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ABSTRACT

This study is the first attempt to use geochemical techniques to evaluate geothermal reservoir in Georgia.
The geographical area of the study is named the Thilisi geothermal reservoir and belongs to the Sartichala
sub-zone of the Adjara-Trialeti folded system of the Lesser Caucasus. Thirteen thermal water samples were
taken from existing thermal boreholes on the territory of Thilisi, additionally one sample of river
Legvtakhevi, to be used as cold water component for estimation of reservoir temperature. The samples
revealed the majority have Na-K-HCO; composition compared to just few of them Na-K-CI-SO4 and Ca-Mg-
SO4-Cl. Water-type changes from bicarbonate to Sulfate-Chloride from the West to the East were also
observed. Reservoir temperature estimations by silica-enthalpy method is 130 °C, 163 °C, 212 °C.

The results of this and other current studies manifest the need for further researches and the steps and
methodology thereof.
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Introduction

The objective of this study is to investigate the geochemical characteristics of the thermal waters. For
hydrogeochemical evaluation, the commonly used Durov and L-L diagrams approach has been used. In order
to assess the maximum reservoir temperature, the silica-enthalpy mixing method was applied.

Field survey-sampling-analytical methods

A Total of 14 samples (Fig. 1) were collected - 13 of them are from the thermal wells and one from the
small river representative of the surface water in the central area, which may also feed thermal springs and
represent one of the source the recharge area for them.

All analyses were carried out at the chemical laboratory of the Research Center of Hydrogeophysics and
Geothermy, M. Nodia Institute of Geophysics, Ivane Javakhishvili Thilisi State University.

Unstable hydrochemical parameters, including temperature, pH and electrical conductivity (EC) were
measured with portable field laboratory WTW 197i which was calibrated in the field prior to every
sampling.
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Fig. 1. Location of study area and sampling points

Physico-chemical data of the area were subjected to graphical treatment by plotting them in different
diagrams using “Aguachem 5.1” software (Schlumberger water services) and graphing package “Grapher
10” (Goldensofware) in order to better understand the hydrochemical processes in the study area.

Major ions of Thilisi thermal waters

Major ion composition and ionic ratios can act as a track-record of water-rock interaction during
ascending flow. Durov (1948) diagram is based on the percentage of major ion milliequivalents. The values
of cations and anions are plotted on two separate ternary diagrams and data points are projected onto square
grid at the base of each triangle. The data are being presented using “Durov” diagram [1] (Figure 2), which
illustrates some geochemical processes, which might affect the water genesis [2].

The Samples plotted on the Durov [1] diagram are located in the 3, 6, 9 and 5 zones [2]:

Zone (3): water is ion exchanged because HCO3z and Na are dominants, although generation of CO, at
depth can produce HCOs where Na is dominant.

Zone (6): water might be under influence of mixing. SO4 is dominant or anion discriminant and Na
dominant;

Zone (9): probably end-water type, Cl and Na dominant
Zone (5): water type exhibiting simple dissolution or mixing, no dominate anion or cation.
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Fig. 2. Durov (1948) diagram
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For major cations and anions and geochemical processes, which might affect the genesis of
Thilisi thermal waters (Lioyd and Heathcoat 1985). Data points are being projected onto square grid
in 4zones illustrating the patterns of thermal waters. Zone (3): water is ion exchanged because
HCOs and Na are dominants, although generation CO. at depth can produce HCO3 where Na is
dominant.Zone (6): water might be under influence of mixing. SO4 is dominant or anion
discriminant and Na dominant; Zone (9): probably end-water type, Cl and Na dominant; Zone (5):
water type exhibiting simple dissolution or mixing, no dominate anion or cation.

In order to evaluate the chemical evolution of Thilisi thermal waters in the study area, the major
ion chemistry was summarized in the form of the [3] L-L diagram. L-L diagram is a useful tool to
see the patterns and correlations between the major cations and anions for multiple samples. Its
square plot is similar to the projection areas of the Durov plot. L-L [3] diagram displays relative
ratios instead of absolute concentrations.

The diagram shown in Figure 3, according which as it was expected, we can also identify 3
different chemical types of waters:

Group I, comprising 7 samples occupies the right lower part of the plot. In this group, waters are
dominated by Na+K and HCOs and may, therefore, be designated as “Mixed alkali-bicarbonate
type”.

Group Il water samples (2 samples) have high concentration of Cl+ SO4 and Na+K. This group
may be named as “Alkaline-Chloride-Sulphate type”.

Group Il water samples have the same high concentration of CI+SO4 but higher Ca+Mg

concentration than Group II waters. This group may be called as “Ca-Mg-Cl-SO4 type”.
b
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Fig. 3. Langelier and Ludwig (L-L) (1942)

Diagram summarizing the major ion chemistry of Thilisi thermal waters. In the figure can be identified 3
different types of water: Mixed alkali-bicarbonate type, Alkaline-Chloride-sulphate type and Ca-Mg-CI-SO.
type. In order to estimate the temperature for the Thilisi mixed geothermal water, the silica-enthalpy mixing
model [5] was used. Despite the fact that the mentioned model is based on the assumption that the silica
deposition does not occur before or after mixing and that, that quartz controls the solubility of silica in the
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high-temperature waters, it, in many cases, gives good results for estimations of hot water component
temperature.

Silica-enthalpy mixing method

Application of chemical geothermometers is a common practice to investigate the thermal state of
geothermal reservoirs [4]. Geothermal water transfers heat to the contact rock while rising to the surface and
they have lower temperatures than the reservoir. In order to investigate the thermal state of Thilisi
geothermal reservoir the chemical geothermometers , as a standard tool, were applied. The data of chemical
analyses of water collected from the thermal boreholes and the SiO2 concentration in waters were used for
subsurface temperature calculation by using silica-enthalpy mixing model.

The sample LR-01, having the minimum SiO; concentration and temperature, was used as the non-
thermal component of the mixed waters. In Figure 4, 3 possible a, b and ¢ mixing lines were drawn. If we
assume that maximum steam loss occurs before mixing, the three lines drawn from the cold water
component of the mixed water through the mixed thermal waters till the intersection with the vertical line
drawn from the boiling (100 °C) temperature - as a steam release temperature, will give 3 points A, C, E.
And the intersections of drawn horizontal lines from these points to the quartz solubility curve (B, D and F)
correspond to the maximum steam loss. The values of obtained points give the original silica concentration
of the thermal water component. The values are about 130 °C, 163 °C, 212 °C.
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Fig. 4. Silica enthalpy mixing model (Truesdell and Fournier, 1977)

LR-1 represents the Legvtakhevi river sample, which is used for non-thermal component. Sample IDs
correspond to all tables and Figures
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Conclusions

Deep thermal water migrating upward mixes with shallow groundwater system and changes its chemical
properties. Thermal waters have mainly Na (K)-HCOs, Na (K)-CI-SO4 and Ca (Mg)-CI-SO4 composition. In
waters of Lisi-Saburtalo area the ion exchanges because HCO3 and Na are dominants, although generation of
CO; at depth can produce HCOs where Na is dominant. As to S-04 water might be under influence of
mixing. SO4 is dominant or anion discriminant and Na dominant. Moving to the east (Ortachala. Phonichala)
probably we have end-water type, with domination of Cl and Na. The reservoir temperatures according to
silica-enthalpy method give the values about 130 °C, 163 °C, 212 °C, that should be corrected by application
of silica and cations’ geothermometers.
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Xumuueckoe 00c/iel0BaHNe U OLCHKH IJIACTOBOM TeMIeparypsl B
reoTepMajibHOM MeCTOPOKAeHUH I. TOMIuCH MeTOA0M CMeIINBAHUS
KPEeMHe3eMa-IHTAJIbIINH

H.A. Kananamze, I'.I. Meaukanze, U.B. ®opusc, C.I'. BenxBazase,
ML.I. Tonanze, E.B. UnxBuaanse, JILE. I'1onTn

Pe3rome

JlaHHOE WCccreIoBaHue SBISIETCS TIEPBOM TOMBITKONW UCIIOJIB30BaHUSI TEOXUMHUYECKHX METOJIOB ISl OLEHKH
reoTepMaibHOro pesepsyapa B I'pysun. I'eorpapuueckuil pailoH uccieoBaHus UMeHyeTcsa TOMINCCKUM
reoTepMaIbHBIM pe3epByapoM U OTHOCUTCS K CapTHYalcKoW mMoa30He Amkapo-TpuaneTckoi cKiagdaToi
cucrembl Manoro KaBkaza. TpuHaamate mpo® TepManbHOH BOJBI OBUIM B3ATHI W3 CYIIECTBYIOIIUX
TEPMaNbHBIX CKBXHH Ha TeppUTOpHHU T'. TOWIMCH, JOMOJHHUTENBHO OJUH oOpasen u3 peku JlerBraxesw,
KOTOPBIH UCIIONB30BAJICS B KAUECTBE KOMITOHEHTA XOJIOIHOM BOJIBI U OLICHKH TEMIIEPaTyphl pe3epByapa.
OO0pasubl mokazanu, 4To OONBIMMHCTBO W3 HUX UMEIOT coctaB Na-K-HCOs. Toibko HECKOJNBKO W3 HHX
umetot coctaB Na-K-Cl-SO4 u Ca-Mg-SO,4 —Cl. Taroke HabIr01aIMCh U3MEHEHHUSI TUIIA BOJIBI ¢ OMKapOoHaTa
Ha cyabdaTxiopun ¢ 3anaga Ha BocToK. OIEHKH TeMIlepaTyphl pe3epByapa METOIOM KPEMHEBOH-HTAIBITUH
cocraBistoT 130°C, 163°C, 212°C. Pe3ynbTaThl 3TOTO U APYTUX TEKYUIUNX MCCIEIOBAHUNA CBUIETEIbCTBYIOT
0 HEOOXOJMMOCTH JIaIbHEHIITNX UCCIIeIOBaHU, a TaK)Ke 00 MX dTarax U MeTOJI0JIOTHH.
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