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of this line extended to the log pD axis for t = 0, given as b, 
enables calculation of the skin as indicated by Equation (1).

If the permeability of the well bore zone and the perme-
ability of the reservoir – as well as the skin value – are known 
we can provide the approximated extent of the zone with im-
proved/impaired permeability using the well-known Equation:

 	 (10)

The Equation (10) assumes the sharp transition between 
reservoir properties at Δr which is rather not true. The linear 
trajectory of the log pD vs. t relation – with no transition period 
– indicates “no skin” or “too short a time of flow”, i.e. the time 
of flow was too short to affect the pressure within the more 
distant part of the reservoir.

Results – examples

Below you will find examples of interpretation of the DST 
flow period data (slug test data) using the technique presented 
in Szpunar (2001) and the comparison of the results obtained 
with those achieved using the “type curve” method that illus-
trate the problems accompanying selection of the right curve. 
All type curves are taken from Sabet (1991).

Example 1: Well O-3 II (Fig. 1–5)
Well radius: 157 mm
Internal radius of tubing: 70.2 mm
Thickness of reservoir: 3 m
Porosity: 15%
Reservoir pressure: 15.29 MPa
Liquid density: 1074 kg/m3

Liquid viscosity: 0.78 mPas
Total compressibility: 0.00036 1/MPa
Initial flowing pressure: 12.21 MPa

Results:
Permeability of reservoir: 150.4 mD
Permeability of the wellbore zone: 185.7 mD
Skin effect: –0.90
Depth of permeability improvement/impairment: 9.01 m

Fig. 1. DST build up pressure vs. time curve for the O-3 II well
Rys. 1. Krzywa odbudowy ciśnienia w funkcji czasu dla odwier-
tu O-3 II

Fig. 2. log pD vs. time curve for the O-3 II well
Rys. 2. Zależność log pD od czasu dla odwiertu O-3II
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Fig. 3. pD vs. tD/cD type curve for the whole flow period for the 
O-3 II well (k = 165.30 mD, S = 0.26)
Rys. 3. Krzywa pD vs. tD/cD dla całego okresu odbudowy w od-
wiercie O-3 II (k = 165,30 mD, S = 0,26)

Fig. 4. pD vs. tD/cD type curve for the late time data for the O-3 II 
well (k = 167.71 mD, S = 0.26)
Rys. 4. Krzywa pD vs. tD/cD dla późnych czasów odbudowy w od-
wiercie O-3 II (k = 167,71 mD, S = 0,26)
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Example 2: Well W-3 IIA (Fig. 6–10)
Well radius: 216 mm
Internal radius of tubing: 84.8 mm
Thickness of reservoir: 8 m
Porosity: 10%
Reservoir pressure: 12.48 MPa
Liquid density: 1065 kg/m3

Liquid viscosity: 2.35 mPas
Total compressibility: 0.00007 1/MPa
Initial flowing pressure: 5.47 MPa

Fig. 5. pD vs. tD/cD type curve for the early time data for the O-3 II 
well (k = 165.37 mD, S = 0.26)
Rys. 5. Krzywa pD vs. tD/cD dla wczesnych czasów odbudowy 
w odwiercie O-3 II (k = 165,37 mD, S = 0,26)

Fig. 6. DST build up pressure vs. time curve for the W-3 IIA well
Rys. 6. Krzywa odbudowy ciśnienia w funkcji czasu dla odwier-
tu W-3 IIA

Fig. 7. log pD vs. time curve for the W-3 IIA well
Rys. 7. Zależność log pD od czasu dla odwiertu W-3 IIA

0

20

40

60

80

100

120

140

160

180

0 50 100 150 200 250 300

Pr
es
su
re
 [a

t]

Time [minutes]

‐0,80

‐0,60

‐0,40

‐0,20

0,00

0,20

0,40
0 20 40 60 80 100

lo
g 
p D

Time [minutes]

lg pD = -0.0081 t + 0.0263
R2 = 0,9997

lg pD = -0.0070 t - 0.0244
R2 = 0.9971

k = 59.2 mD
ks = 53.5 mD
S = 0,33

Results:
Permeability of reservoir: 59.2 mD
Permeability of the wellbore zone: 53.5 mD
Skin effect: 0.33
Depth of permeability improvement/impairment: 2.34 m

Fig. 8. pD vs. tD/cD type curve for the whole flow period for the 
W-3 IIA well (k = 59.36 mD, S = 1.00)
Rys. 8. Krzywa pD vs. tD/cD dla całego okresu odbudowy w od-
wiercie W-3 IIA (k = 59,36 mD, S = 1,00)

Fig. 9. pD vs. tD/cD type curve for the late time data for the W-3 IIA 
well (k = 58.16 mD, S = 1.00)
Rys. 9. Krzywa pD vs. tD/cD dla późnych czasów odbudowy w od-
wiercie W-3 IIA (k = 58,16 mD, S = 1,00)

Fig. 10. pD vs. tD/cD type curve for the early time data for the W-3 
IIA well (k = 59.36 mD, S =1.00)
Rys. 10. Krzywa pD vs. tD/cD dla wczesnych czasów odbudowy 
w odwiercie W-3 IIA (k = 59,36 mD, S = 1,00)
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Results:
Permeability of reservoir: 86.8 mD
Permeability of the wellbore zone: 27.8 mD
Skin effect: 5.92
Depth of permeability improvement/impairment: 1.66 m

Example 3: Well P-2 IA (Fig. 11–15)
Well radius: 216 mm
Internal radius of tubing: 97 mm
Thickness of reservoir: 20 m
Porosity: 10%
Reservoir pressure: 12.56 MPa
Liquid density: 1040 kg/m3

Liquid viscosity: 0.73 mPas
Total compressibility: 0.0004 1/MPa
Initial flowing pressure: 3.90 MPa

Fig. 11. DST build up pressure vs. time curve for the P-2 IA well
Rys. 11. Krzywa odbudowy ciśnienia w funkcji czasu dla odwier-
tu P-2 IA

Fig. 12. log pD vs. time curve for the P-2 IA well
Rys. 12. Zależność log pD od czasu dla odwiertu P-2 IA
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Fig. 13. pD vs. tD/cD type curve for the whole flow period for the 
P-2 IA well (k = 68.78 mD, S = 1.11)
Rys. 13. Krzywa pD vs. tD/cD dla całego okresu odbudowy w od-
wiercie P-2 IA (k = 68,78 mD, S = 1,11)

Fig. 14. pD vs. tD/cD type curve for the late time data for the P-2 IA 
well (k = 83.85 mD, S = 1.11)
Rys. 14. Krzywa pD vs. tD/cD dla późnych czasów odbudowy w od-
wiercie P-2 IA (k = 83,85 mD, S = 1,11)

Fig. 15. pD vs. tD/cD type curve for the early time data for the 
P-2 IA well (k = 72.14 mD, S =1.11)
Rys. 15. Krzywa pD vs. tD/cD dla wczesnych czasów odbudowy 
w odwiercie P-2 IA (k = 72,14 mD, S =1,11)
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Example 4: Well O-141 II (Fig. 16–20)
Well radius: 216 mm
Internal radius of tubing: 107 mm
Thickness of reservoir: 15 m
Porosity: 10%
Reservoir pressure: 4.94 MPa
Liquid density: 1180 kg/m3

Liquid viscosity: 0.98 mPas
Total compressibility: 0.0004 1/MPa
Initial flowing pressure: 1.45 MPa

Results:
Permeability of reservoir: 3.2 mD
Permeability of the wellbore zone: 9.3 mD
Skin effect: –1.92
Depth of permeability improvement/impairment: 1.91 m

Fig. 16. DST build up pressure vs. time curve for the O-141 II well
Rys. 16. Krzywa odbudowy ciśnienia w funkcji czasu dla odwier-
tu O-141 II

Fig. 17. log pD vs. time curve for the O-141 II well
Rys. 17. Zależność log pD od czasu dla odwiertu O-141 II

Fig. 18. pD vs. tD/cD type curve for the whole flow period for the 
O-141 II well (k = 2.41 mD, S = 2.60)
Rys. 18. Krzywa pD vs. tD/cD dla całego okresu odbudowy w od-
wiercie O-141 II (k = 2,41 mD, S = 2,60)

Fig. 19. pD vs. tD/cD type curve for the late time data for the 
O-141 II well (k = 2.27 mD, S = 2.60)
Rys. 19. Krzywa pD vs. tD/cD dla późnych czasów odbudowy w od-
wiercie O-141 II (k = 2,27 mD, S = 2,60)

Fig. 20. pD vs. tD/cD type curve for the early time data for the 
O-141 II well (k = 2.47 mD, S = 2.60)
Rys. 20. Krzywa pD vs. tD/cD dla wczesnych czasów odbudowy 
w odwiercie O-141 II (k = 2,47 mD, S = 2,60)
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Example 5: Well W-16 II (Fig. 21–25)
Well radius: 220 mm
Internal radius of tubing: 97.6 mm
Thickness of reservoir: 30 m
Porosity: 7.5%
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Results:
Permeability of reservoir: 2.8 mD
Permeability of the wellbore zone: 2.6 mD
Skin effect: 0.20
Depth of permeability improvement/impairment: 2.26 m

Reservoir pressure: 18.51 MPa
Liquid density: 1133 kg/m3

Liquid viscosity: 0.83 mPas
Total compressibility: 0.00032 1/MPa
Initial flowing pressure: 7.36 MPa

Fig. 21. DST build up pressure vs. time curve for the W-16 II well
Rys. 21. Krzywa odbudowy ciśnienia w funkcji czasu dla odwier-
tu W-16 II

Fig. 22. log pD vs. time curve for the W-16 II well
Rys. 22. Zależność log pD od czasu dla odwiertu W-16 II

Fig. 23. pD vs. tD/cD type curve for the whole flow period for the 
W-16 II well (k = 2.37 mD, S = 1.04)
Rys. 23. Krzywa pD vs. tD/cD dla całego okresu odbudowy w od-
wiercie W-16 II (k = 2,37 mD, S = 1,04)

Fig. 24. pD vs. tD/cD type curve for the late time data for the 
W-16 II well (k = 2.86 mD, S = 2.19)
Rys. 24. Krzywa pD vs. tD/cD dla późnych czasów odbudowy w od-
wiercie W-16 II (k = 2,86 mD, S = 2,19)

Fig. 25. pD vs. tD/cD type curve for the early time data for the 
W-16 II well (k = 2.86 mD, S =2.19)
Rys. 25. Krzywa pD vs. tD/cD dla wczesnych czasów odbudowy 
w odwiercie W-16 II (k = 2,86 mD, S =2,19)
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Discussion

1.	 There is an acceptable agreement between the permeability 
calculated using each of the methods discussed. One should 
not expect the permeabilities calculated using each of the 
methods to be identical.

2.	 The agreement between the skin factors evaluated via each 
of the methods is moderate, however the sign of a skin is 
usually the same except for a few cases in which S is close 
to zero. One should note that the definition of a skin i.e. 
Δpskin = (Qμ/2πkh)‌S assumes constant flow rate which is not 
the case in the considered examples.

3.	 The depths of permeability impairment/improvement seem 
to be reasonable when compared with the data given in 
Amaerule and Kersey (1990) and the correlation coefficient 
for data required for calculation of k and ks is high.

4.	 The permeability calculated using the technique presented 
in Szpunar (2001) is rather unambiguous contrary to the 
“type curve” method where one set of data may fit in with 
a few of the theoretical curves or might not fit in with any 
theoretical curve.

5.	 The presented technique additionally gives information on 
the depth of permeability impairment/improvement which 
is not offered by the “type curve” method, however it is of 
some value when the “old fashioned” stimulation jobs are 
planned (steam soaking, wellbore heating).

The paper was written on the basis of the statutory work entitled: 
Opracowanie nowej metody obliczania przepuszczalności złóż 
gazu na podstawie przebiegu zmian ciśnienia dennego w okresie 
przypływu gazu – the work of the Oil and Gas Institute – National 
Research Institute commissioned by the Ministry of Science and 
Higher Education; order number: 0058/SI/2020, archival num-
ber: DK-4100-0046/2020.

SI metric conversion factors
mD x 0,986923 E-15 = m2
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