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Formation and protection against incrustation on the geothermal pipe by
utilizing of geothermal water in the area of Durkov (Eastern Slovakia)

Gabriel Wittenberger* and Marian Sofranko®

Presented contribution describes reasons for rising of rusting and incrustation and possibilities of its removing at the technological
equipment during use hot geothermal water from the locality Durkov. The village Durkov is situated in the eastern part of the Kosice Basin
(15 km from the city of Kosice) that belongs to one of the most significant and most perspective areas with geothermal waters in Slovakia.
Geothermal waters in Durkov are bound to Triassic dolomites located in the basement of Neogene sediments. The biggest attention is paid to
the choice of the most modern methods for treatment with hot geothermal water, either by chemical or by physical processes and further
attention is paid to the geothermal energy system and its parts that are subjected to the rusting and incrustation, the important results of
physical-chemical measurements, the values of the elements contained in hot geothermal water. The objects of the scientific research works
are also protection of geothermal equipment (geothermal pipes) against incrustation, methods — possibilities of its removing, high
mineralization of geothermal water and its elimination. Modern technologies and research acknowledge that problems associated with using
of geothermal energy are no more unsolvable. Trend and practice confirm that from the mentioned measures for inhibition of the incrust and
rust formation on metallic parts, the equipment CALC-TECH CT-19252 N electronic will play an important role in this industry.

Key words: geothermal well, geothermal water, renewable energy source, geothermal potential, geothermal equipment, well completion,
inhibitor, incrustation, corrosion, methods of rust removing.

Introduction

Geothermal energy is one of the most important energy sources in the world, but locally can be also very
important and able to replace traditional non-renewable energy sources — fossil fuels that are rapidly consumed,
but also have a negative impact on the environment.

Geologists and workers in the power industry have paid attention to the problems of the earth’s heat and its
potential using as energy sources for many years. Almost 35 — year - old petroleum research in eastern Slovakia
has played an important role in this area. In this connection drill holes were realized that have penetrated to the
deep of several kilometres. The mentioned drilling works enable to get to know the rock composition of the
investigated area (Hudecek et al., 2013, Wachowicz, 2015) and other data that are connected with the tasks of
the eventual possibility of geothermal energy obtaining, remain applicable ideas only on theoretical even
hypothetical level (Wittenberger, Pinka, 2004, Cehlar et al., 2014). The southern part of Kosice valley is famous
for the existence of geothermal sources of considerable energy capacities, which are the largest not only in
Slovakia but in the whole eastern and central Europe. Nowadays, the intentions of using of this available source
are reversed on the locality Durkov Tl
near Kosice, figure 1, where three .
deep geothermal wells were drilled
off in 1998 and 1999 - one vertical
GTD-1 and two directed GTD-2
and GTD-3 — (GTD -1,2,3).
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Fig. 1. Locality of geothermal wells GTD Bud.a pest rs

1,2,3 - near the village Durkov.
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Inhibitors used in geothermal waters

On the basis of results from pumping tests and physical-chemical analyses it has been discovered that
geothermal water is strongly mineralized and depending on the way of its manipulation and exploitation it is apt
to formation of incrusts and it also have a considerable corrosive ability (depending on state values p and t). To
prevent from the undesired formation of corrosion and incrustation following inhibitors of geothermal water
have been tested: SP2556 (Baker Petrolite), Inipol AD 15 (CECA France), Stabil 2000, Ankodis 6. The company
Slovgeoterm a.s. Bratislava has provided in Table 1 a total mineralization of geothermal waters from wells GTD
-1,2,3 in average values, while several measurements were taken and measured values differed slightly
(Bandurova et al., 1999, Rijkers, et al., 2014).

Origin and protection of geothermal equipment against corrosion and incrust creation

One of the big problems in the treatment of the geothermal water from geothermal wells GTD 1,2,3 is the
elimination of considerably high mineralization, which is approximately 31 g.I" while in some countries using
geothermal energy this value would be almost insignificant. In Latvia near the town Klaipedsa they use
geothermal water with mineralization 160 to 220 gl' which has a high content of calcium sulphate (if
geothermal water is not treated with inhibitor, gypsum is separated from it in a distribution system), in Danish
Thisted and in some locations in Germany mineralization values reach 240 g.I"' (Gerog, 1999, Dogan, 2014).

Application of the inhibitor into the geothermal water does not decrease mineralization but slightly
increases (inhibitor substance is added), its main function is to participate in the formation of crystalline cores
and microcrystals and then deforms and disrupt them (Buyuksagis, 2013, Verma, 2013). There is a constant
formation and immediate disintegration of a crystal. Effect mechanism of incrustation inhibitors lies in the fact
that they accelerate the formation of crystalline nucleus centres where a large amount of little crystal forms and
that they unfavourably affect growth of crystals in a crystal lattice. Crystal growth is slowed down, a crystal
lattice is deformed, forming crystals has an irregular shape and instead of compact and solid layer an amorphous
and incompact layer is formed, resp. it is formed in a a smaller amount or not formed at all.

Molecules of inhibitor adsorb to a surface of the crystal, while part of the molecule remains desorbed and a
layer preventing from clustering and uniting of crystals is formed (Galambos, et al., 2012, Galambos, et al.,
2015, Kacur et al., 2014).

In order to keep calcium compounds in dissolved state it is necessary to keep CO, partial pressure at the
wellhead above the value 2,9 MPa which means that the pH of geothermal water at the wellhead may not rise
above 5,53 (in a closed pressurized system and untreated geothermal water) (Gryc, 2014, Ning, et al.,2012).
During cooling of geothermal water in a heat exchange system under sufficient pressure water gradually
becomes unsaturated regarding the calcium-carbonate system partly due to increase in CaCO; solubility with
decrease in temperature and partly due to increase in CO, solubility at lower temperatures. The consequence of
this is a substantial combined corrosion partly due to high content of dissolved gases, especially CO,, as well as
due to high concentration of chlorides, sulphates, hydrocarbons and ammonium ions at increased temperature
and pressure. Due to the high amount of chlorides in addition to general corrosion also substantial pitting
corrosion will appear (Beniovsky et al., 2000). In case of not keeping necessary pressure in the system, formation
of compact CaCO; deposits on walls of the piping and heat exchanger areas will occur. Its speed depends on
level of degassing. Increased pH to 5,6 means a tendency to incrustation at temperatures ranging from 125°C to
97°C (which corresponds to CO, concentration of 7880 mg.I-1 at temperature of 125°C to 6300 mg.I-1 at 97°C),
with pH 5,7 there is a danger of incrustation at temperatures ranging from 134°C to 70°C and above pH 5,7 in a
whole range of temperatures considered for the heat exchanger system. (Stankovié, N. J., et al., 2011).

Results of model tests and calculations have proved that for partially degassed geothermal water, for

example, if it runs through a pressure degassing valve on the separator, water inclines to incrustation and
achieves values above 110 mg.I-1.
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Table 1. Mineralization geothermal water from wells GTD-1,2,3 (Benovsky et al., 2000).
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It arises that in this way of using the geothermal water will keep the ability of incrustation also in a cooling
process, quite substantially. At free atmospheric degassing with the decrease of CO, below 0,2 MPa geothermal
water achieves supersaturation with free ions of calcium of 50 to 193 mg.l' v within a whole range of
temperatures that in a heat exchange system come into consideration. During a long-term test the geothermal
water has been treated with inhibitor and etalons were not from common ductile steel, but from a casing steel
grade J 55, therefore measured results are substantially different. When applying the inhibitor Stabil 2000,
incrustation has occurred only before the heat exchanger and only as a discontinuous thin layer with an average
thickness of 0,25 mm. Since incrustation has not been continuous secondary corrosion which is more dangerous
has occurred.The inhibitor Stabil 2000 has proved to be unsuitable for treatment of geothermal waters of the
Kosice Basin, since it was sufficiently efficient only above doses of 90 mg.1".

The inhibitor Inopol AD 15 proved to be universal because it totally suppressed incrustation at a dose of 90
mg.I" and partially reduced also corrosion (Hrehova et al., 2013). For smooth use of mineralized geothermal
water an inhibitor sodium hexametaphosphate with a commercial name Ankodis 6 will be sprayed into the well.
It is a mixture product of non-ionic surfactants consisting of ethylene oxide and propylene oxide copolymer with
a molecule weight of approximately 600 and ethoxylated octadecylamine which is a well proven inhibitor for
this kind of geothermal waters (Ruiz-Agudo, C., 2014).

Chemical composition of sodium hexametaphosphate is evident from its name NagPO,g, which is an anodic
inhibitor with excellent effect against incrustation and it can be classified as a so-called threshold inhibitor. It is
sufficiently efficient at applied dose of 1 mg.I"". To intensify the effect of the inhibitor against corrosion we have
to add zinc chloride and copolymer of acrylic acid (Sokrat 44), or acrylic and maleic acid (Sokrat 70), which
substantially reduces corrosivity to 0,1 mm.year’. Adding Zn in small doses results in the formation of a thin
layer of zinc on casing steel and thus it is protected also secondarily (Gonet et al., 1999).

Alternatively, during the well test also American inhibitor SP-2556 from the company Baker Potroline has
been applied. The results were very good and price relation regarding the applied amount was excellent. It
disintegrates after 20 days, so it does not affect quality composition of underground water in the reservoir in any
way and it complies with the standards and requirements of the European Union. To eliminate corrosion and
formation of incrusts inhibitor, which is transported to a depth of 300 m with a dosing pump located behind 4 m*
tanks from which inhibitor is dosed, has to be applied into geothermal water. Total dosed amount in the
production of the 2500 TJ per year represents 16-17 tons per year (Wittenberger, 2013).

The geothermal centre in OlSovany will have a storage of chemicals (they will be delivered and stored in
barrels), where solutions will be prepared and delivered to individual centres in a small cistern. The tanks on the
well will be refilled and from them solutions are injected into production wells with high-pressure pumps below
evasion point.

CT 19252 N
1 2
output | outputs
Performance W 240 480
Tube diameter | DN | <250 <350
Protection IPB5
Th trol dul Dimensions 3 height =
G (WxHxD) 600 % 363 x 450
Weight Kag 25.0

Fig. 2. Equipment CALC-TECH CT 19252 N electronic installed in the output pipeline with the control module.
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These chemicals are not hazardous and time of their disintegration is max. 48 hours (Benovsky et al., 2000).
On the outlet pipe from each production well the electronic-physical equipment CALC-TECH CT-19252 N
electronics will be installed, which will serve for treatment of geothermal water, figure 2. It is equipment which
prevents calcium crystals from forming clusters of acicular shapes with high cohesiveness.

Microscopic calcium particles remain in the water in their original size (10 um) and acicular structures do
not occur anymore. Therefore, they may not cluster and adhere to a surface of pipes and heat exchangers.
Installation itself lies in winding six coils on the pipe right after its exit from the well. For this installation we
need 2 m section of a straight pipe. Coils are connected to two generators. The first one is for production of
impulses and the second one for varying impulse frequencies according to the flow rate of the geothermal water.
By adjusting elements on a front side of the equipment CALC-TECH CT-19252 N electronic it is possible to
adjust the equipment according to actual conditions (Kegebas, 2014, Liang-he, 2013)

The frequency in function of the water flow measured by a flowmeter is controlled by Calc-Tech CT-19252
N. A Calc-Tech - the coils are situated on 5 different places and it helps in treating the complete factory against
lime scale deposits. A Calc-Tech system is adjusted to the water speed through the pipes and installed just before
circulating pumps. Geothermal energy is the perspective renewable energy source in the world. Areas of
geothermal waters using for electricity production or heating are very actual mainly by a permanent rising of the
energy prices, nowadays.

Conclusions

A lot of problems occur by using of geothermal energy. One of them is formation of incrusts and rust on
metallic equipment. Modern technologies and research acknowledge that problems associated with using of
geothermal energy are no more unsolvable. The problems may be solved by using and utilizing of the basic
physical-chemical knowledge supported by progressive practical research (Sidorové, Pinka, 2007, Woyessa,
2012). All of the mentioned measures being used against the incrustation and rusting have advantages and also
disadvantages, which ultimately is not a step forward in the prevention of the negative impact of geothermal
water on the pipeline (Bujok et al., 2013).

Resume

With regard to the world trends Slovakia has been ranked among the states that try to use domestic
geothermal sources also in spite of above mentioned high mineralization and some technical and economical
problems, in the last time. Thanks to geological research works Slovakia belongs to the regions with above-
average high geothermal potential. Analysis and tests have showed that from four inhibitors (SP2556, Inipol
ADIS5, Stabil 2000 and Ankodis 6), that were used for pressing down of high mineralization, only inhibitors
SP2556 and Inipol AD15 successfully passed the test. Trend and practice confirm that from the mentioned
measures for inhibition of the incrust and rust formation on metallic parts, the equipment CALC-TECH CT-
19252 N electronic will play an important role in this industry (Wittenberger, 2013).
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