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Flow capacity, reservoir production history. Well test data contain valuable information on the
Permeability, dynamic behavior of reservoirs. It is essential to integrate all sources of information

Gas reservoirs.

for a successful description of a reservoir. However, it is a relatively difficult task to
integrate all sources of information quantitatively, since these sources of information
have different resolutions. The main objective of the third phase of this project is to
find fine-scale permeability profile in the gas and water zones of the studied field.
For this purpose, in a history matching process of the bottomhole pressure, the
permeability distribution estimated from petrophysical and core data has been
corrected by the calculated permeability from analytical well test interpretation. Of
course, the other effective parameters to be adjusted during the history match of the
bottomhole pressure are the skin factor and the rate-dependent skin. Capillary
pressure and relative permeability should also be used for matching of DST water
production data. In this study, 6 DSTs from two wells were investigated. In this report
the methodology of single well simulation study including model construction,
initialization and history matching for 6 DSTs has been described. The results of this
study will be used as input data for the sector simulation modeling.

Introduction performance, it is important to attain accurate
One of the primary objectives of petroleum reservoir descriptions.

engineers is concerned with the optimization Information about reservoir properties can

of ultimate recovery from oil and gas be obtained from different sources such as

reservoirs (Amirsardari et al., 2019). In order geological data, seismic data, well logging

to develop and produce oil and gas reservoirs data, core measurement data, well test data and

and forecast their  future  reservoir reservoir production history (Tiab and

Donaldson, 2015). Well test data include
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valuable information on the dynamic behavior
of reservoirs (Horne, 1995; Bourdet, 2002).

It is essential to incorporate all sources of
information for a successful description of a
reservoir. However, it is a relatively difficult
task to quantitatively integrate all sources of
information, since these sources of
information  have different  resolutions
(Ahmed et al., 2010; Opuwari et al., 2021). For
example, permeabilities estimated from core
measurements represent local value where the
cores are obtained, while the permeability
deduced from well test data is an average value
over a specific volume near the wellbore
(Burns, 1969).

In this study a method to integrate well test,
log, core, and geological data was presented to
obtain a reservoir description in a Gas Field.
This study demonstrates how information
from transient pressure well test may be used
in an existing commercial simulation
software, and how this improves the reservoir
description and history matching, thereby
reducing uncertainty in the results.

The objective is to find distributions of
permeability and also well parameters
(mechanical skin and rate dependent skin)
such that the calculated pressure response of
the well, using Eclipse Simulator software,
closely matches the DST  pressure
measurements. In addition, the capillary
pressure and relative permeability must satisfy
certain constraints such as the amount of water
production which was measured in some
DSTs. In this single well simulation study, six
DSTs from two wells were investigated.
Material and methods

The data used in this study are detailed
pressure and rate vs. time for each flow period
of a multi-rate test followed by a pressure
build-up. The data has been obtained usually
from DST. The fluid PVT properties were

known with some other parameters like
porosity, permeability and well-bore radius.
Several techniques currently exist to estimate
permeability. In this study, artificial
intelligence approach known as Locally
Linear Neuro-Fuzzy Model (LLNFM) is used
to optimize the permeability estimation. The
following steps should be followed in the
single well dynamic modeling.

The DST data should be analyzed by using
the conventional well test analysis software.
Calculated parameters are the effective
permeability-thickness product (kh), the
mechanical skin factor (S) and the rate
dependent skin factor (D).

Results and discussion

The DST of Well A, Layer E1 was modeled
using the average properties and then by
setting the wells in the simulator to produce
according to the rates reported during the DST.
The wellbore storage effect observed in the
DST’s was deleted since our interest was in the
reservoir description and not in the wells
themselves.

Time zero was set at the start of the DST
and the depth datum was set to gauge depth of
2,897.8 mTVDss. The reservoir was
considered to be in equilibrium at time zero
and the initial pressure was set to 5,283 psia at
this depth. The time steps were adjusted to
compute the pressure response at the same
time as the actual measurements or when there
were changes in the production rate.

The initial run with the model was made
with the permeability (k) estimated from the
Neuro-Fuzzy method and also mechanical
skin factor (S) and the rate dependent skin
factor (D) which was calculated from the DST
interpretation. The calculated pressure
response was then compared with the actual
data. The calculated pressures were drastically
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different from the measured values. The
reason is that in this case the Neuro-fuzzy
effective permeability is lower than the DST
permeability.

In the next step, the permeability estimated
from the well test data is used as a constraint
for the possible spatial distribution of the grid
block permeability values. One aspect is that
the average permeability estimated by the well
test analysis is assumed to be a true value
without any uncertainty. Therefore, the initial
Neuro-Fuzzy permeability was multiplied by
some boost factors to reach the DST
permeability.

Conclusion

The well modeling method gives the
opportunity to improve the accuracy of the
reservoir and well parameters since it uses the
results as the initial parameters of the
numerical simulation model, built for full field
modeling. This technique produced a good
match with the well-test data from two wells
at six DST pressures.
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Table 2. Definition of different rock types

(RRT) S35 S 43 cilino slaog,S Y Jga

RRT RQI Range Porosity Range
1 RQI <0.07 Phi<0.07
2 0.07< RQI<0.3 Phi<0.02
3 ]0.07<RQI'<0.3 | 0.02<Phi<0.07
4 0.3<RQI <0.7 Phi<0.07
5 0.7<RQI <15 Phi<0.07
6 RQI <0.07 Phi>0.07
7 0.07<RQI<0.3 Phi>0.07
8 0.3<RQI <0.7 Phi>0.07
9 0.7<RQI <15 Phi>0.07
10 1.5 <RQI All

RRT-8 ;5 j5-amle aidge [Lad 5 (i 215l Y o
Table 3. Gas-liquid Relative permeability and capillary pressure for RRT-8

SL Krg Krl Pc
0.07 1.00 0.000000 36.00
0.16 0.71 0.000030 12.96
0.20 0.63 0.000062 10.25
0.29 0.39 0.000253 5.92
0.36 0.25 0.000474 4.46
0.39 0.19 0.000617 3.94
0.46 0.09 0.000973 3.15
0.56 0.00 0.0017 2.36
1.00 0.00 0.0017 0.00



http://dx.doi.org/10.22034/KJES.2023.8.2.103772
https://gnf.khu.ac.ir/article-1-2818-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-05-31 ]

[ DOI: 10.22034/KJES.2023.8.2.103772 ]

o O)Be iledasin jshiie 4 2l ST Swlus g5le Joe

519 oo el

Fig. 4. Permeability-porosity for each rock type
u.uLm‘)-’ <IYYF Cp o0l d.......al.‘}ua g_j 65).:‘; S| ;o
sl 5 ,Lad o Van-Wingen-Frick > b,
ookl &ype 0wl e Wil Ol 5555 5 (i
ol Meehan & Ramey 5 Helmoltz > L,
(KAPPA, 2011) 54 aalgs +/f 5 N Y Joleo ol )b
Jlade aST JJs 4 Van-Wingen-Frick g, 13

Aus,5 obesl asl oo eSilee

i 4355 o sl Jdi- il g ¥ S

Oy Jbuw Jowo
Peng- oud pelass <> doles 5 Jlow Joo

Jhws Jae (ylsie a5 a5 ail o 02l )L 4 RObINSON
¥ Jsozr el onds (giluands Jl8le i o)ly Slae 5
Cond 25 o Lt 1)l aolee ol sl el
STB/MMSCF (35 b 5 (sodss 55 4 Sblase
ale FY-F-
O Joaz ;o L35 5l 28k s wisle ol lasin
PVTi Jl5dle 5 51 oolial b ol oad ool lss
bt 3lond Cuz 5l 9,90 Wiile O Slatie
dmle §pdeSTy g ajiSany ol oz oy

oLy Jgaz) wload (gilward Joe o)ly 5 o0l


http://dx.doi.org/10.22034/KJES.2023.8.2.103772
https://gnf.khu.ac.ir/article-1-2818-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-05-31 ]

[ DOI: 10.22034/K JES.2023.8.2.103772 ]

0B Gileaasiin jshite 4 2l ST Sl (g3l Jus

519 oo el

Table 4. Peng-Robinson EOS parameters

Peng-Robinson cJl> dolae (sl yial,b -F Joo

Mole e Il Omega | Acentric
Component Pressure | Temperature | Omega A 9 Paracho
Percent . B Factor
(Psia) (R)

N2-C1 86.1 659.32 337.21 0.45724 | 0.077796 | 0.00955 75.3
H2S 0.24 1296.5 671.76 0.45724 | 0.077796 0.1 80.1
CO2 1.93 1070.2 547.56 0.45724 | 0.077796 | 0.225 78

C2-C3 7.2 683.17 583.69 0.45724 | 0.077796 | 0.113 119

C4-Cé6 2.28 515.63 809.54 0.45724 | 0.077796 | 0.218 210

C7-C12 1.99 446.53 1083.1 0.45724 | 0.077796 | 0.605 361
Cl2+ 0.26 290.25 1267 0.45724 | 0.077796 | 0.796 705

Table 5. Specification of representative formation water

655l o sonles Aiges Slasie -0 Jeo

TDS (mg/l) 286267
Specific Gravity 1.185

Resistivity (ohm-m) 0.0424
pH 6.69
Conductivity (mS/cm) 343.5

Table 6. Formation water properties in well model
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Reference Pressure | Water Formation | Compressibility | Viscosity
(Psia) Volume Factor (1/psia) (Cp)
5281 1.027 3.04E-6 0.276

ol b o Ll wloass Jaw o)1y adsl (694,9 (slosls
A dinlg g sl 3ol
Joe 3kl

O b g led mhw s s5lejlel sl
e 3 e Hlad Lol 48818 solaswl 5490
U"‘ k_‘;‘)" L»-A.Q L3,0.{: w‘ o..\.o] Cowdo ‘SILO)—‘AJY Gl...l.?u
Gos ¥ Jogaz alloe plrd i lis Ges o lis

ol cﬂujj“iy 2 sl o s g g, las

AR

sboiTay sud g o il gosls
Lid 5 b oo kb (s yeFosll slasols
Joo 5o o5 el alin o adly sloosls plgie 4 2lzes
S,y Cawl 485 13 oolatwl 5,90 ‘s‘{Lo)'yloL? ENE
adlas )50 sloalejlay 51 S e ola S o

w@d.uuyw}ojéu&nwwaaw‘ow

o 4 olojlols Ldo i 5l ool dcwle 20 &


http://dx.doi.org/10.22034/KJES.2023.8.2.103772
https://gnf.khu.ac.ir/article-1-2818-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-05-31 ]

[ DOI: 10.22034/K JES.2023.8.2.103772 ]

0B Gileaasiin jshite 4 2l ST Sl (g3l Jus

519 oo el

adllas 550 Glowe oyl 5o Saliysg o ooy Lo

C.la...u ujl.a.a ‘OQ;GA oddlin aS )EJQJLQ.Q .JQQGA
as ML’LSA A_leﬁaac )Lo.w) ol> 5») u.a‘ )é )lf—u_j quoo

4 ooled s (Sub &5 5 plae (FoyS ol e

asdllas 5 50 slagialesl 3 Ol 5 55 bt gl 5 T )L2d ¢ aloral i L Gas =Y Jpo
Table 7. Gauge pressure and depth and GWC in wells

. GWC Gauge Depth Pressure

el Formation | irvpss) | (mTVDss) (Psia)
E2+E3 2085.8 5302.8
A E1 3195.7 27778 53575
E4 30045 5325

E3 2882.97 5076

B E2 3038 2832.2 5064
E1 2739.7 4955
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Fig. 5. Comparison of actual pressure (green) and model pressure for layer E1, well A before history matching
(red)
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Fig. 6. Comparison of actual pressure (green) and model pressure for layer E1, well A before (red) and after
(blue) permeability adjustment.
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Fig. 7. Comparison of actual pressure (green) and model pressure for layer E1, well A before (red) and after
(blue) final matching.
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Table 8. Flow capacity, mechanical skin and rate dependent skin before and after pressure matchin

Before Matching After Matching
Well | Formation | DST | Kgh Ac\;/:sralge s D Kgh A(-\;/:Sralge s D Multiplier
(md.ft) (md) (D/IMMSCEF) | (md.ft) (md) (D/IMMSCEF)
A E2+E3 2 1043 4.9 -4.21 0.0129 690 3.24 -4 0.001 0.66
El 3 336 2.7 -2.51 0.0211 74 0.59 -3.2 0.0311 0.22
E3 2 2252 31.2 -1.3 0.14 4947 68.6 -1 0.14 2.2
B E2 3 3150 252 |-2.65 0.068 3220 258 |-2.65 0.152 1.02
El 4 9313 43 1 0.323 25209 | 1164 1.5 0.67 2.71
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Table 1. Permeability, mechanical skin and relative permeability before and after pressure matching in well B.

Well | Formation | DST Before Matching After Matching
Absolute Kwh Absolute Kwh Absolute Krw
Permeability | S | (md.ft) | Permeability | S | (md.ft) | Permeability multiolier

B E4 1 (md) (md) Multiplier P

- 2180 - 166 0.47
38.7 37 18.25 38 0.16
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Fig. 8. Comparison of actual pressure (green) and model pressure for B-DS1 before (red) and after (blue)

matching.

a5 351 wal B 1) ISl (l (Bl ST (g3l Jore g, <Y

o 5 Bl 2lsly ol 550 byl c8s

Silodae i3u 4 (6995 adsl slaylil plge a
b S Gl S5 e

Gl (oS allie ol jo oal &l o )6l -
Gl logas e 5l el Casns Slgls slassls
) oleslelr 5 ((egman (ovae 45D (39)) (Sojuds

Ao o oyl


http://dx.doi.org/10.22034/KJES.2023.8.2.103772
https://gnf.khu.ac.ir/article-1-2818-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-05-31 ]

[ DOI: 10.22034/K JES.2023.8.2.103772 ]

0B Gileaasiin jshite 4 2l ST Sl (g3l Jus

519 oo el

5 Oylee anl B o plal sleessay Lo 4 sl (o
Al Sl g ,ane

o3t ples sl 2ol oral oo adllas (pl jo -F
4 b Gl anl B e lelaY e o)l Sds
HLSs PLT/PSP) odgs sla loges sbvosls 0gu o
Gloged cpl A Do o0l a8 Ly g
)l Sy9e FES Gy oil 2 S, slaganaY
Wi, Slp Glony Slogemal oo g a5 )8

W PURISRTE

References

Abdulwahab, 1., Jamiolahmady, M., Tim, W.,
2018. Calculation of Relative Permeability
Using Well Test Data in Gas-Condensate
Reservoirs. Paper presented at the SPE Europec
featured at 80th EAGE Conference and
Exhibition, Copenhagen, Denmark.

Ahmed, A.R., Ahmad, M. and Rehman. A.U. 2010.
Comparison of Core/Log and Well Test
Permeabilities-A Closer Look" Sawan Tight
Sands”. in SPE/PAPG Annual Technical
Conference. Society of Petroleum Engineers.

Amirsardari, M., Rajabi, A., Danaei, M., Rashidi,
F.,  2019. Numerical investigation for
determination of aquifer properties in newly
developed reservoirs: A case study in a
carbonate reservoir. Journal of Petroleum and
Engineering, 177, 331-360.

Bourdet, D., 2002. Well test analysis: the use of

advanved interpretation models. Elsevier.

0dgdZta 4O ‘SaLo)LUY C.)L..) )‘ OJ.AT Cawdy @‘5‘).: -y
s A by jledd (e Mol 5 VIV BN

il e (i slaodls Loy ipel) s yime

o el o aloas Lid ami b sl il -F
ol N B Sl e Ol s 2l aS ol lis
e oyre slaiolos] jo ead (g pSoslail Ol s
sl

2ol i algly aS o eols ylis asdllae ol jo -0
oSyl Gl Sl olss S 0 5L s lie

oslidl plo 4y slasl5 5925 wilgy oo ol ede a5 ol e

Burns, W. A., 1969. New Single-Well Test for
Determining Vertical Permeability. Journal of
Petroleum Technology 21, 743-752.

Horne, R.N., 1995. Modern Well Test Analysis: A
Computer-Aided Approach, Petroway. Palo
Alto. California.

KAPPA, 2011. Ecrin Saphir v4.20 Operation
Manual.

Opuwari, M., Mohammed, S., lle, C., 2021.
Determination of Reservoir Flow Units from
Core Data: A Case Study of the Lower
Cretaceous Sandstone Reservoirs, Western
Bredasdorp Basin  Offshore in  South
Africa. Natural Resource Researches 30, 411
430.

Schlumberger, 2015. Eclipse simulators—\Version
2015: Technical description. Technical report.

Tiab, D., Donaldson E. C. 2015. "Petrophysics:
Theory and Practice of Measuring Reservoir
Rock and Fluid Transport Properties”, Fourth
Edition, Gulf Professional Publishing, 918.

\Y


http://dx.doi.org/10.22034/KJES.2023.8.2.103772
https://gnf.khu.ac.ir/article-1-2818-fa.html
http://www.tcpdf.org

