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Abstract  

The methods of lifting fluid from the well to the surface consists of natural wells method and artificial 

lift method. One type of artificial lifting is Hydraulic Pumping Unit (HPU) method. In this case, well ALF-

04 as the HPU well in Kawengan field which faces lower actual production compare to its theoritic production 

calculation then decided need to be redesigned. The objectives of redesigned is to reach optimum flow rate 

of the well. Recently actual flow rate of this well is 309.2 bfpd, and then the result of IPR calculation by 

Vogel shows the Q max is 957.25 bfpd, it means this well production is still feasible to be optimized till 

approximately 765.8 bfpd. After redesign calculation , obtained pump setting  depth 755 m, plunger size 

of 2.5 ", 120" stroke length, and speed of 6 spm, pump displacement 568.425 bpd. For the rod diameter 

was changing from 0.75 inch to 0.875 inch with total length 2395m , it greatly affects the maximum 

stress value of 22,774.03 psi, and also has an influence to the increasing of PPRL value of 8243.26 lb, 

and the MPRL value of 3000 lb. 

Keywords: Hydraulic Pump, Stroke Per Minute, Peak Polished Rod Load, Pump Displacement 

 

1. Introduction 

Selection of the right artificial lift method is necessary to obtain optimum oil production. 

One of the artificial lift methods that can be chosen is the Hydraulic Pump Unit method. In 

the operation of HPU in oil fields, there is often a mismatch problem between the desired 

production rate (theoretically) and the actual production rate (low pump volumetric 

efficiency), so an evaluation of the performance of the HPU is needed to obtain optimum 

pump performance and production result. For that purpose, then  it is necessary to pay 

attention the condition of the well, Hydraulic Pumping Unit is very suitable for wells that 

are <1000 m, it is also necessary be more concern to the flow rate of the well production, 

the bottom pressure of the well, and the character of the well fluid, so that the HPU method 

can  operate as expected. 

After calculating the IPR using Vogel method for undersaturated oil reservoir, it shows that 

the production of the ALF-04 well can still be optimized beyond the current actual 

production, by redesigning the HPU. In theory, the redesign of the HPU aims to increase 

production or optimize it by re determine the rod size, SL, SPM, pump setting depth,  plunger 

diameter and total stress. The ''ALF- 04'' well has an actual production of 309.2 bfpd and the 

IPR calculation shows that the well's optimum flow rate is 749.86 bfpd, so it still has the 

potential for being optimized. Those are the background of this study . Then, the objectives 

of this redesaigned are to reach optimum flow rate of the well. 
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2. Method 

2.1 Basic theory 

HPU is one type of pumping unit. Pumping units are used as an alternative method of artificial 

lift. The use of a HPU is carried out because there is not enough gas available in the field, so 

the gas lift system cannot be implemented. 

By selecting the method using the HPU, need attention to what well conditions are in the 

use of this method. The HPU is suitable for well conditions with a depth  of <1000 m, it is 

also necessary to attention to the known  flow rate of the well so that the method can be 

ensured lifting the production fluid. 

  

2.2 HPU (Hydraulic Pumping Unit) 

HPU or hydraulic piston pump, its systems can lift large volumes of liquid from great 

depths by pumping wells down to fairly low pressures. Crooked holes present minimal 

problems. Both natural gas and electricity can be used as a power source. They are also 

applicable to multiple completions and offshore operations. Their major drawbacks 

include power oil systems being fire hazards and costly, power water treatment 

problems, and high solids production being troublesome (Guo : 2006). 

 

2.3 HPU Working Principle 

The working principle of the HPU installation are : 

1. Hydraulic fluid high pressure from the power pack is pumped to the hydraulic jack to 

transmit the pressure from the hydraulic fluid into an up and down motion on the 

hydraulic jack. 

2. From the hydraulic movement earlier, it is then forwarded by the polished rod, then the 

sucker rod and to the plunger, so that the plunger moves up and down, which is a circular 

motion step of the pump.  

3. If the plunger moves up (up-stroke), then under the plunger there will be a pressure drop, 

so that the bottom pressure of the well is greater than the pressure in the pump, this condition 

causes the standing valve to open and fluid enters the pump. 

At the end of the up stroke the volume below the plunger is completely filled with liquid 

and when the plunger moves down (down-stroke), the standing valve will close because the 

plunger presses on the fluid, at the same time the fluid will press down on the traveling 

valve, so that the fluid comes out of the plunger and enters the tubing 

4. This process takes place repeatedly, so that the fluid in the tubing will move up to the surface 

and flow towards the separator through the flow line. 
 

2.4 Advantages of HPU 

1. It does not require a foundation so it is easy to move from well to another and is simple in 

technical adjustment. 

Determination of SPM and stroke length is easier, because it does not require 

replacement of the pulley and does not require heavy equipment to shift the crank pin in 
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determining the stroke length as in a bouncy pump. 

2. Optimizing wells with HPU can be done easily and precisely because the parameters of 

pump speed and steps can be done at any time with a shorter time, so that production 

losses can be minimized. 

3. Setting HPU steps is easier because all you have to do is change the Hydraulic 

settings. 

 

2.5 Disadvantages of HPU 

1. Not suitable for large production (Q HPU bpd). 

2. Limited well depth (pump depth<1000m). 

3. Not suitable for inclined wells. 

2.6 Damage to the HPU 

Damage to the HPU well is caused by sand, rust, and gas problems. 

The parts that were damaged include: 

1. Plunger, the presence of sand or scale on the plunger, resulting in stuck with the 

working barrel. 

2. The ball is oval in shape (not round) because of sand, scale and the impact between 

the ball and the cage wall. 

3. Working barrel becomes concave/flat. 

4. The stuffing box leaked when setting the HPU. 

5. The rod broke because of the corrosive fluid. 

 

2.7 Calculation of Well Productivity ALF-04 

2.7.1 Productivity Index (PI) 

Productivity Index is an index used to express the ability of a well to produce under certain 

conditions, or expressed as a comparison between the rate of production of a well at a 

certain price of well bottom flow pressure (pwf) and the difference in well bottom 

pressure in static conditions (Ps) and bottom pressure well at the time of flow (pwf), 

expressed in stock tank barrels per day. 

The easiest approach to describe the capability of production wells is to use the concept 

of PI which has been developed with the following assumptions: 

a. Steady flow (steady state) and the viscosity of the flowing fluid remains constant. 

b. The stream flowing in a radial well. 

c. The flow consists of a single-phase incompressible fluid. 

d. The permeability around the wellbore is homogeneous. 

e. The formation is completely saturated with flowing fluid 

2.7.2 Inflow Performance Relationship (IPR) 

The IPR curve is a curve that describes the ability of a well to produce, which is expressed 

in the form of a relationship between production rate (q) and bottom well pressure (Pwf). 

In preparing for the IPR curve, it is necessary to know the PI of the well, which is a 

qualitative description of the ability of a well to produce. 

1. Single Phase IPR Curve 

The IPR curve for one phase will form a linear line with a constant PI value for each pwf 
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price. This happens when the reservoir pressure (Pr) is greater than the oil bubble pressure 

(Pb).  Fluid flow at reservoir pressure is greater than bubble pressure or constant PI and Ps 

is also constant, so the variables are q and pwf. Pwf and production rate have a linear 

relationship, called the Inflow Performance Relationship, which describes the reactions of 

the reservoir when there is a pressure difference in it. 

 

2. Two Phase IPR Curve 

Because there is a change in pressure at the bottom of the well, when the pressure at the bottom 

of the well is below the bubble point pressure (Pb) of oil, the gas that was originally dissolved 

will be released and turn the fluid into two phases which will form the curved IPR curve. 

This shows that the PI will decrease as the production rate increases. This two-phase IPR 

equation has been developed by Vogel. The Vogel method can be used for pressure 

conditions above and below the bubble point pressure. The IPR curve above the bubble 

point pressure will be in the form of a straight line, while for below the bubble point 

pressure the IPR curve will be in the form of a curved line. In this study, the IPR method 

was used by Vogel for undersaturated reservoir.Vogel developed equation use 

assumptions that : 

a. Reservoir pressure below bubble point pressure. 

b. The skin factor is zero. 

 

3. Three Phase IPR Curve 

For three-phase IPR, the Wiggins method can be used, for the Wiggins method it is a 

development of the Vogel method which takes into account the rate of oil and water production. 

 

3. Results and Discussion  

3.1 Well and Production Data 

Table 1  

Well Data 
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Well data (Table 1) is the data that presents depth, completion , and equipments string of the 

well.  Those datas are needed for design calculation of the well such to determine PPRL (peak 

polished rod load), MPRL (minimum polished rod load), weight of fluid, weight of tubing, and 

pump displacement. 

Table 2  

Production Data  

 
Production data (Table 2) that shows above will be used to calculate the value of PI 

(Productivity Index) and create IPR curve (Inflow performance Relationship). Production data 

is so important, from this data, to see how much production rate and the condition of bottom 

hole pressure in the production zone. 
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3.2 Well Profile 

Figure 1  

Well Profile of ALF-04  

 

Figure 1 shows the sketch of the well, the data of well total depth in 2657,5 ft (810 m). 

perforation interval 2116,1 ft-2132,5 ft (644 m – 649 m), and existing pump setting depth in 

1937,5 ft (581m).Then the casing data, there are four types of casing installed in this well, first 

30 inch conductor casing installed till 377,3 ft (115 m), second 19 5/8 inch surface casing 

installed till 657,5 ft (200 m), third 13 3/8 inch intermediate casing installed till 1907 ft (581 

m). 

 

3.3 Data Processing 

All data collected will be used to calculate IPR, PPRL, MPRL, rod acceleration, and 

pump displacement. 

IPR calcultion start from determine value of PI (Productivity Index) by following 

formula : 
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𝑷𝑰 =  
𝒒

(𝐏𝐫 − 𝑷𝒘𝒇)
                                                     (1) 

Vogel Formula : 

𝑸𝒐
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         (2) 

For undersaturated reservoir condition, which Pr > Pb, Pwf test < Pb, follow below formula: 
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Then, 

𝑸 𝒐𝒑𝒕𝒊𝒎𝒖𝒎 = 𝟖𝟎% 𝒙 𝑸𝒐 𝒎𝒂𝒙                  (6) 

PPRL  

𝑷𝑷𝑹𝑳 =   𝐖𝐟 +  (𝐖𝐫 𝐱 𝐈𝐦𝐩𝐥𝐮𝐬𝐞 𝐅𝐚𝐤𝐭𝐨𝐫)    (7) 

𝑾𝒇 = 𝟎, 𝟒𝟑𝟑 𝒙 𝑮𝒙 𝑫 𝒙 𝑨𝒑       (8) 

𝑾𝒓 = (𝑴 𝒙 𝑳)𝟎, 𝟖𝟕𝟓        (9) 

MPRL 

𝑴𝑷𝑹𝑳 =   𝐖𝐫 𝐱 (𝟏 −  𝛂 –  𝟎, 𝟏𝟐𝟕𝐆)       (10) 

Rod Acceleration  

(11)          (11) 

Pump Displacement  

𝑷𝑫 = 𝟎, 𝟎𝟏𝟔𝟔 𝒙 𝑨𝒑 𝒙 𝑺𝒑 𝒙 𝑵                  (12) 

 

𝑎 =
𝑆 𝑁2

70500
                                     

(11) 
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3.4 IPR Curve Analysis Use Vogel Method 

To analyze the IPR curve, it is carried out through the stages when the condition is Pr > 

Pb and Pwf < Pb. Using the Vogel (Undersaturated oil Reservoir) method and calculating 

the optimum production rate of the well. Furthermore, the rate of oil production (q) can 

be determined for various variations in Pwf prices. 

Calculations that need to be done for undersaturated reservoir include PI, determining the 

value  of Qob, determining the value of Qo max, determining the value of q at various 

pwf value when Pwf > Pb, using the value of q at various Pwf value when Pwf<Pb and 

the last stage, value plots q vs Pwf. 

 

Table 3  

Pwf Value Variation For Crook Curve 

 

 

Table 3 shows the calculation result of Qo (oil flow rate) for each Pwf assumption value 

(Pwf < Pb). This value of Qo and Pwf will be plotted in the IPR chart to create the crook 

curve of the IPR.  

 

Table 4 

Pwf Value Variation For Straight Curve 

 

Table 4 shows the calculation result of Qo (oil flow rate) for each Pwf assumption value (Pwf 

 Pb). This value of Qo and Pwf will be plotted in the IPR chart to create the straight curve of 

the IPR, and the IPR curve shows below : 

Figure 2 

IPR Curve 
 

 
 

So, from Figure 2, above results calculation of Pr > Pb, Pwf  test < Pb shows Qob 209.86 bpd 

and Qo max has a result of 749.86  bopd
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3.5 Calculation of Parameters Design  

Table 5  

Result of Calculation Design 
 

PARAMETERS RESULT 

Plunger area 3.97 inch² 

Top Rod area 0.601 inch² 

Acceleration (a) 0.06 ft/s 

Rod String Weight 4024.79 lb 

Fluid Weight 3759.32 lb 

Imfulse Factor 1.06 ft/s 

Peak Polished Rod Load 8243.26 lb 

Minimum Polished Rod Load 3000 lb 

Maximum Stress 22,774.03 lb/in2 

Minimum Stress 4985.75 lb/in2 

Plunger Overtravel 0.63 inch 

Pump DisplaceTment 568.425 Bpd 

Table 4 shows the result of design parameters calculation for HPU well. There 12 parameters 

calculated (plunger area, top rod area, acceleration, rod string weight, fluid weight, impulse 

factor, peak polished rod load, minimum polished rod load, maximum stress, minimum stress, 

plunger overtravel, and pump displacement). 

 

3.6 Discussion 

Based on the results of the redesign Hydraulic Pumping Unit at ALF-04 Well, the actual 

production of the well is 309.2 bpd and after calculations are obtained, the Qmax result is 

749.86 bpd. It means the production of the well can still be optimized by conducting a 

proper design of hydraulic pumping unit pump. The size of the rod used is 7/8" and 3/4" in 

diameter, the selection of this rod affects the stress rod value of 22,774 psi, Stroke Length 

of 120" and the number of spm is 6 steps using plunger 2 ½ inch and pump setting depth 

in 755 m .Then, the pump displacement results are 568.42 bpd, the maximum weight   

received by the Hydraulic Pumping Unit is 8670.86 lbs. If we correlate the HPU design of 

ALF-04 well with the Screening Criteria of    Artificial Lift (Table 5) , this well is suitable and 

the Hydraulic Pumping Unit still can be used on the ALF-04 well because this well has 

total depth of 2659.1ft (below the maximum depth of 17.000ft), and also this well produces 

568.42 bfpd (below Maximum Operation Volume 8000 bfpd). 
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Table 6  

Screening Criteria of Artificial Lift Selection 

 
(Source: Weatherford catalog) 

Table 5 explains the screening data for artificial lift selection that published by Weatherford. 

There are 11 criterias or parameters that need to be considered to be matched to which the 

proper type of artificial lift can be selected as the lifting method of a production well. 

 

4. Conclusion  

Based on the results of the discussion that has been carried out, several conclusions can be 

drawn as follows : 

1. At ALF-04 Well, this well has an actual flow rate of 309.2 BFPD. Production potential 

calculations are carried out through Vogel IPR under conditions Pr > Pb, Pwf Test < Pb , 

obtained that Qo max is 749.86 bopd, it  was quite feasible to optimize the well ALF-04 

production rate. 

2. After redesign, determined the new value of plunger size of 2.5 ", pump setting depth 755 

m , 120" stroke length, pump speed of 6 spm, and pump displacement 568.425 bpd.  

3. Known that the parameters which affect the amount of fluid can be lifted are the stroke 

length (SL) and the pumping speed (N). After changing the rod diameter from 0.75 inch  

to 0.875 inch, it greatly affects the maximum stress value of 22,774.03 psi, and also has an 

influence on the PPRL value of 8243.26 lb, and the MPRL of 3000 lb. 

4. Compare to other research studies (Reno Pratiwi, 2022) that optimize the HPU design 

based on the calculation of the existing volumetric efficiency value, if the volumetric 

efficiency is below 50% , the pump will be redesigned, while in this paper, the productivity 

of the well or production potential as the based to redesign the well. 
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GLOSSARY OF TERMS 
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