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SUMMARY - A solubility equilibrium program GEOPROF developed earlier was applied for the
determinationof the bubble point depth, pressure and temperature, plus the partial pressure profiles of the
gases and between the bubble point depth and the well head, in two high enthalpy
geothermal wells, NSZ-2 and FAB-4. In addition, the program also alkalinity, total
carbonate, equilibrium solubilities for along the well depths in

system. The concentrations of

OH-, and were computed at the actual temperature and pressure, using the

Davies and the Pitzer activity calculation methods. calculated amounts of scaling along the
wells and at the surface were used to estimate and suggest a service life of the system. The results from
well FAB-4 have high uncertainties because of the estimated gas separationanalysis data.

1. INTRODUCTION

Natural geothermal waters are often saturated
with silica and fiequently also close to saturation
with calcite, calcium sulphate and calcium
fluoride. Some acid hot waters also contain
appreciable concentration of heavy metals.
Changes in temperature and pressure disturb the
equilibria and will generally lead to scale
formation. Calcite and silica deposits are the most
frequent scaling materials. The most troublesome
calcite deposits usually occur in the well casing at
the level of boiling (the bubble point) with
heavy band of calcite being deposited over a short
distance. Upward, it tapers of to become minor or
zero.

The prediction of scaling and their location
and shape during production is an important
process. Marshall and Reed (1989) calculated
saturation index for calcite from the reconstructed
reservoir water composition and used a
thermodynamic calculation to describe calcium
carbonate scaling at Dixie Valley geothermal
field. Benoit (1989) and Mercado (1989)
investigated the carbonate scaling characteristics
and scale incidence on production pipes during
some field experiments

It is well known that Hungary has one of the
largest low enthalpy thermal water resources in
the world. Several higher enthalpy wells also exist
in the country, including two wells in
Hungary (NSZ-3) and
Fabiasnsebestyen-4 (FAB-4). This type of energy
resources should be used in the near future.
Therefore, it is important that a preliminary
investigations of the possible scaling problem
during their production be conducted via
modelling and measuring processes.

A map of Hungary showing the location of
geothermal well is presented Fig. 1.

Two small-medium size geothermal projects are
planned in this field. Earlier chemical analysis of
scales FAB-4 and NSZ-3 show that they are
mainly calcite precipitates. A suitable description
and modelling of these scaling processes along the
wells and at the surface during future production
is of economic importance.

Location map of FB-4

Computer-assisted calculations are commonly
used in the prediction of scaling and corrosions
(Haarberg, 1989; Plummer and Busenberg, 1982;
Harvie et al., 1984; Shiraki and Brantley, 1995;
Arakaki and Mucci, 1995). A great advantage of
such calculations is their ability to simulate the
effects of changes in brine variables, such as
temperature, and composition, and the
probable result on scaling and corrosions. In our
earlier research et al; 1997)we developed
the computer program GEOPROF to describe
these processes, which include the equilibrium
solubility and the scaling of calcite and other
important scaling components, and the
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determination of the bubble point and partial
pressures of gases.

2. THEMODEL

carbonate scaling is possible inside the geothermal
well above the bubble point depth and within the
production casing. The solubility of calcium
carbonate minerals in aqueous solution at any
particular temperature increases with increasing

We have developed a partial pressure of Boiling leads to strong
equilibrium modelling algorithm reduction partial pressure due to effective
simplification and modification of the Haarberg steam phase. The presence

of other gases in the geothermal fluid, especially if
equilibrium solubility of calcium carbonate, water will
calcium sulphate, barium sulphate strontium

sulphate in thermal water system under various In our simulation model we modified the
Kocsis method (Kocsis, 1976) for the

concentration of each of the 15 components. For
depth and developed a computation algorithm for

system the model is based on the
pressures between the bubble point depth and thesolutionof the following set of equations:
well head. The method is based on the assumptionmaterial balances,

elctroneutralitybalances, that in the pressure range of the usual bubble point
phase equilibria equations, the s u m of the chemical activity of the

reaction equilibria equations. components in the liquid phase equals one.
The computation is started after the input of

the gas separation and chemical analysis data with

concentrations (activities) of the volatile and non-
volatile dissolved components could be computed

the steam fraction. Decreasing the total pressure

boiling.

two variables using iteration.

the determination Of the bubble The

smaller depth the head.

Langelier and saturation indexes. For Using at the new depth the computed partial
industrial water, concentrations specific

be computed for the dissolved components
possible precipitations dissolutions are

determined. At smaller pressures and depths the
bubbles dissolved gases collapse, the

corrosion.For this condition to be met, the

index must be kept at and the Langelier

sufficiently small value 1 and
the new pressure we determine the new

indexes must range 0 to 0.5.
In addition, we have developed a model and

program to determine the bubble point and the
partial pressures of gases between the bubble
point depth and the well-head. As hot water rises
toward the surface the pressure imposed on it by
overlying fluid decreases. Eventually it reaches a
level at which a vapour phase separates and
migrates to the surface independently boiling
occurs. This pressure is called the bubble point
pressure and the depth where the first boiling
occurs the bubble point depth. When steam
separates a liquid during boiling, gases like

N2, move preferentially into the vapour
phase. The more soluble gases
are partially retained in the residual liquid. It is
possible to calculate gas concentrations in both
vapour and liquid phases resulting from such
process. From the calcite dissolution equations
(for a system) it is quite clear
that removal of C02 to a steam phase during
flashing leads to calcite supersaturation even
though the accompanying temperature drop itself
leads to calcite saturation increase. Since most
reservoir fluids are close to saturation with calcite,

3. MODELLING RESULTS FOR WELLS
AND FAR4

3.1Well NSz-3

The average water and gas analysis input data
this well are given in Table 1.

The water contained high TDS with high
chloride content including sodium-chloride, and
small amount of calcium- and sodium-bicarbonate,
sodium-sulphate, but without calcium-sulphate
and calcium-chloride. The analysed scale samples
basically contained calcium-carbonate with trace
impurities. The separated gas phase contained
approximately methane, 16% carbon-dioxide
and 4% nitrogen. The mean gas-water-ratio was
5.1 The planned well head pressure was
45 bar, the temperature 171 the water flow rate
was 1313.4 the gas flow rate 6896.1

The program used the experimental
pressure-depth and temperature-depth profiles.

The computed bubble point pressure was
230.278 bar, the depth 1079.3 m and the
temperature 175.129 At the bubble point the
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fluid has a 5.762 and the partial pressures of
the gas components are: bar,

bar, bar, bar. The
fluid was supersaturated and a
precipitation was expected above the bubble point
depth g fluid). According to
our estimation a lcm thick (average value) scale
on a 100m pipe length will developed at a 226800

production during a 390 day service period,
which is a good parameter.

We also estimated the scaling at the surface at
atmospheric pressure. The computedmass of scale
at the surface at 226800 production was
5.216

The computed equilibrium values along
the well are shown in Figure 2.
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The pH-depth curve in well NSz-3

FAB-4

The average water and gas analysis input data
from this well are given in Table 2.

The water contained high TDS with high
chloride content including sodium-chloride, and
small amount of calcium- and sodium-bicarbonate,
sodium-sulphate, without calcium-sulphate and
calcium-chloride. The analysed scale samples
basically contained calcium-carbonate with trace
impurities. The separated gas phase contained
approximately 2.70% methane, 76.7% carbon-
dioxide and 2.7% nitrogen, the mean
ratio was estimated 12.4 The
well head pressure was 40 bar, the temperature
171 the water flow rate was 1313.4
the gas flow rate 46500 The program
used the experimental pressure-depth and
temperature-depthprofiles.

The computed bubble point pressure was
220.8 bar, the depth 1067.3 m and the temperature
was 179.5 At the bubble point the fluid has a

4.619 and the partial pressures of the gas

components are: 1 bar, bar,
bar, bar. The fluid was

supersaturated 1.3) and a
precipitation was expected above the bubble point
depth g fluid). According to
our estimation a lcm thick (average value) scale
on a 100m pipe will developed at a 225036

production during a 58 day service period,
which is an acceptable parameter.
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We estimated also the scaling at the surface at
atmospheric pressure. The computed mass of scale
at the surface at 225036 production was
109.8

The computed equilibrium values along
the well are shown in Figure 3,

0

0

Fig. 3. The pH-depth curve in well,

4. CONCLUSION

A solubility equilibrium program GEOPROF,
developed earlier was applied for the
determination of the bubble point parameters and
the multi-component equilibrium characteristics of
two Hungarian high-enthalpy geothermal wells.
Scaling characteristics along the well and at the
surface were determined and it was concluded that
the scaling intensity in well NSz-3 is lower than
that in well Because of scaling intensity at
surface conditions, it is recommended to keep well
head pressure greater than 40 bar during
production (especially for well and to
reinject the exhausted geothermal water back into
the reservoir.
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Table 1
BUBBLEPOINT CALCULATIONBY KOCSIS METHOD

C PATZAYGYORGY(1995)

WELLLABEL:
WELL DEPTH (M): 3165.000
WATERFLOWRATE 1313.40
WATERTEMPERATURE(CELSIUS):
WATER TDS 24855.000
WELLGASFLOW RATE 6986.100
GAS (CELSIUS):
WELLHEADPRESSURE(BAR): 45.000
WELL TEMPERATURE GRADIENT (CELSIUSM):

WELLPRESSURE -171656686
WELL SEPARATED GAS-WATER
1700.000
WELL DISSOLVED GAS-WATER RATIO
3400.000
SEPARATEDGASCOMPOSITION

171

171

C02 GASCONCENTRATION 16.270
CH4 GASCONCENTRATION 79.440
N2 GASCONCENTRATION 4.290

DISSOLVED GAS COMPOSITION

C02 GAS CONCENTRATION 35.250
CH4 GAS CONCENTRATION 61.910
N2 GAS CONCENTRATION 2.840
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Solutions Between 0 and 90 and an Evaluation
ofthe Aqueous Model for the System
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Table 2
BUBBLEPOINTCALCULATIONBY KOCSISMETHOD

CPATZAY GYORGY(1995)

WELLLABEL fab-4
WELLDEPTH 4239.000
WATERFLOW RATE 3750.70
WATERTEMPERATURE(CELSIUS): 180.000
WATERTDS 27200.000
WELLGAS RATE 46500.00
GAS TEMPERATURE(CELSIUS): 180.000
WELLHEAD PRESSURE(BAR): 40.000
WELL TEMPERATURE GRADIENT (CELSIUSM):

WELLPRESSUREGRADIENT
WELL SEPARATED GAS-WATERRATIO

WELL DISSOLVED GAS-WATER RATIO
4400.000

8000.000
SEPARATEDGAS COMPOSITION

C02 GASCONCENTRATION 76.715
CH4 GASCONCENTRATION 20.899
N2 GASCONCENTRATION 2.5660

DISSOLVEDGAS COMPOSITION

C02 GASCONCENTRATION 89.30
CH4 GAS CONCENTRATION 7.824
N2 GAS CONCENTRATION 3.876
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