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wclls the
aquifer in the Paris tu due

geothermal fluid containing and
Whcn this corrosion lead

of casing. risk
geothermal fluids of the freshwater aquifers through which these

pass. aquifcrs uscd as drinking
resource in Paris
Dagger tluid is based on the of the chemical
sulphate reducing and the surfactant used for

percentage Ruid
in freshwater aquifers calculated for each chemical

concerned chemical composition of mixtures of
of were compared community drinking

water standards). Species werr by toxicity
taking into account their concentration in geothermal The
less are and

hydrocarbons. morc toxic are Sb, and
do a danger

human and are This is for bur these
bc activc in the drinking pipes with, as

these p i p s an in and
sulphide contents.

INTRODUCTION

The waters Dogger Jurassic)
plants have a total dissolved salts berween

35 and a temperaturc ranging from making than
not only unfit fur human also Cor discharge at
surface, hence their exploitation by the technique shall

with the risks pollution ofthc aquifcrs of
the Paris by that of 'These risks are incurred by

steel casing and poor casing The
of of the water depends the pressure on either

aide of the casing This the result o f

casing due to chemical of the water.

OF A

Circular of March the French of
defines arid the

conditions that they must satisfy. These properties were taken up and
slightly modified hy in its Journal
of August 1980 These properties can be divided into five

Organoleptic parameters: drinking must bc and
clear, as weli as odour and unpleasant

conductivity, as
well as the concentrations of the main chemical species (sodium,
potassium, calcium. chlorine,
Maximum contents of undesirable species (iron, cobalt, copper.
zinc, nitrates. organic carbon, dissolved phenols,
surface-active agents, suspended matter).
Maximum contents of toxic species beryllium, arsenic,

and aromatic hydro-
carbons

paramerers: water not contain
pathogenic parasitic organisms, or algae.

2. OF

2.1 o f aquifers

lhese aquifers art: located above thar of the Paris
are grouped geological can

he distinguished from f irst
Lower Cretaceous and sands:

chalk,
Lower Sands. and Saint

These aquifers chalk and Albian aquifers) represent
the principal drinking water of Paris area With rare

of species dissolved in these
that they meet the standards by the

t

of aquifcr

The first geothermal well tapping waters
1 supply the power plant

and in about wells

been drilled tu geothermal planrs). Geothermal
emerged at a new, clean and renewable
in by needs

difficult recovery from the oil shocks the

The salinity geothermal is comparable to rhat of
water. It consists sodium chloride. although therc

arc other species such alkali aiid alkaline metals
, sulphates and In addirion, water

dissolvcd both and acid
later, to attack well casings,

causing and scaling which, on the
circumstances. may lead perforation clogging of the casing

Abou Akar and
1993). is

the wells in the north of the Paris have a higher content
than wells in the south relatively high

this with gases
and traces of species has required

thcir by using svstcm of a
reinjection this water. It should alsu

mentioned that rhere in water provided
in Pans region

varies 45°C salinity approximately
6 5 to 35 The the fluids in the Dogger carbonate reservoir

when the dissolved mineral content i s high, but shows no
relationship with temperature It is primarily by the
concentrations of carbonated species

The mosr the most influential) chemical
characteristic ofthe water i s its sulphide content. This
from a few in the Paris or even mnre

in certain wells in the north. The sulphide contcnt the water
from the aquifer of the Paris Basin has hem mapped by

who that sulphide
a axis. I t alsu

I
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he noted that the concentration of in water which
had a low sulphide content (wells in the south and east) has
increased since operations startcd. increase i s the activity

sulphate-reducing whish into sulphides
and thus encouragecasing corrosion and scale formation.

Even the risk o f corrosion of carbon was
a numbcr were taken to

damage the event casing perforation: casing is
corresponding those of deep

ground or shallow water;
intrr-casing. (inside and

gcothcrmat waters are untit because of
chemical composition: high levels of salinity. of toxic

heavy metals,
microflora content,
the consequences of chemical
downhole in the production well: bactericide, corrosion inhibition 
and

3.1 Chemical species present in the Dogger watcrs making them

of Dogger them for
their i t is to make a

contents and undesirable species,
io them with the contcnt tolerated in drinking
water as European and finally to express,

these species, dose necessary of
a given population related IO units expressed in

Toxic species

The species in drinking water are:
metals: arsenic, mercury, nickel,
lead. antimony, selenium and vanadium;
organic matter:pesticides, cyanides,

organisms: coliforms, foccal
pathogenic

enterovirus, etc .

Table 1 maximum permissible content in drinking
for rhese metals and organic matter, their minimum and maximum

the waters nf Pans Basin, and thcir LD 50,
Since these simple species ofien insoluble in
water samples are we have listed of

salts catalogue, and LD
simple specks data tu humans have been added to

this table. and 1991 and 'Encyclopedic
minimum lethal to

the minimum amount necessary to kill a living being (again
per unir of weight). The examination of the figures

shows that i t is to from rat (or the animal
considered) to humans. actual fact, aiid depending species

humanscan tolerate more for mercury cadmium),
have a similar tolerance for or much less (as
with to be most tonic herbicide fur

contents 2200 and 2 for arsenic and vanadium
should considered as exceptional, and be

attributed to the recent cleaning of the in which they were
he maximum contents usually

and a recent sampling of two representative
of the areas nonh and south of the Paris Basin cvcn lower

in These high contents
indicate risk of in the case of perforation during

cleaning operation

Undesirable

undesirable
metals: iron, cobalt. barium, silver;

unfit for cnnsumption

ammonium, nitrogen, hydrogen
sulphide, boron, phosphorous, ond residual chlorine:
organic matter total carbun, dissolved or emulsified
hydrocarbons, mineral oils: phenols. other

compounds;
with chloroform.suspended matter.

Toxic concentrations
In concentralions i n water and

values correspond
to

the well

from Mcrck catalogue
trom

total contents rhe
931

cadmium

selenium

arsenic

chromium

pesticides

The has set the maximum specks in
water. Table 2 respectively the maximum

contents of these species in drinking water, their
minimum and maximum in waters Park

and their LD As toxic species, we have
lethal doses of their soluble salt and recalculated for the

simple species.Data on humans also been added

The maximum contents of cenain mctals Mn,
io cleaning of wells, samples

taken just has resumed, maximum contents
are lower. for toxic these high cnntents

reveal the risk of in the of
a cleaning operation.

A in tolerance again observed the
rat and the human being. The LD 50 of man i s about 45
times than that f i r the rat, it
approximately (unly available for humans]

of waters

In work (Abou we listed the o f
s p i e s of drinking water as defined in OJEC.

added of number o f characteristic of the
o f genthennal exploitation

have also been added 3 shows
between the nf waters arid

those drinking water aquifers. An examination
these data fur nearly the species assayed.
concentration in significantly than its
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species. maximum permissible wafer: concentrations in watcr and lethal doses.
bctween parenthesescorrespond to carried ofParis). others correspond to

(*) after the well.
: 1

chcmical
spccies

ban

silver

boron
!

nitrogen
hydrogensulphidc

,

I

- Ratios of waters and thosc
: Polycyclic Aromatic Surface Cyanide perm

conccntration for drinking ratios are

that of dissolvcd hydrocarbons in geothermal
fluid only concern alkanes. to as
dissolved ratios of the toxic species in w m e

drop bclow However. the data concerning toxic merals must
be with caution, hecause of bctween the

at our disposal. tolerated Dogger in
were and will he discussed in

The hydrocarbons highest ratios
i t interesting tn

discuss thcir water The Circular of European
in fact classes linear hydrocarbons well

and compounds the

Barker ( t 987) natural attenuation nf aromatic
in water. study was conducted in the laboratory
and shallow sandy aquifers.

toluene and and para-xylene I
were performed in three different media, aerated, slightly aerated

I'he were dissolved in
their total from to

In the field
previously contaminated of these

was injected into an
aquifer. A array the

in the underground aquifer.

of study summarized as
losses in aerobic mcdium due bioconversion

the
and present in the water not appear io

in this
bioconversion of benzene was the but diffusion of
in the IS the dominant parameter controlling

was 78 after which the
concentrations the limit.

anaerobic medium, an initial due to
oxygen, stabilizing of

The additionof an the

experiment conducted in aquifer chloride ions
tracers to illustrate the effects. Their mass remained

faster thr
due to the of adsorption of the

hydrocarbons. The study yielded results similar those
the laboratory in benzene still detected
after 270 fur as long AS of
biological reactions and with

makes it attribute the
weight losses to thcir

Barker's study a and on the
migration and attenuation of certain organic s p i e s
phenol and i n aquifers. The results
rhese two studies are in
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These experiments are not unique in thcir with
underground and catchment mention

matter and explain it by the
powerof the soil. This power is exerted in two ways:

Nitrification, consisting mechanisms which in
the conversion of the initial organic to nitrates:
fractured and a high power

while have a low NP,
which arrests by

organic th is is a of the interlocking of
formation, and this purification

process based on an adsorption mechanism.

In conclusion, the freshwater aquifers would if mixed
w i t h morc than ahout of is nevertheless
important to state that

the species most of' the
nnt that i s recognizable its
with an water. limit
of is that of the toxic species for which
analyses

should also he noted that, the
dissolved in Uogger watcr is very this does
account their degradation by purifying power of the

In on perforations in the
wet! will

see thar some of thcsc indicative could play the
of into of

t h e aquifers (or

5.2 Bacterial presence in waters, resulting

The present in fluid are dividcd inro
eight and

aerobic heterotrophic microflora,
thermophilicaerobic microflora,

anaerobic microflora,
microflora,

sulphate-reducing bacteria to the
mesophilic micmtlnra, are anaerobic.
I into categories:

those exerting (or liable an on health,
responsible for corrosion, giving rise to the
of

fall in second category the of
metals Cuj, incrcase the concentration of these metals in

water. Any fresh water can
and a bad IO the resulting mixture. 

oxygen present in pipes water
intended consumption, presence SRR i n these pipes ha s
bccn described The authors

corrosion freshwater supply circuits, but without being
able to examine the extent naturc implication in
corrosion. 'l'he mechanisms the aspects of

have studied and by
Davis (1967). nnd and Various

that water supply are
with sediments on pipes and not with the water

from of freshwater

the rust and unpleasant present
drinking water Quoting the work of which
established that chlorination w a s the treatment of
water against due to the of the
chlorine the sulphide produced these he that
this was only in tubcrcles which a high
o f these agreed with on
this detail For chlorine, which
individual cells, is effective formation o f and

hence offers good means of if the
have already formed, nther are to eliminate them

preventive chlorine.

analyzed scale in the supply
of Ohio, and found that scale contained a

organisms including inside the
tubercles making the scale (a reducing medium which IS

tu them). Corrosion and scaling proccsses similar those
which occur in geothermal casings take thrsc tubercles,
The r ich in chlorine and sulphides,

latter the reduction of the Note
these microorganisms present are
residual in the However. sheltering of

to concern bactcria considered
pathogenic for humans.

is to consider the potential 'side of
treatment for and mention as
an of and authors
analyzed the adaptation of bacteria lo QA
(mono and di-alkyl general, none of the surfactanis
tested effect on the bacterial
density. Chronic exposure days) ofthese bacteria to of these

to recover activity and
a l l o w s an in number and activity bacteria

capable of biodegradingthe entering contact with
stud! showed that. of the

microbial QA allows the developmcnt o f a
adapted funher

species which adapted a

conclude, SRB developing in waters containing
they survive even in deposits

to piping in which oxygen with
removal in mixture of water and

problems, and could place ai same
time as anti-bacterial the filtration
intended human consumption. But i t tu

bacteria and beneath scale can the
fluid are not able at prescnt to

toxicity of other types
waters Pans Basin,

3.3 Treatment additives and their breakdown products

additives added to genthermal water, which
contain and inhibitors corrosion and crystal
have an about of rat. 'Thus any toxicity analysis
the Dogger waters must take account presence of
additives and dangers they incur of living beings.

instance, the mercury and arsenic (toxic species).
and nitrates (undesirable species] dissolved i n are

respectively 2360 of rat. A of
these valucs helps class these additives among the
species. agent in these additives i s an

salt also called

The salt as
against in

These benzalkonium salts are also uscd in the
industry as cleaning agents and

and cosmetic arid in medicine

Note that the of these chemical additives at the
wellhead to and that

the treatment additives routinely in ofthe
geothermal wells contains of QA salt
Thcsc substance5 are nevertheless degradable, and a complete study
of their should take account o f the toxicity their
breakdown

Studies OR the toxicity of based
on thcir on the the victim o f industrial
and into the rivers and lakes. and Wee
investigated the effect of the addition a quaternary

on the mortality and waters tested
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4.CLASSIFICATIONBY TOXICITY OF THE
ELEMENTS PRESENT WATERS

Chemical species

The classification of the species by decreasing toxicity was based on:
tolerated of watcr i n aquifers

mentioned in section 3:
of the chemical major.

undesirable.

taken rivers and wells, or in laboratory, and
the quaternary salts cxamincd were chlorides methyl
of (with the alkyl radicals cnntaining
or carbon atoms).

The results of this showed concentralion 50
[defined by analogy with 50 but unit of volume of the water
because concerns aquatic fauna) from a tenths of an
milligram few milligrams active
and was approximatcly the same as. or than. the

in gcothcrmal

investigated the chronic toxicity of a cationic
surfactant ammonium
rats study thnt dose of was well

causcd a
wight in the population The
contains an to of equivalent

this additive an3 the mentioned in study.
any water mixture would supply rhis

intake.

and ( biodegradation number
cationic in and

i n this three with linear chains. with
forming part the cyclic chain (pyridine) having

unly a benzyl radical as wc l l as cationic
surfactants derived from

The results this study can summarized
Linear chains are rapidly to
Presence o f an ring generally prevents
and the samc to the presence o f branched fat chain (or

to treat waters are dimethyl-alkyl-
They are similar to

abovs. which has a morc structure, and which
days. The stability the probably

due i t s which, by a steric effect,
attack. rhis to be case the results

study rhc trcatmcnt
break down

to their the waters
pathogenic organisms listed and which are often associated

assuming that of these
could Dogger reservoir, warm,

and reducing environment would the of many of
thcm. the treatment applied water

for consumption to strip fluid
possible presence of bacteria or their remains. hut

of thci r bcnmth on the pipeline

o f water in aquifcrs
were calculated from the mean concentrations in
watcrs the maximum permissible concentrations in
water. Thcsc he in
shown in Table phenols and dissolved

lead to the
of Dogger water in the freshwater aquifers). Hence they are the first

any of these aquifer of thcsc
indicators is in the toxic. Note
ratios (Dogger warer) and could not
cslculatcd or wcrc in absence of data

vanadium)
undetermined in freshwater aquifers. maximum and
minimum hccn io he tested. Note also
toxic certain undesirable species- the

into IS a maximum concsntration which
to limit of the species in a charged such

aquifer salinity of watcr reaching
for fresh

An examination of helps establish a classification
decreasing from to right and from top down Thus

beryllium (Be), cadmium
vanadium appear be the most toxic and are followed by

Arsenic chromium nickel lend
cyanides (CY) and PAH to be toxic" they are
present in the waters in contents lower those
in drinking water. it to consider the doses of

toxic and undesirable because they have already been
used to set maximum contents authorized by the

It must also pointed thot a proportionality does
between maximum contents authorized for

humans and LD for the rat. The LD mercury is about
timcs than that of antimony, although times

antimony is tolerated in drinking water. Among
species considered undesirsble. the least tolerated
(hydrocarbons and phenols), whereas metals are tolerated in

higher in Dogger water. 'l'hc carbon
appear' i n The maximum

alkalinity tolerated I S not in the European Directive.

the average alkalinity of the waters remains
lower than that mineral waters (around 

This I S nevertheless guidance only, owing
tn the uncertainty in analyscs that wcrc to us,
and arc contents
determined.

4.2 Bacteria and treatment additives

review showed that
bacteria (in the conditions in which they are found) incur no direct
dangcr for human study also revealed that this of
bacteria at the surface is able to live in the and

on pipelines (oxygen-poor areas). to the treatment
and to production of sulphides. thus favouring

iron corrosion This gives rise to the risk nf perforatinn,
formation of iron sulphide scale on the pipe walls: and an increase in
the contents of iron and dissolved species

in dnnking watcr supply
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The treatment (in concentrations alsu
appear to incur no direct for human health. In fact,
surfactants are tolerated in the human body up to contents
substantially cxcccding their content in the Fur
reasons of exact formulasof the surfactants used
in the treatment additivesare not by the

agents (or at lcast most of them) have that facilitate
their breakdown

This study has evaluate the toxicity of waters and
to a preliminary waters and those

freshwater The consequences of the of these
aquifers by the Dogger water have accordingly

CI-. phenols and hydrocarbons lead
(around 2 in

Hence they arc the first indicators of
pollution these aquifer but thcsc is
included in considered The

such wuuld an increase the sodium chloride
content fresh species considered toxic

nor fact. water is ahout it:

and sodium freshwater aquifers, whose
and contents are to those o f the guide

drinking water risk order increasing
in aquifers stems from the

and particularly from sulphides and dissolved hydrocarbons.
among specics. It is in

(around that first their the
being antimony, cadmium, selenium,

vanadium and mercury. The sulphate-reducing bactcria prescnt in
and rhc this water

any danger for
consumption. is important

these could their
medium their "I of the
orher present in the geothermal could no: bc
with due the lack data.


