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Abstract- The paper briefly describes twenty five years of experience in the application of new knowledge and constant technology improvements in drilling and completion, engineering and construction of gas gathering and treatment systems. In all activities related to hydrocarbon production, very significant emphasis is put on environmental safety, energetic efficiency and production reliability in the most demanding natural conditions of Deep Podravina fields located in northern part of Croatia. The produced fluid from these fields contains sour gases – CO2 in concentrations of 12-55%, H2S between 50-8000 ppm, mercaptans, mercury and chlorides in the formation water. Reservoir depths range from 3200 to 4100 meters and the reservoirs are overpressured up to 50% above the hydrostatic pressure. Besides being overpressured, the reservoirs are characterized by relatively high temperature ranging from 180 to 200 0C . The first gas treatment train of 1 mil m3/day capacity was started up in 1980 and was followed by GTP Molve II expansion with additional 3 mil m3/day capacity, and the final expansion was GTP Molve III with 5 mil m3/day additional capacity in 1993. Plant modifications and redesigns that were carried out in order to optimize the production process, improvement of energetic efficiency and especially environment protection are also presented in the paper. The emphasis is put on the advantages of cogeneration units which are in exploitation and in constant expansion. The cost effectiveness of the cogeneration plant is especially stressed. In the paper it has also been presented how significant energy savings have been achieved by driving the process pumps by variable frequency drives instead of a gas engine drive. The distributed control system (DCS) development and its integration with the business information systems of INA-Naftaplin are briefly presented.
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Introduction
Gas condensate fields in Deep Podravina region (northern part of Croatia, Figure 1) were discovered in 1974 after the extensive exploration activities were carried out by experts from INA-Naftaplin and Geofizika. Gas field Molve was brought on stream in 1980 and after that intensive operations in drilling, completion, perforating, well testing and stimulations followed and still are being done by today's experts from INA-Naftaplin and Crosco Integrated drilling & well services co. 
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Simultaneously with well operations, the gathering system was bulit by Croatian companies (STSI, ZM-Montag, Montmontaža, Končar, SCAN...) Production system consists of 50 production wells, 6 gathering stations and 3 gas treatment plants (GTP) together with a power generation plant and is the backbone of Croatian’s energetic.
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The main characteristics of Deep Podravina fields are high reservoir depths (3200-4100m), reservoir overpressure up to 50% higher than hydrostatic, high reservoir temperatures 180-2000C and the content of sour gases CO2 (12-55%), H2S (50-8000 ppm), mercury, mercaptans and chlorides in formation water. Such thermodynamic conditions and fluid composition required a special selection of corrosion resistant materials for well completion. The safety of personnel and facilities was imposed as imperative because any uncontrolled fluid leak would cause a wider environmental disaster. Every well is equipped with subsurface safety valve and master and wing valves – hydraulically and remotely operated.

Since the start up of the first gas treatment plant, numerous plant modifications have been done. The most important changes of the original design were GTP II capacity increase by bypassing the Benfield sweetening unit while removing H2S by solid absorbent, lowering the operating pressure of GTP I in order to postpone the compressor production, replacement of 2.5 MW aMDEA pump gas engine driver with electric motor drives of domestic production. Beside these improvements there were many other examples. Gas treatment process optimizations were also followed by changes in energetics. Actually, three gas turbine cogeneration sets have been installed. Because of increased electric power demand, there is an installation of the fourth 4 MW cogeneration set undergoing, where KONČAR is the main contractor. The electric generator and the steam generator are made in Croatia, the equipment that has to be imported is the gas turbine and control system. In 1987 the first distributed control system (DCS) by ABB was installed at gas field Kalinovac. Until the start up of the GTP Molve III in 1993 all the gathering and treatment plants were equipped with networked DCS systems. Since 2000 there is a continuous modernization program going on and now aiming at integration with the business information systems of INA-Naftaplin. All the work in process plant reconstructions and optimization was done by in house basic design engineering from INA-Naftaplin which was backed up by Integrated Technical Services – STSI which together with its Croatian subcontractors successfully solved the most demanding technical challenges. The next challenge which is under way is the expansion of compressor production by introducing wellhead compression which has certain advantages over conventional central compression systems because of very specific behavior of the wells.

Geological Profile, Well Completion And Production Equipment
Over-pressured gas field Molve reservoir is featured by a very high lithological composition of micro- and macro-fractured porosity, with a permeability ranging from very good in certain parts of the reservoir to almost full impermeability in other parts.   


A series of faults intersect the reservoir, and the major faults may be divided into three sections that are affected after several years of exploitation by different reservoir pressure levels. Formation fluid composition is featured by high acid gas content and the presence of mercury, mercaptans and dissolved chlorides (see Table 1).
Table 1 – Main reservoir parameters and content of non-hydrocarbon components in gas

	Reservoir centre of gravity 
(m)
	-3257

	Effective height 
(m)
	65,9

	Gas/Water contact 
(m)
	-3380

	Permeability 
(mD)
	0,1 – 6

	Initial reservoir pressure 
(bar)
	480

	Formation temperature 
(oC)
	180

	Carbon dioxide 
(%)
	23

	Hydrogen sulfur 
(ppm)
	80

	Mercury 
(mg/m3)
	30

	Mercaptans 
(mg/m3)
	10

	Dissolved chloride 
(ppm)
	3


Production system (4( is composed of gas wells, auxiliary pipelines, gas separators, acid gas and mercury removal units, dehydration and refrigeration units and NGL units. An adjustable choke reduces the flowing pressure of recovered gas at the wellhead to the auxiliary pipeline pressure level. Second pressure reduction occurs at the auxiliary pipeline end entering the inlet manifold, in order to reach the gas treatment plant's (GTP) pressure level (see Table 2). 

Table 2 – Factors determining corrosive properties of Molve field gas

	Factors
	Initial condition
	Present condition

	Gas production per well 
(m3/day)
	250,000 – 500,000
	60,000 – 330,000

	Condensate production per well 
(m3/day)
	15 – 30
	3.5 – 20

	Water production per well 
(m3/day)
	5 – 20
	3 – 100

	Bottom hole shut-in pressure 
(bar)
	485
	240

	Wellhead shut-in pressure 
(bar)
	345 – 370
	100 – 200

	Bottom hole flowing pressure 
(bar)
	415 – 460
	100 – 230

	Bottom hole flowing temperature 
(oC)
	180
	180

	Wellhead flowing temperature 
(oC)
	112 – 135
	80 – 135

	Auxiliary pipeline operating pressure (bar)
	140 –160
	60 – 120

	GTP operating pressure 
(bar)
	50 – 60
	50 –60

	CO2 content (%)
	19.5 – 21.5
	22 – 23

	 H2S content (ppm)
	52 – 130
	80

	Dissolved chloride content (%)
	0.003
	0.003

	Mercury content in gas (10-6 kg/m3)
	0.07
	0.07

	Water content in gas stream (10-6 kg/m3)
	20 – 40
	5 – 300

	Formation water salinity (kg NaCl/m3)
	10 – 30
	10 – 30

	Velocity of fluid flow thru tubing string (m/s)
	7 – 12
	3 – 8

	Bottom hole CO2 partial pressure (bar)
	90 – 97
	22 – 55

	Wellhead CO2 partial pressure (bar)
	67 – 75
	22 – 46

	Bottom hole H2S partial pressure (mbar)
	25 – 65
	10 – 25

	Wellhead H2S partial pressure (mbar)
	17 – 46
	6 – 20


Corrosive and erosive effects of gas

Highly resistant material had to be applied in order to combat an extremely corrosive environment composed of acid gases (1((2((5(, carbon dioxide, hydrogen sulphide, mercury and dissolved chlorides. For corrosion prevention, NACE MR-01-95 standard has foreseen the CO2 partial pressure below 2 bar and H2S partial pressure below 10 mbar. Due to combined effect of corrosion and erosion, created by high velocity and turbulence of recovered fluid stream flowing through production equipment, the major task of INA-Naftaplin's experts, preceding initial well completion and overhead production system concept determination, has been selection of high quality and resistant material for above mentioned conditions. 
Safety – ruling criterion in well completion concept selection

Considering the fluid composition and conditions at Molve gas field reservoir, an uncontrolled eruption of gas would end in an incalculable disaster affecting a large area. In addition to safety shut-down system, an emergency shut-down system is installed, and consists of the following: a kill fluid preparation station, including appropriate equipment and instruments; a cementing and pumping set; and a gel mixer (3( (see Figure 2). A trained and skilled crew uses those devices and facilities, in an attempt to kill the well in case of a gas leak endangering safe operation. 
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Figure 2 - Safety and Emergency Shoot Down System and X’mas Tree Assembly

Gas Processing at Gas Treatment Plant (GTP) Molve 
In order to meet sales gas specifications, 3 parallel gas treatment plants were built in phases. GTP Molve I started in 1981, with 1 million m3/day inlet capacity. GTP Molve II started in 1984 with 3 million m3/day inlet capacity. Considering feed gas composition, sales gas specifications and environmental regulations, processes used at GTP Molve III include removal of CO2/H2S, mercury, water and heavier hydrocarbons (C2+) from inlet gas. Activated MDEA is chosen to remove CO2 and H2S from raw natural gas. aMDEA solution is water based solution of activated methyldiethanolamine in concentration of 43% by weight. Energy requirement comparison between plants Molve I, II and III is presented in Table 3. aMDEA finds its applications and proves to be optimal process for gas sweetening since 1980. At GTP Molve III gas is contacted with semi lean aMDEA solution in two parallel absorbers. After the first stage sweetening, gas exits with 2.86% vol. CO2 and 23 ppmv of H2S.
Table 3 – Energy requirement for gas sweetening at GTP Molve

	MJ/kmol of removed sour gases
	GTP I 
Benfield
	GTP II

Benfield Lo-Heat
	GTP III

aMDEA

	
	one stage absorption
	two stage absorption

	Heat
	110
	80
	28

	Circulation
	20
	12
	17

	Capacity m3/d
	1.000.000
	3.000.000
	5.000.000

	Inlet/Outlet CO2 
	24% / 3 %
	24% / 3 %
	24% / 100 ppm


After first stage absorption gas goes to second stage where it contacts lean aMDEA and after this stage gas exits with less than 100 ppmv CO2 and less than 1 ppmv H2S. CO2 / H2S stream from aMDEA regeneration together with CO2 / H2S from Benfield strippers at GTP Molve I/II goes to Lo-Cat for treatment, before CO2 is released to the atmosphere. In Lo-Cat process, CO2 with 600 ppm of H2S is directed to Lo-Cat absorbers thru specially designed venturi type pre-contactors. H2S is absorbed and oxidized to elemental sulfur which exits Lo-Cat process in form of dry powder. Cleaned CO2 contains less than 10 – 50 ppmv of H2S and is released to atmosphere. Sweet gas is dehydrated by molecular sieves in three vessel system.. After molecular sieves, gas enters second stage (polish) mercury absorber. In this mercury removal stage, mercury adsorption – chemical reaction takes place also in sulfur impregnated activated carbon. Mercury concentration after polish adsorption is less than 10 mg.

C2+ extraction is separation of methane from other hydrocarbons in order to separate:

· sales gas which is predominantly methane

· C2+  ethane and heavier hydrocarbons 
Separation of these two is done by condensing C2+ at very low temperatures which are achieved by gas expansion in turbo expander and utilizing aluminum heat exchangers (cold box) for good heat exchanging efficiency. In this section of the plant 88% of ethane, 99% of propane and 100% of all other hydrocarbons are recovered from the gas.

IMPROVEMENTS AND MODERNIZATIONS 
Optimalization  of  aMDEA System 
The major problem during past ten years has been ''pumping building'' design. Two trains of MDEA charge pumps for both lean and semi lean were driven by gas engines connected by one driveshaft as it is illustrated in Figure 3. Third train consisted of semi lean charge pump which was driven by hydraulic turbine that was supposed to recover pressure of solution going from absorbers to HP flash tower (50 bar to 12 bar). The problems of the old design were primarily gas engines which are not suitable to drive pumps that must circulate non-stop. Gas engine must be shut down every month for regular maintenance. Besides scheduled shutdowns, GTP Molve experienced lot of unplanned shutdowns due to engine unreliability. Besides unreliable operation of gas engines there was another problem  in plant design and that was ''train C'' where there was one S-L charge pump driven by hydraulic turbine. This skid was in operation for only few hours during past ten years. The reason for that was that turbine needed at least 1600 m3 /hour of MDEA to flow in order to recover 1.6 MW to be able to drive the pump. Since total circulation of MDEA at Molve was never more than 1200. m3 /hour, which was less than designed flow, train C could not be in operation. Besides unreliability, high costs of maintenance forced us to change the layout of pumping building and to replace one 2.5 MW gas engine, Figure 5, with two electric motors (1.8 MW + 0.5 MW) driven by variable frequency drives.
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Figure 3 - Configuration of aMDEA pumping station -2003

Variable frequency drives instead the gas drive 

The gas driving motor, 2500 kW, used for the drive of two processing pumps on the same shaft, was replaced by two three phase asynchronous cage motors, while the pumps were separated with the purpose of an increase of the plant flexibility as it is illustrated on Figure 4.
A driving electric motor, 1800 kW, 3000 rpm, is sufficient for one pump, while a driving motor, 450 kW, with the same rpm is used for the other. Both motors are of two-pole type, each one supplied by a frequency converter of the appropriate power and the voltage of 3300 V for rotation speed regulation within the range from 2300 to 3200 rpm. 
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Figure 4 - The new arrangement in the aMDEA pumping station, after 2003
In order to achieve the best exploitation of energy with the existing technical equipment and under the existing technological conditions it was necessary to rearrange the existing system with the purpose of better exploitation of the hydraulic turbine. The problem was resolved in such a way that the turbine was built-in on the common shaft with the driving asynchronous motor and pump. A synchronous clutch was installed between the motor and the turbine. An asynchronous electric motor, 1800 kW, works in so called «buster» coupling with the turbine and it has the possibility to ensure the full power to the pump during the time when there is no flow through the turbine. During the time when there is a flow through the turbine the power necessary for the pump is ensured by the motor and the turbine. From the point of view of the concept, design and technology the project had to resolve a lot of problems in order to achieve higher safety, reliability, flexibility and economy of operation of the system for elimination of acid gases. The exceptional attention was paid to the features and possibilities of extension of the electric energy system Molve, parallel and independent operation regarding the public grid and the better exploitation of the cogeneration plant. The most recent operational and control and regulation equipment was chosen (7((9(.
Engineering and construction
The complete pumping unit redesign and modification project has been performed using Croatian know-how and equipment. Frequency converters (10( were imported from ABB Switzerland. Feasibility study (11( was done by University of Zagreb, Faculty of Electrical Engineering and Computing and served as basis for engineering, procurement and construction. The main turn key contractor was KONČAR. The subcontractors were STSI for civil and mechanical works, SCAN-Zagreb for integration of the new drives into existing DCS system. The new arrangement of is presented on Figure 5. It is in full commercial operation from December 2003.

Energy savings on Molve III

During testing, after plant commissioning, confirms that the energy and power savings are dependable on operation state, and they are between 800 and 1400 kW (12(. If one take average power saved around 1100 kW and number of working hours of 8000 the energy savings (C) is (assumption 1kWh= $ 0,1):
C=8000 x 1100 x 0,1=   880 000 $/year
Improvements for Better Energy Efficiency
Gas processing plants at CPS Molve need continuous electric power and steam supplies. The Power Plant for steam and electric power generation is located in the gas field, hence gas is used as driving fuel for generator operation. For the processing of sour gases, the power plants stations with ancillary facilities were built for the purpose of supplying the GTP with thermal and electric energy. The boiler rooms I and II of the boiler plant and the Power Plant waste heat recovery boilers generate thermal energy which is used in the form of saturated steam for regeneration of process solutions and heating. The electric energy required for rotating equipment operation is generated by the Power Plant. There are three Turbo Electric Aggregates (TEA, see Figure 6) installed of 3.0 MW each, and each with option to use the exhaust gas thermal waste for the purpose of achieving the optimal operating efficiency of the overall system. 
         
[image: image5]      
Figure 6 - Molve power plant configuration, 3 existing units and one in construction (TEA 4)
The selection of such co-generating plant for production of electric and thermal energy in the form of high pressure dry saturated steam fully satisfies the gas processing requirements at CPS Molve. The gas turbine together with reduction gear, generator and all the ancillary equipment are arranged in series for joint production with acoustic insulation for noise protection. At the exhaust system are installed the boiler for thermal waste, water heater and exhaust gas smoke flue. As operating fuel for co-generating plant – Power Plant at CPS Molve, dry clean gas is used which is directed into the gas turbine for combustion. The combustion transforms the chemical energy into mechanical energy and drives the turbine which is connected with the generator through the reducing gear. Hot flue gases (518ºC) formed during gas combustion in the gas turbine flow through a separate boiler for thermal energy production. After heat exchange, the flue gases are cooled to app. 200ºC and flow into the air through the chimney. The feed water is heated to app. 180ºC and as dry saturated steam (10 bar) is used in the process.

Analysis of the Power Plant operation with reference to energy savings

An operating analysis (8( with reference to energy has been prepared based on the production parameters monitored over the past 15 years of the co-generating plant operation. The calculations have been prepared based on daily work reports of the Power Plant, and the chromatographic analysis of the fuel gas. The obtained results are:

· Total electric energy production 

553.554 MWh

· Total steam production


1.695.583 ton
The fuel gas saving analysis has been made based on production data comparison for boiler plants at CPS Molve and the Power Plant. Based on boiler plant production parameters, it results that for 1 ton of generated steam from the boiler room the fuel requirements for combustion are 90 m³ of gas of 33.300 kJ/m³ calorific value. The total produced steam quantity since the beginning of the Power Plant operation is 1.695.583 tons, thus if we wanted to produce this steam in the boiler room the fuel requirements would be 152.602.470 m³ of gas. Such quantity of gas represents direct fuel savings, as that gas was sold to the consumer distribution system. This data shown in amounts of money are then as follows. The price of 1 m³ of gas was $ 0,1 at 22.08.2003, so that for the considered period of 15 years the value of “saved” fuel gas would amount to $ 16.258.550.

Energetic efficiency of the Power Plant operation

In 2002, the consumption of gas at the Power Plant was 20.201.000 m³. The energetic value of gas was on the average 34.330 kJ/m³, which for the consumed gas represents an energy equivalent of 693.503.760 kJ/m³/year. As in 2002 the Power Plant produced 127.000 ton of steam and 40.623.600 kWh of electric energy, it may be calculated that the efficiency degree was about 46%.

New extension of Cogeneration Power Plant – TEA 4

Because of increased electric power demand, there is an installation of the new 4 MW cogeneration unit, TEA-4, undergoing, where KONČAR is the main contractor, STSI contractor for waste heat recovery system and civil engineering. The electric generator and the steam generator are made in Croatia, the key equipment that has to be imported is the gas turbine and control system. The fourth aggregate TEA-4 is shown in Figure 7.
Distributed Control System (DCS)
Increased hydrocarbons production under complex conditions required also alterations in existing process control system practice. A Programmable Logic Controller (PLC), as a domineering concept, could no longer cope with the new demands. First Distributed Control System (DCS) ABB Master® has been installed and started at production field Kalinovac in the year 1987. One of the basic DCS’s properties is a functional integration, meaning that it uses only one and unique system for all process control functions – logical, sequence and regulation control as well as advanced control function, reporting, filing etc. One of the fundamental requirements in oil and gas production is to eliminate the need for integration of various systems and therewith essentially increase the total production entity reliability. Furthermore, the unique design of the operating surface for all control functions enabled the operators to adapt quickly to the new working system under such complex production conditions. Another important DCS property is the structural integration, which means that all of the system components – operation stations, engineering stations, process controllers etc. – from the least significant to the most complex segment are part of the one and unique system. During the following years (1987 to 1993) it enabled a gradual establishment of an integrated DCS configuration covering a large geographic area (approximately 250 km2). It was one of the larger systems at that time. One of the most important benefits of this concept is its on-line configuration potential, as another basic DCS’s feature, which enables creation of new and edition of existing applications without any interruption of the DSC operation (and consequently of the process shut-down). Gradual modernization of the control system continued during the 2nd phase, beginning with the year 2000 (see Figure 7). Basic principles of modernization were:

· Existing investments, including the installed equipment and the process wiring, have to be preserved in an optimal manner. 

· Additional training period for the operators has to be minimized by utilization of the same operating principles but now with the most sophisticated graphical solutions. 

· Duration of particular modernization steps, which are exclusively undertaken during the scheduled plant work-over activities, had to be cut down to the maximum. 

Basic goals of modernization on existing control systems are:

· Increased productivity, applying the advanced function of regulation and an up to date human-process interface (HPI), and consequently enhanced operator’s efficiency. 
· Potential integration of the DCS with other equipment using the so called field-bus technology – an example is integration of the middle voltage frequency converter with the DCS on GTP Molve III.

· Better evaluation and analysis of the process values, applying the history function (trends, reports, etc.). 

One of following goals of modernization is closer integration of DCS with INA-Naftaplin’s  IT systems. A function provided during the 1st phase was dedicated to Company’s management (Information Management Option) and enables, in real time, insight into the most important production parameters.
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Figure 7 - Distibuted Control System – Plant Molve (2005 year)
In the next phase, after installation of the latest DCS generation (ABB Industrial IT System 800xATM) it will be possible to apply enhanced maintenance techniques like RCM as well as to perform an integration of the DCS with the SAP PM Module, which is part of INA’s ERP information system.
CONCLUSION
In this paper was presented 25 years of natural gas production at deep Podravina fields in the most demanding natural conditions, continuously improvements and modernizations directed to enforce productivity, safety, environmental protection and energy efficiency. 
Achieved production, amounting to 24.5 billions m3 of gas and 5.3 millions m3 of gas condensate, recovered from 42 completed wells, without serious injuries occurring to operating personnel and environment during producing facilities preparation, construction, completion or production stage as well as without larger process break downs, confirm systematic approach and the best technical and technological solutions. Engineering and 
re-engineering of technological improvements was realized by Croatians engineers supported by Croatian Industry and Academy.
It was elaborated that is possible to save power and energy by driving the process pumps by variable frequency drives instead of a gas engine drive. During one year of standard production process it is possible to save 8.800.000 kWh or in currency $ 880.000. 
By using gas, the cleanest energy resource, as operating fuel for co-generating plant, 50% less of CO2 is produced in combustion than in case when coal is used, and ca.25% less of CO2 in relation to fuel oil combustion. With respect to the plants producing thermal and electric energy separately, the emission of CO2 into the environment was reduced for about 59%, and of NOx for about 26%.

REFERENCES

1. NACE Standard MR-01-75, 1980 Revision, Sulfide Cracking Resistant Metallic Material for Oil Field Equipment, Houston, 1980

2. NACE Publication, H2S Corrosion in Oil and Gas Production, Houston, 1981

3. Sariđa V., Konstrukcija zacijevljenja i odabir materijala za vrlo duboke bušotine, I i II dio, Nafta br. 4 i 5, Zagreb, 1984. (in Croatian)
4. M. Zelić, Tehnologija pridobivanja nafte i plina eruptiranjem i gas liftom, Ina-Naftaplin, Zagreb, 1977. (in Croatian)
5. I. Meandžija, F Osredkar, M. Lukić, Pregled primijenjene zaštite od korozivnog djelovanja prirodnog plina iz dubljih ležišta panona. (in Croatian)
6. Technical documentation. Ina-Naftaplin, Zagreb(in Croatian)
7. Đ. Babić, M. Kovačić, D. Ružman, M. Sobota, J. Vađunec : Optimalizacija aMDEA sustava na CPS Molve III , EGE, Plin 3/2001,str. 3-6 (in Croatian)
8. M.Lukić, I. Mađer, V. Tišljar : Energetska analiza rada procesnih postrojenja CPS  Molve I, II, III,  EGE8/94,  str. 61-64 (in Croatian)
9. D. Ban, M. Puzak, K. Franjić, A. Marušić, Z. Maljković: Optimalizacija aMDEA  sustava na CPS Molve III  (agregatna zamjena), Studija izvedivosti, Fakultet elektrotehnike i računarstva Zagreb, 2001. (in Croatian)
10. D. Ban, Z. Maljković, M. Puzak, M. Sobota, D. Ružman : Harmonic study analysis in gas industrial facilities emploing large variable frequency drives, EPE-PEMC 2002, Dubrovnik&Cavtat 2002.
11. D. Ban, I. Pavić, M. Sobota, D. Ružman, I. Mađer, M. Lujić : Optimalizacija i proširenje kogeneracijskog  sustava na CPS Molve, Studija izvedivosti, Fakultet elektrotehnike i računarstva Zagreb, 2004. (in Croatian)
12. Josip Vađunec, Mijo Sobota, Drago Ružman, Đorđe Babić, Marko Lujić, Drago Ban, Milivoj Puzak, Ivan Vulić, Kosta Višošević, Veselin Vujović : Replacement Of Gas Engine Pump Driver On The Sour Natural Gas Sweetening Plant By Variable Speed Control Electrical Motor Drives,  Problems And Solutions, EGE, Croatian Journal 5/2004, pp135-142.

TURBINE


ALLISON 501 KB





Control Room





DEA





TS Virje 110/35 kV





ELEKTRIC ENERGY


CONSUMERS CPS MOLVE





CONTROL PANEL TEA 4





Control 


TEA 1





Control 


TEA 2

















Control 


TEA 4



























































Control 


TEA 3












































Figure 5 - New aggregate with electric motor as pump driver
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Figure 1: Geographic Position of Deep Podravina fields
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