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ABSTRACT

The use of deep groundwater in France started as the result of
the energy the its development was very rapid
and operations were completed in the 1980s Because of this,
and the fact that no previous experience was available in this
domain, the French geothermal industry had to organize itself very
rapidly. developing the necessary techniques, methods and means to
make a durable feature. This has resulted in an industry
that today i s matureand credible.

The past few years have been devoted to the
geothermics, in particular through the following

actions:

implementation of innovative solutions for combating
corrosionand scaling:

the optimization heating that use geothermalenergy;

the development of specific tools for the prediction and planning
of future reservoir exploitation.

I.

Over the past thirty years, the French have specialized in the
development of geothermal using low-enthalpyresources for
urban heating. More than 70 such operationswere set up, and today
geothermal energy i s used for heating and hot-water production of
around 200,000 housingunits. Over 40 of these projects are located
in the Paris Basin. where the first installationsdate hack 1961 for

Maisonde la Radio in Paris, and to 1969 for the heatingof 3000
housing Melun Both are sti l l in operation.

The operations the Aquitaine region are smaller and. in
contrast to those in the Paris Basin, have encountered no major

Some are used for (fish farming,
greenhouses). In addition, there i s a electric-power station
operating in (French West Indies), and around a
thousand operations exploit shallow aquifers with heat pumps for
heatingand air conditioning.

Most ofthese installationswere built between 1981 and 1986
following the second oil crisis, benefiting from the favourable
conditions that existedat that time such as.

High and a rate of inflation that favoured
investments

such as the creation of a panel of
experts to examine projects and propose financial aid.

An covering the drilling phase, accompanied by a
year guarantee on the resource. This policy, s t i l l effect, was
one of the major determining factors for persuading owners to
choose geothermal Within the framework of the Altener
Procedure, a proposal has been made to the CEC to study the

possibilities of extending this system all countries of the
EuropeanCommunity.

governing the exploitation of the sub-surface,
defining the rights and responsibilitiesof all.

The creation by ADEME, the French Environmental and Energy
Management Agency, a system for
all operationsaffecting the Dogger aquifer. This unique system
of reservoir management was a major tool for making optimum
use of the geothermal-energy network.

In the Paris Basin, operations are based the same
design, exploiting the same Dogger aquifer, a reservoir with large
quantities of dissolved salts and gases that must be reinjected.
Serious technical problems have affected installations in the
Paris Basin. resulting from the corrosiveness of the sulphide-rich
geothermal fluid on metal parts of the geothermal loop.

Few new installations have been built since 1986, primarily
because of the drop in energy prices. The owners of these
operations, usually local communities, have encountered financial
difficulties since prices were indexed those fossil fuels. Since
1989, measures have heen taken to the finances of
operations that were operating at a loss, and to develop techniques
for combating corrosion.

To improve the financial situation of the 30 installations in
the Paris Basin that showed a deficit. the Prime Minister assigned a
prefect the task of finding permanent solutions that would balance
the budget of operating installations. Following negotiations with
each owner, a protocol was signed with the French Government
defining the obligationsof parties (relinancing of debt, lowering
of interest rates, financial contribution of cities. etc.). The few
operations that could not break even over the medium term were
shutdown.

To resolve technical problems, notably corrosion and scaling
casings. a two-part technical protection project was set u p

one programme was devoted to basic research on problems
encountered, and a secondone consisted of experimentation and the
validation of new techniques. Major funding of both programmes
was provided by ADEME. Three priority themes were defined:
curative techniques for the scouring of wells; preventive techniques
to corrosion and scaling (injection of corrosion inhibitors);
and the use of new The results have been very
encouraging anda ten-fold decrease was noted in casing corrosion.

Joint efforts by operators. research institutes,
firms and equipment manufacturers have also led to

improved performance. Considerable progress has been made in
optimizing the exploitation of low-enthalpy heat networks, and the
supply rate has increased continuously over the past years to meet
demand. However, given current energy prices, there i s
incentive to start up new operations without significant French or
Europeansubsidies, in spite ofthe fact that a recent feasibility study
carried the Paris region showed that geothermal enerby i s
competitive with natural gas. This study took into account all the
experience gained in years concerning design, exploitation,
and legal and financial aspects.
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In the absence of an active policy to develop new operations,
the effons to optimize and develop existing operations will he
continued The potential of hooking up more than 30,000 housing
units to existing operations was identified in the Paris region. This
mostly concerns new housing units. in which the heating elements
will he adapted to low temperatures. In most these cases, 100%
of the heating-energy demand can be covered without any
additional investment in heat production.

The average age of most operations is slightly more than
years, and a simulation of operating conditions in these installations
over the next IS years i s in progress. The following points are
already clear:

The network associated with geothermal projects
represents up to 70% of initial investment. I t is therefore
necessary to maintain this network under the best economic
conditions.

in a new large-diameter well. protected against
corrosion. should profitable hecaure ofthe increased
and decreased maintenance costs. Such a well can he designed
to operate in triplet, the original wells of the douhlet being
transformed into reinjection wells A first experiment will be
carried out on the 24-year-old Melun site in November 1994,
with funding by the CEC and ADEME.

New technologies developed by researchersare now operational.
A technique for in-situ polymerization of composite casing

process) should revolutionize the rehabilitation of
highly corroded steel casings. Old oil wells have heen
successfully and an experiment a geothermal well is
planned for

French geothermal activities, after a difficult phase caused
both by the drop in energy costs and the technical difficulties
encountered in installations of the Paris region, i s again deemed
credible. The joint efforts of all o f those involved in the
exploitation of geothermal have led significant
technological advance. Because of acquired experienceand know-
how, we are now optimistic for this non-polluting energy and
foresee a significant renewal of interest during the coming decade
under satisfactory technical and economic conditions.

2. CEOTHERMICS OF THE PARIS BASIN

Because of insufficient production from the Dogger
aquifer formation in the Paris Basin, when considering the
requirements, 87% of the geothermal doublet wells in operation
have been fitted with pumps. The geothermal fluid i s generally
extracted from the production well by means of a submersible
pump. On surface, the fluid i s kept pressurized, in order avoid
any disturbing degassing effects. I t then flows through a heat
exchanger that transfers the geothermal the district-
heating network After cooling, the fluid i s reinjected with a
surface pump into the Dogger formation from where i t was
extracted. The circuit followed by the geothermal fluid i s called a
geothermal loop.

The difficulties encountered during exploitation can he of
three types:

. Shutdown of installation, which i s generally due to the
breakdown of pumps or ancillary equipment; in itself, this i s
commonly the effect of operation in a highly corrosive
environment

of wells. shown by a lower tlow rate that
i s caused by a worsening of the hydrodynamic characteristics of
the well. this i s commonly caused by restriction or clogging of
the productionor injection wells.

well, endangeringthe survival of the installation
as a whole: this i s the case when the steel casing of wells has
beendegradedor even holedas a result of corrosion.

To overcome such difficulties, specific techniques
prevention. control and maintenance havebeen developed for

discoveringthe causes or breakdown;

proposingcurative solutions;

installing prevention procedures

After the phase during which the installations were created,
the passage to industrial exploitation quickly indicated corrosion
and scaling problemswithin the boreholes and the surface loop. At
that point. the public authorities started to provide for
finding solutions to these problems, setting up specific
programmes that were administered by an ad-hoc organization
called (Mixed Institute for Geothermal Research) that was

up the AFME (now ADEME) and BRGM. which
from CEC support throughseveral programmes.

Helped by this research since 1984, French companies
working in geothermics have progressively implemented solutions
to the corrosionand scaling problems. These solutions fall into two
categories:

Curative methods for the elimination of scale and the
reconditioning of boreholes, to restore the hydrodynamic well
characteristics to a condition that i s as close as possible to the
initial state; this is the so-called work.

through the application of a treatment that
will future corrosion and scaling phenomena. Such
methods. which are essentially based on chemical anti-corrosion
treatment of the fluid, were first applied as surface treatment,
then within the pumping units of production wells, and
after 1988, at the bottom of the productionwells with the aim of
protectingthe loop as a whole; this i s the so-called

The two methods are complementary, as the efficacy of a
treatment with inhibitors will be increased when applied to a
perfectlycleaned surface.

2.1.1. Determining the cause of problems

To determine the cause of malfunctioning of an installation,
all parameters the system must he considered, This implies the
interaction of various techniques in the fields of geochemistry,
corrosion, hydrogeology, electricity, mechanics, etc. Such complete
monitoring is basedon the collecting of

either periodically, with the help mobile means;

or continually, by equipping the sites with sensors that measure
the basic data. and with the subsequent remote transmission of
the data a and storage centre (see chapter on

Monitoring).

Specific equipment for geothermal tluids had to be
designed, and new measuringmethods had he developed for well
characteristics and pump performance The overall brief was that
exploitation of the geothermal loop could not be interrupted and
that general operations had to remain undisturbed. The newly
developed methods and means for measuring and control. were
completed hy the training and intervention specialized teams. as
well as by the creation o f a specitic organizational structure. The
last involves-

- the companies themselves;

owners and operators, for managingthe equipment and exchange 
of data;

researchteams for the definition of programmes, supported
by committeesthat include of all partners,
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public authorities and companies that contribute to the
identification of problems, the search of solutions, and
dissemination ofthis information amongthe profession.

Curative methodsand borehole

The rehabilitation of a geothermal well aims at restoring as
much as possible the initial productionor injection capacity. In the
case of doublet wells in the Paris region. most of the damage i s
caused major scaling through corrosion of the well casing;
below this scale, the corrosion process caused by formation water

and advances.

Most wells are deviated and intersect the roof of the reservoir
rock at a distance of900 m from the collar location. Their

vary from to and the deviation, which i s 30 to
on average, can be as much as 60" in certain cases. The wells

arc fitted with soft carbon-steel casing that i s 9 to mm thick, and
has a diameter of (pumping chamber) and or 7"

columns).

Three rehabilitation techniques have been tried, which call
upon

with a scraping tool hanging from a
rod assembly,

hydraulic with a coil-tubing unit ofa diameterof

a combined process.

To ihe initial objective of the well characteristics.
the need was added to restore the surface condition of the casing to
a state that would be compatible with an efficient later application
of a inhibitor that has to deposit a thin film. It

show the third, process would
combine the with a

In the technique was
introduced, consisting of the injection of acid at a weak
concentration over several lens of hours or even several days. with
constant monitoring of all The interest this method
lies several aspects.

low cost the process, much cheaper than hydraulic-
mechanicalmethods,
implementationwithout interruptionof the exploitation;
no surface treatment necessary.

This method i s particularly suitable for injection wells. In the
of production wells, i t can be used as well, but the question

then whether or not the submersible pump has to be
the hole.

Preventive methods

The treatment i s generally based on inhibitors based on
quaternary amines, whose filming capacity ensures an optimum
protection of the casing. In addition, a new technique for the
fabrication of continuous injection casing as well as new materials
for this product were developed. chemical compatibility of
these inhibitors with the other materials used in the well loop, was
also tested.

Today, several efficient methods are available from French
specialist companies in the geothermal field. Several types of
treatment installations and methods are proposed to geothermal
operators these companies Today, the technique of corrosion
and scaling treatment by the of inhibitors into the well
bottom. is backed up by the experience gained more than
65,000 m installed, which are distributed over about 40 sites in
France Such methods have recently been adopted foreign
operators as well, for instance in Switzerland

Continuous work is being carried on the further
improvement of these techniques and products, such as reducingthe
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diameter of injection casing at the well bonom, rapid installation
methods, and the type and quantity of inhibitors be used. At the
same time, research programmescontinue to explore domain of
corrosion and scaling (work mineral inhibitors. the role of
bacteria, New materials for in such wells are
being studied and developed, such as casing of composite materials
and the process. The last, which i s being developed
together with oil companies. should contribute efficient solutions
for the restorationof damagedcasing.

2.2. REMOTE AND DATA TRANSMISSION

A network for the remote measuring and transmission of
geothermal data, was installed in 1987 the French Agency for
Energy Management(AFME) that since has becomeADEME. This
network equips 40 geothermalsites in the Paris region and enables
the monitoring of the main parametersof this resource. The data
acquisition systems installed on the sites, probes and sensors,
are linked by telephone lines to a central computer that manages the
system as a which involves data storage, and
interpretation. The system checks about ten parameterson each site
at half-hourly steps; however, i t is an open system, as it can handle
more parameters and shorter time steps if necessary. which enables
the continuous monitoring of parameters during work a
site. lor instance.

Custom-designed i s used for filtering, visualizing,
storing and processingof the data. The latter are at the disposal of
operators, serve to draw up exploitation statistics for the
aquifer, and are used by the research teams that work on the
improvement of reservoir knowledge, and on the predictive
modelling ofthe reservoir and of the interactions between different
wells.

2.3. OPTIMIZING AND DEVELOPING GEOTHERMAL
HEAT NETWORKS

The application o f geothermal energy to domestic heating
through heat networks. has required the development of specilic
techniques for makingoptimum use of this resource. On the design
level, this has meant the construction of several distribution-pipe
networks; the return flow from installations heated by radiators,
generally i s still warm enough to be used for under-floor heating.
This has meant that a cascading temperature system i s used, which
requires three or more pipes in the same trench.

Specific research has been carried out on the heat-exchange
sub-stations and their control, in order to obtain the lowest possible
well-return temperatures. Finally, specific software was developed
for operating the installations. which has led to an appreciable
further gain in productivity, and opened the way to significant
extension of existing networks. This has led to an increase in the
usable quantity of geothermal energy, without investment in
new wells. I t has been calculated that, in this manner, more than
30,000 new housing units can he hooked up to existing heat
networks in the next decade.

2.4. RESERVOIR KNOWLEDGE AND MODELLING

The behaviour of the deep reservoir from which the
geothermal resource, a low-enthalpy mono-phase can be
extracted, is a deciding factor for managing exploitation systems
that are based doublet wells. The main characteristics of this
type of exploitation are: reinjection into the original reservoir ofthe
fluid after all o f it has been cooled an surface; and the exploitation
of high flow rates, I50 to 300 This of operation
thus cannot he dissociated from the notion of durability o f the
usable resource, as it is quantified at the production well, either by
the of recycling of the injected cold water (time o f thermal
recovery), or by an acceptable lowering of temperature (practical
life time). This approach, which was started in the covers
three mainaspects:
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contributes to the general mastery of geothermal
exploitation from doublet wells

The objectives oftheongoing programme

The work in progress an evaluating the context of a doublet
l ife cycle. comprises main aspects: ( i ) an analysis of the
evolution of variables that can he measured pressure and
temperature), which condition mode during this
period: and ( i i ) the search for various precursor phenomena(mainly
geochemical) of energy decline, for anticipating the choices that
will be necessary about ten years.

The decline of a doublet exploitation system
Characterized by a change in well pressure from that of the nominal
regime is necessary to evaluate the amplitude and dynamics of
such change Another sign i s a drop in production temperature,
which directly related thermal coupling, exchange and
dispersion The main work on this subject concerns.

and impact of the real reservoir stratification, which
affects the amount thermal exchange through the boundaries of
productive layers, as well as general phenomenon of thermal
dispersion.

Hydraulic-thermalcoupling. in particular the impact of the mobile
viscosity contrast between reinjected and reservoir fluids, which
contributes slowing down the appearance of cooling in the
productionwell

Identification and monitoring of the progress of shifting
boundaries around the zone by cold injectedwater, which

pressure changes in the wells This analysis concerns hoth
the of specific drilling tests. and the detailed
interpretationof by the remote-monitoringsystem.

Demange

The study of geochemical precursors of the temperature drop.
i s based on the fact that migration of a chemical tracer between
wells i s about four times faster than that of the corresponding
thermal front, which can be compared to a piston effect. In this
case two types of investigationare used, which are closely relatedto
the work on the impactofdispersion:

The inventory and practical evaluation of al l geochemical
phenomena that are induced by exploitation and rehabilitation
work, in order identify the measurable variations contents of
chemical such corrosion of casing, treatment by
injection, bacterial development, fluid-rock interaction. etc.

Evaluationof the practical conditions for tracing through
the injection of chemical species that could be considered as
perfect tracers, with a minimum impact on the environment.

This ongoing work should lead to a more detailed
deiinition of the future context of the temperature drop in doublets.
and to the proposalof new investigationmethods for predictingthe
amplitudeof correspondingphenomena.

3. CONCLUSIONS

The French geothermal industry, after a difficult phase related
to the conjunction of lower energy costs and technical difficulties
that affected the operations the Paris region, now i s completely
credible. The joint efforts of all organizations involved have led
major technological advance. The experience and know-how thus
acquired, show that optimism in this non-polluting energy some
well founded. and that a significant growth in this field is possible
over the next decade under technical and economic
conditions.
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TABLE 3. UTILIZATION OF GEOTHERMAL ENERGY FOR DIRECT HEAT IN DECEMBER 1994

I process
C =Air conditioning
A drying

W hot rater
s= snow

D
= Bathingand swimming

0 (specify
Storage

Fish Farming

I
dc

lei

D

D

D - W

D

.
D

D

D
D

D

D

B

Annual Utilization

10

,5522
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TABLE SUMMARY TABLE OF GEOTHERMAL DIRECT HEAT USES

Detail unknown
Direct water heal that water This and come under the the More than

of water in France and have temperaturesthat range from medical used spas and
pools and in place

Estimated more than 000 heat pumps capacities have been sold France
The heat pump projects heat space greenhouses. pools. and also for

GEOTHERMAL HEAT
Re comments table 4
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INFORMATIONS ABOUT GEOTIIERMAL LOCALITIES Commercial Utilization

I Only from operating operations available
from Feasibility studies be published

Regional are France (also a national and few local exist)

24
22
I
I

711

77
74

x i

72
72

77
77

72

7 6
7 1

I

44
14 3

5

I
3 7
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TABLE 8. DRILLED FOR DIRFCT HEAT OF GEOTHERMAL
RESOURCESFROM DECEMBER

Well Total
Number Well Depth Temp

1990 4550 I 133

1990 460 I

4616 1414

1992 E l 160

94 9 5

I
P Production

Locality Year

Melun 1990

94

Well Type of Total Fluid Flow Rate
Well Depth Enthalpy

1843

4 P

P 42

Paid Foreign Dry Rocks)
'I Programs (European

Private Industry

Man Year of

I o s 4 16

1991 17 I 3

I 14

o s 0 5 3

1994 O S 7 I 2 I

Year

TABLE TOTAL INVESTMENTS IN GEOTHERMAL
Estimated
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