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This paper presents the results from a research project aimed at the study of the composition of waters and the structure
of depositions formed by direct heating utilization of geothermal waters. First, the chemical composition of geothermal
waters from a selected low-temperature well was determined by standard methods. Chemical geothermometers were
used to predict subsurface temperature. The silica enthalpy mixing model was used to find out the source temperature of
the hot water component. The influence of the temperature on the composition of depositions was studied using Watch
simulation program. The solid deposits formed during geothermal water utilization were analysed in order to identify
them. Laboratory tests were made with additives to control scale formations.

INTRODUCTION

Compared to other available domestic energy resources, the geothermal energy has the advantage of
being one of the most unpolluting resource. Geothermal fluids are often highly mineralized and may cause
damage of the equipments used for production and the distribution system. Damage may occur either on the
form of metal corrosion or deposition of scales. The purpose of this work was to study the relationship between
the chemical composition, the temperature and the type of scales which can appear when geothermal water is
used for heating.' Another aspect was to investigate the additive performance in controlling scale formation.

A low-temperature geothermal well, Bors 529 was studied, located close to Oradea town, used for
greenhouses heating. Scaling problems inside the casing of the well have been reported from the beginning

of production up to the present.

RESULTS AND DISCUSSION

Studies on the chemical composition of geothermal waters

The results of the laboratory analysis of the geothermal waters from the well 529 are summarized in Table 1.

Table 1
Chemical composition of geothermal waters, in mg/L
pH | co, | BO, | Si0, | Na' K | Mg | ca® Cr | SOZ | Fe* TOtalsging;’lved
7.2 1081 64 137 4520 285 12.1 154 6520 118 | 29 12150

" *Corresponding author: stanasel@uoradea.ro
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As seen from Table 1, the studied waters can be classified as sodium-chloride-carbonated waters with a
high mineralisation. The calculated ionic balance, 1.93, is within the admissible limits, not exceeding 5%.
The data of this water can be used for chemical interpretation and to assess the potential danger of scale.

For an initial classification, in terms of the major anions CI,, SO,* and bicarbonate, a triangular
diagram was used.” The position of a data point in this diagram is simply obtained by first finding the sum of
the concentrations of the three anions. The next step consists in the evaluation of %CI’, %S0, and %HCO;".
The ternary diagram (Fig. 1) indicates that the waters from Bors plot near to the chloride corner in the field
of mature waters. The Na™-K'-Mg”" triangular diagram (Fig. 2) was obtained in an analogous manner with
the CI-SO,*-HCO5™ diagram. Waters appear to be partly equilibrated in respect to the Giggenbach curve’
and almost well equilibrated as to the Arnorsson curve.”
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Fig. 1 — Classification of geothermal waters
acording to the ]~ — SO —HCO; ternary diagram.

Fig. 2 — Na'—K'-Mg*" equilibrium diagram.

Estimation of the reservoir temperature

Geothermometers are based on the water-rock interaction processes taking place in geothermal
reservoirs. Chemical geothermometry when applied to specific sites can be expected to reveal the
temperature of the aquifer feeding the respective well. One of the basic assumptions is that a temperature-
dependent equilibrium is attained in the geothermal reservoir between specific solutes and minerals. Several
geothermometers have been developed to predict reservoir temperatures in geothermal systems.

The results of chemical analysis of the water were used to calculate temperatures based on the
geothermometers using the Watch speciation programme.’ The results of the geothermometry calculations
are shown in Table 2.

Table 2

Geothermometry calculations

Chemical geothermometers, °C

Wellhead t ture, °
ellhead temperature, °C Quartz Chalcedony Na/K

92 151.6 126.4 152.9

One can notice that the reservoir temperature indicated by the calculated chalcedony geothermometer
is closer to the production temperature of the water.®

Silica enthalpy mixing model was also used in order to estimate the reservoir temperature.” Mixing of
ascending hot water with cold groundwater in the shallow parts of the hydrothermal systems appears to be
common.® The dissolved silica concentration of a mixed water may be used to determine the temperature of
the hot water component. The simplest method of calculation uses a plot of dissolved silica vs. the enthalpy
of liquid water. As the cold water was not sampled and analysed, the cold water point is assumed to represent
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the hypothetical cold water (temperature 10°C and SiO, 20 ppm). The intersection point with the solubility of
the chalcedony curve gives the silica content and the enthalpy of the deep hot water component and its
temperature is obtained from steam tables.” Based on this model it results the temperature 143°C for the deep
geothermal water from Bors 529 (Fig. 3).
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Fig. 3 — Dissolved silica-enthalpy diagram.

Studies on scales prediction and their analysis

An assessment of potential scaling problems can be obtained through interpretation of the analytical
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Fig. 4 — Mineral equilibrium diagram.

plotted for different minerals against
temperature (Fig.4), starting at the wellhead
temperature and then at lower temperatures,
which can be reached during geothermal
water utilization. The logQ/K diagram for the
water from the Bors well 529 indicates a
supersaturation with respect to calcite, talc,
chrysotile at the measured temperature;
chrysotile becomes undersaturated at lower

temperatures. The water is in equilibrium with the chalcedony. By cooling, the water still remains highly
supersaturated with calcite with a saturation index around one, so scaling problems with calcite can be
expected. The diagram does not reflect any distinct equilibrium temperature for the reservoir.

A severe scale formation was removed from the pipe inside the well 529 after the production was
stopped. The solid sample was analysed by thermogravimetry (Fig. 5) showing a decomposition process
starting slowly at about 650°C and reaching the maximum at 930°C.

The mass loss is about 43.2% in the range of decomposition temperatures. This is characteristic for the
loss of carbon dioxide. The XRD analysis of the sample (Fig. 6) indicated the presence of calcium carbonate
as aragonite crystals in the solid sample.
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Fig. 5 — The thermo-gravimetric diagram for deposition from Bors, well 529.
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Fig. 6 — The XRD diagram for solid deposition from Bors, well 529.

Tests with chemical inhibitors

In order to measure the ability of additives to control calcium carbonate deposition, a laboratory test
was made. The results from the tests on geothermal water from the well 529 by adding different
concentrations of tripolyphosphate and polyacrylate additives were used to generate the performance profile
in Fig. 7. The experimental results in static conditions indicated that the tripolyphosphate additive can be
useful to prevent the precipitation of calcium carbonate from water with a minimum dosage of 8 mg/L.

As compared, the polyacrylate additive can give rather good results in preventing precipitation with a

concentration of additive exceeding 6 mg/L.
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Fig. 7 — Calcium carbonate deposition control.

EXPERIMENTAL

Geothermal water analysis

Waters from the geothermal well 529 from Bors were sampled and analysed by the author in Orkustofnun laboratory from
Reykjavik, Iceland. The wellhead temperature measured during collection of water sample was 92°C. The analytical methods used
for the determination of the main constituents are listed below (Table 3).

Table 3

Analytical procedures for geothermal water analysis

kK
Constituent Method Brief description Standard *RSD (H}? /Ll)
%
pH Electrometric'” " A glass electrode in combination with | Merck Titrisol pH 4.01; | = 0.1
pH-meter: Perkin Elmer a reference electrode is inserted into | 7.00; 10.01 pH unit
the sample and pH recorded.
CO, Electrometric titration™ 2 Sample pH adjusted to 8.2 with | Merck Titrisol 0.IN HCI1 | 3.6 for | 1000
pH-meter: Perkin Elmer/ | HCI/NaOH then titrated to pH 3.8 5-1500
Titrator: 716 DMS Titrino with 0.1N HCl using a pH meter. ppm
SiO, Spectrophotometry ™ T Iodine and thiosulphate added to Natural thermal water 1.8-2.5 500
Hitachi 200 spectrometer destroy H,S, ammonium with a SiO, for
heptamolybdate and HCI added. concentration of 102.8 0.87-
Absorption determined at 410 nm. ppm determined 67.3
gravimetrically mg/L
BO, Spectrophotometry™ ' 3 Sample buffered with Merck Titrisol H;BO3/H,O 5
Hitachi 200 spectrometer NH4Ac/Na,EDTA/HAc. Azomethine-
H/ ascorbic acid reagent added.
Absorption determined at 420 nm.
Cr Ton chromatography™™ Anions from a small volume of | Merck Titrisol HCI/H,O 2.9 for | 25;
S0& Dionex DX-500 sample are separated by means of a | Merck Titrisol H,SO,/H,( 10 20
guard column, a separator column and mg/L;
a suppressor column. Cl determined 1.5 for
using a conductivity detector. SO, 98.5
determined using a conductivity mg/L
detector.
Na" Atomic absorption A small amount of Cs solution is | Merck Titrisol NaCl/H,Of 1.2-1.5 1;
K" spectroscogy, direct added and the sample directly aspired | Merck Titrisol KCI/H,O | for 8.2- 1
aspiration' ' 13 into an oxidizing air-acetylene flame. 52
AAS: Perkin Elmer 1100 B | Absorption reads at 589.6 nm and at mg/L;
766.5 nm, respectively. 7.9-
12.5 for
1.6-6.3
mg/L

(continues)
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Table 3 (continued)

Mg”" Atomic absorption A small amount of La solution is | Merck Titrisol 24-4.8 1;
Ca** spectroscogy, direct added to water sample which is | MgCL/HCIl; Merck for 21- 10
aspiration' ' 13 directly aspirated into an oxidizing air- | Titrisol CaCl,/HCl 82
AAS: Perkin Elmer 1100 B | acetylene flame. Absorption reads at mg/L;
285.2 nm and at 422.7 nm, respectively. 1.7-3.3
for 9-36
mg/L
Fe*" Atomic absorption Dried 30s 140°C, ashed 30s 1200°C, | Merck Titrisol Fe(NOs), 0.1
spectroscopy, graphite atomized 3s 2100°C. Purge gas Ar | 0.5M HNO;
furnace 248.3 nm.
AAS: Perkin Elmer 1100 B
TDS Gravimetric™ Sample evaporated and dried at 105°C. 2.6-3.8 2500
for 190-
1680
ppm

*RSD - relative standard deviation
**D.1. — detection limit

Deposition analysis

The deposition sample was thermogravimetric analysed and by X-ray diffraction. The thermogravimetric analysis was made
by the use of a Derivatograph Q-1500D. The sample was very finely grounded and it was heated up to 1000°C with 10°minute. In
order to get information about the crystals in the solid sample XRD studies were made using a PHILIPS PW 1400 X-ray
spectrometer with K & Cu radiations.

Calcium carbonate deposition control

Geothermal water from the well 529 containing 154 mgCa**/L was placed in a water bath at 90°C for one hour. From this
water calcium carbonate was separated. Two additives were tested. In order to get the minimum dosage of inhibitor which can
prevent the precipitation of calcium carbonate from waters, different concentrations of additives were used.

CONCLUSIONS

By geochemical studies, the geothermal waters from the studied well could be classified as sodium-
chloride-carbonated waters with a high mineralisation. Considering the major anions, the waters are mature,
and taking into account the major cations the geothermal waters from Bors are almost equilibrated after
Arnorsson’s line.

The chalcedony geothermometer gives the best value as compared to the quartz and Na/K
geothermometers. The dissolved silica-enthalpy diagram indicated a higher temperature than the result given
by the chalcedony geothermometer. This could be due to a mixing of the hot water from the reservoir with
infiltrated cold water in the upper layers.

Based on the chemical data it was possible to predict potential scaling problems at changing
temperatures. The Watch simulation program was a useful tool to assess the minerals which can possibly
form depositions at the wellhead temperature and at lower temperatures reached during utilization.

The predicted precipitates (calcium carbonate) were confirmed by the structural analysis of the solid
formations removed from the pipes.

In order to prevent the scale some laboratory experiments were made with chemical inhibitors. The
efficiency of additives like tripolyphosphates and polyacrylates to prevent calcium carbonate scale was
successfully demonstrated in static conditions. These lab results can be upscaled to field conditions.
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