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C
urrently, rock mechanics plays an important role in the oil industry. Effects of reservoir subsidence, 
compaction and dilation are being taken into account in modern reservoir management of complex 
systems. On the other hand, pressure well tests run in stress sensitive formations ought to be inter-

preted with non conventional techniques. 

During the last three decades, several studies relating transient pressure analysis for characterization of stress 
sensitive reservoirs have been introduced in the literature. Some of them deal with type curves and/or automated 
history matching. However, due to the nature of the problem, it does not exist a definitive study focused on 
the adequate characterization of reservoirs which permeability changes as fluid withdrawal advances. 

In this paper, the permeability modulus concept introduced by Pedrosa (1986) is taken as the starting basis. 
A great number of type curves were generated to study the behavior of the above mentioned formations 
under stress influence. It was found that permeability modulus, therefore permeability changes, can be cor-
related with the slope of the pressure derivative trend during the radial flow regime when the reservoir suffers 
compaction. It is also worth to mention that the time at which the minimum characteristic point of a naturally 
fractured formation (or the inflection point of a semilog plot) found on the pressure derivative plot is practi-
cally the same for formations without stress influence. This contributes to the extension of the TDS technique, 
Tiab (1993), so a new methodology to characterize this kind of reservoirs is proposed here. This was verified 
by the solution of synthetic problems.

Keywords: TDS technique, mathematical model, radial flow, pressure, reservoir, vertical well, stress, permeability
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PRESSURE AND PRESSURE DERIVATIVE 

ANALYSIS FOR VERTICAL GAS AND 

OIL WELLS IN STRESS SENSITIVE 

HOMOGENEOUS AND NATURALLY 

FRACTURED FORMATIONS WITHOUT 

TYPE-CURVE MATCHING



CT&F - Ciencia, Tecnología y Futuro  -  Vol. 3  Núm. 3      Dic. 200772

A
ctualmente la mecánica de rocas juega un papel importante en la industria del petróleo. Los efectos 
de subsidencia, compactación y dilatación del yacimiento se están tomando en cuenta para la ad-
ministración adecuada de yacimientos complejos. Por otro lado, las pruebas de presión corridas en 

formaciones sensibles a esfuerzos deben interpretarse con técnicas no convencionales.

Durante las últimas tres décadas, numerosos estudios relacionados con el análisis del transiente de presión 
para la caracterización de los yacimientos sensibles a esfuerzos han sido introducidos en la literatura. Algunos 
de ellos tratados con curvas tipo y/o por ajuste histórico. Sin embargo, debido a la naturaleza del problema, 
no existe un estudio definitivo enfocado a la caracterización adecuada de yacimientos de permeabilidad 
variable.

En este artículo, el concepto de módulo de permeabilidad introducido por Pedrosa (1986) se toma como 
base de arranque. Se generó un gran número de curvas para estudiar el comportamiento de las formaciones 
que están bajo la influencia de esfuerzos. Se encontró que el módulo de permeabilidad, por consiguiente 
el cambio de la permeabilidad, se puede correlacionar con la pendiente que exhibe la curva de la derivada 
de presión durante el régimen de flujo radial cuando el yacimiento sufre compactación. También vale la 
pena mencionar que el tiempo al cual se presenta el punto característico de las formaciones naturalmente 
fracturadas (punto de inflexión de la gráfica semilogarítmica) encontrado en las gráficas de la derivada de 
presión es prácticamente el mismo para formaciones sin influencia de esfuerzos. Esto contribuye a la extensión 
de la técnica TDS, Tiab (1993), así que aquí se propone una nueva metodología para caracterizar este tipo 
de yacimientos. Esto se verificó mediante la solución de problemas sintéticos.

Palabras clave: yacimientos, pozos verticales, esfuerzo, permeabilidad, flujo radial, presión, técnica TDS, modelos 
matemáticos.
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NOMENCLATURE

B Volume factor, bbl/STB (crude), bbl/Mpcn (gas)

C

c Compressibility, 1/psi

h Formation thickness, ft

Kx Bessel function of grade x (x = 1 or 2)

k Reservoir permeability, md

k2 System permeability in naturally fractured formations, md

m Slope of the log-log plot

m(P) Pseudopressure, psi2/cp

P Pressure, psi

q Flow rate, BPD (crude) and Mscf/D (gas)

r Radius, ft

s Skin factor 

s’ Pseudo skin factor (for gases)

t Time, h

z Laplacian variable

Pressure derivative, psi

Pseudopressure derivative, psi2/cp

Pressure change, psi

Pseudopressure change, psi

Drop, change

ø Porosity, fraction

μ Viscosity, cp
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Bbl x 0,1589873 = m3

cp x 0,001 = Pa.s

ft x 0,3048 = m

ft2 x 0,09290304 = m2

psi x 6,894 757 = KPa

S.I. METRIC CONVERSION FACTORS

SUBINDEXES

D Dimensionless

b2

i Initial conditions or intersection

e1

ix Intersection of the true permeability and radial 

r

min Minimum point

r_app Apparent radial

r1

r2

t Total

x Maximum, peak of wellbore storage

w Well

INTRODUCTION

Vairogs and Rhoades (1973), and Pedrosa (1986) 

have been recognized as the pioneers in well test inter-

pretation of stress sensitive formations. Very recently, 

Moreno and Naranjo (2005) developed a simulator to 

perform history matching to gas well pressure test data 

based on the Pedrosa’s (1986) permeability modulus. 

Our analysis starts analyzing the dependency of reser-

voir permeability on permeability modulus, which is 

directly related to pressure changes, for both homoge-

neous and heterogeneous reservoirs. Then, pressure 

and pressure derivative data of stress sensitive naturally 

formations were studied to come out with an interpreta-

tion technique following the TDS technique philosophy, 

Tiab (1993), for gas and oil vertical wells.

MATHEMATICAL FORMULATION

Homogeneous reservoirs

-

mogeneous and isotropic porous material is given by:

                                  (1)
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Darcy’s law and continuity equation are combined to 

yield:

Al-Hussainy (1966) introduced the pseudopressure 

Being Pm a low base pressure. In terms of pseudo-

pressure, Equation 1 becomes:

      (2)

The dimensional solutions to Equation 1 and Equa-

tion 2, including wellbore storage and skin factor, in 

the laplacian space, are:

(3.a)

(3.b)

For stress sensitive formations, Pedrosa (1986) 

For the constant-rate case, the dimensional per-

meability modulus for gas and oil, respectively, are 

expressed by Equation 4.a and Equation 4.b:

                                              (4.a)

                                                   (4.b)

Using the perturbation technique, Pedrosa (1986) 

provided the solution to the diffusivity equation includ-

ing permeability changes as:

                       (5.a)

                                   (5.b)

The results of the combinations of Equation 3.a

with Equation 5.a (and Equation 3.b with Equation

5.b, for the gas case) are reported in Figures 1 and 2 

where we observe an increase of the pressure derivative 

(permeability reduction) as pressure increases as a con-

sequence of permeability reduction due to an increase of 

drawdown. At early times, the change of the derivative 

trend is linear, but at late times it becomes curved. The 

late behavior may not be observed on an actual pressure 

test. As the permeability modulus increases the slope 

is more pronounced. Table 1 contains the values of the 

observed slopes for each of the studied permeability 

Figure 1. Dimensionless pressure/pseudopressure and  pressure/
pseudopressure derivative for a homogeneous reservoir with CD=0 and s=0

Figure 2. Dimensionless pressure/pseudopressure and  pressure/
pseudopressure derivative for a homogeneous reservoir with CD=10 and s=0
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Figure 3. Behavior of permeability modulus vs. derivative slope

liquid and gas cases are: 

Step-by-step procedure for interpretation of liquid 

pressure tests

Step 1. Plot pressure and pressure derivative in a 

log-log paper.

Step 2

-

tive during radial, r_app. Estimate the apparent 

permeability using Equation 7 which results from Tiab 

(1993):

                                         (7)

Step 3. If the true or initial permeability, ki, is known, 

from Equation 8:

                                        (8)

Step 4. Estimate the slope of the pressure derivative 

permeability modulus using Equation 6.

Step 5. -

r. Read 

the intersection point of this line with the linear trend 

established in step 4, tix. Read also the intercept of the 

trend line when int. Verify the initial perme-

ability value with Equation 9:

                                        (9)

Step 6. Find skin factor by reading the pressure and 

pressure derivative values [ r and r] at any 

representative time tr
the pressure derivative increases, so does the skin factor, 

Table 1. Behavior of the log-log slope with the dimensionless 
permeability modulus

D Slope D Slope

0,005 0,055 4,89E-02

0,01 5,60E-03 0,06 5,60E-02

0,02 1,18E-02 0,07 6,70E-02

0,03 2,01E-02 0,08 7,50E-02

0,04 3,25E-02 0,09 8,57E-02

0,045 3,75E-02 0,1 0,103

0,05 4,47E-02 0,125 0,16

D

Figure 3. From regression analysis we obtained:

                       (6)

The dimensionless time and pressure for liquid 

case are: 

The dimensionless time and pseudopressure for 

liquid gas are: 
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factor using Equation 10 taken from Tiab (1993):

        (10)

Step-by-step procedure for interpretation of gas 

pressure tests

Step 1. Same as case 1 of liquid case, but plot pseu-

dopressure, instead. 

Step 2. Same as case 2 of liquid case, but read 

r_app, instead. Calculate apparent reservoir 

permeability using Equation 11 adapted from Nuñez, 

Tiab, & Escobar (2003):

                    (11)

Step 3. If the true or initial permeability, ki, is known, 

Equation 12 (gas rate is given 

in Mscf/day):

                             (12)

Step 4. Same as case 4 of liquid case.

Step 5.

r. Read the 

intersection point of this line with the linear trend estab-

lished in step 4, tix. Read also the intercept of the trend 

line when t = 0, int. Verify the initial permeability 

value with Equation 13:

                                 (13)

Step 6. Find skin factor by reading the pressure and 

pressure derivative values [ r and r] at 

any representative time tr
as the pressure derivative increases, the skin factor also 

one. Find pseudoskin factor (it does not include rapid 

Nuñez, Tiab, & Escobar (2003):

Naturally fractures reservoirs

The analytical solution in the laplacian space of the 

oil and gas diffusivity equations of a naturally fractured 

formation, including wellbore storage and skin factor, 

are given by:

(14.a)

(14.b)

Where f(z) is expressed by Equation 15:

                                      (15)

Where  (the inter-

(1963). Solutions to Equations 3.a, 3.b, 14.a and 14.b

are inverted to the real space using the Stephest (1970) 

algorithm. Some results are plotted Figures 4 to 6.

Figure 4. Dimensionless pressure/pseudopressure and  pressure/
pseudopressure derivative for a naturally fractured reservoir with 

CD = 10, s = 0,  = 1E-9 and = 0,001

The time at which the minimum point characteristic 

of naturally fractured formations, Figure 4, takes place 

at practically the same time as for non-stress sensitive 

formations, no matter the value of the permeability 

point found on the semilog plot is not affected by chang-
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Figure 6. Dimensionless pressure/pseudopressure and  pressure/
pseudopressure derivative for a naturally fractured reservoir with 

CD = 10, S = 0,  = 0,001 and  = 1E-9

es of permeability modulus. This leads to conclude that 

 can be determined using the value of the minimum 

point time by means of the equation presented by Tiab 

and Escobar (2003):

                      (16)

Where k2 refers to the system permeability. Based 

on the above,  can also be determined from the cor-

relation developed by Engler and Tiab (1996):

              (17)

Being te1

tb2, can be 

obtained, then,  may be found from other correlation 

presented by Engler and Tiab (1996):

                      (18)

Either  or  can also be determined from:

            (19)

-

(20.a)

(20.b)

For gas reservoirs, the pseudoskin factor is estimated 

from Nuñez et al. (2003):

(20.c)

(20.d)

Wellbore storage has an important effect on the 

minimum point as far as the application of the TDS 

is concerned. According to Engler and Tiab (1996), 

the minimum point is not affected by wellbore stor-

age for all the values of  and , only if, (tD)min/(tD)

x

For the contrary case, Engler and Tiab (1996) pre-

sented an empirical correlation to estimate  from 

Equation 21:

              (21)

Figure 5. Dimensionless pressure/pseudopressure and  pressure/
pseudopressure derivative for a naturally fractured reservoir with 

CD = 10, s = 0,5,  = 1E-9 and = 0,05
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Where parameter  is obtained from Equation 22 

as follows:

                                (22)

 is then estimated from Figure 7.

Step 6. Similar to step 6 of homogeneous case. It 

has to be taken into account that Equation 20.a through 

Equation 20.d

Step 7. Read the most representative time value, 

tmin, at which the minimum time takes place and the 

te1. Calculate 

 using Equation 17. If wellbore storage masks the 

tb2, at which the second 

 from either 

Equation 18 or Equation 19. Needless to say that tx/tmin

has to be greater than 10 otherwise apply Equation 21

and Figure 7.

SYNTHETIC EXAMPLES

Homogeneous reservoirs

Table 2 corresponds to a drawdown test simulated 

with the following parameters:

ct = 1E-5 /psi  rw = 0,5 ft

μ = 2 cp    = 10 %

k = 35 md   q = 100 BPD

t, h P, psi t* P', psi t, h P, psi t* P', psi t, h P, psi t* P', psi

5,00E-06 0,09 0,09 3,97 66,49 6,38 3,97E+06 175,93 10,02

1,10E-05 0,19 0,18 5,06 68,04 6,42 5,06E+06 178,35 10,12

1,60E-05 0,28 0,27 7,22 70,34 6,46 7,22E+06 181,99 10,25

2,20E-05 0,37 0,36 9,39 72,04 6,53 9,39E+06 184,70 10,39

2,70E-05 0,46 0,44 12,64 73,99 6,57 1,26E+07 187,80 10,52

3,30E-05 0,54 0,52 18,06 76,35 6,63 1,81E+07 191,58 10,67

3,80E-05 0,63 0,60 23,48 78,09 6,69 2,35E+07 194,40 10,81

4,30E-05 0,71 0,68 28,89 79,49 6,72 2,89E+07 196,66 10,91

4,90E-05 0,80 0,76 34,31 80,65 6,76 3,43E+07 198,54 10,99

5,40E-05 0,88 0,84 39,73 81,64 6,79 3,97E+07 200,16 11,07

6,50E-05 1,05 0,99 50,56 83,28 6,84 5,06E+07 202,84 11,2

8,70E-05 1,37 1,27 72,23 85,73 6,88 7,22E+07 206,87 11,36

1,08E-04 1,69 1,55 93,9 87,54 6,96 9,39E+07 209,87 11,53

1,41E-04 2,14 1,93 126,41 89,62 7,01 1,26E+08 213,32 11,69

1,95E-04 2,86 2,52 180,58 92,13 7,07 1,81E+08 217,52 11,87

Table 2. Synthetic pressure and pressure derivative for example 3.1

Figure 7. Determination of  for (tD)min/(tD)x < 10, 
after Engler and Tiab (1996)

Step-by-step procedure for interpretation of gas 

and liquid pressure tests in naturally fractured 

formations

Steps 1–5. Similar to cases 1 through 5 of homo-

geneous case.
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t, h P, psi t* P', psi t, h P, psi t* P', psi t, h P, psi t* P', psi

2,49E-04 3,54 3,04 234,75 94 7,14 2,35E+08 220,66 12,05

3,03E-04 4,18 3,52 288,93 95,49 7,18 2,89E+08 223,18 12,17

3,58E-04 4,80 3,96 343,1 96,72 7,22 3,43E+08 225,28 12,28

4,12E-04 5,38 4,35 397,28 97,78 7,25 3,97E+08 227,08 12,37

5,20E-04 6,48 5,05 505,63 99,54 7,31 5,06E+08 230,09 12,53

7,37E-04 8,43 6,13 722,32 102,16 7,37 7,22E+08 234,60 12,73

9,53E-04 10,11 6,91 939,02 104,1 7,45 9,39E+08 237,97 12,95

1,28E-03 12,25 7,70 1264,06 106,33 7,51 1,26E+09 241,84 13,15

1,82E-03 15,10 8,38 1805,8 109,02 7,58 1,81E+09 246,58 13,39

2,36E-03 17,32 8,64 2347,55 111,02 7,66 2,35E+09 250,12 13,61

2,90E-03 19,12 8,69 2889,29 112,62 7,71 2,89E+09 252,96 13,76

3,45E-03 20,60 8,64 3431,03 113,94 7,75 3,43E+09 255,34 13,9

3,99E-03 21,85 8,53 3972,77 115,08 7,79 3,97E+09 257,39 14,02

5,07E-03 23,87 8,26 5056,25 116,97 7,85 5,06E+09 260,79 14,23

7,24E-03 26,72 7,71 7223,22 119,78 7,92 7,22E+09 265,92 14,49

9,41E-03 28,69 7,35 9390,18 121,88 8,02 9,39E+09 269,76 14,77

0,0127 30,81 6,96 12640,63 124,27 8,09 1,26E+10 274,19 15,03

0,0181 33,23 6,59 18058,04 127,17 8,17 1,81E+10 279,61 15,34

0,0235 34,93 6,42 23475,45 129,33 8,26 2,35E+10 283,67 15,63

0,0289 36,25 6,31 28892,86 131,05 8,32 2,89E+10 286,94 15,84

0,0343 37,33 6,23 34310,27 132,49 8,37 3,43E+10 289,68 16,02

0,0397 38,24 6,19 39727,68 133,72 8,41 3,97E+10 292,04 16,18

0,0506 39,72 6,12 50562,51 135,75 8,49 5,06E+10 295,97 16,45

0,0722 41,89 6,04 72232,15 138,8 8,57 7,22E+10 301,91 16,82

0,0939 43,48 6,04 93901,8 141,06 8,68 9,39E+10 306,37 17,18

0,1264 45,27 6,02 1,26E+05 143,65 8,76 1,26E+11 311,53 17,53

0,1806 47,42 6,01 1,81E+05 146,8 8,86 1,81E+11 317,86 17,97

0,2348 49,00 6,04 2,35E+05 149,14 8,96 2,35E+11 322,63 18,36

0,2889 50,25 6,05 2,89E+05 151,01 9,03 2,89E+11 326,47 18,65

0,3431 51,29 6,06 3,43E+05 152,56 9,09 3,43E+11 329,70 18,9

0,3973 52,18 6,08 3,97E+05 153,9 9,14 3,97E+11 332,49 19,12

0,5056 53,65 6,10 5,06E+05 156,12 9,23 5,06E+11 337,14 19,51

0,7223 55,83 6,12 7,22E+05 159,43 9,33 7,22E+11 344,20 20,03

0,9390 57,45 6,18 9,39E+05 161,9 9,46 9,39E+11 349,52 20,53

1,2641 59,29 6,21 1,26E+06 164,72 9,56 1,26E+12 355,69 21,04

1,8058 61,51 6,25 1,81E+06 168,16 9,68 1,81E+12 363,32 21,73

2,35 63,16 6,30 2,35E+06 170,71 9,8 2,35E+12 369,08 22

2,89 64,47 6,33 2,89E+06 172,76 9,88

3,43 65,56 6,36 3,43E+06 174,46 9,95

Table 2. Synthetic pressure and pressure derivative for example 3.1
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B = 1,2 rb/STB h = 100 ft

D = 0,04

Verify the initial reservoir permeability k and the 

permeability modulus D.

Solution. Figure 8 shows the pressure and pressure 

derivative plot. A regression analysis is performed 

through times of 1 and 160 h. It was found a slope = 

Pint = 0,7835. Using Equation 6,

D = 0,392, which is very close to the simulated one.

From Equation 8, using the initial permeability 

value, the pressure derivative is obtained during radial 

drawn throughout this value. It intercepts the trend line 

derivative in the point t = 3E-5 hours. From Equation

9, the resulting permeability value is 32,9 md, which 

is also very close to the assumed one.

Naturally fractured reservoir

The data given in Table 3 were obtained for a 

simulated pressure drawdown tests with the following 

parameters:

( ct)t = 1E-6 psi-1 rw = 0,5 ft

Figure 8. Pressure and pressure derivative data for example 3.1

t, h P, psi t* P', psi t, h P, psi t* P', psi t, h P, psi t* P', psi

5,42E-06 0,1 0,1 3,97 114,17 3,97 3,97E+06 187,22 11,56

1,08E-05 0,19 0,19 5,06 115,04 3,27 5,06E+06 190,03 11,72

1,63E-05 0,29 0,29 7,22 116,01 2,18 7,22E+06 194,25 11,92

2,17E-05 0,38 0,38 9,39 116,49 1,5 9,39E+06 197,40 12,13

2,71E-05 0,48 0,48 12,64 116,84 0,84 1,26E+07 201,03 12,32

3,25E-05 0,58 0,57 18,06 117,04 0,33 1,81E+07 205,47 12,56

3,79E-05 0,67 0,67 23,48 117,1 0,15 2,35E+07 208,80 12,78

4,33E-05 0,77 0,76 28,89 117,12 0,08 2,89E+07 211,47 12,93

4,88E-05 0,86 0,85 34,31 117,13 0,06 3,43E+07 213,71 13,07

5,42E-05 0,96 0,94 39,73 117,14 0,06 3,97E+07 215,63 13,19

6,50E-05 1,14 1,13 50,56 117,16 0,07 5,06E+07 218,83 13,40

8,67E-05 1,52 1,49 72,23 117,19 0,11 7,22E+07 223,66 13,66

1,08E-04 1,89 1,85 93,9 117,22 0,14 9,39E+07 227,28 13,93

1,41E-04 2,44 2,38 126,41 117,27 0,19 1,26E+08 231,46 14,19

1,95E-04 3,35 3,24 180,58 117,35 0,28 1,81E+08 236,59 14,51

2,49E-04 4,24 4,07 234,75 117,44 0,36 2,35E+08 240,44 14,80

3,03E-04 5,12 4,87 288,93 117,52 0,43 2,89E+08 243,53 15,01

3,58E-04 5,98 5,65 343,1 117,6 0,51 3,43E+08 246,13 15,20

4,12E-04 6,83 6,41 397,28 117,68 0,59 3,97E+08 248,37 15,36

5,20E-04 8,49 7,84 505,63 117,84 0,75 5,06E+08 252,10 15,64

Table 3. Synthetic pressure and pressure derivative for example 3.2
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Table 3. Synthetic pressure and pressure derivative for example 3.2

t, h P, psi t* P', psi t, h P, psi t* P', psi t, h P, psi t* P', psi

7,37E-04 11,67 10,46 722,32 118,16 1,05 7,22E+08 257,75 16,01

9,53E-04 14,66 12,78 939,02 118,47 1,34 9,39E+08 262,00 16,37

1,28E-03 18,83 15,74 1264,06 118,93 1,75 1,26E+09 266,92 16,74

1,82E-03 25,06 19,52 1805,8 119,66 2,4 1,81E+09 272,97 17,19

2,36E-03 30,49 22,13 2347,55 120,36 2,98 2,35E+09 277,54 17,59

2,90E-03 35,24 23,84 2889,29 121,04 3,52 2,89E+09 281,22 17,88

3,45E-03 39,41 24,84 3431,03 121,68 4,01 3,43E+09 284,31 18,15

3,99E-03 43,08 25,32 3972,77 122,3 4,45 3,97E+09 286,99 18,38

5,07E-03 49,17 25,21 5056,25 123,47 5,22 5,06E+09 291,47 18,77

7,20E-03 57,8 22,86 7223,22 125,54 6,4 7,22E+09 298,27 19,33

9,40E-03 63,43 20,01 9390,18 127,33 7,2 9,39E+09 303,41 19,85

0,0127 68,82 16,36 1,26E+04 129,59 7,97 1,26E+10 309,39 20,39

0,0181 73,94 12,53 1,81E+04 132,56 8,62 1,81E+10 316,78 21,07

0,0235 76,99 10,71 2,35E+04 134,86 8,93 2,35E+10 322,39 21,66

0,0289 79,1 9,68 2,89E+04 136,74 9,1 2,89E+10 326,94 22,12

0,0343 80,71 9,11 3,43E+04 138,31 9,2 3,43E+10 330,77 22,52

0,0397 82,02 8,76 3,97E+04 139,66 9,27 3,97E+10 334,10 22,88

0,0506 84,07 8,36 5,06E+04 141,91 9,38 5,06E+10 339,69 23,49

0,0722 86,99 7,99 7,22E+04 145,28 9,49 7,22E+10 348,23 24,38

0,0939 89,07 7,87 9,39E+04 147,79 9,63 9,39E+10 354,74 25,19

0,1264 91,39 7,73 1,26E+05 150,67 9,75 1,26E+11 362,35 26,08

0,1806 94,12 7,6 1,81E+05 154,17 9,89 1,81E+11 371,86 27,22

0,2348 96,11 7,53 2,35E+05 156,79 10,03 2,35E+11 379,14 28,20

0,2889 97,66 7,45 2,89E+05 158,88 10,13 2,89E+11 385,07 28,98

0,3431 98,94 7,39 3,43E+05 160,63 10,21 3,43E+11 390,11 29,67

0,3973 100,02 7,33 3,97E+05 162,13 10,29 3,97E+11 394,51 30,29

0,5056 101,77 7,22 5,06E+05 164,63 10,41 5,06E+11 401,94 31,37

0,72 104,31 6,96 7,22E+05 168,37 10,57 7,22E+11 413,42 33,01

0,94 106,11 6,75 9,39E+05 171,17 10,73 9,39E+11 422,28 34,48

1,26 108,06 6,39 1,26E+06 174,38 10,89 1,26E+12 432,77 36,17

1,81 110,25 5,82 1,81E+06 178,30 11,07 1,81E+12 446,08 38,52

2,35 111,71 5,31 2,35E+06 181,23 11,24 2,35E+12 456,42 39,99

2,89 112,76 4,82 2,89E+06 183,57 11,36

3,43 113,55 4,37 3,43E+06 185,54 11,47

μ = 2 cp   = 0,001

k2 = 35 md  q = 100 BPD

B = 1,2 bbl/STB h = 100 ft

D = 0,045   = 1E-8

Verify the permeability modulus D,  and .

Solution. Figure 9 shows the pressure and pres-
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sure derivative plot. A regression through times 

34300 and 50500 hours yields a slope = 0,04213 and 

Pint = 0,77731. Using Equation 6, D = 

0,05096, which agrees with the simulated value of 

0,045. With the read values of tmin = 39,72 hours and 

te1 = 0,12 hours,  is estimated from Equation 17 to 

be 0,00123 and  = 1,17E-8 from Equation 16. It is 

observed that both values agree quite well with the 

one used for the simulation.

ANALYSIS OF RESULTS

In well pressure tests run in conventional reservoirs 

(with no geomechanical effects), the pressure derivative 

trend is characterized by exhibiting a horizontal behav-

skin factor can be readily obtained. In pressure tests of 

stress sensitive formations the pressure derivative does 

not exhibit the horizontal trend during transient state. 

The slope increases gradually as the geomechanical 

-

Parameter
Initial
value

Calculated
value

(This study)
Error

Permeability 
(k)

35 32,96 0,06 %

Dimensionless
Permeability 

modulus ( D)

0,04 0,0392 0,02 %

Table 4. Deviation error of the estimated parameters for the 
homogeneous case

Parameter
Initial

value

Calculated

value

(This study)

Error

Dimensionless

Permeability 

modulus ( D)

0,045 0,05096 0,1324 %

Interporosity

flow

parameter ( )

1e-8 1,17e-8 0,17 %

Storativity

coefficient ( )
0,001 0,00123 0,23 %

Table 5. Deviation error of the estimated parameters for the naturally 
fractured formation case 

est to provide a methodology to characterize the radial 

The application of the above mention methodology 

for the homogeneous case gave a maximum absolute 

error of 0,06 %. This leads us to conclude that the 

methodology works well as reported in Table 4. Even 

though, the error was slightly higher for the case of 

naturally fractured reservoirs (Table 5), the methodol-

ogy can be applied.

The step-by-step procedure of the developer meth-

odology is very simple. However, care must be taken 

-

erwise, the results are in error since they are function 

of the intersection point between the radial line and the 

known, this proposed methodology provides a way for 

The relevancy of this study is based upon the inter-

pretation of pressure tests for reservoir suffering either 

dilation or compaction which are rarely presented in 

commercial simulators. The characterization of this 

type of formations is important for an adequate reser-

voir management.

CONCLUSIONS

An extension of the TDS Technique, Tiab (1993), 

for stress sensitive formations was elaborated in 

Figure 9. Pressure and pressure derivative data for example 3.2



CT&F - Ciencia, Tecnología y Futuro  -  Vol. 3  Núm. 3      Dic. 2007

FREDDY-HUMBERTO ESCOBAR et al.

84

this study. Initial permeability may be difficult to 

be determined, however, it can be inferred from 

the permeability modulus which correlation is 

provided here.

Additionally, it was found that the time at which 

the minimum point characteristic of naturally oc-

curring formations takes place (inflection point of 

the semilog plot) is not affected by changes of the 

permeability modulus, therefore, some of the rela-

tionships presented by Engler and Tiab (1996).

A step-by-step methodology following the TDS 

technique’s philosophy is presented for interpreta-

tion of pressure tests in both homogeneous and 

naturally fractured oil and gas vertical wells.
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