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Abstract

Carbon sieel casings ol geothermal wells exploiting the Logger
aquifer in the Paris Busin are subjeclt tu corrosion due fo the
agressivity of the geothermal fluid containing Ci-, H$/H-S. and
TICTY-1C205 When locahzed, this corrosion can lead to pertoration
of the casing. thereby increasing the risk of conramination by
geothermal fluids of the freshwater aquifers through which these
peothermal casings pass. I'hese aquifers arc used as a drinking water
resource in the Paris tegivn. The evaluation af the woxicity of the
Dagger tluid is based on the toxicity of the chemical spccies, the
sulphate reducing vacteria (SRB) and the surfactant used for
anticorrosion treatment. The maximum percentage of Nogeer Ruid
acceptable in freshwater aquifers was calculated for each chemical
speeies concerned (the chemical composition of mixtures of these
two types of water were compared to Eurapean commnity drinking
water standards). Species werr classified by decieasing toxicity
taking into account their concentration in the geothermal fluid. The
less tolerable species are Na™, NH [, Cl-, H>S, phenols and dissolved
hydrocarbons. The morc toxic specics are Be, Cd, Sb, Se, and V.
Surfactants in the concentrations used do nat represent a danger to
human health and are depradable. This is atso true for SRB bur these
bacteria can be active in the drinking water pipes with, as a
consequence, corrasion of these pips and an increase in sron and
sulphide contents.

1. INTRODUCTION

The waters of the Dogger aquifer (Middle Jurassic) supplying
geothermal power plants have a total dissolved salts ranging berween
&6 ta 35 p/l and a temperaturc ranging from 45 10 $3 ¥C, making than
not only unfit fur human consumption, but alse Cor discharge at the
surface, hence their exploitation by the doublet technique We shall
deal below with the risks of pollution ofthc freshwatcr aquifers of
the Paris Basin by that of the Dogger. 'These risks are incurred by
perforation of a steel well casing and poor casing cemeniation. The
dircetion of transfer of the water depends on the pressure on either
aide of the perforated casing This perforation is the result of local
casing corrosion due to chemical agressivity of the water.

2. DEFINITION OF A DRINKING WATER

The Circular of 15 March 1962 of the French Ministry of !lcalth

{Dupont, 1988) defines the properties ol drinking walers arid the

conditions that they must satisfy. These properties were taken up and

slightly modified hy the Furopean Community in its Oificiak Journal
of 30 August 1980 {OJEC). These properties can be divided into five
categories

e Organoleptic parameters: a drinking water must bc fresh and
clear, tree of colour, as weli as odour and unpleasant taste.

o Phvsico-chemical parameters: temperature. pH, conductivity, as
well as the concentrations of the main chemical species (sodium,
potassium, ragriesium, calcium. chlorine, sulphates).

e Maximum contents of undesirable species (iron, cobalt, copper.
zinc, nitrates. organic carbon, dissolved hydrocarbons. phenols,
surface-active agents, suspended matter).

e Maximum contents of toxic species {cyanides, beryllium, arsenic,
selenium, heavy metals, pesticides and polyeyelic aromatic hydro-
carbons {PAH).

o Microbiological paramerers: drinking water mus! not contain
pathogenic or parasitic organisms, or algae.

2. CHARACTERISTICS OF THE PARIS BASIN AQUIFERS
21 Characteristics of freshwater aquifers

lhese aquifers art: located above thar of the Dogger ol the Paris

Basin, They are usually grouped by geological age. Three groups can

he distinguished starting fiom the first deposited

o Lower Cretaceous Albian and Neocomian sands:

o |ipper Cretaceous: chalk,

e Lower Tertiary: Pomtainebleau Sands. Brie and Saint Ouen
limestonc.

These aquifers {especialiy the chalk and Albian aquifers) represent
the principal drinking water resource of the Paris area With rare
cxceptions, the chemical analysis of the species dissolved in these
waters reveals that they meet the drinkability standards set by the
Furopean Community

1.2 Charaeteristics of the Dogger aquifcr

The first geothermal well tapping the Dogeger waters was drillad
196% to supply the Melun-L.” Almant geothermal power plant Since
then, and especially in the [980s. about 110 geothermal wells have
been drilled {corresponding tu 55 geothermal planrs). Geothermal
cnergy emerged at the time as a new, clean and renewable energy
source in 4 period marked by steadity rising energy needs and the
difficult recovery from the two oil shocks of the 1970s.

The salinity of the Dogger geothermal watet is comparable to rhat of
sca water. It consists esscntially of sodium chloride. although therc
arc other major species such as alkali aiid alkaline carth metals (K*,
Mg? | Ca?'), sulphates and bicarhonaies In addirion, Doguer water
contains dissolved geses, both neutral (N, CH4) and acid (Hs35.
€Qg) The later, especially HyS. tend to attack metal well casings,
causing corrosion  and scaling which, depending on the
circumstances. may lead to perforation and/or clogging of the casing
([lonegger et al., 1986, 1989; ignatiadis ¢t al., 1994: Abou Akar and
Lafforgue, 1993).The distribution of dissolved H,3 is not uniform:
the wells in the north of the Paris Basin have a higher H,S content
than the wells in the south {[gnatiadis, 1994). The relatively high
salimity of this water, logether with the presence of corrusive gases
(CO;, Hy8) and traces of certain detrimental species has required
their cxplottation by using the doublet svstem the usc of a sceond
well for reinjection of this geothermal water. It should alsu be
mentioned that rhere are differences in the water provided by the
differcnt aquifers in the Pans region (Rojas er i 1989)
Temperatuee varies lram 45°C w R3°C, salinity from approximately
6 5 to 35 g/l The pH of the fluids in the Dogger carbonate reservoir
i¢ low when the dissolved mineral content is high, but shows no
relationship with temperature It is primarily determined by the
concentrations of carbonated species (HoCO3/HCO;7).

The mosr significant (and the most influential) chemical
characteristic ofthe [Jogger water is its sulphide content. This varies
from a few mg/l in the south of the Paris Basin to B} or even mnre
mg/t in certain wells in the north. The sulphide content of the water
from the Dogger aquifer of the Paris Basin has hem mapped by
lgnatiadis ef af.. (1991). Ignatiadis 11994, who showed that sulphide
conient increases along a south-cast’north-west axis. 1t should alsu
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he noted that the concentration of sulphides in water which iniriatly
had a low sulphide content (wells in the south and east) has
increased since operations startcd. ‘| his increase is due fo the activity
of sulphate-reducing bacteria whish convert sulphates into sulphides
and thus encourage casing corrosion and scale formation.

Even if the risk of corrosion of carbon sieel (APl K55) was
underestimated, a number of peccautions were taken in order to limit
damage in the event of casing perforation: double: casing is otten
used al depths (Longin er af., 1994} corresponding to those of deep
ground water (Neocomian, Albian) or shallow ground water;
ccmentation of intrr-casing.  (inside  the  double  casing)  and
casing/rock space.

3. TOXICITY OF DOGGER WATERS

‘The geothcrmat waters are untit for human consumption because of
o chemical composition: high levels of salinity. prescnce of toxice
ang undesirable specics (heavy metals, dissolved hydrocarbons),

¢ microflora content,

o the consequences of inpecting mulu-purpose chemical additives
downbhole in the production well: bactericide, corrosion inhibition
and anti-scalc.

3.1 Chemical species present in the Dogger watcrs making them
unfit for cnnsumption

The chemistry of the Dogger watces makcs them unfit for human
consumption. Besides their mineralization, it is interesting to make a
close examination of their contents of toxic and undesirable species,
io compare them with the maximum content tolerated in drinking
water as s¢t by the European Communsty, and finally to express, {or
each of these species, ils 1.D 50 (lethal dose necessary to kit 50% of
a given population related Io units of weight) expressed in mg'kg of
7at ynless othcrwise speeitied.

Toxic species

The 1oxic species in drinking water are:

s metals: arsenic, berylliunm, cadmium, chromium, mercury, nickel,
lead. antimony, selenium and vanadium;

o organic matter: pesticides, cyanides, PAH:

o pathogenic organisms: foccal coliforms, foccal streptecoce,
foceal bactcriophages. salmonelli,  pathogenic staphylococi,
sulphate-reducing clostridiums, enterovirus, ete .

Table 1 shows the maximum permissible content in drinking water
for rhese metals and organic matter, their minimum and maximum
conicnts tn the Dogger waters nf the Pans Basin, and their LD 50,
Since these simple species are ofien insoluble in water {Dopger
water samples are prefiltered), we have listed thc LD 30 of thetr
soluble salts (Mcrck catalogue, 1992/93), and recalculated LD 50 for
the simple specks Some data relating tn humans have been added to
this table. (Casarett and Doull's, 1991 and 'Encyclopedic Médico-
chirurgicale"). [he minimum lethal dosc (LD min} corresponds to
the minimum amount necessary to kill a living being (again
expressed per unir of weight). The examination of the LD 3¢ figures
shows that it is difficult to extrapolatc from the rat (or the animal
considered) to humans. In actual fact, aiid depending on the species
concerned, humans can tolerate more (as for mercury and cadmium) ,
have a similar tolerance {as for arscnic), or toicrate much less (as
with Paraquat considered to be the most tonic herbicide fur man}.

The contents of 2200 and 2|00 mg/1 for arsenic and vanadium
respectively should be considered as exceptional, and could be
attributed to the recent cleaning of the wells in which they were
obscrved. The maximum contents usually determined are in lhe
range o 200 my/l, and a recent sampling of two welis representative
of the areas nonh and south of the Paris Basin revealed cven lower
contents {figures in parcntheses). These high contents nevertheless
indicate the risk of pgreater pollution in the case of perforation during
a cleaning operation

Undesirable species

The undesirable species are,
o metals:iron, manganese, Copper, zinc, cobalt. barium, silver;
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e inorganic matter: nitrates, pitrites, ammonium, nitrogen, hydrogen
sulphide, boron, phosphorous, ftuerine ond residual chlorine:

e organic matter total argantc carbun, dissolved or emulsified
hydrocarbons, mineral oils: phenols. surfactants, other organc-

chlgrinated compounds;
» species extractible with chloroform. suspended matter.

lable i

Toxic

species

maximuin

petnussible  concentrations

{M P.C) Indrinking walter, concentralionsin Dogger water and lethal
doses. values befween parenthescs correspond to recent sampling canied o on
twio wells (north and south of Pans), the uthers correspond to nlder analvses.

(*y  afer cleaning the well

**]

total contents af spectes delined in rhe OTEC.

(1} from Mcrck catalogue {8}. from Casarett and Douli s, ;931
(4) trom’ Encyclopedic Medico-chirurgicaie”

] M.P.C. | concentration ! L1350
chemical : [Rallt)

' ] 1n Dogger } . mi/kgr
Spoctes (EJMJ%T):‘ Waters (ugf) | (e of o) (or}af{
mercury 1 < 10 ¢ 3) 1 (HeCl,). (Lmn= | 074

9 for humans) (Hg)
cadmium 5 < 35(225) 310 (CdCOY Hfor | 202(Cd)
mouse). (1.0 of Cd=250
te-1 300 for humans )+
antimaony 10 462 (< 50y {525 (SHCl XY 280 (8h)
selenium 10 (i< 23 unknown fon SuCly 6700
frsolulle
arsenic 50 1) - 220 14 0 {Asy(3). (LI) min{ 5.5 (As)
(2z00¢" of AsaCh = 143 forr
(< 50) humansjc’”
chromium 50 13- 220 (= 50) | 1820 (CeC14 3D 791 {Cr)
nickel 50 3308 (< 50) | 175 (NiCly,6H,O% D | 43 (Ni)
lead 5N 5- 627 (<25} | 1500 (PhCHID for [ 1117 (Pb)
cobaye
beryllivm 2 (< 25) carcinopemet X
vapadium |~ 10 | [-210(2100) {350 (¥l 113(V)
(<50}
cyanide 50 (< 40) 485 (501N XD 68 (CN)
pesticides 0,5 - 25 mg to fow ket
weedkiler 157 and (35 - 45 for
{Paraquat) brman )it
aromalic 930 (benzene)!
palycyelic ! 5000 (toluene)! !}
hy dro- 0,2 (= 0.09 ™) 1400 (naphtalenc ) (D
carbons 1700 {phenantrene)t !
2700 (pyrene)t

The ((JEC) has set the maximum contents of undesirable specks in
drinking water. Table 2 lists respectively the maximum permissibzle
contents of these undesirable species in drinking water, their
minimum and maximum contents in the Dogper waters of the Park
[Rasin, and their LD 50. As for the toxic species, we have observed
the lethal doses of their soluble salt and recalculated LD 5U for the
simple species. Data on humans have also been added

The maximum contents of cenain metals {I'e, Mn, Cuj should be
attributed io the recent cleaning of the wells, the samples often being
taken just afler [low has resumed, but the maximum contents usually
determined are lower. As for the toxic spccics, these high cnntents
neverthicless reveal the risk of wreater pollution in the case of
perforation duning a cleaning operation.

A significant difference in tolerance is again observed betwean the
rat and the human being. The LD 50 of phenol for man is about 45
times greatcr than that fir the rat, but it scems (o be lower or
approximately the sarmne (unly LD min 1s available for humans] :n the
case of barium.

Qverall chenmustry of Boyger waters

In previous work (Abou Akar, 1994), we listed the comtems of
chemical spies of drinking water as defined in the OJEC. W
added those of @ number of Dogger waters characteristic of the main
areas of genthennal exploitation (Rujas ¢f .. 1989). Characteristic
ol freshwater aquifers have also been added Table 3 shows thc
ratios between the average concentrations nf the Nogger waters arid
those of drinking water or fteshwaler aquifers. An examination of
these data shows Lhal, fur nearly all the species assayed. ihe
concentration in IDogger waters is significantly greater than its
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‘l'able 2. Undesirable species. maximum permissible concentrattons in drinking wafer: concentrationsin Dogger watcr and lethal doses.
valucs between parenthesescorrespond to recent sampling carried out on twn wells (north aird youlh of Paris). the others correspond to ¢ldgr analyses.

(*) after cleaning the well.

(1) : Merck catsogue 1992/93)  {+) Ercyclopédie Médico-chirurgicaic

chemical max. penmnissible : CORCenTation 11350 tbso DL S0
spccies concentration (ui/l} in Dogger (mgsky, of k! (mg/kg of rat)th) {mg/kg humansy
{OIEC) Waters (gl
on 200 200 - 3000 {17000)' 984 (FeCly, 4HH(N 276 (Fe) 250 (FeSO )
manganese 50 15 [!000']* (< 2%) 1715 (MnCl,) 749 (Mn)
coppel 3000 13 - 1300 {<: 50} 360 (CuSOy) 119 (Cu)
nne 5000 33-55 (15} 350 (ZnCl,) 168 (Zn)
cobalt ~ 50 < 320 (< ) 80 (CoCly) 36 (Co)
banum 100} 40 - 400 118 (BaCl;) 7% (Ba) DL min - 11 4 (BaCly) ¥
{184 - 266} 118 (BaCO; ¥ 291 (Bapfh) t7 (Bal )\t
silver 10 < 55 (< 25) S0 {AgNO;) (mouse) 32 (Ag)
800 (AgNG ;1 (DL min tor rabbit) 208 (Az)
nitrates 50000 < 5(1) 3236 (NahQ;) 2360 (NG4}
mtrites 100 8% (NaNOy) ET{NO;)
AMETICN LU 500 20-27 1650 (NH,CD 556 {(NH4)
boron 1000 6300 - 17600 650 (T3 insoluble) 650 (B)
phosphorus W20 5) SO0 5-627
fAuorine  8-12°C 1500 4200 - 5700 52 (Nat'; 24(F)
25 :0°C T
nitrogen 1000 | |
hydrogensulphidc | -0 {2000 - 90000
dissolved |
hydrocarbons 10 < 75000 ; 28710 {CeH 43
phenols 0. 30-270 317 \ 1400015
arganochlonined 0.5 570 {3-Chloro-phenul)
500 - 1000 (o- and m-dichlaro-
: benzene) 1
10000 {p-dichlors-benzene) |
surface apents 200 20400 - 10000 2000 i
Table 3 - Ratios between the average concentrations of the Dogger waters and thosc of drinking water and freshwater aquifers.
PAH : Polycyclic Aromatic Hyurccarbons ; 124 Dissolved Hydrocarbors: 54 | Surface Agems ; CN - Cyanide ; max perm cone  miaxiraum permissible concenteation
B Major species Cl Na Ca Mg | K | 50, 1 Si0, | Al O, [ 0. ]
[Dogger]/[max. perm. conc. } 54 39 47 44 35 1 3% 24 1.1 - -
| Dogeer/[guide tevel] 433 293 94 T3 R R 34 24 45 30 0.001
Dogger)/[reshwater aquifer) 47) S6d) 12 32 13 36 35 11 LS o
| Undesirable specics | D.H. [Phenal | H,S [ N, B ke | SA [ Mn L Ce | Cu [ #Zn | POy | NO; |
\' |Dogger|/| max. perm. conc.] 4490 300 78 41.1 2 5.5 o AR 05 0.3 005 | DU
| TDopger]/freshwater aquifes] | 14600 ] 7500 4] 308 257 18 140 l 035 | 50 3 0.7 34 | 0015
| Toxie species Be Cd st T v [ Hs [ Se As N Cr Ch | P {PADR
Dogyer])/[max_perm. conc. | 3 S 3 3 5 25 t t 1 08 1 05 1045 |
i Dogger]/[freshwater aquifer] | 5000 | 27 2500 - 75 3 8.6 25 33 32 i 2 4_T -

allowable concentration for drinking water These ratios are highest
for Na'. NHJ. CI, H,3, phenois and dissoived hydrocarbons. hote
that concentratinons of dissolved hydrocarbons in the geothermal
fluid only concern gastous alkanes. CHg to Celljq expressed as
dissolved gas. The ratios of the toxic speciesare lower, and in wme
cases. drop below §. However. the data concerning toxic merals must
be considered with caution, hecause of disparitics between the Few
assavs at our disposal. The tolerated percentages of Dogger water in
freshwater aguifcrs were calculated and will he discussed in section
4.1

The data for dissolved hydrocarbons indicated the highest ratios
[eeotherma! watet/{reshwater]. Therefore, it wilt be interesting tn
discuss their biodegradability it water The Circular of the European
Community in fact classes linear hydrocarbons as well as phenols
and organo-chlorinated compounds amung the undesirable species.

Barker et /., (1987) investigaled the natural attenuation nf aromatic
hydrocarbons in water. The study was conducted in the laboratory on
grovmdwaters and 1n shallow sandy aquifers. it included benzene,
toluene and the ortho, meta and para-xylene |.aboratory cxperiments
were performed in three different media, aerated, slightly aerated
and purged by nitrogen.  I'he hydrocarbons were dissolved in
methanol, and their total conceniration ranged from - 03 mg/l to
26mg/l. In the field experiment, 1800 hitres of 1 proundwater
previously contaminated with a mxture of these aromuatic
hydrocarbons (about 9 me/t) was injected into an uncontaminated
aquifer. A pi¢zometer array moniiored the migration of the polluted
bubblc in the underground aquifer.

The resulls of Barker's study can be summarized as foliows.

= Weight losses in aerobic medium were due 10 bioconversion o:
the hydrocarbons

o Nitrates and sulphates present in the water cid not appear io
participatc in this bioconversion.

e The bioconversion of benzene was the slowest, but diffusion of
U, in the water I1s the dominant parameter controlling the
reaction,

o ['he total hioconversion time was 78 days, after which the hydro-
carbon concentrations fcli helow the delection limit.

e .n anaerobic medium, an initial bioconversion occurs due to
residual oxygen, followed by stabilizing of the concentrations.
The additionof an oxidznl (ntlrates) reititiates the bioconversion.

The experiment conducted in the aquifer used chloride ions (C17) as
tracers to illustrate the dispersion effects. Their mass remained
reasonably constant. These yons novertheless migrated faster than thr
hvdrocarbons due to the retasding effect of adsorption of the
hydrocarbons. The study yielded results similar to those ubtained in
the laboratory in acrobic medium. Unly benzene was still detected
after 270 days, and fur as long as 434 days. The abscncc of non-
biological reactions and irreversible adsorpuon, sogether with the
laboratory cxperimems. makes it possible te attribute the
hydrocarbon weight lossesto their bioconversion

Barker's study foffowed a sfudy by Sutton and Barker {1985) on the
migration and attenuation of certain organic spies (including
phenol and para-chloropheno!i in sandy aquifers. The results ol
rhese two studies are in agrcement.
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These experiments are not unique in their field Books dealing with

underground aguiters and catchment proteciion zonzs mention the

bindegradation of organic matter and explain it by the purifying
power of the soil. This power is exerted in two ways:

o Nitrification, consisting of alf the mechanisms which culminate in
the conversion of the initial organic matier to soluble nitrates:
fractured and limestone formations have a high nurifying power
(NP}, while lower-lime si)iceuus soils have a low NP,

e Natural filtration, which arrests the microbes conveyed by the
organic matter: this is a consequence of the interlocking of the
grains of the impermeable formation, and this purification
process is based on an adsorption mechanism.

In conclusion, the freshwater aquifers would be undrinkable if mixed

with morc than ahout 1.5% of Nogger waler. 1t is nevertheless

important to state that

o the species most indicative of the introsinn of Dopger water are
nnt the toxic species (e.g NaCl, that is recognizable by its taste),

o with an increasing pereentage of Dogper water. the wlerable limit
of Na('l is reached befure that of the toxic species for which
analyses are availabie.

It should also he noted that, while the tolerated percentage of
dissolved hvdrocarbons in Uogger watcr is very low, this does not
account for their degradation by the purifying power of the soit

In another study on the methodotogy for detecting perforations in the
casing of a geothermal wet! {Abou Akar er af, 1994, 1998), we will
see thar some of thesc indicative species (Na', C1-} could play the
rolc of a tracer to detect any infiluwtion of Dogger water into one of
the freshwater aquifers (or viee verya).

5.2 Bacterial presence in Dogger waters, toxicity resulting
from contamination of freshwater aguifers

The bactersa normally present in geothermal fluid are divided inro
eight categaries (Daumas ¢r /., 19852 and 1985b):

e mesophilic aerobic heterotrophic microflora,

s thermophilicaerobic h¢terotrephic microflora,

« mesophilic anaerobic heterotrophic microflora,

o thecrmophilic anaerobic heferotrophic microflora,

o mesophilic sulphate-reducing microftora,

o thermophilic sulphate-reducing microftora,

o mesophilic methanogenic microflora,

w (hermophilic methanogenic microflora.

I'ne sulphate-reducing bacteria (SRE) beiong to the group of the

mesophilic sulphatc-reducing micmtlnra, and are anaerobic.

Hartemann { [984) classcd the bactena into 1wo categories:

« those exerting (orliable 1o ¢xcrt} an etfect on health,

» those responsible for corrosion, giving rise to the unpicasant
aspecls of the water.

SRB fall in the second category By participating m the corrosion of
metals (Fe, Cuj, they incrcase the concentration of these metals in
the geothermal water. Any muxture with fresh water can impari o
colour and a bad taste 1o the resulting mixture.

Despite the dissolved oxygen present in pipes camving water
intended for consumption, thc presence af SRR in these pipes has
been described hy [ee ¢ af., (1980}, The authors investigated the
biotogical corrosion ol freshwater supply circuits, but without being
able to examine the extent and naturc ot their implication in pipeline
corrosion. 'lI'he mechanisms and the de(Tiremt aspects of anasrobic
biological vorrosion have nevertheless been studied and reviewed by
Davis (1967). Iverson {1974}, nnd Millcr and Tiller {1970). Various
studics show that microorganisms in water supply nerworks are
assaciated with the sediments on the pipes and not with the water

T.ewis (1965) aftributed the rust and unpleasant odours present in
drinking water to SRB. Quoting the work of Updcgraft (1955} which
established that chlorination was ineffective for the treatment of
water against anacrobic bacleria due to the deactivaiion of the
chlorine by the sulphide produced by these bactcnia, he declared that
this was only truc in tubcrcles which contained a high accumutation
of these sulphides. El-Zanlali er of., (1986) agreed with Lewis on
this additional detail For Lewis, chlorine, which can destroy
individual cells, is effective against the formation ofiubercles, and
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hence offers a good means of prevention Ilowewver, if the tubeicles
have already formed, nther means are needed to eliminate them
hetore applying preventive treatment by chlorine.

Tuovinen # i, (1980) analyzed scale collected in the water supply
systems of Ohio, and found that the scale contained a vanety of
organisms including SRR These SHB are located inside the
tubercles making up the scale (a reducing medium which 1s
tfavaurable tu them). Corrosion and scaling proccsses similar o those
which occur in geothermal casings take place inside thrsc tubercles,
The tubereles sampled proved io be rich in chlorine and sulphides,
the latter resulting from the reduction of the sulphates. Note also that
these microorganisms present in the tubercles are sheltered from the
residual chlerne in the water However. this sheltering of the
chlorine dues not appear to concern the bacteria considered
pathogenic for humans.

1t is imporant to considerthe potential 'sideetfects’ of anti-bacterial
treatment for quatcrnary ammontums ((QA. §3.3), and to mention as
an exampie the work of Ventulio and Larson {1986) The authors
analyzed the adaptation of heterotrophic aqualhic bacteria lo QA
(mono and di-alkyl substituted). [n general, none of the surfactanis
tested had any significan: effect on the reduction of the bacterial
density. Chronic exposure {2 days)ofthese bacteria to ane of these
QA enables them to recover their initial heterotrophic activity and
also allows an Increase in the number and activity of thc bacteria
capable of biodegradingthe matcrial entering into> contact with these
bacteria. This stud! showed that. ir general, exposure of the
microbial communiuies g0 QA allows the development of a
community adapted 1o bactericides, which funher degrade the
contact matertal However, the species which adapted 1= not a SRB

T'o conclude, SRB are incapabic of developing in waters containing
oxygen. llowever, they smay survive (or even develop) in deposits
adhering to piping in which oxygen diffuses with difticulty Their
removal in a mixture of fresh water and geothermal waler should not
rais¢ Insurmountable problems, and could take place ai the same
time as the anti-bacterial treaiment and the filtration of the water
intended for human consumption. But it 1s impaortant tu remember
that the bacteria present in luofilms and beneath scale can elude the
different fluid (reatments We are not able at prescnt to asscss the
toxicity of the other types of bacterium presenf in the geothermal
waters of the Pans Basin, mentioned above.

3.3 Treatment additives and their breakdown products

Treatment additives (surfactants) added to genthermal water, which
contain bactcricides and inhibitors of corrosion and crystal growth,
have an 111 50 of about 2 g/ka of rat. 'Thus any toxicity analysis of
the Dogger waters must take account of the presence of these
additives and the dangers they incur tor the heglth of living beings.
For instance, the 1 D 50 uf mercury and arsenic (toxic species). ot
iren and nitrates (undesirable species] dissolved in the water are
respectively 0.74, 5.5, 276 and 2360 me/kg of rat. A comparison of
these valucs helps to class these additives among the undesirable
species. The baclericidal agent in these additives is an alkyl-
dimethyl-benzyl-ammonium salt ((JA) also called benzalkanium salt:

[R-NCH, -C1L-CoHs ] L or

The lauryl-dimethyl-benzyl-ammonium salt is used as bactericide
against fxcherichia coli, Swphducocens awreus etc present in
swimming pout waler. These benzalkonium salts are also used in the
fvod industry as cleaning agents and disinfectamts, i the
pharmaceutical and cosmetic industries, arid in veterinary medicine

(R - Cng_@ o CIBHES‘J"

Note that the concentration of these chemical additives af the
production wellhead 15 ubout 2 to 3 mg/t, and that Solaminc {29
(one of the treatment additives routinely uscd in the treatment ofthe
geothermal wells in the Paris Basin) contains abouwl 66% of QA salt
Thesc substance5 are nevertheless degradable, and a complete study
of their toxicity should take account of the toxicity of their
breakdown products.

Studies OR the toxicity of catiome surfactants are cummonlv based
on their ¢ttects on the aquatic {auna, the primary victim of industrial
and other eleases into the rivers and lakes. Lewis and Wee {1983)
investigated the effect of the addition of a quaternary ammonium
salt on the mortality of fish and crustaceans. The waters tested were




taken from rivers and wells, or reconstituted in the laboratory, and
the quaternary salts cxamincd were chlorides and methyl suiphates
of dimethyl-dialkyl ammonium (with the alkyl radicals cnntaining 15
or 17 carbon atoms).

The results of this study showed that the lethal concentralion [.C 50
[defined by analogy with LD 50 but pcr unit of volume of the water
because it concerns the aquatic fauna) range from a few tenths of an
milligram 10 a few milligrams of active species per litre of waler,
and was approximatcly the same as. or less than. the concentration
ol corrosion inhiberor in the gcothcrmal water

[svmaa er af, (1976) investigated the chronic toxicity of a cationic
surfactant {cetyl trimethyl ammonium bromide) on populations of
rats This study rcvealed thnt a dose of 20 mg/kgiday was well
lolesaied by their organisms. A dose of 45 mg'kg'day caused a
wight loss in the population concerned. The geothermal water
contains an average of 2 to 3 mgd of surfactant. At equivalent
loxicity between this additive an3 the one mentioned in thc study.
any treshwatee/geothermal water mixture would not supply rhis daily
toxic intake.

Balcux and Caumctte (1977} studied the biodegradation of a number
ol cationic surfactants in sewage and river watcrs. Ten QA were
tested in this way: three with linear chains. live with cyclic chains,
nitrogen itsel{ forming part of the cyclic chain (pyridine) or having
unly a benzyl radical {benralkonium}, as wcll as two cationic
surfactants derived from petroleum

The results of this study can be summarized as [allows.

e Linear chains are rapidly degradable (3 to 28 days).

o Presence of an aromatic ring generally prevents bindegradation.
and the samc applics to the presence ofa branched fat chain (or
both simultaneously ).

‘the surfuctanis used to treat the Nagger waters are dimethyl-alkyl-
benzyt-ammoniums. They are therefore similar to the one tested
abovs. which nevertheless has a morc branched structure, and which
remains :nfact afier 28 days. The stability of the lattcr is probably
due o its structure, which, by a steric effect, protects it againsl any
cxternal attack. rhis appears to be the case when the overall results
of this study are considered [n consequence, rhe trcatment additives
break down casily because of their simplified strocture
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4.CLASSIFICATIONBY DECREASING TOXICITY OF THE
ELEMENTS PRESENT IN DOGGER WATERS

4.1 Chemical species

The classification of the species by decreasing toxicity was based on:

o the tolerated percemtages of Doguer water in freshwaler aquifers
mentioned in section 3:

o the classification of the chemical spevics as major. loxic and
undesirable.

Qwing to their depth, the Dogger waters are normally free of the
pathogenic organisms listed above, and which are often associated
with the presence of mon FHlowever, assuming that some of these
germs could have reached the Dogger reservoir, the warm, anacrobic
and reducing environment would arrest the developmen of many of
them. [urthermore, the surface treatment applied fo the water
intended for human consumption serves to strip the fluid stream of
the possible presence of these bacteria or of their remains. hut the
prablem ofthcir presence benmth the hiofilms on the pipeline walls
will conlinue to arise.

The tolerated percentages of dogger water in freshwater aquifers
were calculated from the mean concentrations of the species in these
watcrs and the maximum permissible concentrations in drinking
water. Thesc percentages can he assembled in several groups as
shown in Table 4. Na'. NH,. Cl. H,S. phenols and dissolved
hvdrocarbons lead to the lowest tolerated percentages (around 2 %
of Dogger water in the freshwater aquifers). Hence they are the first
indicators of any pollution of these aquifer watcrs. Nonc of thcsc
indicators is included in the species considered toxic. Note that some
ratios (Dogger water:drinking warer) and percentages could not be
cslculatcd or were cstimated in the absence of data um the
conesponding species (berylliun and vanadium) Vanadium s abso
undetermined in the freshwater aquifers. so wo maximum and
minimum valugs have heen selected io he tested. Note also that. for
toxic species. and certain undesirable species- the concentration
1aken into account IS a maximum concsntration which corresponds
to the lower detcetion limit of the species in a charged water such as
:n the Degper aquifer {the salinity of this watcr prevents reaching the
iower limits of dewection given for fresh waters)

Table 4 - Tolerated percentages of Dogger water in freshwater aquifers according ta species concemed.

PAif : Polyeyelic Aromatic Hydrocarhons . ) - Dhssotveld Hydrocarboms, 54 Surlace Agents | ON < Cyanide.

The column *10-20%" ¢(for example) indicates that the maximum tolerable percentage of Dogger water in the fresh water {reiative to the species concerned) 15 2reater than
10% bur less than 20%. The column "0- 100%:" inciudes spectes which have an average concentratiaon in Dogger water less than the average concentralion in treshwaler

e < 5% 5. 10% 10 - 20% 0-50% 0-100%

b _percentapges j | . i

toxic species Be, Cd, Sb, Se, Hg As, O N1, Pb, ONL P4
v

undesirable species | NOs, Clogdun | NHy H2S. 04, |B.F. 854 ke Ag, Co, Cu, Mn. NG, POy,

phenols Zn

‘major species Na, €l K Ca, My. Ba, 810, SOy Al Oy, €O, HCOy

S0,

An examination of these cotumns helps to establish a classification
by decreasing toxicity from left to right and from the top down Thus
beryllium (Be), cadmium (Cd}), antimony (5h), selenjum (Se)y and
vanadium (V) appear to be the most toxic and are followed by
mercury (Hg). Arsenic {As). chromium {Cr), nickel {Ni}, lend (Fbi.
cyanides (CY) and PAH zppear to be "non toxic" hecause they are
present in the Dogger waters in contents lower than those tolerated
in drinking water. Nbr 15 it nccessary to consider the lethal doses of
the toxic and undesirable species, because they have already been
used to set the maximum contents authorized by the European
Communitics. It must also be pointed out thot a proportionality does
nul necessarily exist between the maximum contents authorized for
humans and LD 30 for the rat. The LD 530 of mercury is about
400 times lower than that of antimony, although fen times less
mereury than antimony is tolerated in drinking water. Among thc
species considered undesirsble. the least tolerated are oryanic
(hydrocarbons and phenols), whereas heavy metals are tolerated in
much higher percentages in Dogger water. ''hc carbon species
CO»HCO5 appear' in the colwnn "0-100 %" The maximum
alkalinity tolerated 1s not indicated in the European Directive. bui

the average alkalinity of the Dogger waters (ahout 400 mg/) remains
lower than that of certain mineral waters (around 450 mg'}.

This classilication 1s nevertheless otfered for guidance only, owing
tn the uncertainty in the vartous analyscs that werc supplied to us,
and the fact that the figures arc average o maximum contents
determined.

4.2 Bacteria and treatment additives

The literature review n Sectiun 3 showed that sulphate-reducing
bacteria (in the conditions in which they are found) incur no direct
danger for human health Fhis study also revealed that this type of
bacteria in pipes at the surface is able to live in the hiofilms and the
deposits o the pipelines (oxygen-poor areas). to ¢lude the treatment
additives, and to promote the production of sulphides. thus favouring
iron corrosion This gives rise to the risk nf perforatinn, the
formation of iron sulphide scale on the pipe walls: and an increase in
the contents of iron and dissolved sulphides, species judged
undesirable in dnnking water supply networks.
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The treatment additives (in th¢ concentrations employed) alsu
appear to incur no direct danger for human health. In fact,
surfactants are tolerated in the human body up to contents
substantially cxcceding their content used in the Dogger walters. Fur
reasons of confidentiality, the exact formulas of the surfactants used
in the treatment additives are not disclosed by the manufacturcrs, but
these agents (or at Icast most of them) have structures that facilitate
their breakdown

5. CONCLUSION

This study has served to evaluate the toxicity of [Jogger waters and
to compile a preliminary comparison between these waters and those
of freshwater aquifers. The consequences of the poliuiion of these
aquifers by the Dogger water have accordingly been assessed Na™,
NH7. Cl-. H,S, phenols and dissolved hydrocarbons lead to the
lowcst tolerated percentages (around 2 %) of Dogger waler in the
freshwaler ayuifers) Hence they arc the first indicators of any
pollution of these aquifer watcrs but none of thesc indicators is
included in the spoeics considered toxic The gustatory manifestation
of such poilution wuuld be an increase of the sodium chloride
{NaCl) content of the fresh waier, a species considered neither toxic
nor undesirable In fact. Joggcr water is ahout 500 times ncher it
chloride (1) and sodium (Na) thun the freshwater aquifers, whose
CY- and Na' contents are elos¢ to those of the guide level for
drinking water Thc greatest risk by order of increasing percentage
of Dogger water in the freshwaler aquifers stems from the non-
merals and particularly from sulphides and dissolved hydrocarbons.
¢lassed among the undesirable specics. It is in higher percentages
(around {(* %) that the first toxic metals engender their eftects, the
most loxic being antimony, cadmium, selenium, beryllium,
vanadium and mercury. The sulphate-reducing bactcria prescnt in
geothermal water and rhe addinves nsed 1o treat this water {in the
concentrations employed) do not incur any direet danger for human
consumption. [t is nevertheless important o consider the possibility
that these bacteria could continue their activity despite 1he anaerobic
medium considered hosiile to their deviclopment. 'l he toxicity of the
orher bacteria present in the geothermal water could no: bc dealt
with due the lack of pertinent data.
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