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ABSTRACT 

Oil well test analysis is a branch of reservoir engineering. Data obtained from flow and pressure 

transient tests about in situ reservoir conditions are significant to determine the reservoir production 

capacity. Average reservoir pressure also can be estimated by these tests. The reservoir engineer must 

have sufficient data and information about the reservoir/well characteristics and conditions to examine 

reservoir performance appropriately and to prognosticate future production under various modes of 

operation. 

 
Generally, oil well test analysis is performed to meet the following objectives- Evaluation of reservoir 

characterization and well condition, skin factor estimation or completion and drilling related damage 

to an oil well, determination of whether all the drilled portion of oil well is also a producing zone. 

 
Several methods of analyzing pressure build up data in wells have been presented by various authors. 

We dealt with the theory and method of Horner and Miller- Dyes-Hutchinson and presented 

calculations of the same and worked on data obtained during testing of various kinds of wells. These 

calculations include determination of formation permeability (K), skin factor(S), wellbore storage 

coefficient (Cs), additional pressure drop due to skin (ΔPs), flow efficiency (F.E) and initial reservoir 

pressure. 

 
The semi-log analysis technique has been used to determine the permeability, apparent radius and skin 

from the pressure drawdown data. The drainage area, pore reservoir volume portion being drained by 

the test well and initial oil in place in the drainage area are calculated from the Cartesian plot of 

ΔP(initial reservoir pressure – flowing bottom hole pressure) versus time. 
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BACKGROUND: 

Reservoir properties and the formation ability in producing fluids can be characterized by 

empirical method as the Transient well testing. It has many advantages compared to other 

techniques in determination of reservoir properties. 

 
Oil well testing covers wider area to interpret and major purpose of conducting this test is to determine 

the ability of a formation to produce reservoir fluids. Further, it is important to determine a well’s 

productivity. Information regarding stimulation or wellbore damage, formation permeability, reservoir 

pressure, reservoir boundaries and heterogeneities can be provided by proper implementation and 

analysis of well test. 

 
Basically, the test procedure includes generation of a pressure drawdown in the wellbore which causes 

formation fluids to enter the wellbore. The measurement of flow rate and wellbore pressure throughout 

a shut in period following production are sufficient in characterizing the oil well that is being tested. 

Different types of tests such as pressure build up tests, pressure drawn-down test and gas well tests are 

discussed. 

 

BASIC THEORY OF TRANSIENT WELL TESTING: 

 
The change of production rate of a well at the surface or subsurface creates pressure diffusion or 

transient in porous and permeable formations. The pressure diffuses away from the wellbore deep into 

the formation. From this change in pressure diffusion or transient, information about properties and 

characteristics of the reservoir are found out. This process is traditionally called pressure transient 

analysis. 

 
The complete procedure of oil well testing requires specific set-up. The standard well test set-up 

consists of surface rates, wellhead pressure (WHP), bottom hole pressure (BHP), acquisition and 

interpretation. Transient well testing applies the antithetical solution of indirect measurement where 

input and output are known from the test, while the well and reservoir characteristics are going to be 

predicted or approximated from interpretations.  
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As part of field data, well test data contributes in well test models, material balance models and decline 

curve analysis which can be collectively termed as production analysis model. This model paves the 

ways to the engineers to simulate production prognostication and run various scenarios with different 

production strategies. Compared to logs and cores, a larger volume of the reservoir can be investigated 

by means of a well test.  

 
Oil well testing can reach depth up to 50-500 meters of investigation, where the estimated investigation 

depth of coring is 10 centimeters and logging is 50 centimeters. Due to the larger area encounter 

throughout the test method, many wellbore characteristics such as permeability, skin factor, fracture 

length, average pressure, drainage area, heterogeneities, drainage area can be estimated. 

 

Types of tests:  
Numerous types of tests are dedicated depending upon the specific stages of reservoir discovery, 

development and production. Drill Stem Tests (DSTs) and wireline formation tests are normally 

performed in exploration and appraisal wells. The conventional transient well tests (i.e. buildup, 

drawdown, pulse and interference tests) are performed during primary, secondary and enhanced 

recovery stages. 

 

Interference, fall-off, step-rate and pulse tests are executed during secondary and enhanced recovery 

stages. Some tests are implemented throughout the life of reservoir, such as multilayer and vertical 

permeability tests. 

Each type of tests has various reservoir properties that can be obtained. Even though same parameters 

are interpreted by some tests, level of accuracy will be different. 

 

Flow Regime Categories: 

With production fluid flows in the reservoir with different ways at different times, generally based on 

the shape and size of the reservoir. Flow behavior classification is studied in terms rate of change of 

pressure with respect to time. Three main flow regimes will be described in this sub-chapter; they are 

steady state flow, pseudo steady state flow and transient state flow. 

Steady State flow: 

During steady state flow, there will be no pressure change with respect to time i.e. the pressure change 

is zero.  

It occurs when the reservoir has gas cap or aquifer support which is usually during the late time region. 

If the reservoir is completely filled by pressure due to workover or pressure maintenance operations, 

steady-state flow can be achieved. 
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Pseudo-Steady State flow: 

The pressure at different locations in the reservoir declines linearly as a function of time i.e. at a 

constant decline rate during the pseudo-steady state flow. 

If flow is not observed in the reservoir outer boundaries, it may be termed as pseudo-steady state flow. 

It can also be observed in late-time region. The presence of nearby sealing faults causes No flow 

boundaries. This flow regime can be termed as semi steady state, quasi-steady state or depletion state. 

Pseudo steady state is not occurred during fall-off or buildup tests. 

Transient State flow: 

Transient state flow is also known as unsteady state flow. This is the fluid flow condition rate in which 

the change of pressure with respect to time at any location is not constant i.e. the pressure       changes 

irregularly at any location with respect to time. 

Such flow occurs due to well heterogeneity and the reservoir permeability. This type of flow can be 

observed just before boundary effects are reached or called infinite acting time period. Higher 

compressibility of the fluid leads to more pronounced unsteady state effect of the reservoir fluid. This 

part of flow usually becomes a focus on well test interpretation. 

 

 

Figure 1. Flow Regimes 

The typical pressure plot with respect to time for the entire fluid flow behavior in the reservoir is shown 

in the above figure. 
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WELLBORE STORAGE EFFECT: 

When a wellbore is opened to flow, it is opened at the surface, Figure 2. Throughout the flow or shut-

in operations, wellbore has the capability to accumulate fluids at wellhead. The changes in bottom hole 

sand face rate and wellhead flow rate are distinct. During the initial stage of open flow, relief and 

expansion of fluid in the wellbore causes well head flow rate. whereas the formation does not supply 

same amount of fluid to the wellbore. This phenomenon is known as unloading, a type of wellbore 

storage. Figure 2.1 shows the difference that exists in the flow rates at the surface and sand face. Sand 

face flow rate increases moderately with respect to time. The bottom hole flow rate and surface flow 

rate gets equal after certain period of time. 

 

 

      
 

Figure 2. Wellbore opened to flow 
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Figure 2.1 Drawdown 

 

The surface flow rate is zero during the initial stage of shut in period, while the reservoir goes on 

supplying fluid to the wellbore, Figure.2.2. As time goes on the sand-face flow rate reduces, and 

becomes zero after a period of time. This state is called as second wellbore storage  effect that is often 

referred to as after-flow. 

                          

Figure 2.2 Buildup 
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The wellbore storage effect is expressed by the wellbore storage co-efficient “C” 

 

C=-((𝑞 − 𝑞𝑠𝑐)/24(dpw/df))------1 

 

The wellbore storage coefficient for a wellbore filled with single fluid 

 

C=Vwb*Cwb----------------------1.2 

 

The wellbore storage effect for a rising liquid level 

 

C=(144*Awb/5.615*Dwb)-------1.3 

 

Where, C= wellbore storage coefficient (bbl/psi) ,        

q=flow rate out of the wellbore at surface (STB/day),  

qsf=flow rate into the wellbore at sand face(STB/day), 

B= Formation Volume Factor (bbl/STB), Awb= area of wellbore (sq. ft.),  

Dwb= Fluid density in wellbore (lbm/cu. ft.),  

Cwb= fluid compressibility in wellbore (1/Psi),  

Vwb= wellbore volume (bbl), Δt=Elapsed time (hrs.) 

 

 

Wellbore storage from specialized plot: 

 
When the well test data fall on the straight line of a log – log plot of pressure d if ference  (ΔP) 

Versus time (t) is called the     wellbore storage effect, Figure 2.3. 

 
 

 

Figure 2.3 Log-log plot of ΔP versus time 

 

The wellbore storage effect can be determined from the slope ‘m’ of the straight line in the plot 

as follows  

 

C=(q0B0 /24m)-----------------1.4 
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Where, m= slope of the straight line of the linear plot of ΔP Vs t.    

qₒ= production rate, (bbl/day) 

Bₒ= oil formation volume factor (bbl/stb)  

C= compressibility of wellbore   fluids (1/psi) 

 

Skin Factor: 

During drilling, completion and work-over operations, materials such as cement slurry, drill bits, casings 

enter the formation and reduce the permeability around the wellbore. This results in a condition called as a 

wellbore damage and the region of amended permeability is called the skin zone. It can extend from a few 

inches to several feet from the wellbore. 

PRESSURE BUILDUP, DRAWDOWN AND GAS WELL TESTS: 

 
Pressure build-up is a type of pressure transient test. Usually the test procedure is as follows, a well is 

allowed to produce fluids at constant rate for certain per of time and it is closed at the surface allowing 

the pressure to withstand or buildup in the wellbore. As a function of time, bottom hole pressure of the 

well is recorded during the test. Several reservoir parameters such as formation permeability, reservoir 

heterogeneities, current drainage area pressure can be determined from the data obtained. 

 

Even though there are different methods available to analyze the data of pressure buildup test, Horner 

plot are used in this case study as it is more reliable. This procedure is very approximate for infinite 

acting reservoir and these plots can also be interpreted correctly for finite reservoirs. Type curves, is 

another important technique for buildup tests. Pressure drawdown test is conducted by producing well, 

starting ideally with uniform pressure in the reservoir. As a function of time, flow rate and pressure are 

recorded. 

 

Why drawdown test? 

 
The main objective of a drawdown test is usually estimation of permeability, skin factor and reservoir 

volume in closed systems. These tests are particularly applicable to- new wells, wells that have been 

shut in sufficiently long to allow the pressure to stabilize and wells in which loss of revenue incurred 

in a buildup test would be difficult to accept. Exploratory wells are good candidates for lengthy 

drawdown tests, with a common objective of determining minimum or total volume being drained the 

well. 

 

 

 

http://www.jetir.org/


© 2022 JETIR June 2022, Volume 9, Issue 6                                                                www.jetir.org (ISSN-2349-5162) 

JETIR2206568 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org f547 
 

Ideal Buildup test: 

To conduct a ideal buildup test, an homogeneous, isotropic reservoir containing a slightly compressible, 

single- phase fluid with constant fluid properties is considered. Any stimulation or wellbore damage 

is contemplated to be concentrated in a skin of zero thickness at the wellbore (i.e. skin is considered 

to be zero). During instant shut in period, flow into the wellbore is stopped completely (i.e. the well 

column is filled with fluid). 

 

 

 

Actual Buildup test: 

Due to the simplicity and ease of application of the ideal buildup test theory, actual well can be 

tested and may result a most disappointing outcome. It results in a complex curve instead of a 

single line for all times. The Radius of investigation concept is very useful to investigate what went 

wrong. 

 
Based on this concept, we logically can divide a buildup curve into three regions, Figure 3- an early 

time region (ETR) during which a pressure transient is moving between the formation nearest the 

wellbore; a middle time region (MTR) during which the pressure transient has moved away from the 

wellbore and into the bulk formation and a late time region (LTR) in which the radius of investigation 

has reached the well’s drainage boundaries. 
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Figure 3. Actual Buildup test graph
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Analysis of pressure buildup test: 

Conventional well test interpretation is done based on Horner or MDH pressure buildup analysis. 

Analysis is done based on basic wellbore reservoir model such as cylindrical homogeneous reservoir 

of infinite radial extent with waterproof (impermeable) upper and lower boundaries and uniform initial 

pressure throughout. The outer and inner boundary conditions are: Outer boundary condition- provides 

a constant average pressure. 

 
 

Inner boundary condition- it is the one which allows the well to flow at a constant rate q for a period 

of time tp and then to be shut in for a period of Δt. The inner boundary condition for this model is allow 

for a zone of altered K(skin) to exist near wellbore. When a well is shut in, the drainage area pressure 

will recover to a stabilized value. 

 
If a single well reservoir, the reservoir pressure will recover to an average reservoir pressure. For 

DST in a new reservoir, the average reservoir pressure should be equal to Pi if there is no depletion 

and if there is depletion, the reservoir average pressure will be lower than the initial reservoir 

pressure. 

 

In multiple well reservoirs, the stabilized pressure at the shut in, the well will simply reflect the 

pressure drop due to other producing wells. 

 
Most of the buildup tests are carried out during the initial completion or work-over to determine the 

skin factor if there is any damage suspected during the initial production test. 

 

Horner Plot: 

The application of superposition principle to a well producing at a constant rate q during a producing       

time tp, 

 
Horner derived the following equation- 

Pws = Pi -162.6 𝑞𝑢𝑏 log (𝑡𝑝+𝛥𝑡 ) ................................................ 1.5 
𝑘ℎ      𝛥𝑡 
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          4.Horner Plot 

 

CASE STUDY: 

A pressure drawdown test in a new oil well is strongly influenced by skin and wellbore storage. The 

measured pressure data as a function of time are listed in Table 7.1. Other known reservoir and well 

data are: 

 

q = 1980 BPD, porosity= 21%  

μ = 0.92 cp, B = 1.328 rb/STB, ,,                           

rw= 0.40 ft, Pi = 6009 Psi, h = 70 ft.  

Ct = 0.00001231 Psi-1 

Pressure Drawdown test data, conducted for the well are given below: 

 
Pwf (psi) Time(t ) hrs 

4412 0 

3812 0.12 

3699 1.94 

3653 2.79 

3636 4.01 

3616 5.78 

3607 6.94 

3600 9.32 
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3593 9.99 

3586 9.99 

3573 14.4 

3567 17.3 

3561 20.7 

3555 24.9 

3549 29.8 

3537 35.8 

3532 43 

3526 51.5 

3521 61.8 

3515 74.2 

3509 89.1 

3503 107 

3481 222 

3472 266 

3460 319 

3446 383 

3429 460 
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Calculate permeability, skin factor and wellbore storage coefficient. 

 

Solution: 

Calculation of ΔP = (Pi-Pwf) for the given drawdown test data. 

 
Pwf (psi) Time(hrs) ΔP 

4412 0 0 

3812 0.12 600 

3699 1.94 713 

3653 2.79 759 

3636 4.01 776 

3616 4.82 796 

3607 5.78 805 

3600 6.94 812 

3593 9.32 819 

3586 9.99 826 

3573 14.4 839 

3567 17.3 845 

3561 20.7 851 

3555 24.9 857 

3549 29.8 863 

3544 35.8 868 

3537 43 875 

3532 51.5 880 

3526 61.8 886 

3521 74.2 891 

3515 89.1 897 

3509 107 903 

3503 128 909 

3497 154 915 

3490 185 922 

3481 222 931 

3472 266 940 

3460 319 952 

3446 386 966 

3429 460 983 
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Figure 5. Semi-log plot of ΔP = (Pi-Pwf) Vs flowing time (t) 

 

If we plot semi log of ΔP Vs Time, then from the curve fit straight line equation- 

Slope, m = 31.754*2.303 

= 73.129462 

 

The formation permeability, K, is- 

K = 
162.6 𝑞𝜇𝐵 

𝑚ℎ 

 

        K= 230.8174 md 

 

The formula to calculate skin factor- 

 

             S=1.151[(𝛥𝑃1ℎ𝑟) log ( 𝑘 )+ 3.23] 
𝑚 𝜙𝑐𝑡𝑟𝑤2 

 
 

(Δp) 1hr = 31.754*2.303*log(1)+2700 
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(Δp) 1hr = 2700 

S = 87.76 

As skin is positive 

 
 

(Δp)s = 0.87 m (s) 

= 0.87*31.754*87.76 

= 2424.45 psi 

 
 

The pressure change at the end of the test, ΔPe = 3021.2 Psi 

. 

The flow efficiency factor is given by- 

 

 
F.E = 1 ‒ ((Δp) s) 

(Δt) s 

 

= 19.7% 
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Figure: 5.1. Plot of ΔP Vs time on a log-log graph 
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From ΔP Vs time on log- log graph with unit slope, m1=1 

 
 

ΔPN = 800 psi 

tN= 8 hr 

Therefore, the wellbore storage coefficient can be calculated by- 

C = (
𝑞 𝐵

) 
𝑡𝑁 

24    ΔPN 

 

C = 1.0956 bbl/psi 

 
 

From the semi log plot, the starting time of the radial flow line can be estimated by- 
 

 

SIAL= ((200000+12000𝑆)) µs
 

𝑘ℎ 

 

 

= 7.9266 hrs 

t 
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Figure: 5.2: Cartesian graph of ΔP Vs flowing time(t) 
 

 

By plotting ΔP Vs time on a Cartesian graph, the pseudo steady state straight line is identified on the 

late time portion of the curve. The slope m* is calculated from the linear curve fit equation of this 

straight line. 

 
m* = 47.9 Psi/hr 

 
 

The drainage area can be calculated by- 

 
 

A = 
0.23395 𝑞 𝐵 

𝜙 ℎ 𝑐𝑡 𝑚∗ 

 

 
= 7385862 ft 
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RESULT: 

The value of formation permeability is 230.817 md and the skin factor is 87.76. Due to skin (s > 0), there 

is an additional pressure drop of 2424.45 psi. The flow efficiency is of 19.7%. 

From the early-time unit slope the wellbore storage co-efficient is estimated to be 1.0956 bbl/psi and the 

starting time of the radial flow (MTR) is also calculated and the value is 7.9266 hrs. 

 

The calculated value of drainage area, pore volume of the reservoir and the initial oil in place are 735826 ft2 

, 1034021ft3 and 135449.1 stb. 

 

CONCLUSION: 

Identification of different flow regimes that occur during build-up or drawdown test is very significant 

for estimating the reservoir parameters. Diagnostic plot helps in differentiating these flow regions like 

early time region, middle time region and late time region. 

 
Horner time ratio yields accurate estimates of flow efficiency, skin factor and accurate estimate of 

average pressure ( p*) or initial reservoir pressure ( Pi) can also be obtained. The use of material balance 

can yield significant insight into reservoir characterization along with the original oil and gas in place 

estimation in different reservoir with different drives. 
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