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INTRODUCTION
The geothermal reservoir of Haut is a mainly carbonated fissul Figure 1 Localization of the geothermal
and karstic aquifer, composed by Lower Carboniferéimestone ficld of Hainaut

and dolostone. It is located in the Mons regiore (Bgure 1), nec
the French border.

This geothermal resource was first discovered ifi6lthanks to i
geological exploration borehole in SeGhislain (Delmer, 1977). It
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encountered massive layers of anhydrite in the Uppel Middle France
Visean carbonate, overlying a thick productive tayd karstic \ e

breccias at 2.500 m deep. This borehole, that wased into ¢
production well ten years later, is the startingnpaf a district
heating system. It gives 73°C hot water at an @nefiow rate of
100 me/h. S

Two other wells were drilled shodfter the Sair-Ghislain well, in
Douvrain and Ghlin, a few kilometers North and M-East. The
first one is exploited for heating buildings anditay water of ¢
nearby hospital. The second one is still inactithese two well:
produce respectively 8 and 71°C water, at 1.370 m and 1.57!
deep, from Upper Visean breccia. The flow is asiesas well as i
SaintGhislain, and reaches the same value (100 m3/mth&n geothermal well drilled in 1985 in Condé (), ¢

few kilometers off the bordeproduced wateat 29°C from 1.240 rdeep, far from the expecttemperature of 50°C.
This heterogeneougmperature distribution demonstrates necessity of investigating flow patterns in the @

reservoir before any new exploitation prosp

Presently, the exploitation scheme of the resefigogxtremely simple. The two exploited wells drawater from the
depths, use heat in a serie of heating applicatiand then discharge cooled water to the hydrogcapétworks,
thanks to its low sality (less than 2g/l). Recent development programelue present networks extension and r
drilling works. Further investigations have to led in the aim of avoidin

other failure as it occurred in Condé and predictine limitations of the Figurc 2 : Reservoir lithostratigraphy
single-welltechnique, amongst other

The reservoiiis thought to be recharged from infiling meteoric waters
in the outcropping area. It has no natural exswgeaxcepa few springs
showinganomalies in temperature and/or chemical contenthé aim of

as®ssing the influence of deep water on shallow welaracteristics a

extensive study has been madeather chemical and isotopic ¢ on both

deep and shallow wateos$ this aquife.
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GEOLOGY OF THE GEOTHERMAL RESERVOIR OF HAINAUT

The rocks composing hé geothermal aquifer are mainlLower
Carfoniferous carbonates. Thestrat: outcrop at the North of the
geothermakxploitation area, and the lithostratigraphicalusete isquite £
well known Figure 2 gives a schematic log of the aquifemiations, a I
they have been described in Doremus and Henneld®®5), anc I
Hennebert (1999). :

— [fonwinin

The aquifer includes Famennian and Upper Frasnemmmgable strat: ——
These formations show different lithologies, inéhgisandstones and tt E—
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shale layers. Tournaisian rockgse mainly limestones. Visean strata often shovestohes in the lower part, th
limestones containing several breccia layers. Pietmare the uppermost rocks considered that ateptoe aquifer

In the Mons region, the aquifer strata have -W direction and show a little dip of 10 to 15 dezggSouthward. They
can be found under Meg@enozoic formations of the structure called “MorasiB” and Pennsylvanian c-bearing
rocks that were intensively mined during the lagb tcenturies. Figure illustrates the geological context of t
geothermal reservoir.

Figure 3 : Geological map end schematic cross-scetion of the exploited arca
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Palaeozoic formations are shaped by Hercynian ogogehe results of this influence are representedigure 4.
Palaeozoic strata are divided in several tectonitsuThe Ardennes Allochn overlays the Pa-autochton unit,
composed by Carboniferous and Devonian formatidie Par-autochton lies on the Caml-Silurian autochton
Brabant Massif.

Figure 4 : Schematic North-South cross-section
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Hercynian tectonic only left rare traces on theregir strata, which show few faults arolds, but the overlying cc-
bearing formations of Upper Carboniferous are Hgaaffected by thru-faults. The Midi fault is the last of the
numerous faults, and separates the Allochton frdra Par-

autochton unit. Figure 5 @ Geological succession in the geothermal wells
The opening of the reservoir to teeric waters is supposed to hi st Dowersin Ghin
taken place in Late Jurassic/Early Cretaceous tand to be related ' i
to fracturation of thecarbonates under extensional tectonic re
(Quinif et al, 1997) Penetration of fresh waters in the deep m
has induced drydrite dissolution, which icone of the supposed
origins of the basishaped top Palaeozoic surface, where Cretac
sediments have been conserved in the present Masis (Dupuis
and Vandycke, 1989).

The Saintshislain well revealed thick anhydrite layers inddie
andLate Visean series, as described in Groeset al. (1979) (see
Figure 5).These anhydrites seem to corresponbreccia layers that Jorain
appear at the outcrop and in the ottgethermal wells of Douvrain K Ghiin
and Ghlin Anhydrite and gypsum pseudomorphs were foundadst s ol

of these breccias, and indicdtee contribution of anhydrite remov ~ © |,...
to their origin, though they may not be pure cadlapreccias and |
the result of several phenomenao(Rhyet al, 1993; De Putteet W g e e T
al., 1994). l

Limesiones oulcrop

The productive layer was crossed in S-Ghislain at a depth of Lo- Fauk [
2.500 m, under the massive anhydrite strata, ifghlynconductive
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and probably karstified breccia. In Douvrain andiGHharge fissures in Uger Visean breccia give most of the |
water flow. Permeability and breccia layers relatedanhydrite dissolution therefore seem strongiikdd. On the
other hand, natural springs of the Southern maogithe shallow aquifer, than issuing from to Ug and Middle
Visean, tend to show temperature exceeding norb@— 12 °C), sometimes associated with high sulfateeur

The hypothesis has already besxpressed in Delmeet al. (1982) that these springs cha influenced by deep wat
upflow. The hvestigations described below notably aim in conifirg this hypothesis.

DEEP AND SHALLOW WATER GEOCHEMISTRY
Available data orLower Carboniferous aquif waters come from two main origins: shallow watexnf springs

Figure 6 : Piper and Schoeller-Berkaloft diagrams for geothermal water
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water catchment and quarries pumpamgone hand, and, deep waters from the geothereits on the other hand.

The two active Hainaut geothermal wells watersragilarly sampled and aized since they were set in use. -
third well has recently been opened for a sevemhtn flow test, and the water chemical content thes beer
analyzed. For the Condé well, data come from sévegaublished report:

Deep water, as illustrated bygtire 6, have a moderate chemical content, whicls do¢ exceed 2 g/l. Anhydri
leaching influence is obvious, with a strong s@fabntent

Shallow water can come from different lithologiégmestone, dolostone, shaly limestone, sandstonéwe. calciun
and carbonate influence is often well expresseel Eégure 7), with variations in magnesium contespiehding of the
localization of the sampling point in relation wigleology. Sulfate content can be quite heterogendoam 20 to 12(
mg/l, but remainsnost of the time between 70 and 90 mg/l, whichoismal for water issuing from these quite py-
rich formations.

Figurc 7 : Piper and Schocller-Berkaloff diagrams for shallow water
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The normal temperature ehallow waters never exceed<°C. However, several natural spring mainly locatechal
Southern margin afe outcropping area show anomalies in temperdbawer 13 °C), and/or in sulfate content (o

100 mg/l). These springs are represented on fig!
Figure 8 : Localization of Southern margin springs
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One of thesespots show a
temperature of more the
45°C, North from Douvrail
well (marked “B” on figure
8). It represents the Baudour
galleries, drilled at th
beginning of the twentiet
century by miners to reac
coal seams without havir
to deal with Cretaceot
aquifer, located above tt
coal basin. These galleri
had to be abandod
because of hot water comil
from fractures in Namuria
sandstones. The initi
temperature of the wat
was 53°C, at 300 m dee
Presently, water level
equilibrated with shallov
aquifer piezometric leve
and its temperature st
reaches 45°C

The ¢rings represented on

figure 8 have been sampled in the aim of confirmiihgir chemical content (see Figure 9). Their $alfeonten
appears to be high, compared with the average nbofeshallow waters. The origin of this sulfatendae found ir
seveanl origins. The two main suspected sulfate souacesanhydrite leaching and pyrite oxidati

Temperature anomalies seem to indicate deep dogisome of these spring waters, and isotope aeslyan validat
or invalidate this hypothesis. Confirmon would implicate convection loops bringing hotdasulfated water il
contact with fresh water at the Southern margiihef reservoir, along Upper Carboniferous impervisediments

Figure 9 : Piper and Schoeller-Berkalott diagrams for anomalic springs
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and sometimes reaching surface through them thtarfkactures, as ithe Baudour gallerie:
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| SOTOPE INVESTIGATIONS IN LOWER CARBONIFEROUS RESERVOIR
Sampling points for isotopeharacterization of both shallow and deep LowerbGaiferous reservoir have be

chosen as illustrated on Figure 10. Three maingg@ue rpresented :
1- quarry and water catchment pumpings, as refe of regular shallow water,

2- geothermal wells,
3- anomalic springs already mention

The Condé geothermal well is located on this figara different grey tone because isotopical das Wwill be usec
below come from literature and not from recent siamgpand analyse:

Figure 10 : Localization and type of sampling points for isotope analyses
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Stable isotopic ratios have been measured for demteand*O in water,**C of DIC in bicarbonate, ar*'s and'®0
of sulfates (except for ghlin well and Baudour ga#s). The results are given in table*'C content has been

analyzed for SainGhislain and Douvrain geothermal wate

EO-C3
THIRD EAST AFRICAN RIFT GEOTHERMAL CONF ERENCE
Djibouti, 22 — 25 November 2010




Table 1 Isotopic contet of deep and shallow water of the Lower Carbopifisrreservo

H,O HCO, HCO, SO, SO, t°
5180 8D 313C 534S 5180
Locality %o +0.20 +2 +0.20 mg/l | +0.20 | +0.20 mg/| T

Saint Ghislain PG -01 -8.44 -55.35 -3.1] 188.3 17.10 16.70 1316.0 65.5
Douvrain PG - 02 -8.20 -57.47 -4.85 209.9 17.90 16.30 575.9 55.4
Ghlin PG - 03 -8.29 -56.20 -3.60 274.7 1402.1 710
Condé PG - 04 -8.50 -54.60 -7.60 303.0 14.80 440.0 279
Baudour B -01 -7.67 -52.05 -6.90 2235 660.0 45.7
Stambruges S AG - 01 -7.04 -49.13 -1143 289.8 -0.20 9.90 1298 8.5
Stambruges S AG -02 -7.08 -47.8] -12.18 305.0 -5.80 7.50 119.2 B3
Wadelincourt S AG - 03 -6.63 -45.8]] -13.88 347.7 -4.20 6.10 120.7 1
Sirault S AG - 04 -6.88 -47.86 -13.62 305.0 120 8.90 94.3 13.1
Beloeil S AG - 05 -7.16 -49.93 -12.41 3294 -6.80 7.20 13.7 4.3
Jurbise S AG - 06 -7.03 -47.52 -14.11 3117 -7.10 6.10 103.3 10.9
Feluy -7.03 -47.19 -1151 -5.10 5.00 718

Lens -7.07 -46.50 -13.35 340.3 -6.00 6.50 75 23
Buzet -7.30 -48.96 -13.39 254 -3.60 170 776 10.6
Spy -7.29 -49.0] -12.09 347.0 -3.90 6.80 771 25
Antoing -6.80 -4142 -13.76 355.0 -4.40 4.60 837

Soignies -6.67 -45.74 -9.35 327.6 -12.10 -120 595.6

Soignies -7.02 -48.11] -1160 3428 -7.00 170 855 2.1

Deuterium and®0 content in sampled water are represented on &iflir The Global Meteoric Water Line (GMW
according to Craig (1961) and Local Meteoric Wdtere (LMWL) are illustrated as well. The-excess of LMWL
has been chosen to fit with experimental resultd is consistent with GNIP data (IAEA, 2001), whiglve a «-

Figure 11 : 8D and 6”0 vs. SMOW
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Meteoric origin of deep waters is confirmed. Hei
isotope depletion of deep water compared to ths
shallow water suggests infiltration under cold ete

The “B” marker represents the Baudour galleries.
intermediate position between geothermal water
shallow water confirms a very strong contributidrdeep
water. Figure 11 shows that the other springs o
contents are too close to that of rlar shallow water,
forbidding any distinction between the

dC in bicarbonates is represented on Figure
compared to HC®concentrationDIC in water can come
from several origins. Carbon resulting from dissolu of
the aquifer carbonated matri&-{C between 0 and +%o)
would show isotopic ratios betwee-0.7 and -2.7%o.
Figure 12 : 8"C vs PDB and HCO, concentration

350 *

carbonated matrix, except for Condé water (“C” neaykof *s

which low ratio suggests mixing with fresh watefiche
group of shallow waters shows ratios betw-11 and -14
%o, in good coherence with a situation where watemi
contact with both atmosphe and carbonated rocks. H
again, the Baudour water (“B” marker) tends to |
geothermal water area, and reveals a strong infkiesf

carbonated aquifer.

1C content has been measuredH®O; in Saint-Ghislain .
and Douvrain deep waters. The residence time reguftiom
different interpretations ranges from 35.000 to0R0. year:
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for SaintGhislain and from 20.000 to 8.000 for Douvrain @rgpn and Pearson, 1964; Vogel, 1970; Tamers, 1

Figure 13 :6°0,,, vs SMOW and 6°S,,, vs CDT This residence time is consistent with geother
water depletion in'®0 and D, as they da

. o, infiltration back to the last ice ag

" The two main origins of sulfate ion in Low

2 Carboniferous reservoir water are supposed t

" sulfide oxidation and anhydr leaching, which give
- . . ¢ totally different isotopic ratios. Sulfate fro
., Jele anhydrite would show high values 5*'S as well
o . as for3'®0 (more than +1%9%,), reflecting that of
=, o conommoas ] ar_1hydrite itself, as measured by Langguth

o o momsesne < Ni€lsen (1980), and Pierre (19. Sulfate coming

2 Shatlow waters 4 from ailfide oxidation would present typic

“ \ | negative values (Krouse, 198

) ! ’ ;345 (%o; ! ’ " Geothermal water, as Figure 13 shows, is the pe

example of anhydritic sulfate. On the oppo
corner of this figure, one of the quarry pumpingtavaknown for ssuing from a pyriteich alteration zone in th
Tournaisian limestone, shows quite negative vaioed*'s.

On Figure 13, two anomalic springs clearly stand foom the
shallow waters group and tend to show more positiatos,
indicating a significahanhydrite leaching influence. This effecl
not obvious for the other springs, which stay clts¢he group o
shallow waters. bl I O ® Geotnernal s

& Anomalic springs
Shallow waters isotopic ratios however show valtfeg can't be
the result of sulfide oxidation alone. Sulfate cemtcaton in them
indicates another participation that can be foumdiéep sulfate
water. Mass balance for sulfate and resulting {siotoatios have
been calculated using three possible origins : dritey sulfide anc £ 4 | ¢ |
in a much lesser proportion, sulfate fi meteoric water. Figure 148, 30 had |
gives the result of this treatment. With a metesiitfate having i €
+5 %o 5*'S for an average concentration of 2 mg/l (Mook, ®0
the shallow water markers spread along a straightjbining the
100 % sulfide corner to the ppsite 100 % anhydrite corner. T
gap to this line illustrates the influence of metesulfate, whick
appears to be very limited, as expec

This figure confirms that two of the anomalic sgsrare clearly more influenced by deep water tharothrs. But it
also indicates that even in regular shallow watéere sulfide oxidation remains the main sulfatvjater, anhydritic
sulfate enters as a part of the total sulfate ctrfter 30 to 40 %. This proportion can finally bees as an image
the mixing between shallow fresh water and deep warieh suifated water in the shallow Lower Carboniferc
aquifer.

Considering these results, the combined role afropping areas as both recharge and discharge new proved
Further studies arpresently going on to locate regions where rechdogainates and where deep water temper:
could therefore be lower than in the presently exgd wells, as in Conc

Figure 14 : Origins of sulfate in the
Lower Carboniferous aquifer water
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CONCLUSIONS

The Lower Carboniferous aquifer of Hainaut has belearacterized irterms of water geochemistry and isota
geochemistryin both deep and shallow part of the reservoie® geothermal water show strong sulfate cor
related to the leaching of Visean anhydrites gtilsent in the deep strata. Oxygen and hydrogdopes analyses
indicate its meteoric origin, and depletion in hedsotopes suggests infiltration during or at tinel @f the last ic
age, which is consistent with estimation of resimetimes based c**C. Stable carbon isotope ratios in bicarbol
corfirm that geothermal water is in equilibrium withet carbonated rock matrix. Sulfur and oxygen stag®pes or
sulfate ion show the signature of Visean anhydfigsolution.

Shallow water is not surprisingly a bicarbonate aadciun-rich water. Suhte can appear in quite importe
guantities, and several natural springs, partibutam the South margin of the aquifer which corasgs to the top ¢
the reservoir, also show temperature anomaliedéhdtto suspect a deep contribution to the ow water chemical
content. The Lower Carboniferous carbonates cortalfides, especially pyrite, that is locally abant (e.g. : ir
karstic altered fillings). In the aim of estimatitite relative influence of each sulfur potentiagir, 3**S and3'%0 of
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sulfate ion has been measured in anomalic sprintgrvemd in several quarry and water catchment pognps a
reference of regular shallow aquifer water. Thailtssconfirm mixed contribution of anhydritic suéaand oxidized
sulfite in shallow water, with a mixing rate thaiceeds 50 % of deep sulfates in several cases.

These investigations confirm the double role ofghallow part of the aquifer, both as rechargedisdharge area for
the deeper part, presently exploited for geothertmealting. Flow patterns in the reservoir are nahdgeneous, as
temperature repartition tends to show, and furtheeful investigations have to be led before sgttiew exploitations
to avoid regions where recharge dominates, andemhesp temperature might be lower than expected.
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