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ABSTRACT 

 
The theoretical data was used to predict the performance behavior of a 

solution gas drive reservoir from start of production to its abandonment. 

The need for this research arose because it is one of the least efficient 

primary recovery mechanisms. Various tubing production parameters and 

relations were applied. These parameters include 1PR (Inflow Performance 

Relation), OPR (Outflow Performance Relation). The Muskat’s model was 

used to analyze the primary recovery of solution-gas drive reservoir. 

Fetkovich inflow performance model was used in the analysis. Outflow 

performance of various sizes such as 2”, 2.5”, 3” and 4” were analyzed. The 

reservoir performance is predicted in three stages. The first one is to predict 

the cumulative hydrocarbon production as a function of declining reservoir 

pressure. The second stage is time-production phase and the third stage is 

time pressure phase. Based on the analysis drawn from the study, the 

maximum inflow capacity is 1710 bpd, with outflow rate of 1200 bpd. The 

flow capacity at abandonment reaches 77 bpd at about 15925 days. The 

cumulative oil produced is 7 mmstb.  

 

Key words: Prediction, reservoir, recovery, outflow performance, inflow 

performance, tubing string, mechanism, production rate.  
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CHAPTER ONE 

INTRODUCTION 

 

1.1 BACKGROUND OF STUDY 

Reservoirs can be categorized on the basis of the boundary type which 

determines the drive mechanism (Boyun et al, 2007). The source of 

pressure energy that causes hydrocarbon flow into the wellbore has a 

remarkable effect on both the performance of the reservoir and the total 

production system (Beggs, 2003).To actually understand reservoir behavior 

and predict future performance, it is paramount to have knowledge of the 

drive mechanisms that control the behavior of fluids within the reservoirs 

(Tarek, 2010). 

 

In order to predict the performance of a hydrocarbon reservoir under 

different drive mechanism, different conditions arise during the exploitation 

of the reservoirs (Ambastha et al, 1897). These conditions could either be 

one of the following: 

i  Internal gas drive mechanism  

ii    External gas drive mechanism 

iii    Gravity segregation 

 

In internal gas drive mechanism, volumetric under-saturated reservoirs are 

produced by liquid expansion and rock compressibility. As the reservoir 

pressure declines, oil phase contract due to releases of solution gas, while 
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for external gas drive mechanism, reservoir pressure is maintained by gas 

injection and oil is displaced by injected gas, thus making it external gas 

drive mechanism (Ambastha et al, 1987). With the gravity segregation, high 

relief reservoirs with good along dip permeability give favorable conditions 

for gravity segregation of injected gas or gas released from solution 

(Ambastha et al, 1987). 

  

There are basically six driving mechanisms that provide the natural energy 

necessary for oil recovery (Tarek, 2010). 

 i.   Liquid and rock expansion drive  

ii.  Depletion drive 

 iii.  Gas cap drive 

iv    Water drive 

v.  Gravity drainage drive 

vi.   Combination drive. 

 

Normally, one or more of the first five drive mechanism are the predominant 

ones and each reservoir is associated with one or two dominant primary 

drive mechanism. This work considers solution gas drive mechanism also 

known as the depletion drive mechanism.         

 

In other to make economic recovery, there is a prevailing need to forecast 

the performance of reservoir in other to ascertain if production is feasible. 

The time to do artificial lift installation is vital. Therefore because of this 
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need to forecast the production of a reservoir, it has given me a course to 

research more on ways of predicting the performance of solution gas drive 

reservoir. 

 

1.1.1    SOLUTION GAS DRIVE RESERVOIR OIL  

Oil reservoirs that do not originally contain free gas but develop free gas on 

pressure depletion are classified as solution gas drive reservoir. This type of 

reservoir is characterized by rapid and continuous pressure depletion. Hence 

it is also referred to as depletion drive reservoir. The solution gas drive 

mechanism applies once the pressure falls below the bubble point. The 

Mechanism for the production of oil from solution gas drive reservoir is 

achieved by the expansion of the original oil volume with its original 

dissolved gas. 

 

In solution gas drive reservoir the initial condition is where the reservoir is 

under saturated, i.e. above the bubble point. Then there is production of 

fluids down to the bubble point. This followed by production below the 

bubble point leading to the release of gas from solution. At a point, the gas 

saturation reaches the critical value the gas becomes mobile, and began to 

flow.  

 

The gas mobility (kg/µg) becomes large, the oil mobility (Kg/µo )becomes 

small resulting in high – gas – oil ratios  and in low oil recovery, according 

to (Tarek, 2010).  
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Pure solution gas reservoirs are subjected to four stages of idealized 

production in chronological order. 

The four stages explained above are: 

 Production while under saturated 

 Production while saturated but the free gas is in mobile  

 Production while saturated but the free gas is mobile and the 

producing GOR is increasing. 

 Production while saturated and the free gas is mobile and the  

 producing GOR is decreasing. 

 

Not all of these stages are realized, e.g. stage four may not be realized if 

the primary recovery is terminated during stage three. As earlier said, 

solution gas drive reservoir experiences rapid continuous decline of reservoir 

pressure. The more the pressure drops the faster the gas liberated and 

produced. It lowers further the pressure hence leads to the depletion of the 

reservoir. This rapid and continuous decline in reservoir pressure has an 

immense effect on the reservoir performance at the early stages of the life 

of the reservoir. In order words, the reservoir performance experiences 

decline at early stage (Cosentino, 2001).  

 

The ultimate oil recovery from solution gas drive reservoir may vary from 

less than 5% to about 30%. Therefore it is one of the least efficient primary 

recovery mechanisms, thus leaving a substantial amount of remaining oil 

residing in the reservoir which must be produced. This type of reservoir is 
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considered the best candidates for Secondary recovery application, 

according to (Tarek, 2010). Solution gas drive reservoirs are also associated 

with the following terms. 

 Dissolved gas reservoir 

 Saturated gas drive reservoir 

 Internal gas drive reservoir 

 Depletion drive reservoir  

 

When the reservoir is above bubble point pressure, there is expansion of 

hydrocarbon with the gas remained in solution. Therefore dissolved gas 

drive mechanism occurs as a result of reservoir gas been held in solution in 

the oil (Boyun et al, 2007). Thus a dissolved gas drive reservoir is closed 

from any outside source of energy such as water encroachment .It’s 

pressure is initially above the bubble point pressure and therefore no free 

gas exists. The only source of fluid to replace the produced fluids is the 

expansion of the fluids remaining in the reservoir (Beggs, 2003).  

 

However a closed saturated oil reservoir with negligible gas cap will exhibit 

solution gas drive mechanism at the beginning. When the pressure falls, the 

gas phase is generated. The gas phase being compressible helps in 

maintaining the reservoir pressure and hence provides a secondary gas cap 

driving force for primary production (Kumer et al, 2000). The principal 

source of energy is gotten from the gas liberated from crude oil and 

subsequent expansion of solution gas leading to reduction in reservoir 
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pressure. As pressure falls below the bubble point, gas bubbles are liberated 

within the microscopic pore spaces. The bubbles expand and force the crude 

oil out of the pore space. 

 

Cole (1969) suggested that a depletion drive reservoir can be recognized by: 

Pressure Behavior: the reservoir pressure declines rapidly and 

continuously. This is acclaimed to the fact that no extraneous fluids or gas 

cap are available to provide replacement of gas and oil withdrawal. 

Water Production: The absence of water drive depicts that little or no 

water is produced alongside with the oil during the entire producing life of 

the reservoir. 

Gas oil ratio (GOR): A solution gas drive reservoir is characterized by 

rapidly increasing gas oil ratio from wells irrespective of their structural 

position. After the reservoir pressure has been reduced below the bubble 

point pressure, gas evolves from solution throughout the reservoir. Once the 

gas saturation exceeds the critical gas saturation, free gas begins to flow 

toward the wellbore and the gas – oil ratio increases. The gas will also begin 

a vertical movement due to gravitational force which may lead to formation 

of secondary gas cap. 

Unique oil recovery. Oil production by depletion drive is usually the least 

efficient recovery method. This is as a result of formation of gas saturation 

throughout the reservoir. Oil recovery from this type of reservoir ranges 

from 5% to 30%. The low recovery suggest large quantities of residual oil in 
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the reservoir. Hence depletion drive reservoirs are considered the best 

candidates for secondary recovery technique. 

 

The increase in fluid volumes during the process is equivalent to the 

production, according to (Dake, 1978) .  The only source of material to 

replace the produced fluid is the expansion of the fluid remaining in the 

reservoir (Beggs, 2003).  Some small but negligible expansion of the 

connate water and rock may also occur. When the reservoir falls below the 

saturation pressure, gas is liberated from the hydrocarbon liquid phase. 

Initially the liberated gas will expand but not flow until it’s saturation 

reaches a critical point. Gas does not flow as an independent phase until gas 

saturation (Kumar et al 2000). 

 

 The material balance equation (MBE), is used to predict the reservoir future 

performance. Two additional relations are required: The equation of 

producing (instantaneous) GOR and the equation of relating saturations of 

cumulative oil production.  Several methods including Muskats, Tracy, 

Schithus and Tarner’s methods have appeared in literature for predicting the 

recovery performance of this reservoir based on fluid properties. 

 

ASSUMPTIONS 

The following assumptions are generally made 

  Uniformity of the reservoir  at all times regarding porosity, fluid  

 saturation and relative permeability’s 
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 It is also assumed that uniform pressure exist throughout the  

reservoir in both gas and oil zone which implies that gas and oil 

volume factors, gas and oil viscosities as well as solution gas will 

remain the same throughout the reservoir. 

 It is further assumed that there is equilibrium at all times between 

gas and oil phase with negligible gravity segregation forces and 

negligible water encroachment and production. 

 

The time required for production can be calculated by applying the Inflow 

Performance Relation (IPR) in conjunction with Material Balance Equation 

(MBE). Also time can be estimated by using a combination between MBE, 

IPR and a Vertical Lift Performance (VLP) or minimum bottom hole flowing 

pressure. 

 

1.2 STATEMENT OF PROBLEM          

As earlier stated, solution gas drive reservoir is characterized by continuous 

and rapid pressure depletion. Continuous depletion of reservoir pressure will 

cause the bottom-hole flowing pressure level to drop very low. The ultimate 

oil recovery of a solution gas drive reservoir is less than 5% to about 30% 

(Tarek, 2010). The low recovery suggest that large quantities of oil remain 

in the reservoir hence this depicts a problem. 
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The low recovery makes conventional lifting inefficient and uneconomical, 

hence there is need to determine the time to put the well on artificial or gas 

lift program.  Another challenge is to select the appropriate size of tubing 

for optimum production. The study is intended to proffer solution to those 

problems by: 

 Forecasting the exact value of average reservoir pressure per the 

producing capacity or deliverability. 

 Determining time for gas lift installation. 

 Choosing the appropriate size of tubing optimum production. 

These parameters are needed to facilitate development planning to get 

economic recovery. 

 

1.3     RESEARCH OBJECTIVE  

 The main objective of this work is to predict the performance of solution 

gas drive reservoir. The specific objectives are to; 

i. Use theoretical data to predict the performance behavior of solution 

gas drive  from start of production till its abandonment. 

ii.     To find the right forecasting oil production capacity. 

    

1.4   SCOPE OF STUDY    

 In the course of this research, I was constrained by resources and time. 

The study is specified on forecasting of only saturated gas drive reservoir. 

The method used is tied to only Muskats method of prediction. This research 

will not focus on method other than Muskat method of prediction alongside 
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with inflow performance relationship and outflow performance of a 

(saturated gas drive reservoir), in other words solution gas drive reservoir. 

 

1.5 SIGNIFICANCE OF STUDY 

The significance of this study include:  

i. It was able to forecast production near abandonment  

ii. It determined the actual time when primary recovery will not be 

viable, hence it determine the time to put the reservoir (well) on 

artificial lift programme 

iii. It also selected the appropriate size of tubing to start producing  the 

reservoir 
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1 MODELS FOR PREDICTION OF PRODUCTION  

 PERFORMANCE 

(Ahmed, 2008) designed a spreadsheet program to calculate the parameters 

that indicate the reservoir future production performance. He stated that the 

future performance of reservoir is provided as a function of average 

reservoir pressure. Combining the two concepts of MBE and Darcy’s 

equation would enable to predict the future production performance of a 

reservoir as a function of time. He combined appropriate MBE with the 

Tracy’s method to predict production performance of solution gas drive 

reservoir.  

 

(BimPong and Broni 2012) used data based on material balance for a 

solution – gas drive reservoir to analyze and predict its primary oil recovery 

based on which gas lifting, velocity strings technology and positive 

displacement pumping are suggested to be employed with respect to time 

at different stages of reservoir life.  

 

(Karikari, 2010) designed inflow performance (IPR) in conjunction with the 

outflow performance relation (OPR) for the whole life of the well in 

accordance with the material balance equation prediction. This design is 

done with regards to the available gas lift and maximum production 
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constraints. Production forecast was made based on fetkovich’s model (for 

present IPR) and Eickmeier’s model (For future IPRs) to know the time 

when tubing strings will be replaced for optimum production. Also IPRs of a 

naturally fractured reservoir was also developed for both vertical and 

horizontal wells. Finally a new productivity index equation for a horizontal 

well in a reservoir with partial pressure support was developed.  

 

(Fattah et al, 2012) in their work developed a new model to predict the IPR 

curve using a new correlation that accurately describes the behavior of oil 

mobility as a function of the average reservoir pressure. After the 

development of the model, it’s validity was tested by comparing it’s accuracy 

with that of the most common IPR models such as Vogel, Fetkovich, 

Wiggins and Surkarno models.  The results of the comparison showed that 

the new developed model gave the best accuracy and requires only one test 

point unlike the multipoint test method of Fetkovich. 

 

2.2 OTHER RELEVANT LITERATURE 

Other literature relevant to the proposed study of forecasting the production 

performance of saturated gas drive reservoir are reviewed.   

 

2.2.1   CRITICAL GAS SATURATION  

Critical gas saturation is defined as the gas saturation at which a steady, 

although intermittent, gas flow can be sustained (Kumar et al, 2000). The 

lower the critical gas saturation, the more rapidly the gas will be mobilized 
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and produced, thus accelerating the depletion, impairing the depletion and 

impairing the final recovery (Cosentino et al, 2005). 

 

After this gas saturation, free gas flows as an independent phase, resulting 

in rapid decline in reservoir pressure. Critical saturation values ranges from 

2% to 10% when this value is reached, gas starts to flow. The performance 

of solution gas drive reservoir are described by the gas oil (GORs).  The 

ideal behavior of GOR under solution gas drive is illustrated in figure 1. The 

GOR tends to remain constant at the initial gas solubility (Rsi) while the 

reservoir pressure is below the bubble point. Then it tends to decline slightly 

until the critical gas saturation is reached.  After the critical saturation is 

reached, free gas begins to flow towards the wellbore and the GOR 

increases rapidly and finally declines towards the end of the field like when 

the reservoir approaches the depletion pressure. Oil production by this drive 

mechanism is the least efficient recovery method. This is as a result of the 

formation of gas saturation throughout the reservoir. A typical producing 

history of a solution gas drive reservoir under primary producing conditions 

is shown in figure 1 (Tarek, 2010). 

 

 



14 
 

 

FIGURE 2.1 Schematic of ideal production behavior of a saturated gas drive 

reservoir (Tarek ,2010). 

 

To improve oil recovery in the solution gas drive reservoir, early pressure 

maintenance is usually preferred by re-injecting the gas produced, this is 

the amount of gas that should be injected to minimize decline in reservoir 

pressure. 

 

2.2.2   RESERVOIR PERFORMANCE 

Reservoir performance is the measurement of reservoir production of oil and 

gas as related to the reservoir anticipated productive capacity, pressure 

drop or flow rate (Anon, 2010). Predicting reservoir performance involves 

practical application of various production parameters and relation. 
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The following factors affect the productivity of a well and   further affect the 

reservoir performance. They are as follows: 

Reservoir pressure: with a high reservoir pressure given a good bottom-hole 

flowing pressure will correspond to a higher productivity.  

Pay zone thickness and permeability: with a good reservoir pay thickness 

and high permeability, a high productivity is assured. 

Reservoir Boundary type and size (Drive mechanism): As discussed each 

reservoir drive mechanism gives idea of the ultimate recovery of the 

reservoir and affects productivity. Reservoir relative permeability: The 

relative permeability to oil, gas and water recorded during well testing also 

in a way affect the reservoir performance.   

This is illustrated in the equations and curves below. Relative Permeability to 

oil: 
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Fig2.2a: Water– oil relative               Fig 2.2b: Gas- oil relative permeability 
permeability function.                      Function. 

(Relative permeability curves Dake (1978) 
 

 

From the above figure, it is observed that below the bubble point pressure 

in a reservoir, relative permeability’s to gas increases as that to oil 

decreases. When water production starts, the relative permeability will 

increase which will also lead to decrease permeability, thus decreasing the 

amount of oil produce and the well productivity. 

 

2.2.3     MATERIAL BALANCE EQUATION FOR DRIVE MECHANISM 

The material balance equation (MBE) has long been recognized as one of 

the basic tools of reservoir engineers for interpreting and predicting 

reservoir performance. The MBE, when applied properly, can be used to 

(Tarek, 2001): 

 Estimate initial hydrocarbon in place 

 Predict and plan future reservoir performance 

 Predict ultimate hydrocarbon recovery under various types of natural  

 drive mechanisms  
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It is commonly believed that rapid pressure equilibration is a prerequisite for 

successful  application of material balance but this is not the case; the 

necessary condition is that an average pressure decline trend can be defined 

which is possible even if there are large pressure differentials across the 

accumulation under normal producing conditions. All that is necessary is 

to devise some means of averaging individual well pressure declines to 

determine a uniform trend for the reservoir as a whole (Dake, 1994). 

 

 

 

 

 

 

Figure 2.3, Individual well pressure declines displaying equilibrium in the 

reservoir. (Karikari, 2010) 

 

 

In its simplest form, the MBE can be expressed on volumetric basis as the 

initial hydrocarbon volume in place equals the sum of the volume removed 

and the volume remaining (Tarek, 2001). Upon various considerations, the 

MBE can be expressed mathematically in a more convenient form as shown 

below.  
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There are essentially three unknowns in equation 4: 

a) The original oil in place N. 

b) The cumulative water influx We. 

c) The original size of the gas cap as compared to the oil zone size m. 

 

In developing a methodology for determining the above three unknowns, 

Havlena and Odeh (1963) expressed Eqn. 2.1 in the following form: 

Havlena and Odeh (1963) further expressed this equation into a more 

condensed for as: 
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Considering a solution gas drive reservoir, for the purpose of simplicity, with 

no pressure maintenance by gas or water injection, the above equation can 

be further simplified and expressed as: 

WwEfmEgEoNF ],[    …………………………………………………. 2.4 
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2.2.3.1    MATERIAL BALANCE FOR SOLUTION GAS DRIVE  
                 RESERVOIRS 

(Havlena and Odeh, 1963) examined several cases of varying reservoir 

types with equation 2.4 and showed that the relationship can be arranged 

into a form of a straight line. Solution gas drive reservoirs are assumed to 

be volumetric due to the absence of water influx and gas caps. In 

determining the material balance for this type of drive mechanism, two 

phases can be distinguished, as shown in Figure 2.2 (a) when the reservoir 

oil is undersaturated and (b) whe the pressure is fallen below the bubble 

point and a free gas phase exists in the reservoir (Dake, 1978). 

 

Figure 2.4 Solution gas drive reservoir;  

(a) Above bubble point pressure; liquid oil,  

(b) Below bubble point; oil plus liberated solution gas 

     (Dake, 1978). 

 

I) Above bubble point pressure (undersaturated oil): Depletion above the 

bubble point is what makes the reservoir undersaturated. For a solution gas 

drive reservoir, it is assumed that there is no water influx, We, (making it a 

volumetric reservoir), and no gas cap, thus, m=0 (making it 

undersaturated). Since all produced gas is dissolved in the oil, Rs=Rsi=Rp 
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(Tarek, 2001). Applying all the above listed conditions on equation 2.1 

gives: 

p
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 …………………….…………………… 2.5

       
With 

Δp = pi - p 

Where pi = initial reservoir pressure, psi 

p = current reservoir pressure, psi 

 

(Hawkins, 1955) introduced the oil compressibility co into the MBE to further 

simplify the equation. Oil compressibility is therefore defined as: 
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Combining the above expression with equation 9 gives: 
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The denominator of the above equation can be expressed as: 
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Since there are only two fluids in the reservoir, oil and water, then: 

Soi + Swi = 1 
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The term in the brackets of equation 12 is called the Effective ompressibility 

and defined by Hawkins (1955) as: 
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Combining equations 12 and 13, the MBE above the bubble point pressure 

becomes: 

PPpCB

BN

pCB

BN
N

ieoi

op

eoi

op

p
(

  ……………………………………………………………2.11 

Rearranging and solving for the cumulative oil production Np gives: 
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The calculation of future reservoir production, therefore, does not require a 

trial-and error procedure, but can be obtained directly from the above 

expression (Tarek, 2001). 

 

II) Below bubble point pressure (saturated oil): Saturated reservoir is one 

that originally exists at its bubble point pressure. Once the pressure falls 

below the bubble point solution gas is liberated from the oil leading, in many 

cases, to a chaotic and largely uncontrollable situation in the reservoir, 

which is the characteristic of what is referred to as the solution gas drive 

process. Assuming that the water and rock expansion term Ef,w = 0 or 

negligible in comparison with the expansion of solution gas, the general 

MBE may be expressed by: 
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The above MBE contains two unknowns, which are: 

 Cumulative oil production Np 

 Cumulative gas production Gp 

 

In predicting the primary recovery performance of a solution gas drive 

reservoir in terms of these unknowns, the following reservoir and PVT data 

must be available (Tarek, 2001): 

 Original Oil in Place N 

 Hydrocarbon PVT Data 

 Initial fluid saturations 

 Relative permeability data 

 

2.2.4  INFLOW PERFORMANCE RELATIONSHIP (IPR)  

Different IPR correlations exist today in petroleum industry with the most 

commonly used models are that of Vogel’s and Fetkovich. According to 

(Owusi et al, 2013), the IPR describes two phase flow in porous medium by 

appropriate models such as Vogel, Fetkovich, standing and Wiggins.  The 

inflow performance relationship (IPR) of a well is the relation between the 

production rate and the flowing bottom hole pressure (Jahanbani et al, 

2009). During production, the fluids will flow inside the porous media losing 

pressure as they flow towards the perforations. The driving force for the 

fluids to move inside the porous media is the pressure drop in the reservoir.  

Therefore the rate of the inflow of fluids from the reservoir into the well is a 

function of the bottom – hole flowing pressure, pwf at the midpoint of the 
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perforations. This function is referred to as IPR.  The IPR represents the 

pressure available in front of the perforations for the fluids to flow inside the 

porous media at certain flow rate.  

 

The IPR is established by plotting the gross flow rate at different values of 

the bottom hole flowing pressure. All IPR curves are parallel to each other. 

The well potential decreases with decrease in reservoir pressure and as the 

pressure inside the reservoir goes below the bubble point gas evolve out of 

the solution reducing the viscosity of oil (Tarek, 2010). This has the effect of 

making the formation volume factor greater than one. The combined effect 

of this is the reduction in productivity of oil due to the energy which is spent 

much in moving the liquid and gas phase (Prado, 2008). (Fattah et al, 2012) 

stated that the inflow performance (IPR) describes the behavior of the well’s 

flowing pressure and production rate, which is important tool in 

understanding the reservoir/well behavior and quantifying the production 

rate. The IPR is often required for designing well completion, optimizing well 

production, nodal analysis calculations, and designing artificial lift.  A 

commonly used measure of the ability of the well to produce is called the 

productive index (J).  

 

Productivity Index: Is defined as the ratio of the total liquid flow rate to the 

pressure drawdown (Tarek, 2001). In monitoring the productivity index 

during the life of a well. It is possible to determine if the well is become 
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damaged due to completion, work over, production, injection operations or 

mechanical problem.  

 

(Evinger and Muskat, 1942) based on multiphase flow equations showed 

that a curved relationship existed between flow rate and pressure, when 

two phase flow occurs in the reservoir (saturated oil). For oil wells, it is 

frequently assumed that fluid inflow rate is proportional to the difference 

between reservoir pressure and wellbore pressure. This assumption leads to 

the straight line relationship that can be derived from Darcy’s law of steady 

state flow of an incompressible single phase fluid. However, this assumption 

is valid only above the bubble point pressure. 

 

2.2.4.1  CLASSIFICATIONS OF INFLOW PERFORMANCE  

   RELATION  

Many IPR exist for inflow performance of solution, gas, drive oil reservoir in 

which Pb is the initial reservoir pressure. Based on the literature survey, the 

most known IPR corrections can be subdivided into empirically and 

analytically derived correlations. 

 

2.2.4.2 EMPIRICAL CORRELATIONS 

Some of the most known empirical correlations are: 

I. (Vogel, 1968) 

II. (Fetkovich, 1973) 

III. (Kilns and Majcher, 1992) 
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IV. (Wiggins, 1993) 

V. (Sukarno et al, 1995) 

 

2.2.4.3 ANALYTICAL CORRELATION 

Some of the most known analytical correlations are: 

I. (Wiggins et al, 1991, 1992) 

II. (Del Castillo et al, 2003) 

 

2.2.4.4          VOGEL METHOD 

 Vogel (1968) established on empirical relationship of flow rate predictions of 

a solution gas drive flow rate in terms of the wellbore pressure based on 

reservoir simulation results.  Vogel used a computer program based on 

(Weller’s, 1996) assumptions and Twenty – One reservoir data sets to 

develop an IPR as   
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The best value for b according to Vogel is 0.2. The most commonly used 

correlations for saturated IPR are Vogel and Fetkovich methods. One of the 

most achievements of Vogel work is the recognition that the inflow 

performance is a strong function of the average reservoir pressure and 

Absolute open flow (AOF) potential. The Absolute Open Flow (AOF) is 

defined as the maximum flow rate the reservoir can produce when the 

bottom hole flowing pressure is zero. Vogel correlation gave a good match 

with the actual well inflow performance at early stages of production but 
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deviates at later stages of the reservoir life.  This implies that the prediction 

of inflow performance curves will be affected in the case of solution gas 

drive reservoir, because at later stages of production the amount of the free 

gas that comes out of the oil will be greater than the amount at the early 

stages of production. 

 

2.2.4.5 FETKOVICH’S METHOD 

The Fetkovich empirical correlation was used to    estimate    the IPR of the 

reservoir. An under saturated reservoir has its average reservoir pressure 

higher than the bubble point pressure. The flow in the reservoir is single 

phase and the linear IPR is valid, for the linear part, the productivity index is 

almost constant (KariKari, 2010).  For the saturated reservoir which has its 

average reservoir pressure below the bubble point pressure, the IPR 

deviates. The constant productivity index concept is no longer valid as the 

pressure of the reservoir falls below the bubble point. The main parameter 

that affect the Fetkovich model is the oil mobility (kro/UoBo as a function of 

reservoir (Pr), which is assumed to be linear relationship as illustrated in 

figure 2.3. 
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Figure 2.5 Schematic of mobility – pressure behavior for a solution – gas 

drive reservoir (Fetkovich, 1973). 

 

Fetkovich equation to be used for the saturated IPR can therefore be 

expressed as;     
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bq    = flow rate at bubble point 

 

Where b = 0 (Fetkovich) 
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Where q = Flow rate , STB/D 

J =Productivity index,STB/D/Psi 

P = Pwf = Pressure drawdown, psi 

P =Average reservoir pressure, Psi 

qmax = j p 

Where qmax = maximum flow rate (AOF).  

 

The incompressible single phase or straight line IPR/Linear IPR is valid when 

the fluids flowing inside the reservoir are in single phase incompressible 

conditions. As the pressure inside the reservoir goes below the bubble point 

value, gas comes out of solution increasing the oil viscosity. According to 

(Karikari, 2010) in case of two phase flow conditions, oil productivity is 

reduce since the driving force or fluid movement is spent moving the liquid 

and gas phase. The flow rate under these conditions for the certain pressure 

gradient is smaller than the flow rate under single phase flow conditions for 

the same pressure gradient. 

 

2.2.4.6 KLINS AND MAJCHER’S METHOD 

Based on Vogel’s work, (Klins and Mjacher, 1992) developed the flowing IPR 

that takes into account the change in bubbles – point pressure and reservoir 

pressure. 
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2.2.4.6 WIGGINGS METHOD  

(Wiggins, 1993) developed the following generalized empirical three phase 

similar to Vogel’s correlation in 1991  
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2.2.4.7 SUKARNO AND WISNOGROHO’S METHOD 

(Sukarno and Wisnogrohol, 1995) developed IPR based on simulation 

results that attempts to account for the flow – efficiency variation caused by 

rate – dependent skin: 
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The analytical derived correlations   
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2.2.4.8 WIGGIN’S METHOD 

(Wiggins, 1991 and Wiggins et al, 1992) studied the three phase (oil, water 

and gas) inflow performance for oil wells in a homogenous, bounded 

reservoir. They started from the basic principle of mas balance with the 

Pseudo-steady state solution to develop the following analytical IPR. 
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Where C1, C2, C3 ---Cn and D Coefficients are determined based on oil 

mobility function and its derivatives taken at Pr.  

 

(Wiggins et al, 199, 1992) found the main reservoir inflow performance 

curve is the oil mobility function. The major problem in applying this IPR is 

it’s requirement for the mobility derivatives as a function of Pr, which is very 

difficult in practice. Therefore in 1993 Wiggins developed an empirical IPR 

eqn (.) from analytical IPR model by assuming a third degree polynomial 

relationship between the oil mobility function and Pr, wiggins et al also 

presented plots of the oil mobility as a function of Pr, taken at various flow 

rate. An example of the oil mobility pressure profile that is presented by 

(Wiggins, 1991) is shown in Fig 6. 
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Fig. 2.6: The oil mobility as a function of pressure – various flow rates *case 

2, after (Wiggins et al) 

 

2.2.4.8 DEL CASTILLO’S METHOD 

(Del Castillo, 2003), (Del Castillo et al, 2003) developed theoretical attempt 

to relate the IPR with a fundamental flow theories. In this model, a second 

degree Polynomial IPR is obtained with a variable coefficient (v) or the oil 

IPR parameter that infact be a strong function of pressure and saturation. 

The starting point for this development is the Pseudo – Pressure formulation 

for the oil phase which is given as; p        
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In that work, the authors presumed that the oil mobility relation has a linear 

relationship with the average reservoir pressure as given below. 
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Where e, and d are constants established from the pressure behavior of the 

oil mobility profile figure 5 refers to the physical Eqn 29 and eqn 30 

manipulating the flowing equation could be presented as: 
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Specifically, the V – parameter is given as  
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(Wiggins, 1991) and (Del Castillo, 2003) relationships can only be applied 

indirectly or in referred by estimating the oil mobility as a function of Pr to 

constant the IPR curve 

 

2.2.5  TUBING PERFORMANCE RELATIONSHIP (TPR) 

The tubing performance or outflow performance represents the vertical flow 

along the tubing and shows performance of the well in producing from 

bottom hole to the surface. (Owusi, 2013), shows the relationship between 

the flow rate in tubing and the flowing bottom hole pressure, and is affected 

by pressure losses experiences due to restrictions in tubing from chokes 

valves and connections. Several method have been proposed to calculate 

the bottom hole pressure of a flowing gas well as it is usually not practical 



33 
 

to obtain this pressure directly using a pressure guage at the bottom of the 

well, the methods include 

 Average temperature and deviation factor method 

 Poettman’s method 

 Cullender and smith method 

 

The least accurate method is the average temperature and deviation factor 

method. The cullender and smith method is widely considered the most 

accurate. (Lee, 1996), explained that the cullender and smith method is 

more rigorous than the other methods and is applicable over a wider range 

of gas well pressure and temperature. Since it takes no simplifying 

assumptions for the variation of either temperature or z-factor. The 

cullender and smith method provides a functional relationship between the 

well flowing bottom hole pressure (Pwf) and the well head pressure (Pwh) 

as shown in the expression below  

Pwf= f(pwh), Qwell,Twf,Twh,depth,ID, g,Ppc,Tpc 

Where Qwell is the well flow rate, Twf is the well bottom hole temperature. 

Depth is the depth of the producing formation from surface. ID is the inner 

diameter of tubing  

g is the specific gravity of the gas 

 Ppc is the critical pressure of the gas  

Tpc is the critical temperature of the gas  
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Similarly, pressure gradient charts are available in literature and pressure 

gradient is related to the outflow performance analysis. A combination of an 

inflow performance curve (IPR) and a tubing performance curve (TPR), 

generally identifies the flow rate and corresponding flowing bottom – hole 

pressure at a particular reservoir pressure and tubing parameters such as 

tubing size and wellhead pressure. The deliverability or instantaneous flow 

rate can then be said to be this combination of the reservoir performance 

(inflow) and the tubing performance (outflow).  

 

2.2.6  EFFECT OF TUBING STRING ON FLOW CAPACITY. 

 According to (Prado, 2008), the size of production tubing can play an 

important role in the effectiveness with which the well can produce liquid.  

There is an optimum tubing size or a well system (Vogel, 1968). Smaller 

tubing sizes have higher frictional losses and higher gas velocities which 

provide better transport for the produced liquids.  Larger tubing sizes on the 

other hand tend to lower frictional losses. Pressure drops due to lower gas 

velocities and in turn lower the liquid carrying capacity (Prado, 2008) too 

large tubing will cause a well to load up with liquids and die (Vogel, 1968) 

   

2.2.7  DETERMINING FEASIBILITY OF GAS LIFT DESIGN 

The continuous pressure drop of the reservoir results in faster liberation and 

production of gas, thus lowering further the pressure, in a sort of chain 

reaction that quickly leads to the depletion of the reservoir. This in turn 

leads to low recovery which prompts the use of artificial lift design (gas lift 
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design) for the reservoir to optimize production and maximize the return on 

investment.  

In addition, since the reservoir exists originally at its bubble point, critical 

gas saturation may be reached very early which may result in the 

production of appreciable quantities of gas at an early stage of gas lift the 

well. Hence, the need for gas lifts design. Artificial lift in order words gas lift 

system objective is to reduce bottom hole flowing pressure, net hydrostatic 

flowing pressure, net hydrostatic gradient and increase flow rate injecting 

gas lift to the down hole produced fluids.  Many articles that entails flow and 

artificial lift can be found in literature. A few of these literature are cited by 

(Economides, 1998, 2000), (Duster Hoft, 1994) and (Mukherjee, 1999). 

Continuous reduction of reservoir pressure will result in adverse dropping of 

bottom hole flowing pressure. The reservoir declines below the bubble 

point, there is corresponding evolving and production of gas precipitating 

from the reservoir into depletion. At a point the reservoir pressure may not 

be enough to lift feasible economic flow rate through the well-bore and over 

surface pressure restriction. In summary due to low recovery of solution gas 

drive reservoir, artificial lift technologies such as gas lift may be employed 

for continuous production of the reservoir. 

 

2.2.8  INSTANTANEOUS GOR 

The produced GOR at any particular time is the ratio of the standard cubic 

feet of total gas being produced at  that same instant hence the name 

instantaneous GOR (Tarek, 2010). It is expressed mathematically as   
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  There are three types of GORs  

 Instantaneous  

 Cumulative GOR (RP) 

 Solution GOR i.e. gas solubility RS. 

 The solution GOR (RS) is the tendency of the gas to dissolve in or evolve 

from the oil with changing pressure.  The cumulative for RP is defined as  

Cumulative (total) gas produced 

Cumulative (total) oil produced  
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The cumulative gas produced GP is related to the instantaneous GOR and 

cumulative oil production by the following expression 

NpGORNPGp )( ………………………………………………..………………………….2.32 
       

The incremental cumulative gas produced DGP between Np, and Np2 is 

given by 

 )( 1221 NPNpGORGORGP …………………………………………………………. 2.33 
 

GPavgGORGP )( ………………………………………………….……………………..2.34 

 NPavgGORGP )( …………………………………………….…………………………….2.35 

       

 

         



37 
 

2.2.9 THE RESERVOIR FLUID SATURATION  

 The Saturation of fluid (gas, oil or water) in the reservoir is defined as the 

volume of the fluid divided by the pore volume (pv) 
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2.2.10 THE RELATIVE PERMEABILITY RATIO        

 The relative permeability ratio (krg/ko) as a function of oil  Saturation can be 

generated by using actual field production expressed in terms of NP, GOR 

and PVT (Tarek, 2010), used actual field instantaneous GOR’s to solve 

relative permeability ratio as. 
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 The relative permeability ratio is traditionally expressed graphically by 
plotting krg/kro versus so semi log paper. 
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a = slope 

 b = intercept  

(no gas cap) 
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 Fig 2.7 shows a plot of permeability ratio of gas to oil against liquid 

saturation. 
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Fig 2.7: Permeability ratio relationship 
(International Journal of Mining Engineering and Mineral Processing, 2013) 
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CHAPTER THREE 

METHODOLOGY 

 

3.1     TECHNIQUES USED IN PREDICTING RECOVERY FROM 

      SOLUTION GAS DRIVES  

All the techniques used to predict the production performance of reservoir 

are based on combining the appropriate material balance MBE, with the 

instantaneous gas oil ratio GOR, using a proper saturation equation. There 

are several techniques that are especially developed to predict the 

performance of solution as a drive reservoir. They include: 

 Tracy’s method  

 Muskat’s method  

 Tanner method  

 Schilthuis method 

Muskat’s method will be used on this paper.  

 

The reservoir PVT data that must be available in order to predict the primary 

recovery of depletion drive reservoir in terms of NP and GP according to 

Ahmed (2008) are: 

 Hydrocarbon PVT data  

 Initial oil in place (N)  

 Initial fluid saturation data  

 Relative permeability data  
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The MBE in its various forms is designed to provide estimates of initial oil in 

place (N)  

3.2 APPLICATION OF MUSKAT METHOD IN PREDICTING SOLUTION 

GAS DRIVE RESERVOIR 

Muskat, (1945) presented the most straight forward method of predicting 

the performance of solution gas drive reservoir. Consider an initially gas 

saturated reservoir from which Np stb of oil have been produced. Then the 

oil remaining in the reservoir at the stage of depletion is  

 

         

 

Where V is the pore volume (rb). The change in this volume with pressure is  

    

 

The total volume of dissolved and free gas in the reservoir is  

 

          

And its change in volume with pressure  

 

   

The instantaneous GoR while producing at the depletion stage can be 

obtained by the division of equation 3.3 by equation 3.1 to give  
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Krg and kro are relative permeabilities to oil and gas producing GOR can also 

be expressed as 

 

Equation 3.4 and 3.5 can be equated to give the oil saturation derivative 

with respect to pressure as  

 

The above equation can be expressed in a simple forms as 

 

In which  
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These are all functions of the pressure and are readily calculable from the 

PVT relations. 

At stage of depletion, the oil saturation and recovery in an initially saturated 

reservoir are related as  

 

Giving 

 

The derivation of equation 3.7 neglect the expansion of the connate water 

and compaction. However for depletion above the bubble point than the 

total recovery can be calculated as 

 

Where Npb = oil recovered by depletion to the bubble point, it can be 

evaluated from 

NpB0 + WpBw = NB0i Ceff  p -------------------------------------------------3.14 

Np = oil recovered below the bubble point 

Nb = stock tank oil remaining in the reservoir at the bubble point. 

Therefore, for an initially under saturated reservoir, equation 3.12 is used in 

slightly modified form to calculate the oil recovery below the bubble point, 
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, and in evaluation, B0i is replaced by B0b, equation 3.13 is then used to 

calculate the total recovery. 

Apply the muskat material balance involves the following steps. 

- Using the PVT data, calculate the functions X(p), Y(p) and Z(p) across 

the full range of pressure depletion below the bubble point. 

- Structure a table as shown below 

I II III IV V VI VII VIII 

Pressure  X(p), Y(p) Z(p) S0 

 

S0 S0 

 

GOR 

(Psia) (psi) (pv)  (pv) (pv)  (Scf/stb) 

 

The column can be defined as follows: 

i. Pressure decline in steps below the bubble point 

ii. Table of value of X, Y and Z evaluated at average pressure between 

successive table values. 

iii. So, prior to the pressure drop p 

iv. Relative permeability ratio evaluated at the last determined value of 

S0 

v. S0 evaluated using equation 3.7 

vi. The new lower value of S0 at reduced pressure level. 

vii. The fractional oil recovery, using equation several iteration of steps iii 

to v are required. Having calculated an initial value of S0, the 

necessary in equation 3.7, since the pressure dependent values X, Y 
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and Z are evaluated at the midpoint of the pressure decrements. 

Usually two or three iterations are sufficient for convergence to 

determine a final value of S0 (column v). 

The relatively, straight forward inflow equation of fetkovich, () provided a 

sound prediction tool. 

The equation has the form 

 

Simplifying the equation used in ratio form to calculate q/q1 

The rate of any stage  

 

A time scale can be attached to the oil recovery by setting up a table as 

follows 

I II III IV V VI VII 

Pressure B0 0       S0 Kro    q/qi q Np/N Np t Time 

(psia) (rb/slb) (cp)  (pv)    (stb/d)     (stb)     (days) (years) 

 

The column can be described as follows 

i. Pressure steps in the material balance equation 

ii. Evaluated from the PVT data 

iii. So determined from the Muskat material balance (equation 3.7 

iv. Calculated using equation 3.15, divided ny its evaluation at initial 

conditions. 
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v. Average rate during the pressure decrement. 

vi. Oil recovery evaluated from the material balance Np is the 

incremental oil recovery during the pressure decrement. 

vii. t = Np/q (days) which is the duration of the pressure step, the 

cumulative of which gives the total time. 

 

3.3 PRODUCTION PERFORMANCE ANALYSIS 

Production performance analysis consists of plots of graph of reservoir 

pressure versus time, or cumulative production and production for solution 

gas drive reservoir. Three main plots are used to describe the reservoir 

performance. 

1. A plot of reservoir pressure above the bubble point, the pressure 

drops rapidly with a cumulative production followed by a decrease in 

pressure decline below the bubble point. 

2. A plot of production, as time goes on, the production rate declines, 

infact solution gas drive production rate normally shows a relatively 

straight line or semilog plot of production. 

3. Plots of GORS, this is constant or slightly decreasing at first and then 

rises with time. 

 

3.4 SUMMARY OF THE METHODOLOGY  

The methodology that is employed to predict the production performance of 

the field can be summarized as follows:   
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1. Plot the cumulative oil and gas production Np and Gp as a function of 

average reservoir pressure (p) and abandonment pressure is gotten. 

2. Pressure (p) is plotted against oil recovery and the stock tank oil 

initially place which can be recovered through conventional lifting is 

shown. 

3. Construct the IPR curve for each well in the field and obtain the 

maximum inflow rate. 

4. Superimpose the outflow performance relationship (OPR) of the 

various tubing size on the IPR curves and obtain an outflow rate using 

the a  tubing size. 

5. Equivalent flow capacity Qo and NP is plotted as a function of time to 

show case cumulative oil produced and time abandonment 
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

4.1 RESULTS  

 A volumetric solution gas drive reservoir data presented below. Fluid 

property and other relevant information are also provided in the below. 

  Table 4.1: Available oil well data  
(Journal of Science and Technology, Vol. 2, N0. 5, 2012) 

S/N PARAMETERS VALUES 

1 Initial reservoir Pi = Pb 28 

2 Initial reservoir pressure  180oF 

3 Initial oil in place N  56 mmstB 

4 Initial water saturation Swi 0.2 

5 Initial saturation soi 0.8 

6 Initial  gas cut 0% 

7 Initial gas – liquid ratio (GRRi) 721 SCF/STS 

8 Gravity 25o API 

9 Specific index J* 1.5 

10 Specific gravity of gas 0.7 

11 Well head pressure 150 Psi 

12 Horizontal  90o 

13 Reservoir  7500ft 
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Table 4.2: Relative Permeability data  

(Journal of Science and Technology, Vol. 2, N0. 5, 2012) 

S/N GAS SATURATION (sg) GAS RELATIVE K (Krg) 

1 0.955 0.00014 

2 0.01617 0.00032 

3 0.02056 0.00048 

4 0.02468 0.00068 

5 0.03016 0.00099 

6 0.03454 0.00126 

7 0.03920 0.00164 

8 0.4440 0.00208 

9 0.04933 0.00255 

10 0.05508 0.00320 

11 0.05973 0.00375 

12 0.06466 0.00430 

13 0.06959 0.00503 

14 0.07506 0.00583 

15 0.08026 0.00652 

16 0.08710 0.00755 

17 0.09612 0.00915 

18 0.10543 0.01097 

19 0.18898 0.01173 

20 0 0.506895 

21 0.109091 0.156436       
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Table 4.3: Equivalent flow capacities of tubing’s 

(International Journal of Mining and Mineral Processing,  

Doi; 10.5923/journal, 2013) 

S/N Tubing Size inches (Psia) bPd) 

1 2” 1550 1040 

2 2.5” 1350 1200 

3 3” 1050 1300 

4 4” 900 1485 

 

Table 4.4: Fluid Property data  

(Journal of Science and Technology, Vol. 2, N0. 5, 2012) 

  
PRESSURE 

(psia) 

Bo 
bb/ST B 

Rso 
SCF/STB 

Bg 
bbl/SCF 

Uo 
cp 

Ug 
Cp 

2500 1.498 721 0.00105 0.488 0.017 

2100 1.498 721 0.00105 0.488 0.017 

1900 1.463 669 0.00116 0.539 0.0166 

1700 1.429 617 0.00128 0.595 0.0162 

1500 1.395 565 0.00144 0.658 0.0158 

1300 1.361 513 0.00163 0.726 0.0154 

1100 1.327 461 0.00188 0.802 0.0154 

900 1.292 409 0.00221 0.887 0.0154 

700 1.258 357 0.00265 0.928 0.0154 

500 1.224 305 0.0033 1.085 0.0154 

300 1.19 253 0.00432 1.199 0.0154 

500 1.156 201 0.00616 1.324 0.0154 

300  1.212 149 0.01047 1.464 0.0154 

100 1.087 97 0.03203 1.617 0.0154 
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Table 4.5: (Result of the Muskat Primary Prediction Method for the 

reservoir 

PRESSURE 

(psia) 

Np (STB) GOR 

(scf/STB) 

Gp 

(SCF) 

Np/N 

(scf) 

Recover 

(%STOIP) 

2500 0 721  0 0 

2300 7.46E+05 669.4113 4.99E+10 0.013326 1.332604 

2100 1.94E+06 662.5962 1.24E+10 0.34704 3.470426 

1900 3.48E+06 1769.111 4.06 E+10 0.062155 6.215458 

1700 4.54E+06 2846.411 7.62 E+10 0.081058 8.105808 

1500 5.41E+06 3652.632 1.11E+10 0.096693 9.669333 

1300 6.19E+06 4528.873 1.53E+10 0.110601 11.06014 

1100 6.96E+06 5484.704 2.03E+10 0.124207 12.42068 

900 7.67E+06 7044.934 2.82E+10 0.136886 13.6886 

700 8.28E+06 7754.631 3.32E+10 0.147929 14.79292 

500 8.89E+06 7022.99 3.21E+10 0.158812 15.88119 

300 9.56E+06 5470.842 2.69E+10 0.170785 17.07854 

100 1.05E+06 2302.474 1.26E+10 0.187859 18.7859 

 

Table 4.6: (Result of performance as a function of time) 

ΔNp x 103  

(STB) 

Np x 

103 

(STB) 

Peverage  

(Psia) 

Qo, 

average 

(bpd)                                            

Δt  

(days) 

T 

(days) 

Tubing 

String  

100 100 2457 1203 83.11 83.11 2.5” 

100 200 2450 1197 83.51 166.62 2.5” 

100 300 2425 1177 84.99 251.60 2.5” 

100 400 2400 1178 86.52 338.12 2.5” 

100 500 2375 1156 88.11 426.23 2.5” 

100 600 2340 1135 90.43 516.65 2.5” 

100 700 2320 1106 91.81 608.46 2.5” 
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100 800 2300 1089 93.23 701.70 2.5” 

100 900 2274 1073 95.15 796.85 2.5” 

100 1000 2250 1051 97.00 893.84 2.5” 

100 1100 2250 1031 97.39 991.23 2.5” 

100 1100 2245 1027 98.99 1090.23 2.5” 

100 1200 2225 1010 99.81 1190.04 2.5” 

100 1300 2215 1002 101.93 1291.97 2.5” 

100 1400 2190 981 103.24 1395.21 2.5” 

100 1500 2175 969 105.51 1500.72 2.5” 

100 1600 2150 948 106.44 1607.16 2.5” 

100 1700 2140 939 107.87 1715.04 2.5” 

100 1800 2125 927 107.87 1825.39 2.5” 

100 1900 2100 906 110.35 1936.24 2.5” 

100 2000 2095 902 110.86 2048.13 2.5” 

100 2100 2085 894 111.89 2162.14 2.5” 

100 2200 2065 877 114.01 2277.79 2.5” 

100 2300 2050 865 115.65 23.94.57 2.5” 

100 2400 2040 856 116.78 2512.49 2.5” 

100 2500 2030 848 117.92 2632.17 2.5” 

100 2600 2015 836 119.68 2753.66 2.5” 

100 2700 2000 823 121.49 2875.77 2.5” 

100 2800 1995 819 122.11 2999.76 2.5” 

100 2900 1980 806 124.00 3125.71 2.5” 

100 3000 1965 794 125.94 2353.66 2.5” 

100 3100 1950 782 127.95 2354.68 2.5” 

100 3200 1935 769 130.02 3383.68 2.5” 

100 3300 1930 765 130.73 3514.41 2.5” 

100 3400 1910 748 133.63 3648.04 2.5” 

100 3700 1850 698 143.16 4065.37 2.5” 

100 4100     1790 649 154.16 4663.31 2.5” 
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100 4200 1760 624 160.31 4823.31 2.5” 

100 4300 1748 614 161.34 4823.63 2.5” 

100 4400 1725 595 162.92 4986.54 2.5” 

100 4500 1700 574 168.14 5154.69 2.5” 

100 4600 1685 562 174.22 5328.91 2.5” 

100 4700 1665 545 178.08 5506.99 2.5” 

100 4800 1650 532 183.51 5690.50 2.5” 

100 4900 1625 512 187.80 5878.29 2.5” 

100 5000 1600 491 195.41 6073.70 2.5” 

100 5100 1575 470 203.66 6277.36 2.5” 

100 5200 1550 450 212.64 6489.99 2.5” 

100 5300 1525 429 222.44 6712.44 2.5” 

100 5400 1505 412 233.19 6945.63 2.5” 

100 5500 1485 396 242.57 7188.20 2.5” 

100 5600 1450 367 252.74 7440.94 2.5” 

100 5700 1425 346 272.74 7713.68 2.5” 

100 5800 1400 325 289.07 8002.75 2.5” 

100 5900 1365 296 307.48 8310.23 2.5” 

100 6000 1350 284 337.59 8647.82 2.5” 

100 6100 1325 263 352.37 9000.19 2.5” 

100 6200 1300 242 380.10 9380.29 2.5” 

100 6300 1275 222 412.58 9792.86 2.5” 

100 6400 1250 201 451.11 10243.97 2.5” 

100 6500 1225 180 497.57 10741.55 2.5” 
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4.2 PRODUCTION PERFORMANCE ANALYSIS 

 

 

Fig 4.1: Production performance as a function of decline pressure 
(Psia).  
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Fig 4.2: Average reservoir as a function of recovery 

 

  

Fig 4.3: Produced and solution gas oil ratios as a function of decline pressure.  

 

 



55 
 

 

  Fig 4.4: Fetkovich Saturated Future IPR 

 
 

 

 

 

 

 

 

 

 

 
 

 
 
Fig 4.5:  Plots of IPR and OPR for the various tubing size. 
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Fig 4.6:  Average reservoir pressure as a function of cumulative oil. 

 

 

 

 

 

 

  

 

 

 

 
 

 
 

 
Fig. 4.7:  Equivalent flow capacity as a function of decline pressure. 
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Fig 4.9 

 

 

 

 

   

  

 

 

Fig 4.8: Production Performance as a function of time 

 

   

                     500                     10000                       15000                     20000 



58 
 

4.3  DISCUSSION  

4.3.1  HYDROCARBON RECOVERY 

Figure 4.1 shows the plot of NP (10x6 (STB) versus pressure in Psia. The 

amount of hydrocarbon that can be recovered at any forecasting pressure 

can be deduced from the plot. Cumulative oil and gas produced NP and GP 

respectively can be easily determined at abandonment pressure of 100Psia. 

There is about 18.7% stock tank oil initially in place that can be recovered 

through conventional lifting. This is illustrated in fig 4.2. by plot of pressure 

versus recovery. This information is particularly important for the quick 

response of surface facilities by artificial lift to handle production in a more 

suitable and economical way. 

 

4.3.2    THE SOLUTION GAS OIL RATIO AND AVERAGE GAS OIL  

            RATIO 

Solution gas oil ratio Ros (SCF/STB) and average gas oil ratio (RAV) are 

plotted against reservoir pressure (Psia) in fig. 4.3, the Rav is increasing to a 

maximum value of about 4003 SCF/STS at reservoir pressure of 700 Psia. 

The increasing gas oil ratio is fairly responsible for the low recovery as in 

the case studied since there is a corresponding increase in gas mobility. This 

is attributed to larger number of gas bubbles as also indicated by (Stewart 

et al, 1954). 
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4.3.3  PERFORMANCE OF THE RESERVOIR IPR 

Inflow performance relation is shown in Fig 4.4. by plot of bottom hole 

flowing well pressure (Psia) as a function of flow rate (bpd).  The maximum 

flow rate obtainable from the analysis is about 1710bpd. The well potential 

decreases with decrease in reservoir pressure. The intercept IPR curves with 

y axis gives the average reservoir pressure. 

 

4.3.4  TUBING PERFORMANCE OPR 

Sizes of various tubings are superimpose  on plots of flowing well bottom 

hole pressure (Psia) as a function flow rate (bpd)  is shown in figure 4.5. It 

is observed that the smaller size of the tubing have excessive frictional loses 

with low production rates thereby restricting production. Four large tubing 

(2”, 21/2”, 3” and 4”) are considered to be better candidates to start 

producing a well. However the 4” tubing exhibit the lowest frictional loss 

which might cause the well to have liquid accumulations and die early. 

Figure 4.5 shows that the 21/2 tubing give a much more reasonable frictional 

loss compared to that of 4” and 2” tubing with an equilibrium production 

rate of about 1200 bpd and an equivalent bottom hole flowing pressure of 

about 1350 psi. 

 

The point of intersection of the well flow rate and the flowing bottom hole 

pressure with the well tubing performance gives operating points of the 

various tubing sizes. The various size tubings are shown in table 4.3.  The 

2.5 tubing was chosen to produce the reservoir from the initial average 
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reservoir pressure of 2500psia at a GOR of 721 SCF/STB up to about 

1700psia with production capacity of 1200bpd. Beyond this point 

appropriate velocity string would be needed. 

 

4.3.5 FORECASTING PRODUCTION AND RECOVERY AT ANY 

FUTURE RESERVOIR TIME. 

Prognosticating the average reservoir pressure at which the producing 

capacity will decline that leads to abandonment is very crucial. The reservoir 

development planning and successful economic evaluation depends on this 

data and it’s availability as a function of time equally relevant. The time to 

start artificial lift and time to install pump or compressors when certain 

producing capacities can no longer be met is very vital Jahanbani and 

Shadizadeh (2009). To do all this incremental oil recovery Δ in NP and the 

corresponding average pressure pavg are shown in fig 4.6 by plot of 

pressure (Psia) as a function of NP (STB).  

 

The average pressure is then applied in fig 4.7 by plot of equivalent flow 

capacity (bpd) against average reservoir pressure (Psia) to determine the 

corresponding average equivalent production capacity Qoavg. The 

incremental time Δt, the total t, and the cumulative production NP are 

determined using equation (3.1), (3.2) and (3.3) respectively. The result of 

the performance of the field is shown in figure 4.8 by plot of NP in (103 

Mstb) versus time in days. The flow capacity of the field reaches 77 bpd at 

about 15925 days. Beyond this point pumping will start to optimized 
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production levels. For detail of the performance analysis see section 3 

(result) table 6. 

 

4.3.6 THE DISTRIBUTION OF THE AVERAGE RESERVOIR PRESSURE 

The distribution of the average reservoir pressure over time is shown in fig. 

4.9. The reservoir pressure depletion continues up to region 1100 Pisa. The 

cumulative oil produced at the abandonment is approximately 7000000mstb 

(7mmstb) 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATION 

 

5.1 CONCLUSION  

Based on the analysis of this research it can be concluded that solution gas 

drive reservoirs are best candidates for secondary recovery due to their low 

recovery at about 18% STOIIP. This low recovery is as a result of rapid 

decline of reservoir pressure leading to high mobility of gas and low oil 

nobility, hence resulting in high gas – oil ratio. The relation between outflow 

performance of a well and tubing size is illustrated in this paper. The 2.5 

tubing gives much more compared to 4” and 2” tubing with an equilibrium 

production rate of about 1200bpd and equivalent bottom hole flowing 

pressure of about 1350.  

 

From the IPR analysis, the maximum inflow rate is 1710bpd with an outflow 

rate of 1200bpd. There are basic PVT functions which relate surface to 

reservoir volumes, for an oil reservoir they include oil formation volume 

factor Bo solution or dissolved gas/oil ratio (GOR) and the gas formation 

volume factor Bg.  

 

From the analysis, the outflow rate is difference from inflow rate as a result 

of reduction of pressure below the initial reservoir pressure Pi, this is due to 

oil expansion, the oil volume increases. The increase continues until the 

bubble point pressure Pb is reached At.  
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At Pb, the oil reaches its maximum expansion and consequently attains a 

maximum value of oil formation volume factor, Bo. As the pressure is 

reduced below bubble point Pb, volume of the oil and Bo are decreased as 

the solution gas is liberated.  

The flow near abandonment reaches 77 bpd at about 15925 days with 

cumulative oil produced estimated to be 7mmstb. The case considered set 

out a theoretical frame work for prognosticating the production performance 

of solution gas drive reservoir. 

5.2 CONTRIBUTION TO KNOWLEDGE  

In order to forecast the performance of solution gas drive reservoir, there 

must be parameters that will be available. The various methods mentioned 

earlier require procedures and specific data that must be on ground to 

enable the forecasting of the reservoir. 

 

In choosing any method, the availability of data and simplicity of procedures 

should be considered. As indicated, to avoid ambiguous method, Muskat’s 

method was used in forecasting the performance of solution gas drive 

reservoir because of its wide application, simplicity and size of available 

data. 

 

5.3 RECOMMENDATION AND HOW TO IMPROVE RECOVERY  

Water driver is applied to enhance and accelerate oil recovery. Water drive 

is the principal form of secondary recovery practiced by the industry for the 

obvious reason that in many producing areas water is in plentiful supply and 
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therefore in expensive. Not only that, but it is usually more stable than the 

alternative form of secondary flooding gas driver. Water drive serves two 

purpose in maintaining the reservoir pressure which energizes the system 

and in displacing the oil towards the production wells. Water drive has a 

lengthy of application but in many cases as an afterthought in mature field 

with significant production history, applied once the pressure has fallen 

below the bubble point to improve upon the solution gas drive process. 

Therefore recovery of hydrocarbon by secondary means such as water drive 

is recommended.  
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NOMENCLATURE 
 

MBE:  Material Balance Equation 

IPR:  Inflow Performance relationship 

OPR:  Outflow Performance Relationship 

TPR:  Tubing Performance Relationship 

QR:  Production  

QMAX:  Maximum Production  

PR:  Reservoir 

PB:  Reservoir Pressure 

PWF:  Well Bottom Hole Flowing Pressure  

PWH:  Well Head Pressure 

H:  Viscosity 

K:  Permeability 

Krz:  Relative Permeability  

B:  Formation Volume Factor  

RS:  Solution gas oil Ratio 

VLP:  Vertical Lift Performance  

GOR:  Gas oil Ratio 

J:  Production Index 

AOF:  Absolute open Flow 

Rav:  Average Gas Oil Ratio 

Ros:                Solution gas oil ratio 

RG:  Specific Gravity of the Gas 

PPC:  Critical Pressure of the Gas 

TPC:  Critical Temperature of the Gas 

ID:  Internal Diameter 

TWH:  Well Head Temperature 

TWF:  Well Bottom – Hole Temperature 

N:  Initial Oil in Place 

NP:  Cumulative Oil production  

T:  Time 

P:  Pressure 

BPD:  Barrel Per Day 

STB:  Stock Tank Barrel 

NE:  External Raduis  

RW:  Well bore Raduis       


