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Abstract Reinjection of the discharge fram the
rower-plants OofF a geothermal field can cause
serious, iIrreversible damage t the field it-
self,so that such operations must be mnitored
continuouslly. Tracer techniques are particular-
ly useful for this purpose.

In sare reinjection studies tritiated water
was used as a tracer, but this methcd has cer-
tain disadvantages as well as advantages, one
disadvantage being the destruction of the nat-
ural tritium balance iIn the resenvoir.

The natural abundances of tritiun at Lardersl-
lo were, and are still, used t study field
recharge from meteoric waters, so that another
tracing methcd had to be applied to avoid dis-
rupting these studies. The discharge fluid
from the power-stations IS traced naturally by
its 130 and D conpositions with respect to the
steam ccnposition of the field. As these iso-
topes do not create the same difficulties as
tritiunwe are checking their possible utili-
zation as tracers.

This pager presents the results obtained by
applying this method In the first phase of a
reinjection axperiment now under way iIn a cen-
tral area of the field which has been exploit-
ed for long periods. same limits of this meth-
od are also discussed.

Intreduction Because of the limited natural
recharge of the Larderello geothermal field
(Petraccoand squarci ,1975), the decision was
taken to study the possibility of recharging
it artificially by reinjecting the waste ficm
the geothermcelectric pier-plants back under-
ground iIn some suitable points of the field
itself. This procedure would also solve the
problem of getting rid of these effluents whose
ccomposition is such that they cannot be dis-
charged into the runoff waters or the shallow
aquifers.

In a vapour-daninated field such as that of

Larderello,with a heterogeneous reservoir and
fracture-derived permeability, one cannot pre-
dict with any certainty the effects induced by
reinjection. For example, one could expect a
decrease In steam enthalpy and/or iIn the a-
arount OF steam produced. In order to avoid
eventual irreversible negative effects to the
field sane experiments must e made prior to
launching a full-scale reinjection pregramme .

These axperiments will provide useful informa-
tion on the camplex phencrenology OfF vapour-
daminated systems only if the tools used are
adequate,

In this respect the tracer tests assuae a role
of considerable irgortance, as they can pro-
vide informtion on the processes occurring in
the resenvoir and on eventual modifications O
these precesses; they can also be used to cal-
culate the munt of injected water reappear-
ing as steam in the fluids produced and Indi-
viduate any preferential patitways of the fluids

The problem is to find a routine work method
that creates as little disturbance as possible
to the system, but which also produces the
maximmm of data.

In the reinjection tests currently being con-
ducted in a central area of the Larderello
Field, which has been exploited for the past
20~cdd years, a study is being made of the po-
tential of the stable isotopes 120 and D as
tracers.

The reasons for undertaking a reinjection pro-
grarre at Larderello, the problems connected
with this programe and the results fram the
engineering viewpoint are described In a paper
by Giovannoni et al. (1981).

Enviromtal isotopes as natural tracers In
sare geothermal fields tritiated water has

been used as a tracer in reinjection studies,
as iIn The Geysers (Gulati et al. ,1978) ad at
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Ahuachapan (Einarsson et al. ,1975). As outlin-
ed by Gulati et al., this methcd has Its nega—
tive as well as positive aspects, Among the
former are the fact that the method requires
axpensive and time-consuming enrictment analy-
ses and that its application destroys the
natural tritium balance in the resenvoir.

The natural tritiun abundance at Larderello
has been, and is still, used in studies of
field recharge by meteoric waters (Panichiet
al.,1974,1978) . Another tracer metncd had thus
to be adopted to avoid compranising these stu-
dies.

Environmental tracers have, on the other hand,
been used for save time now in geological stu-
dies inrerit of their being natural tracers.

The isotopic abundances of oxygen-18 and deu-
terium in the waters have helped to solvem y
hydregeolegical problems. Problems mre close-
ly tied to an exploited geothermal field have
also been investigated by means of the stable
isotopes. buring recent years especially, some
interesting conclusions have been reached on
subjects such as deep tameratures, physical
state of the water and origin of some compon-
ents of the geothermal fluid (Noto et al.,
1979; Panichi et al,,1979; Nuti et al.,1980).

In the reinjection experiment now under way at
Larderello, in an area with high temperatures
and pressures of about 5 ata, the steam frem
the mnitored productive wells had a camcosi-
tion ranging tetween -1.5 and -3 in 6180 and
-37 o -42 in 4p, All the 4 values given in
this paper refer to differences pemil fran
VIENNA-SMOW, the intemational isotope stand-
ard for waters defined by the Intemational
Atamnic Energy Agency of Vienna (Gonfiantini,
1978).

After leaving the turbines the steam is con-
densed, and the condensed water passes to the
cooling towers where a considerable fraction
is lost to the atwosphere In the form of va-
pour. Because of this process the residual wa-
ter is greatly enriched I the heavy isotopes
oxygen-18 and deuterium. Throughout the exge-
rirent the isotopic canposition of the inject-
ed water was in factmre or less constant
with respect to 618 and 8D ,both being
near to a value of +5, and far from the value
of the "undisturbed” «=1ls,S0 the discharge
water is traced naturally by its stable iso-
topic canposition and no artificial or radio-
active tracers need be added to the system,
avoiding all the negative effects this type of

interference entails, including those to the
enviromment, The only disturbance i s thus that
brought on by reinjection itself.

The sampling and anallysis techniques can be
carried out as routine Field operations, which
are easy 1o apply and cheaper than tritiun ma-

surements .

Moreover,this methad, as opposed to the pulse
techniques, cermits us 1o mnitor the system
systamatically throughout the reinjection test,
SO that we can immediately obtain information
on any variations undergone by processes occur-
ring in the resenvoir. Theoretically sare nega-
tive aspects could exist in this method . There
could be an isotopic exchange between the wa-
ter and the rocks, but this phencmenon, If It
did take place, would affect the oxygen only.
Again, an ISOtopic re-=quilibration could take
place between the water and gas species, but
this is a theoretical possibility only, as the
latter represents only 2.8 mles percent of
the geothermal fluid at Larderello and could,
therefore, have little effect on the isotopic
composition of the water. Furthermore, 0% of
the gas IS C0y, so that the hydregen would,
again, be unaffected.

The last, ad rost serious, negative aspect is
the possibility of an isotopic fractionation
of the water during phase change.

Results of the tracing experirent  The injec—
tionwell chosen for the experiment, wo, lies
in a central area of the field, where exploi-
tation has been under way for mre tten 20
years but temperatures have remained high
(more than 24cP¢ in the resenoir).

The monitored wells are distributed all round
well w0, at distances of 150 to mre than 7¢O
metres (rFig.l) . The isotopicC camposition of
the steam produced by the wells in this zone
is nearly uniform, s0 that it would be only
slightlly affected by any change in the origi-
nal fluid fiow pattern ensuing from reinjec-
tion.

In the First phase of this experirent a total
of 30-35 m3/h of water wes injected for about
3mnths, 105m3/h for about 20 days and 50
m3/n for another 3 ronths .

After Tiljection began the isotopic composition
of the fluid iIn the mnitored wells shifted
towards the positive values of the reinjected
water, and tegan decreasing when reinjection
was reduced 1o 50 m3/h.

~86-



®
o ® ®
P (o)
® o
o o
o W7
3 vw e*Bwo e O N
([ o
® 0 500m

Figure 1 Location of the wells in the area
west of Larderello affected by the reinjection
test. l)reinjection well; 2)preduction wells;
3) shut-invells.

Once the test ended the canposition returmed
1o its earlier “undisturbed” values ,while vwell
WO started producing steam whose isotopic com-
position wes slightly more positive than that
of the nearby wells (Fig,2). The deuterium
showed the sare behaviour as the oxygen-18.
This alone shows that at least part of the in-
Jected water vaporizes and that this steam
Joins the fluid produced by the surrounding

wells.

Figure 3 shows the trend of the isotopic compo-
sition of the Fluids produced inwells w2 and
W7 during this phase of reinjection, in a 80~
&§18p diagram. The high linear correlation co-
efficients and the position of the points along
straight lines joining the "undisturbed” can-
position of the wells to that of the reinjected
water suggest that a simple MIXinNg process has
taken place, with no disturbing phenanena re-
lated o isotopic exchange or fractionation,
The fact that no isotopic fractionation has
occurred suggests that the vaporization pro-
cess dees noOt produce two phases but a steam
phase only, i.e., every portion of the inject-
ed water participating in the boiling process
IS capletely vaporized,

In these conditions the munt of injected wa-
ter retuming N the fluid produced by the
wells can te calculated by the following bal-
ance equation:

Gr =G (Syy - Sp /81 -6, ), vhere G is
the flaw-rate, I, WwH and R are subscripts rep—
resenting the fluid caning from injected wa-
ter, fluid produced by the wells and original
Fluid respectively.

Figure 4 shows the the spatial distribution of
the fraction of injected water versus the to-
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Figure 3 Variation in isotopic ccmposition,

in a ép -&180 diagram, of the condensate of
the fluid produced by wells w2 and w7 during

the reinjection test.
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Figure 4 Contribution of injected water to
production. 1),2) and 3) as in Fig.l; 4) per-
cantage ratio of injected water recovered as

steam 1o the total fluid preduced by the vells.

tal fluid produced by the wells azout 20 days
before the test ended.

The fact that the wells most affected by rein-
Jection lie along a NW-SE alignment, the lack
of correlation between the distance fram the
reinjectionwell to the others and the contri-
bution of reinjected water in their steam show
that the iInjected water has found preferential

patitways in the undergrourd.

This consequently confimms that the resenvoir
cannot be campared to a hamogensous and 1S0—
tropic porous redium.

In conclusion, artificial tracers are unneces-
sary 1IN vapour-dominated Fields with certain
favourable conditions, as the stable isotopic
composition of the reinjected water already
acts as a natural tracer. By mnitoring the
isotopic camposition OF the condensate of the
productive wells in the area affected by rein-
Jection we were able to ascertain that the in-
Jected water vaporizes and contributes to pro-
duction, to calculate the amount of injected
water re-entering the surrounding wells and to
individuate the preferential pattways taken by
this water in the underground.

In our opinion these results prove that tritiun
is not always the best tracer for reinjection
studies N vapour-daninated geothermal systems.
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