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Abstract 2. The Resource 

A t o t a l  o f  10,000 apartments are heated a t  present 
by combining the geothermal source wi th  a u x i l i a r y  
bo i lers  and heat pumps i n  an area o f  normal geo- 
thermal condit ions (average geothermal gradi ent 
33"C/km = 1.8"F/1 00 ft. ) . The geothermal con t r i  bu- 
t i o n  which supplies domestic hot water as well  
amounts t o  about 70% o f  the t o t a l  heat consumed. 
The resource consists o f  a deep aqui fer  (porous 
Dogger limestone). Due t o  the high s a l i n i t y  o f  the 
formation water (up t o  25 g/L) produced, reinjec- 
t i o n  i s  necessary. This i s  performed by the "dou- 
b le t "  system which consists o f  a twin wel l  (produc- 
t ion-reinject ion).  Typical production rates are 
100 m3/h (440 gpm) a t  60-70°C (140-158°F). No- 
t iceable temperature drawdown a t  the production 
well  i s  not expected before 30 years. Economic 
analysis shows tha t  the geothermal system i s  
s l i g h t l y  less expensive (at 1977 fuel  pr ices) than 
conventional f oss i l - f ue l  schemes. The French au- 
t h o r i  t i e s  strongly support t h i s  development (.the 
r i s k  o f  the production well  i s  covered by the 
government) which aims a t  800,000 geo- 
thermally-heated apartments i n  the Par is basin by 
1990. 

1. Introduct ion 

Geothermal i n s t a l l a t i o n s  fo r  space heating and dom- 
es t i c  water supply have been i n  operation i n  the 
Paris basin since 1969. The main character is t ic  o f  
these s i t es  o f  l o w - t ~ p e r a t u ~  geothermal energy 
u t i l i z a t i o n  i s  the r e l a t i v e l y  high density o f  
dwellings (apartment blocks) which are heated by 
combining the geothermal source w i th  heat pumps and 
conventional sources. Geothermal heating f o r  the 
major i ty o f  the dwell ings (with a t o t a l  of 10,000 
apartments a t  present) has been i n s t a l l e d  qu i te  
recently, thus data on the long-term performance 
are not y e t  avai lable. The systems are claimed t o  
be economic; i t  must be pointed out, however, t h a t  
the main factors  af fect ing the economics are the 
i n te res t  rates t h a t  are paid on funds b o r ~ w e d  to 

and the sales Pr ice o f  enerw carry out the pro ject  
sold which i n  t u r n  
decision. I n  France, 
ports the development 
es t i c  energy source. 

The Paris basin i s  a regular ly  structured sediment- 
ary sequence which resembles a p i l e  o f  dishes, the 
deepest pa r t  being located a t  the center o f  the ba- 
sin, Several formations are known from hundreds o f  
o i l  exploratory d r i  11 ings t o  be independent aqui- 
fers, A t  successively greater depths one f inds A l -  
bien, Middl e Cretaceous and Purbeckien sandstones, 
porous tus i tan i  en and Dogger 1 imes tones and various 
other porous rocks (Lias, Rhaet, Trias, Devon), 
The aquifers contain essent ia l ly  01 d connate water 
(water trapped a t  the time o f  deposition) w i th  cor- 
respondingly high s a l i n i t y ;  

The geothermal se t t i ng  o f  the Paris basin i s  qui te 
normal ; pronounced anomal i es  are absent, The mean 
temperature gradient i s  around 33" C/km (1.31 " F/100 
ft). Detai led documentation (Housse 81 Magis, 1976) 
summarizes the aqui fer  character ist ics:  depth, 
porosity, permeabil i ty, t ransmiss iv i ty  (=perme- 
a b i l i t y  x thickness), temperature and s a l i n i t y  o f  
formation f luids. 

The main target  o f  explo i ta t ion i s  the porous 
Dogger 1 imestone, Typical reservo i r  parameters (at  
the Cre i l  s i t e )  are: water temperature 65*C, use- 
f u l  reservoir  thickness 90 m (300 ft.), porosi ty 
15%, permeabil i ty 300 md, s a l i n i t y  25 g/L, ar tesian 
f low rate 150 m3/h (660 gpm), The t o t a l  extension 
o f  the Dogger reservo i r  w i th in  >5OoC (>122"F) 
formation temperature i s  about 15,000 km (5,800 
m i  2, . 
3. Extract ion Technology 

The main character is t ic  o f  the Paris basin i n s t a l l -  
at ions i s  the so-ealled doublet system which con- 
s i s t s  o f  two d r i l l ho les :  a production and a rein- 
j ec t i on  hole. Fig. 1 shows the i ns ta l l a t i on  
scheme. Reinject ion o f  the used f l u i d  i s  necessary 
mainly due t o  environmental concerns since i t  i s  
unacceptable t o  dispose the high s a l i n i t y  f l u i d  
produced (around 60 tons o f  dissolved s o l i d  per 
day) i n t o  any surface drainage system. The advan- 
tages o f  re in jec t i on  are: - chemical and thermal ~ l l u t i o n  o f  t he  

are determined by governme% 

of geothermal energy, a dom- 

envi ronment i s  m i  nimi zed 
the government strongly sup- = the aqui fer  i s  kept recharged so tha t  

pressure should be maintained throughout the  
l i f e t i m e  o f  the system 
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- recycling the water offers the possibility surrounding the reinjection we1 1 
t o  extract heat from the rock matrix as well, - the electric power required by the reinjec- 

tion pumps reduces the energetic balance o f  

- short-circuiting o f  cool water could result - precipitation of dissolved solids from the in premature lowering o f  the output  tempera- 

Disadvantages are : the installation 

cooler reinjected water may plug the strata ture. 
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Fig .  1 Schematic representation of the "doublet" system 

-_ ~ 

Fig. 2 Temperature drawdown for a doublet system. Model calculation for a doublet spacing o f  
1300 m,  production/reinjection rate o f  200 m3/h (880 gpm) aquifer thickness 40 m, porosity 
15% (af ter  "La geothermie en France", 1978) 
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geothermal source, the peak loads are carr ied by 
conventional foss i  1-fuel burners. The base load 
i s  supplied by a) heat exchangers drawing heat from 
the geothermal f l u i d  and b) the heat pumps reducing 
the temperature o f  the return water t o  the heat ex- 
changers (see Fig. 3). The contr ibut ion o f  each o f  
these sources varies according t o  the meteorologi- 
cal condit ions (see Fig, 4), but essential ly, the 
geothermal source and heat pumps provide around 70% 
o f  the annual demand f o r  heat and domestic hot 
water ( f o r  f u r the r  detai  1 s , especi a1 l y  about the 
special counter-current series arrangement o f  the 
heat pumps which i s  indicated on Fig. 3, (see 
Garni s h 1977) , 
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The h igh ly  corrosive geothermal f l u i d  necessitates 
the use o f  special materials: e,go f iberg lass 
l i n i n g  f o r  the d r i l l ho les ,  t i tan ium plate heat ex- 
changers, etc. 

- 
; 

-- 
0 
0 
I 

Since only the base load f o r  space heating and the 
domestic water requirement can be supplied by the 

-7 

-5 

0 

- 5  

Fie. 3 Simp l i f i f ed  f low diagram o f  the geothermal heating i n s t a l l a t i o n  a t  Cre i l .  The upper block 
(2000 apartments) i s  equipped w i th  f l o o r  panels, the lower block, where domestic hot water 
i s  supplied as we1 1 (2000 apartments) has conventional radiators.  
( a f t e r  "La geothermie en France", 1978) 
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Fig. 4 Meteorological condit ions and corresponding contr ibutions from d i f f e r e n t  heat Sources t o  
t o t a l  energy demand 

57 



Rybach 

4. Economic Aspects 

The economy of a given geothermal installation 
depends on local factors on the reservoir side as 
well as on the heat consumer side. A main factor 
is the amount of fossil fuel which can be saved due 
t o  subs t i tu t ion  by the geothermal heat. Long-term 
economy will mainly depend on the development of 
fossil .fuel price. Tables 1 & 2 s u m r i z e  economic 
data of a typical geothermal installation i n  the 
Paris basin. Economic analysis shows t h a t  optimum 
utilization of the system described above cal ls  for 
a certain concentration of dwellings next t o  the 
doublet: the optimum number of apartments is i n  the 
range of 2,500-3,500 ("La geothermie: Chauffage 
de logements" , 1976). 

5. Outlook 

The relatively new installations i n  the Paris basin 
do not yet provide long-term operational exper- 
ience. Besides the information needed on perfor- 
mance of heat pumps and efficiency of heat ex- 
changers, unanswered questions are: 

- scaling and corrosion i n  long-term operation 
(we1 1 bore 1 inings , heat exchangers) as we1 1 
as changes i n  solution equilibria i n  the pro- 
duced geothermal fluid; possible effects of 
bacteria - reservoir performance i n  time (temperature 
drawdown, effects of reservoir heterogeneity - directional permeabi 1 i ty) . 

Ongoing research t o  answer these questions ( f i r s t  
results of which are described i n  Desplain et  al., 

lation for urban heating (from "La Geother- 1977; Goblet e t  al., 1977) will supply the data 
mie en France" 1978) necessary to  tes t  the models applied to  predict the 

long-term p e r f o r ~ n c e  of the geothermal heating 

Table 1. Basic data  of a typical geothermal instal- 

Number o f  apartments 2500 systems . 
Energy demand p.a. (58 ~J / a~a r tmen t )  145 TJ 

Energy supplied by geothermal source 

Resource yield (doublet, spacing 1800 m )  

(75% o f  total energy demand) 

f 1 ow rate (pumped) 

temperature (gradient 30"C/km) 65°C 

109 TJ 

200 m3/h 
(800 gpm) 

(1.65"F/100 f t )  ( 150°F) 

Installation costs (doublet, heat 10 lulfrancsl 
( 4  K/francs exchangers, heat pumps, d is t r i -  

but ion network) apt. 

lcorresponds to 2.5 M$ or 1 K$/apartment ( a t  Febru- 
ary 1979 exchange rates) 

Table 2, Cost1 analysis of a typical geothermal i n -  
stallation for urban heating ("La Geother- 
mie en France) 1978) 

The geothermal heating system developed i n  the 
Paris basin appears, even w i t h  the numerous 
unknowns a t  this time, a promising alternative to  
substitute (a t  least i n  part) for  fossil fuel. The 
French authorities strongly support further devel- 
opment (e.g. the risk of drilling of production 
holes is covered by the government) which aims, ac- 
cordin t o  the "Delegation aux energies nouvel les" 
(Paris!, a t  800,000 geothermal ly-heated apartments 
i n  the Paris area by 1990, 
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