
                               VOL. 11, NO. 5, MARCH 2016                                                                                                                 ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                      3025 

THE INCREASE OF GEOTHERMAL TURBINE PLANTS’ EFFICIENCY ON 
THE BASIS OF THE SURFACTANT ADMIXTURES’ USAGE 

 
Grigoriy Valentinovich Tomarov and Andrey Anatol’evich Shipkov 

“Geotherm-EM”, Lefortovskiy Val Street, Moscow, Russia 
E-Mail: geotherm@gmail.com 

 
ABSTRACT 

The operation of geothermal turbine plants is followed by a damage of working surfaces of metal and a formation 
of deposits in a ductal part. It leads to the destruction of power equipment’s elements, and also to the deceleration of 
turbines’ power and to the electric power generation at the geothermal power plant. A change of physical and chemical 
properties of the geothermal heat carrier by the means of the surface-active substances’ additives allows solving the 
problems mentioned above substantially. The developed criteria of a choice of the kind of surface-active substances 
provide the greatest efficiency of their application for the prevention of damages and formation of sediments in geothermal 
turbine plants. It is established on a criteria basis that the introduction of additives of a helamin to the geothermal heat 
carrier is a perspective way of the increase of geothermal turbine plants’ reliability and efficiency of operation. 
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1. INTRODUCTION 

The significant economic damage during the 
operation of geothermal turbine plants is caused by the 
damages of the equipment and the pipelines elements 
subject to an erosion-corrosion, drop-percussion erosion, 
cavitational erosion, corrosion cracking of metal which is 
energized and subject to a parking (atmospheric) 
corrosion. The damage is also caused by a formation of 
salt sedimentations on the working surfaces of the ductal 
part of turbines [1-5] (Figure-1). It leads to the increase of 
the hydraulic resistance of the ductal part, to the power 
deceleration and the growth of a specific consumption of 
the geothermal steam for the turbine plant that eventually 
reduces the power generation at the geothermal power 
plant (GeoPP). 

The practice of the use of the geothermal heat 
carrier in the power supply system shows that as a rule 
there are not usually enough constructive decisions at the 
creation of a such equipment to provide the effective 
protection of the metal of a working contour against the 
corrosive and erosive attack, and also to exclude the 
formation of salt sedimentations [6 - 14]. Therefore in 
addition it is expediently to apply various active ways of 
processes’ management of stream’s negative impact on the 
metal, including the change of the physical and chemical 
properties of the geothermal heat carrier [15-18]. While 
developing criteria of a choice of the surfactant for 
periodic introduction to the geothermal heat carrier it is 
necessary to consider the features of its influence on the 
processes of a realization of mechanisms of metal’s 
damage and the formation of sediments. 
 
2. RESULTS  

On the basis of the analysis of the damageability 
of the equipment GEO PP, the regularities and processes 
of the dominating mechanisms of the metal’s destruction 

in one and - two-phase geothermal streams the main 
groups and concrete criteria which should be used at a 
choice of the surfactant optimum type of surfactant 
admixture (Figure-2) were defined. 
 

 
 

Figure-1. The form of a nozzle lattice of the 1st step of the 
25 MW geothermal turbine plant. 

 

 
 

Figure-2. Сriteria groups for the selection of surfactants. 
 

The first group of criteria defines a real 
opportunity and efficiency of the suppression of possible 
bigger quantity of types of destruction of the equipment 
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and pipeline’s metal under the influence of the geothermal 
heat carrier (Figure-3). 

The second group of criteria reflects the 
properties which surfactant admixture must possess for the 
ensuring of cleaning of working surfaces from scurfs, and 
also to promote the prevention of the formation of scurfs 
in elements of the turbine plants (Figure-4). 
 

 
 

Figure-3. The list of types of destruction. 
 

 
 

Figure-4. The list of criteria reflecting the surfactant 
properties. 

 
A group of the criteria reflecting a possibility of 

the application of a correctional additive in various 
thermodynamic, hydrodynamic and water and chemical 
conditions with the list of types of the capital equipment of 
the geothermal turbine plant are presented in a Figure-5. 

The practice of the application of surface-active 
substances testifies that their use in some cases can be 

followed by the negative phenomena. In the Figure-6 some 
negative effects a manifestation of which would be 
undesirable are shown. The high expense and the cost of 
reagent can also be a restriction for the application. 

In a result of the conducted researches it was 
established that helamin possesses a property allowing to 
wash scurf, and also to interfere with its appearance. On 
the one hand the property of the helamin to do a surface of 
a hydrophobic type (that creates the conditions interfering 
the sedimentation and sticking of impurity to a surface) is 
in the cornerstone of the manifestation of such an effect, 
and on the other hand it loosens already formed scurf (that 
leads to an washing and carrying out of firm formations in 
a geothermal contour). 
 

 
 

Figure-5. List of equipment, subject to various 
kinds of destruction. 

 

 
 

Figure-6. The list of possible adverse effects associated 
with the use of surfactants. 
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Follows from the above that additives of a 
helamin smear to be recommended for minimization of 
manifestation of various mechanisms of damage of metal 
and the prevention of formation of deposits in a 
geothermal contour of power stations. Works on an 
experimental assessment of efficiency of introduction of 
additives of a helamin for the prevention of damageability 
of elements of the equipment and formation of deposits in 
actual practice of operation of geothermal turbine plants 
are planned. 
 
ACKNOWLEDGEMENTS  

The results presented in the article are received 
with a financial support of the Ministry of Education and 
Science of the Russian Federation (the agreement on 
granting a subsidy 14.576.21.0046, the unique identifier of 
the applied scientific researches RFMEFI57614X0046) 
within the implementation of the federal target program 
"Researches and Development in the Priority Directions of 
Development of a Scientific and Technological Complex 
of Russia for 2014 - 2020". 
 
REFERENCES 
 
[1] Bjorke J.K., Mountain B.W., Seward T.M. 2012. The 

Solubility of Amorphous Aluminous Silica Between 
100-350 ˚C: Implications for Scaling in Geothermal 
Power Stations. Proc. NZ Geothermal Workshop. 
Auckland, NZ. 

[2] Rosalind H. Julian, Keith A. Lichti, Ed Mroczek and 
Bruce Mountain. 2015. Heavy Metal Scaling and 
Corrosion in a Geothermal Heat Exchanger. 
Proceeding World Geothermal Congress: 1-9. 
Melbourn, Australia.  

[3] Lichti K.A., Brown, K.L., Ilao, C.M. 2010. Scaling 
and corrosion of pH adjusted separated water. Proc. 
NZ Geothermal Workshop. 

[4] Tomarov G.V., Nikol'skii A.I., Semenov V.N., 
Shipkov A.A. 2015. Geotermal'naya energetika. 
Intekhenergo-Izdat, Teploenergetik, Moscow, Russia. 

[5] Ivan I. Chernev, Victor M. Okrugin, Nikita S. 
Okhapkin, Elena D. Andreeva, Alexander A. Shadrin, 
Daria A. Yablokova. 2015. Technogenic Precipitation 
in the Structures of Mutnovsky Geothermal Power 
Complex (South Kamchatka). Proceedings World 
Geothermal Congress 2015: 1-8. Melbourne, 
Australia.  

[6] DiPippo R. 2008. Geothermal power plants. 
Principles, applications, case studies and 
environmental impact. Elsevier Ltd., Kidlington, UK. 

[7] Fidel S. See, Richard C. de Guzman, Almario D. 
Baltazar and Noel D. Salonga. 2015. Silica Inhibitor 
Application during Medium-Term Discharge Tests of 
Geothermal Wells The BacMan Geothermal Field 
Experience. Proceedings World Geothermal Congress 
2015: 1-6. Melbourne, Australia.  

[8] Zhao Sumin and Zhao Kan. 2015. Formation 
Mechanism and Control Techniques of Calcium 
Carbonate Scale in the Langjiu Geothermal Field 
Tibet. Proceeding World Geothermal Congress 2015. 
Melbourne, Australia.  

[9] Hardardóttir V., Hannington M., Hedenquist J., 
Kjarsgaard I. and Hoal K. 2010. Cu-rich Scales in the 
Reykjanes Geothermal System, Iceland. Economic 
Geology. 105: 1143-1155. 

[10] Brown K. 2011. Thermodynamics and kinetics of 
silica scaling. International Workshop on Mineral 
Scaling. Manila. 

[11] Fournier R. O., Rowe J. J. 1977. The solubility of 
amorphous silica in water at high temperatures and 
high pressures. American Mineralogist. 62: 1052-
1056. 

[12] Vigdis Hardardottir, Mark D. Hannington. 2015. 
Changes in Scale Composition Reflecting Pressure 
Changes in the Seawater-Dominated Reykjanes Well 
RN-11. Proceedings World Geothermal Congress 
2015. Melbourne, Australia.  

[13] S. Soylemezoglu, K.A. Lichti and H. Bijnen. 2001. 
Geothermal Corrosion Case Studies at the Wairakei 
and Broadlands Geothermal Fields Using the 
Corrosometer Method. Industrial Processing Division, 
Department of Scientific and Industrial Research. 21: 
27-31. Petone, New Zealand. 

[14] Simon J. Addison, Kevin L. Brown, Paul H. von 
Hirtz, Darrell L. Gallup, Jeffrey A. Winick, Farrell L. 
Siega, Toby J. Gresham. 2015. Brine silica 
Management at Mighty River Power, New Zeland. 
Proceedings World Geothermal Congress: 1-12. 
Melbourne, Australia.  

[15] D. Hasson, M. Avrieal, W. Resnick, T. Rozenman, S. 
Winddreich. 1968. Mechanism of Calcium Carbonate 
Scale deposition on heat-transfer surfaces. I&FC 
Fundamentals. 1: 59-65. 



                               VOL. 11, NO. 5, MARCH 2016                                                                                                                 ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                      3028 

[16] Holger Topp, Dieter Steinbrecht, Wolfgang Hater, 
Andre de Bache. 2012. Thermodynamic Data of 
Selected Film Forming Amines. 3rd International 
Conference Interaction of Organics and Organic Plant 
Cycle Treatment Chemicals with Water, Steam, and 
Materials. Heidelberg. 

[17] Roothooft R., de Caluwe R., Bohnsack G. 1997. The 
Behavior of Certain Conditioning Agents in a Boiler 
at High Temperature. Proceedings Fifth International 
Conference on Fossil Plant Cycle Chemistry, 
Interaction of Non-Iron-Based Materials with Water 
and Steam: 4.11 – 4.32. EPRI. Palo Alto. CA., EPRI 
TR-108459.  

[18] R. Roofthooft, M. Eyckmans, K. Verheyden, D. 
Pourcq. 2001. Conditioning of Water-Steam Cycles 
with a Mixture of Polyamines and Polyacrylates. 
International Journal for Electricity and Heat 
Generation. VGB PowerTech. 3: 83-86. 

[19] Zahner T., Seghezzi H.D., Cappis M.C. 1998. Water 
Treatment Helamin. Filtro SA. CH-1211. Geneve the 
SQS-sertificate ISO 9002. 


