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ABSTRACT

The rate at which geothermal installations become corroded
and clogged depends largely on the physico-chemical
composition of the geothermal water. A special research
programme has been developed, in connection with the
specific nature of the problem and wide variation in the
quality of geothermal waters (whose mineralisation ranges
from a few to more than 120 g/dm®). This programme is
intended to promote the comprehensive utilisation of
geothermal waters in order to improve the water balance,
stimulate the balneological sector and improve the
operating conditions of existing systems.

The paper presents possible benefits from the application of
water treatment methods. At the same time, the process of
desalinating cooled geothermal water may be used in order
to produce drinking water.

1. INTRODUCTION

The use of energy from alternative sources both in Poland
and in the European Union is hampered by high investment
costs, which are largely front-loaded (the cost of drilling the
absorption well, among other things), and are much higher
than the financial outlay required in the case of
conventional energy sources. Taking into account Poland’s
obligations to increase the share of energy from renewable
sources, it is essential to intensify efforts aimed at reducing
the aforementioned costs.

The specific nature of the problem and wide variation in the
physico-chemical properties of geothermal waters (whose
mineralisation ranges from a few to more than 120 g/dm®)
has given rise to a research programme designed to promote
the comprehensive utilisation of geothermal waters in order
to improve the water balance, stimulate the balneological
sector and improve the operating conditions of existing
systems.

Reducing the high investment expenditure, which is, inter
alia, related to the need to drill the absorption well, the cost
of improving absorption capacity, etc., may be of key
importance for the initiation of new investment and as a
consequence for increasing the share of renewable energy
in the domestic market.

This paper presents preliminary observations concerning
the feasibility of desalinating geothermal waters, which
would contribute to their utilisation in many areas,
including:

1) An improvement in the management of fresh
water resources through the use of desalinated
geothermal waters.

2) Limiting corrosion processes and the precipitation
of minerals that clog geothermal systems through
an attempt to mix raw geothermal water cooled in
heat exchangers with “pure water” in appropriate
proportions following the treatment process.

3) The development of the balneotherapy, tourism
and leisure sectors.

4) The recovery of mineral compounds with
balneological and economic importance (the
production of mineral resources).

5) In Poland, geothermal water resources are
associated with the presence of large regional
underground reservoirs. The proper examination
and determination of the operating conditions in
relevant facilities will not negatively affect the
amount of resources, the possibility of sourcing
renewable energy or the opportunities for
sustainable operation.

2. THE SALINITY OF GEOTHERMAL WATERS
EXTRACTED IN POLAND

The chemical composition of groundwater depends on
several factors, including the lithology of the aquifer rocks,
the circulation of groundwaters and the water-rock
thermodynamic  equilibrium. The geothermal water
reservoirs that have been made available and are currently
exploited in Poland exhibit varied physico-chemical
properties. Fresh and weakly mineralised waters with an
increased content of specific components are present here
as well as brines.

In central Poland, in Mszczonéw, weakly mineralised water
(below 0.5 g/dm?®) with a temperature of 40.5°C is being
extracted from the Mszczondw 1G-1 well, from a Lower
Cretaceous horizon composed of sandstones interbedded
with mudstone and claystone. This is high quality CI-
HCO;-Na-Ca water. After the extraction of heat using an
absorption pump and treatment, the water is used for
consumption purposes in the municipal water supply
system. Groundwater sourced from a Cenomanian reservoir
in Stomniki (south-eastern Poland) is used for similar
purposes. This is weakly mineralised (ca. 350 mg/dm®)
HCO,;-Ca-Na-Mg water with a temperature of 16.5°C at the
well outlet.

In south-eastern Poland, in Podhale, geothermal waters are
extracted from carbonate formations of the Middle Eocene
and from Middle Triassic limestones and dolomites. These
exhibit relatively low mineralisation — from 2.358 g/dm?
(Na-Ca-S0O,-ClI hydrogeochemical type) in the Banska 1G-1
well to 3.150 g/dm® (SO,-Cl-Na-Ca) type in the Banska
PGP-1 well (Kepiniska 2006). Their temperature at the well
outlet ranges from 69 to 86°C.
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Geothermal water extracted from Mesozoic formations in
the Polish Lowlands (e.g. in Pyrzyce, north-western Poland)
has a different composition. Very hard (8,653 mg
CaCOy/dm®) Cl-Na brines with a mineralisation of 123.8
g/dm® (Pyrzyce GT-1 well, 1997 analysis) and a
temperature of 61°C are present here. The water has a high
content of sulphates (1,115 mg/dm®), iron (16.4 mg/dm?),
manganese (1.5 mg/dm®) and fluorides (1.2 mg/dm®)
(Kania, 2003).

3. WATER DESALINATION METHODS

Desalination processes can be classified as follows on the
basis of changes in the phase, the type of energy used and
the separation technique applied (Sadhukhan et al. 1999;
El-Dessouky and Ettouney 2000; Bodzek et al. 1997):

1)  On the basis of changes in the phase:

. without changing phase — reverse
osmosis (RO) and electrodialysis (ED);

. involving changes in phase — distillation
and freezing out.

2)  On the basis of the type of energy used:

. heat-based processes — distillation
processes;

. processes based on mechanical energy —
reverse osmosis;

. processes based on electrical energy —
electrodialysis.

3) On the basis of the separation technique
applied:

. processes separating water from the
solution: distillation processes and reverse
0SMOsis;

. processes separating salt from the
solution:  electrodialysis and  ion
exchange.

The choice of the most appropriate water desalination
process is dependent on the physico-chemical properties of
the water, its temperature, gas content and technical aspects
related to the energy requirements of individual methods.
The following factors are also significant: process
efficiency (water recovery level), installation life
(mechanical, thermal and chemical resistance of the
membrane), the possibility of cleaning modules
(membranes) and the need to implement extensive water
pre-treatment processes as a result of, inter alia, raw water
containing organic substances (macromolecular
compounds, biological substances), inorganic compounds
(metal hydroxides, calcium salts, silica), suspended
particles, colloids (organic and inorganic) that may cause
membrane efficiency problems — fouling and scaling.

Desalination processes based on thermal and membrane
separation are the most important ones for drinking and
domestic water production (Tsiourtrtis 2001; El-Dessouky
and Ettouney 2000). Currently, membrane-based water
desalination processes predominate due to their lower
energy consumption compared to distillation techniques
(Bodzek et al. 1997). Reverse osmosis (RO) enables
pollutants to be separated at the molecular or ion level. In
this process, pressure is applied to a water (solution) to
force it through a semipermeable membrane, which
separates two solutions with different concentrations. Under
pressure, pure (permeate) water molecules pass through the
membrane, while molecules of salts and other pollutants
(e.g. colloids) and bacteria remain on the raw water side.

Hybrid installations combining thermal and membrane-
based technologies are increasingly frequently used to treat
salty water. These processes are, among others, the multi-
stage flash process (MSF) and multi-effect distillation
(MED). Their efficiency does not depend on the quality of
the water supplied, which is the case with reverse osmosis
(RO).

4. GEOTHERMAL WATER DESALINATION
PROJECT

Water physico-chemical properties have to be determined
in detail in order to assess whether it is possible to use
geothermal water and to determine the most efficient
treatment method. To this end, water has to be tested in situ
at two locations: at the wellhead in order to determine the
water parameters at the well outlet and in the geothermal
installation, after it has been cooled in heat exchangers.
During the geothermal water cooling process, several
physico-chemical reactions take place, as a result of which
the thermodynamic state of the water changes. This may
cause the precipitation of the minerals dissolved in the
water, which leads to many operational problems in the
installation (Kepinska 2006; Kania 2003; Goérecki (ed.)
2006). The analysis of the information obtained regarding
the specific features of the heating system in question is a
precondition for assessing the possibility of treating
geothermal water by one of the methods available and using
it in various applications other than the most common one.

In-situ studies at selected geothermal facilities in Poland
that use water with varying salt content will make it
possible to test the process on a semi-industrial scale (with
a water desalination installation capacity of around 1 m¥h).
The study is to be implemented in two stages. In the first
stage, the aim will be to obtain water that meets the
requirements for safe drinking water, while at the same time
recovering minerals that can be used in balneology or
industry. In the second stage, attempts will be made to mix
raw geothermal water cooled in heat exchangers with “pure
water” following the treatment process in appropriate
proportions. The final objective is to achieve a chemical
composition of water that will reduce the mineral
precipitation processes leading to the clogging of
geothermal systems.

The results of studies on the treatment of geothermal waters
following the heat recovery process, which often exhibit
high salt content and do not constitute drinking water
resources, will be used to assess the possibility of
improving the local fresh water balance.

5.PILOT INSTALLATION

A pilot thermal water desalination installation in Poland
will be commissioned at the Geothermal Laboratory of the
Mineral and Energy Economy Research Institute of the
Polish Academy of Sciences. Some of the water extracted
from the Banska 1G-1 geothermal well at Banska Nizna
(southern Poland, Podhale Basin), whose total depth it
5,261 metres (the geothermal water level is 2,565 m below
ground level), will be desalinated (Fig. 1). The primary
objective of the process will be to produce drinking water
which is in short supply in the vicinity of the wells. The
installation will be supplied with water at a temperature of
around 35°C, after it has been cooled in heat exchangers.
The pilot installation must include typical industrial plant
components because the pilot research must yield
representative results which will constitute guidelines for
industrial facilities. For this reason, the minimum
installation capacity has been set at 1 m3hour of



desalinated water, which meets the above condition and
will enable the extrapolation of results from the pilot
installation to an industrial one. The study will take six to
twelve months. The use of membrane-based methods is
envisaged. The objective of geothermal water desalination
will be to obtain water that meets the requirements
stipulated in the Regulation of the Minister of Health of 29
March 2007 (Official Journal [Dz. U.] No. 61/2007 item
417) concerning the quality of water intended for human
consumption.
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Figure 1: The concept design of the installation
geothermal water desalination from the Banska
I G-1 geother mal well.

6. SUMMARY

The successful implementation of the water desalination
research programme presented in this paper would
ultimately enable the development of best practices for
geothermal water treatment in newly constructed
installations and initiate proposals for improving the
operation of existing facilities.

In particular, the application of water desalination methods
at facilities which operate an open drain system (without
reinjection) where the cooled water is released into a
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surface reservoir, would contribute to more effective use of
the water released, including an improvement in the water
balance of the area in question.

The comprehensive use of geothermal water may contribute
to the development of the alternative energy sector. The
improvement of the economic parameters may be of key
importance in the stimulation of new investment and as a
consequence for increasing the share of renewable energy
in the domestic market.

REFERENCES

Bodzek M., Bohdziewicz J., Konieczny K.: Techniki
membranowq w ochronie $rodowiska, Wydawnictwo
Politechniki Slaskiej, Gliwice (1997)

El-Dessouky H., and Ettouney H.: MSF developments may
reduce desalination costs. Water&Wasterwater
International, 15(3) (2000), 20-21

Gorecki W. (ed.): Atlas zasobéw geotermalnych formacji
mezozoicznej na Nizu Polskim. GOLDRUK (2006)

Kania J.: Geochemical interpretation of thermal fluids from
low-temperature wells in Stykkishdlmur, W-Iceland
and Pyrzyce, NW-Poland. Reports of the United
Nations University Geothermal Training Programme.
Iceland (2003)

Kepinska B.: Warunki termiczne i hydrotermalne
podhalanskiego  systemu geotermalnego.  Studia,
rozprawy, monografie Nr 135. Wyd. IGSMIE PAN
Krakéw (2006)

Rozporzadzenie Ministra Zdrowia z dnia 29 marca 2007 r.
w sprawie jakosci wody przeznaczonej do spozycia
przez ludzi (Dz. U. z 2007 r. Nr 61 poz. 417)
[Regulation of the Minister of Health of 29 March
2007 (Official Journal [Dz. U.] No. 61/2007 item 417)
concerning the quality of water intended for human
consumption]

Sadhukhan H.K., Misra B.M., Tewari P.K.: Desalination
and wastewater treatment to augment water resources
in: Water Management Purification and Conservation
in Arid Climates (Goosen F.A., Shayya W.H., Eds.),
Vol. 2: Water purification, Technomic Publishing Co.,
Lancaster-Basel (1999) 1-29

Tsiourtis N.X.: Desalination and the environment,
Desalination, 141 (2001) 223-236.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


