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Summary  

 

For a long time during the history of oil production, deep pumps on piston rods have been the 

first, and in many cases, the only choice when it comes to mechanical exploitation methods. 

The correct selection of each individual element of the system enables optimization, which 

entails benefits in the form of increased efficiency and reduced production costs. The currently 

applied system of deep pumps on piston rods at the "T" bed ensures stable production and 

realization of annual production plans without major problems. This paper presents the method 

of optimizing the system for the mechanical method of exploitation with deep pumps on piston 

rods. Calculations were made for 2 wells with the lowest pump efficiency, in order to define 

the application of a new system of deep pumps with changed technical characteristics (double 

pressure valve). 

By installing a submersible pump with changed technical characteristics during overhaul, these 

two wells also showed a significant improvement in the duration of the inter-overhaul period. 
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INTRODUCTION 

 

The oil in the reservoir is under a certain pressure, which enables the fluid to move from the 

reservoir to the well and further through the production system to the surface of the field. When 

the reservoir energy is weakened to such an extent that the reservoir pressure is no longer 

sufficient to enable fluid flow through the well, pipeline and surface equipment, i.e. when 

production has reached the minimum economically profitable value, it is necessary to provide 

additional energy for continued exploitation. If the production of fluids is realized with the use 

of additional energy, such a method of exploitation is called mechanical. 

For a long time in the history of oil production, piston rod submersible pumps have been the 

first and, in many cases, the only choice when it comes to mechanical extraction methods. This 

is the reason why piston rod deep pumping is the oldest and most used type of mechanical oil 

extraction method worldwide. In general, about two-thirds of all production wells in the world 

use this method to obtain fluids. 

In the first part of the work, the underground and above-ground equipment of the deep-water 

pump is presented and the operation of the entire plant is described, while in the second part, in 
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the wells of the "T" deposit, and in order to improve its utilization, an analysis of the operation 

of the existing equipment was performed, as well as calculations using the "RODSTAR" 

software, which will define the application of the new system of deep-water pumps with a 

double pressure valve on the selected deposit. 

 

1. SYSTEM FOR DEEP PUMPING ON PISTON RODS 

 

The mechanical method of oil production using deep pumps on piston rods, which is shown in 

Figure 1, is the oldest method of obtaining fluid from wells to the surface, and it is also the most 

widespread in practice in the world (over 80%). The basic principle of the submersible pump is 

based on the transfer of drive energy from the surface to the immersion level of the submersible 

pump by mechanical means, i.e. piston rods. The submersible pump, by transforming 

mechanical work into potential energy, raises the pressure of the fluid. The pressure at which 

the fluid from the reservoir enters the pump is called the suction pressure, and the pressure at 

the fluid exit from the pump is the discharge pressure. The difference between pressure and 

suction pressure is called pumping pressure, and it represents an increase in the potential energy 

of the fluid. 

 
Figure 1. Components of a conventional deep pumping system on piston rods [1]. 

 

1.1. Work cycle of the submersible pump 

 

The alternating movement of the piston rods in the well is caused by the movement of the 

smooth rod on the surface, and the piston rods, when moving, force the piston to also move 

alternately through the cylinder. The cycle begins when the piston begins to rise from the 

bottom of the cylinder. As the piston is raised, the difference in volume between the suction 

and discharge valves increases, causing the fluid contained in the cylinder to expand and 

thereby reducing the pressure in the pump cylinder. The drop in pressure causes the discharge 

valve to close, and the expansion cycle continues until the pressure drops below the suction 

pressure. When the intake pressure exceeds the pressure inside the cylinder, the ball on the 

intake valve is lifted from the intake valve. 
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Then the fluid, which is in the well, enters the cylinder through the suction valve and fills the 

space, during which the piston rises up. This represents the intake part of the cycle, during 

which the pressure under the piston and the thrust pressure remain constant, and they are equal 

to the difference between the intake pressure and the pressure drop through the intake valve 

body (seat, ball and assembly). At the very top of the cylinder, the piston changes its motion 

and begins to move towards the intake valve, which causes a decrease in the volume in the 

cylinder between the intake and discharge valves and the fluid inside the cylinder is 

compressed, which causes an increase in the pressure inside the pump.  

The reverse flow and increase in pressure force the intake valve to close and the compression 

cycle continues until the pressure inside the cylinder exceeds the pressure above the discharge 

valve. Then the pressure valve opens and the piston moves down through the fluid in the pump 

cylinder. This part is called the discharge part of the pumping system, during which the pressure 

inside the cylinder remains constant, and is equal to the sum of the discharge pressure and the 

pressure required for the movement of the fluid through the pressure valve and inside the piston. 

During the discharge cycle, the piston moves towards the bottom of the cylinder. The 

relationship between the distance traveled by the piston and the change in pressure caused by 

the fluid inside the pump depends on the compressibility of the fluid mixture inside the cylinder.  

If the fluid is almost incompressible, then a very small change in volume, due to the small 

movement of the piston, causes large changes in pressure. In the case that the fluid is more 

compressible (a mixture of gas and liquid), a change in volume is necessary for the pressure to 

decrease or increase, that is, to close and open the valve. This required volume is achieved only 

through increased movement through the cylinder (Figure 2). 

 

 
Figure 2. Display of expansion, intake cycle, compression and push cycle [2]. 

 

1.2.  Submersible pump valves (suction/discharge) 

 

The suction valve (Fig. 3) of the submersible pump is installed at the bottom of the cylinder, 

and is designed to work on the ball and seat principle. Its role is to allow the cylinder to be filled 
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with fluid from the reservoir when the piston is moving upwards, or to prevent its return when 

the piston is moving downwards. Due to the impact of the ball on the seat, both the ball and the 

seat are of special construction and are made of high-alloy steel with special surface treatment. 

This is very important, because any small damage or change in shape results in leakage, and 

thus in reducing the efficiency of the pumping process. For new valves with different diameters, 

the deviation of the shape of the ball from ideal circle must not be greater than 1 to 4 µm. [5,18]. 

 
Figure 3. Construction of the suction valve [5] 

 

Analogous to the suction, the discharge valve (Figure 4) works on the ball and seat principle. 

Its role is to allow the passage of liquid from the cylinder to the piston when the piston is moving 

down, and not to allow it to return when the piston is moving up [5]. With the pressure valve, 

there is also the option of installing a double valve. The mentioned benefits of installing such a 

construction also apply to the pressure valve, with the fact that, in the case of installing a double 

pressure valve, when the pump works without a level ("fluid pound"), the ball and seat of the 

upper valve are protected from mechanical damage during a sudden change in pressure when 

the pump cylinder hits the fluid. Also, this design of the pressure valve prevents the occurrence 

of "gas lock", as the weight of the fluid column is held by the upper pressure valve and thus 

enables easier opening of the lower pressure valve. Everything that is stated for the suction 

valve, with regard to the operating conditions, also applies to the pressure valve. 

 
Figure 4. Construction of pressure valve [5] 

 

2. ANALYSIS OF OIL PRODUCTION WITH THE EXISTING TYPE OF 

PISTON ROD DEEP PUMPS IN THE WELLS OF THE "T" RESERVOIR 

 

The currently applied system of submersible pumps on piston rods on the "T" bed ensures stable 

production and realization of annual production plans without major problems. However, in 
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order to optimize the system for the mechanical method of exploitation with deep pumps on 

piston rods in the wells of the "T" deposit, it is necessary to analyze the operation of the existing 

equipment on the candidate wells, and then make calculations that will define the application 

of the new system of deep pumps with a double pressure valve on the deposit. 

All wells of the "T" oil field are equipped with deep pumps on piston rods with upper or lower 

mechanical seating. The pool of wells for analysis, to select candidates for the installation of a 

deep pump on piston rods with modified technical characteristics, was made up of wells 

equipped with deep pumps on piston rods with upper mechanical seating, because pumps with 

lower mechanical seating proved to be a very efficient pumping system. The calculation of the 

deep pumping system was made for the selected pool of wells of the "T" deposit, which were 

in operation at the given moment. 

The calculation was made with the software of the American company "Theta" called 

"RODSTAR". Calculation results for well T-016 are shown in Figures 5 and 7. Calculation 

results for well T-061 are shown in Figures 6 and 8. 

The input data for the calculation of deep pumping systems on piston rods are: pump installation 

depth (m), smooth rod diameter (m), tubing and casing pressure (bar), water percentage (%), 

fluid density (g/cm3), pump suction pressure (bar), expected fluid production (m3/day), tubing 

inner and outer diameter (mm), pump piston diameter (m), tubing anchor depth (optional) (m), 

piston rod diameter (m), rod string length (m), rod protectors (cast / roller), rod string software 

selection (manufacturer/range), borehole inclinometry (measured depth/tilt angle/azimuth), 

hook type (manufacturer/API designation), smooth rod stroke length (m), drive motor type 

(electric), drive motor power (kW), clearance between piston and cylinder (m), fluid viscosity 

(cP). 

 
Figure 5. Calculation results for well T-016 (''Theta'' - RODSTAR, NIS Novi Sad) 
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Figure 6. Calculation results for well T-061 (''Theta'' - RODSTAR, NIS Novi Sad) 

 

Figures 7 and 8 show, on the left, a graphic representation of the expected surface and depth 

dynamogram based on the calculation results, while on the right is a diagram of the expected 

load on the reducer during one stroke of the hook. 

 

 
Figure 7. Graphic display of results for well T-016 (''Theta'' - RODSTAR, NIS Novi Sad) 
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Figure 8. Graphic display of results for well T-061 (''Theta'' - RODSTAR, NIS Novi Sad) 

 

The efficiency of the pumps of the selected pool of wells ranged within narrow limits, and the 

average efficiency of the installed pumps, which represents a measure of the influence of both 

the characteristics of the reservoir fluid being pumped and the technical characteristics of the 

pump, was around 57 %. 

From the entire pool of wells, two candidates, T-016 and T-061, with the lowest pump 

efficiency of 40 %, were selected for the installation of a pump with modified technical 

characteristics. 

 

3. ANALYSIS OF OIL PRODUCTION USING A MODIFIED TYPE OF PISTON 

ROD DEEP PUMPS IN THE WELLS OF THE "T" RESERVOIR 

 

In order to increase the efficiency coefficient, new calculations were made. Using the same 

input data, as in the previous case, with a variation related to the technical characteristics of the 

pump (double pressure valve), a series of calculations was made with the same software for the 

selected well candidates of the reservoir "T". The best efficiency of the pump itself was 

achieved by installing a double pressure valve. The results of the new calculation for wells T-

016 and T-061 are shown in Figures 9 to 12. The result of the calculation showed a pump 

efficiency of 70 %, which is an increase of 30 % compared to the currently used pump. 
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Figure 9. Calculation results for well T-016 (''Theta'' - RODSTAR, NIS Novi Sad) 

 

 
Figure 10. Graphic display of results for well T-016 (''Theta'' - RODSTAR, NIS Novi Sad) 
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Figure 11. Calculation results for well T-061 (''Theta'' - RODSTAR, NIS Novi Sad) 

 

 
Figure 12. Graphic display of results for well T-061 (''Theta'' - RODSTAR, NIS Novi Sad) 

 

In addition to the greater efficiency of the system for deep pumping on piston rods while 

maintaining the same produced amount of fluid, by installing a double pressure valve in deep 

insert pumps on piston rods with upper seating, it is possible to optimize the pumping 

parameters, which are very important for pumping conditions in obliquely directed wells, as 

well as the use of a smaller pump diameter, which also enables the optimization of above-

ground equipment. 

The obtained results of the calculation of the deep pumping system were in accordance with the 

expectations and showed a significant improvement of the operation of the entire system. This 

improvement came about due to the better airtightness of the pressure valve, which results in 
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the same fluid production, with the possibility of reducing the diameter of the pump and/or 

optimized operation of the overhead equipment, and the positive effects of this are: less wear 

of the moving parts of the hook, less load on the reducer, less load on the structure of the hook, 

increasing the stroke length of the piston in the pump cylinder, safer operation of the hook from 

the HSE point of view, a weaker electric motor is needed, less wear of the smooth rod and its 

sealing elements, extension of the working life of piston rods and their couplings due to fewer 

cycles of load changes, extension of service life of tubing in case of contact with piston rods 

due to reduced number of cycles, extension of service life of pump valve assemblies due to 

reduced number of cycles, extension of service life of pump cylinder and piston due to reduced 

number of cycles. 

 

CONCLUSION 

 

Based on all calculations and practical checks on the existing wells of the "T" reservoir, a 

decision was made to install insert pumps with an upper seating and a double pressure valve in 

all wells that will be drilled on the "T" reservoir, in order to achieve more efficient operation of 

the complete system, instead of insert pumps with an upper seating and one pressure valve. 

During the purchase of equipment for submersible pumps on piston rods, several seats and balls 

for pressure valves were specially ordered, in order to test them in wells in combination with 

all other equipment that was currently in stock in the company's warehouses. 

Pumps with changed technical characteristics, by adding another pressure valve, were installed 

during the overhaul of the wells, and the data of actual measurements coincided again with the 

results from the calculations. 

Both candidate wells, where the double pressure valve was installed, also showed a significant 

improvement in the duration of the intermediate overhaul period. 

 In the case of well T-016, the interim overhaul period, before the installation of a deep-seated 

pump on piston rods with upper seating and a double pressure valve, was 105 days, and after 

that 401 days, with a note that the well is still in operation. 

In the case of well T-061, the interim overhaul period, before the installation of a deep-seated 

pump on piston rods with upper seating and a double pressure valve, was 143 days, and after 

that it was 655 days, with a note that the well is still in operation. 

Due to the same characteristics as all other wells in the "T" oil field, the same type of pumps 

will be successively installed in all other wells of the oil field during the overhaul. 
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