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TEMPORAL EVOLUTION OF THE COMPOSITION OF THE FLUID FROM SERRAZZANO ZONE (LARDERELLO)
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Abstract A temporal evolution in fluid compo-
sition has been noted during exploitation of
the Serrazzano geothermal area, on the north-
western margin of the Larderello field. Strong
variations have been recorded in the contents
of NH3 ,H3zB0z , HC1 and the uncondensable gas-
es. The largest variations were recorded in
the 1955-70 period, when new boreholes were
being drilled.

One possible explanation of these changes may
lie in the fact that the fluid discharged from
the wells comes from diverse sources and that
exploitation has gradually modified the con-
tribution from each of these sources.

Introduction During the last few years there
has been an increase in interest in time and
space variations of fluid composition in va-
pour-dominated fields. The studies of fluid
composition at Larderello and The Geysers have
already shown interesting possibilities of the
application of geochemical methods in field
development and reservoir engineering (Celati
et al.,1973; Panichi et al,,1974, D"Anore et
al.,1577; Truesdell et al,,1977; Truesdell and
Nehring, 1978; Mazor, 1978; D*Amore and Trues-
dell,1979; Calore et al. ,1990).

The long production histories of Larderello
reveal different trends of fluid composition

in different areas of the field, both as re-
gards space distribution and time evolution.
Space distribution appears to be controlled by
two major phenomena: I) mixing of original res-
envoir fluid with recharge waters and 2)grad-
ual condensation of steam flowing from vapor-
ization zones towards the field boundaries.

Time variations observed in some old wells of
the central area of Larderello have been in-
terpreted as the consequences of changes in
the contribution of different steam sources to
fluid production (D'Amore and Truesdell,1979).

Serrazzano area, where space distribution ap-
pears to be controlled by steam condensation

(Calore et al. ,1980) has now been studied from
the point of view of evolution of fluid compo-
sition during about 40 years of production.

This paper describes the first attempt at de-
fining a conceptual model of Serrazzano reser-
voir capable of explaining the observed fluid
composition history. We assume that, during ex-
ploitation, different steam sources contribute,
to varying degrees, to fluid production.

Evolution of steam composition at Serrazzano
We consider a limited zone, including the old
densely drilled area and the productive wells
north of it (Fig.1). The geological features
are well known (Calore et al. ,1990).
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Figure 1 Producing wells in Serrazzano area

Wells nos.1 to 6 were drilled in the period
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Figure 2

Figure 3

Figure 4
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Gas/steam ratio in the steam
area (litres S.T.P./kg)

of the producing wells of Serrazzano
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1928-1941, with a very reduced spacing, close
1o surface manifestations.

From 1941 to 1954 no new wells were drilled in
the area; wells 7,8 and 9 started production
between 1954 and 1957 and well 10 in 1966.

The gas/steam ratio, boric acid and ammonia
concentrations are generally available from
1940 on, while other chemical and isotopic

analyses are relatively recent in this area.

Figures 2,3 and 4 show the changes with time

of the gas/steam ratio and boron and aimonia

inwells 2 t 9. Figure 5 shows the available
Cl data for the wells inwhich its concentra-
tion was detectable.
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Figure 5 c1” (pom) in the steam of the wells
at Serrazzano.Wells not reported in the fig-
ure have undetectable C1~ concentrations.

By smoothing the data some definite trends ap-
pear and in different wells show some correla-
tion. Minor features are apparent in the gas/
steam ratio only, as no boric acid and ammonia
data are available for certain periods.

Discussion The study of space variations in
fluid composition throughout Serrazzano area
led t a conceptual model for this part of the
field (Calore et al.,1980) that has now been
tested to explain the time changes. A sketch
of this model is shown in Fig.6.

A steam source is assumed to exist in a high
temperature (about 270°C) zone east of the
small area of our present study. This steam in-
itially floned towards the north, north-west
boundaries, condensing on its way. The conden-
sation should have been very effective near
the "coldwalls® at the top of the reservoir
and on the northem boundary, where there are
low permeability formations, with the added
probability of being cooled by a limited mete-
oric water infiltration through the ophiolitic

Figure 6 Conceptual model of Serrazzano res-
ervoir.

rocks outcropping north of the study area.
Along the vertical we can distinguish three
different portions of the reservoir:

1) upper condensation zone, A, characterized
by high fracture-derived permeability (Celati
et al,,1975), high initial liquid saturation
and a fluid very rich in boron and poor in am-
monia and CO7;

2) intemediate two-phase zone, F, with a low-
er permeability and low water saturation, ca-
pable of producing a fluid rich in co; and NH,
and poor in H3B0s;

3 lower liquid-saturated zone, C,whose exis-
tence is documented by the wells in the north-
e area and is inferred elsewhere; the liquid-
two-phase boundary descends towards the south,
so that the continuous liquid phase is close
1o the bottom of the wells in the northern
part, gradually moving away as we move south-

We assume this liquid is made up of a high sa-
linity water, surmounted by a layer of conden-
sate, thinning from north to south; the effect
of this condensate probably becomes negligible
on the southemn edge of the densely drilled
zone.

Both InA and F, NH; and €O, gradually increase
and H3BOz decreases as we move towards the
north. The deep liquid is assumed to be gene-
rally very poor in CO,, boron and ammonia,but
boron and ammonia increase towards the south
where the brine contribution becomes signifi-
cant.

Prior to 1954 only wells 1 to 6 were producing.
During the second world war, from 1941 to 1946,
when production probably decreased, some con-
densation occurred in the reservoir and the
gas/steam ratio continually increased inwells
3 t© 6. In 1946 production returned t0 normal
and in a few years the fluid composition re-
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turmed more or less to pre-war values:the gas
accumulation was depleted and the condensate
deposited vaporized. Boron and ammonia data
are scarce for this period; however, a de-
crease in boron and a contemporaneous increase
in ammonia are clear in a few wells.

Production in this period came mainly from the
upper section A of the reservoir. Before 1954
the gas/steam ratio was increasing, probably
due to an increase in the contribution to
fluid production from section F and from the
north. This trend was halted by the start of
production in new wells (no.7 in 1954, n0.9 in
1955, n0.8 in 1%7). Production from these
wells was more than total production from the
wells producing previously in the area. There
was a strong interference between the new and
old wells as shown in Fig.7: reservoir pres-
sure is not available for the period 1954-1957
but the sharp decrease in total flow-rate of
wells 2, 4, 5 and 6 clearly shows this inter-
ference.

The flow pattern in the reservoir was complete-
ly altered; the new wells exhibited a large
and rapid decrease in gas/steam ratio and am-
monia as they drained fluid from the south and
the pressure decrease induced liquid boiling.
The interference from the new wells brought on
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more boiling in the old zone too, and interrup-
ted the previous flow of fluid from the north,
so that a fast decrease also took place in the
gas/steam ratio. The effects of the new wells
were felt first in the upper zone A, due to

its high permeability. Unfortunately boron and
amronia data are missing for this period.

The flow pattermn continued to vary in the res-
envoir: the contribution from the two-phase
intermediate zone F increased in all the wells,
thus increasing the gas/steam ratio. The be-
haviour of the northemn (nos.6,7,8 and 9) and
southemn (nos.1,2,3,4 and 5 wells differed in
this period.

For the northern wells the two-phase zone F
has a limited thickness, the deep,continuous
liquid phase is close to the bottom of the
wells and becomes rapidly the main source of
the fluid produced. The steam generated at the
top of the deep liquid phase is very poor in
gas, boron and ammonia, so that the concentra-
tions of all these components decrease in time.

For the central wells zone F eventually becomes
the main source of fluid, with a minor contri-
bution also from c. Thus, while boron decreas-
es continuously in the period of decreasing A
contribution, amonia increases with the in-
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Figure 7 Total steam flow-rate and average gas/steam ratio of wells nos.2, 4, 5 and 6. Reservoir
pressure and the date of starting production in new wells are also reported.
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crease in contribution from F and C.

In the southernmostwells the contribution
from the brine is responsible for the rela-
tively high NH3 content and for the appearance
or increase in Ci-.

These processes are accelerated by the entry
into production of well 10 and its consequent
interference to already producing wells. In
Fig.7 this interference is apparent both in
the trend of reservoir pressure (measured In
a shut-inwell) and in the production of the
old wells: both start decreasing after a pe-
riod of rough stabilization. The contribution
of deep liquid continues to increase, with a
decrease in the gas/steam ratio in the majori-
ty of the wells and essentially a tevelling-
off of boron and ammonia.

The three-sources model applied by D*Amore and
Truesdel1(1979) to some wells of the central
area of Larderello has been applied to the
wells at Serrazzano. This model assumes that
three sources, A, F and C, each delivering a
fluid of constant composition, contribute to
the production of each well. The three sour-
ces differ from one well to another.

The chemical characteristics attributed to the
fluid coming from the different sources (Table
1D and the variations in their relative contri-
bution to well production were chosen so as to
be consistent with the conceptual model just
described and to give a good match of the geo-

chemical history of Serrazzano. The space vari-
ations of the F sources are consistent with a
process of condensation of steam flowing firom
ESE to N\ (Fig.8).
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Figure 8 Space distribution of the assumed

concentration changes of HzB0Oz, NHz and CO,
in steam source F.

Figures 9 and 10 show the variations in time of
the contributions from the different sources,
along with the experilental data (dots) and mod-
el results (circles) for two wells characteris-
tic of northern and southern zones.

These simple models roughly confirm the hypo-
theses outlined above. Obviously, these mod-
els are not completely adequate to describe
the well behaviour in this area.In fact, they
totally ignore horizontal flow of fluid in
the reservoir. Strictly speaking, only a dis-
tributed parameter model would be capable of
simulating this system adequately.

Table 1 Concentrations in the steam delivered by the sourcesA, F and C.

Well Source Gas/steam

(litres STP/kg)

2.5
75.0
0.0

17.5
52.0
0.0

12.0
0.0
0.0

12.0
22.5
0.0

No.8

No.7

No.4

No.2

omr» oM oM omrE

HBO, M, HCI
{(ppm)  (ppm) (ppm)
375 125 0

20 400 (0]
55 40 0
425 110 0
40 300 0
65 50 0
500 65 0
120 230 0
85 100 5
500 40 0
170 200 0
110 150 15
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Figure 9 Matching of experimental data of

well no.2 with a three-source model, and con-
tribution of the three sources.
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