfall nossible maximum and minimum concentrations calcu-
water in proportion to their relative surface area and |5tgq by our model. This approach gives estimation for
the Droitaumont sectors still overflow into Paradis. The minor elements such as K.
units are thus organised into series. Despite the few observed concentrations available
(iv) The Moyeuvre, Joeuf and Roncourt sectors are j the Roncourt and Auboué sectors, the results of
located at the same depth. Therefore, they start to fill {he model are satisfactory. Indeed, the simulated SO
(Fig. 5, Ca, Mg and Na concentrations in Roncourt,

Calculated overflow (I/s) Auboué and at the overflow point in Moyeuvre are in
6000 good agreement with the observed values. Neverthe-
5000 less, the observed concentrations in Auboué show high

M fluctuations that correspond to important rainfall. Poor
4000 1 ¢ impermeability of the well walls could explain this phe-
3000 - AR nomenon by locally increasing the sensitivity to rainfall.
2000 - ¢¢ In Roncourt, the delay between the increase in calcu-
o1 P lated and observed concentrations is due to a presenta-
1000 1 + tion artefact: we represent the concentration in this sec-
0 ‘ ‘ ‘ ‘ tor while it is being filled, and not when it is saturated,
0 2 4 6 8 10 as we do for the others. Since the well is located in the
Time (years) middle level, the sector starts to fill up and shows pos-

itive concentrations, even though the well is still above
Fig. 4. Calculated overflow rate of each sector: (D1) Droitaumont 1, the water level.

(P) Paradis, (A) Auboué, (R) Roncourt and (M) Moyeuvre. In Droitaumont, the Mg simulated concentration is in
Fig. 4. Débit de débordement calculé pour chaque secteur : (D1) Droi- good agreement with the observed values and the mea-
taumont 1, (P) Paradis, (A) Auboue, (R) Roncourt et (M) Moyeuvre.  sured SQ (Fig. 5 and Ca concentrations fall within the



1498 P. Collon et al. / C. R. Geoscience 337 (2005) 1492-1499

S0, Concentrations (mol/l) SO, Concentrations (mol/l)
0.035 0.035
0.03 - Droitaumont 0.03 4 Paradis
0.025 - 0.025 - +
0.02 - 0.02 -'ﬁq{\;ﬂ“
0.015 3 0.015 - - x“&
0.01 4 0.01 -
0.005 | 0.005 1
. ol
0 . . T r 0 T T T T
0 2 4 6 8 10 0 2 4 6 8 10
0.035 0.035
0.03 - 0.03 - Roncourt
0.025 - 0.025 -
0.02 - 0.02 -
0.015 - 0.015 -
0.01 0.01 -
0.005 - 0.005 .
0 R R : : :
0 10 0 2 4 6 8 10
0.035 Time (years)
0.03 + Tunnel of
0.025 - Moyeuvre m— Simulated concentrations
0.02 + Maximum and minimum simulated
0.015 - concentrations
0.01 - B  Measured concentrations
0.005 1
. . B . | v 1998: Overflow of the South Basin
0 2 4 6 8 10
Time (years)

Fig. 5. Measured and simulated $€oncentrations in the four wells and at the overflow point of the South Basin.
Fig. 5. Concentrations en g@nesurées et simulées dans les 4 puits et au point de débordement du bassin sud.

range of possible maximum and minimum concentra- count for the spatial variations at the scale of the basin.
tions calculated by the model. However, the Na con- Moreover, the different exploitation methods and the
centration is underestimated by the model. This can be existence of independent mining concessions involve
explained as a consequence of the uniform mineralog- a non-homogeneous distribution of groundwater flow.
ical composition of reactors for all the sectors. Thus, Therefore, in order to reproduce the concentrations in
by increasing the initial Cationic Exchange Capacity for the different monitored wells, the spatial organisation
Na in the marly intercalationg 0], the simulated con-  of the flows have to be specified.
centrations agree well with the observed evolution of
SOy, Ca, Mg and Na. 4. Conclusion
In Paradis, the simulated concentrations are underes-
timated and decrease faster than the observed concen- The accumulated water in the abandoned iron mines
trations for SQ (Fig. 5), Ca, Mg and Na. This could be  of Lorraine (France) will represent, in the long run, a
explained by a particular position of the well. Indeed, resource of around 300 millionfmHowever, the flood-
the well of Paradis is located in a collapsed zone where ing of the mine workings involves a degradation of the
three ore layers have been exploited, but where only onegroundwater quality, making it inappropriate for human
(the grey layer) is connected with surrounding conces- consumption. Taking care of the lack of both hydrolog-
sions. This can produce a hydraulic confinement of the ical and geological data, a semi-distributed modelling
well, which is not taken into account in the model. approach is required in order to predict the long-term
The poor spatially distributed data led us to use an quantitative and qualitative evolution of this resource.
average mineralogical composition determined in the  Global modelling based on an NCR approach (Net-
laboratory. This approximation does not completely ac- work of Chemical Reactors) was, therefore, used to sim-
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ulate the evolution of the chemical composition of water ronment, in: R. Ciccu (Ed.), Proc. SWEMP 2002, 7—10 October
in four mining wells of the South Basin. In this model, 2002, Digita University, Cagliari, Italy, 2002, pp. 761-768.

the South Basin is represented with a network of seven [7] P. Collon, R. Fabriol, M. Bués, Modelling changes in sulphate

sectors. Each of them is made up of three reactors corre- concentrations in discharge water from the abandoned iron mine

. s of Saizerais, in: R. Ciccu (Ed.), Proc. SWEMP 2002, 7-10 Octo-
sponding to the three types of exploitation encountered ber 2002, Digita University, Cagliari, Italy, 2002, pp. 917-924.

N t::ahmmeﬁ . h | h h d [8] P. Collon, R. Fabriol, M. Bués, Ennoyage des mines de fer lor-
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