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ABSTRACT

Reservoir modeling is an important feature to understand the
reservoir and predict its future performance using the available
software. The main objective of this study is to estimate water
influx, calculate OIIP thus the reserve and predict future
performance (oil flow rate).

The model has been built using MBAL software (which is a
material-balance based on software with several different tools).
The MBAL software uses the data collected (from “X” Field
concession XX-25 of with three producing wells) to design the
model, which is used to achieve the project objectives.

The Oil initially in place (OlIP) was about 29.8 MMSTB (calculated
by volumetric method and material balance equation gives 30
MMSTB). However, the nine models of water influx were tested.
For water influx modeling with different techniques, all models
show poor matching just the Fetkovitch model gave a good
regression, with an error of about (0.8).

Several reservoir fluid models and reservoir rock models and history
matching were made to fulfill the requirement to have good and
matching results that was used in water injection prediction model.
No good response obtained by injection gas, with MBAL oven the
type of gas was not specified with the software, so it is
recommended to use another software to forecast future prediction
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using any evaluation oil recovery method, especially the gas
miscible process.
Keywords: Water influx, Oil Simulation, reservoir modeling,
history matching
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Introduction & study objectives

The total estimated amount of oil in an oil reservoir is called initial
oil in place OIIP or original oil in place OOIP (IHRDC, 1982),
(Lyons, 2005).

It’s known that, a part of OIIP is non-producible due to reservoir
characteristics and limitations in petroleum extraction technologies,
the other part which is producible called the reserve (only a fraction
of this OIIP can be brought to the surface), the reserve amount is the
most important parameter for reservoir engineers to make a quick
decision about whether the discovered area is profitable or not, the
ratio of reserves to OOIP in a particular reservoir is called the
recovery factor. Several methods used to compute the hydrocarbon
reserve, but all estimations of reserves have an uncertainty degree,
that depends on the amount of reliability of geologic and petroleum
data available at the time of estimation, a one of most important
engineering data is the Water influx which impact severely on the
estimated amount of oil reserve, thus the recovery factor (Ahmed,

2010). Generally¢ the main objectives of this study were

summarized as following:

a. Design a water influx model (modeling) that can represent this
field.

b. Examine the water influx model to verify that it could give a
right estimation for water influx in this field.

c. Other additional objectives like:

e Calculate the Oil Initial in Place (OI1IP), oil reserve and so
the recovery factor using the calculated water influx done
by the designed model.

e Understanding driving mechanisms for the reservoir.

e Get a greater understanding of the current reservoir
behavior and predict the future reservoir performance (up
to its depletion) with different simulation scenarios.

e  Perform Pressure Volume Temperature (PVT) modeling for
the selected field.

e Compare the results that might be obtained by other well
models (ten models).
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e Compare the results obtained by inject water or gas as
injection fluid.

Methodology

The methodology of this study started by collecting the data needed
to study the “X” field in concession XX-25, such as PVT, routine
and special core analysis, production history and pressure history
for the field.

The second step is building the reservoir model using the MBAL
software Figure 1, (which is a material-balance based on software
with several different tools), the MBAL software uses the
previously mentioned data collected to design the model, which is
used to achieve the project objectives.

In detail, building the model started with PVT modeling for the
reservoir fluid then reservoir rock properties modeling, and the most
intensive modeling was water influx modeling with different
methods and techniques to reach the best match.

E MBAL 105 - IPM 7.5 - Material Ealance - esira abunuwara projact.mbi = | = | &

File Teool Options PVT Input History Matching Production Prediction  View  Units  Help

Add Tank

Add Trans.

Add el

M

7]

Wellol

Fig. 1: shows the main tools of MBAL software.

Reservoir Modeling technique and results
Introduction
When the MBAL software is provided with the reservoir data, it
would give two options (when it comes to the type of the model) as
follows:
Single tank: In this mode MBAL software will run a single
tank reservoir model.
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Multi tanks (Emmanuel, 2015): In this mode MBAL will run
a multiple tank reservoir model with potentially
different, PVT per tank can be defined.
The reservoir model used in this study is a single tank model.
Additional reservoir information is provided to the system using
screen as shown in Figure 2.

System Options
%Qone ‘ xganceI’ ? Help
P i} )
Tool Options User Information
Reservoir Fluid | FRI ~ | Compary [Akakus 07
Tank Model |Si v
ank Model S!ngle Tank Field ]N-Field
PVT Model |Simple PYT hd 3
Production History [By Tank - Location
Compositional Model |None ~ Platform |
Analyst [Essra
EOS Model Setup..
Reference Time |01 /0171800  date d/m/y
User Comments ML' (Ctil+Enter for new line)
[

Fig. 2: System option tool

Input data

The input data in any model is building block, it enables the model
to produce the required history matching.

The data is entered into the software through the following screen
Figure 3 that includes different reservoir parameters required. The
data tabs are classified as appears in Figure 3.
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Tank Input Data - Tank Parameters
\ ) .
¥ ooe | Hcorcel| 2 b | i impon
Tank Water Rock Rock  [Pore Volume| Relative [ Production I
Parameters | Influx ess. | Compaction| vs Depth | Permeabifity|  Hist
Tank Type |Oil hd _| Monitor Contacts
Name _| Gas Coning
Temperature {185.7 degF | Water Coning
Initial Pressure |1930.4 psig __| Use Fractional Flow Table (instead of rel perms)
Porosity (0.14 fraction
Connate Water Saturation (0.254 fraction
Water Compressibiity [Use Conr 1/psi
Initial Gas Cap |0
Original 0 In Place {23800 MSTB
Start of Production [01/10/2003 | date d/m/y
P | Newss | veidate |

Fig. 3: reservoir parameters input data sheet
Relative permeability data (Entering & converting)
The relative permeability data was entered as tables then it was
converted to Corey function for the fractional flow curve as a part
of history matching, Figures 4 & 5.

Tank Input Dafa - Refative Permeabilities

Rock
Compaction

22 Calc

Relative
Permeabilty

Froduction
History

\Water Sweep Eff, percent
(Gas Sweep Eff percent

Po:z Volume
vs Degth

Rock
Compress.

\Water
Influx

Tank
Parameters

Rel Pem. from | Corey Functions
Hysteresis [No hd

VModilie‘d‘JNo v |

| Residual | EndPoint | Exponent'

v
v

| Saturation | |
fraction fraction {
| Kw 024 |06 26
Ko 02% |t 3
Kig 0 0 0

Fig.4: Entering relative permeability data with using Corey Coefficient
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Fig.5: Oil and Water Relative Permeability curve shape.

Production history

The production history is the most critical data used on the model,
it’s the building block for the history match, the well production
history data entered in the “Well Data” section within production
history screen Figures 6,7 and 8, the production data provided was
for the oil and the water, whereas the gas production was zero.

Tank Input Data - Production History

% QmeJ‘anncel ? Help ﬂ#_lmpall@ﬂoi @;Repgt EY y @L@gout
Tank Water Rock | Rock  |Pore Volume| Relative | Production
Parameters | Influx__ | Compress. | Compaction| vs Depth | Permeabiity|  History
Time Reservoir Cum Qil CumGas | CumWat. | CumGas | CumWast |Regression| Comment
Pressure | Produced | Produced | Produced | Injected Injected | Weighting
|detedimy| psig | MSTB | Msct | MSTB | MMsct | MMSTE ' ]
1 |[EmETE19304 o 0 [o Mediom | Edi. il
2 |[osnz/z003[1871.85  [175658  [na17e [ozsse Medium Edi.
3 |[os/m/z004[184399 282387  [183852 03988 Medium Edit.
4 |[03/0472004 191159 [59566 387173 [o.4do4 Medum | Edt.
5 ||os/os/004 180424 [704.268  [as7773 [04ame Medium Edi.
6 |[18/06/2004[175979  [807.323  [524764 0435 Medium EdR.
7 |p2sorz2004 179727 [sor.248 [ses7ia fosen Medium Edi.
8 |[2a/08/2004[179084  [1011.26  [657316  [05839 Medium Edit.
9 |[oanoseo04[1790.06  [121287  [7ee363  [n6067 Medum | Edt.
10 [[nmzzo04 178697 130374 [e51331  [oee7 Medium Edi.
11 |[18n2/2004 [178084  [140961  [916248  [o.e067 Medium | Edi.
12 |[svmzzoos 178218 151145 [es2aa5 fosos7 Medium Edi.
13 |[o1/03/2005 [177872 171073 [11198  [0.6067 Medium Edit.
14 |[29/0a/2005 177287 [180945  [117614  [oe0e7 Medium Ed.
15 |[21/05/2005 177359 191133 [124237  [0.6067 Medium Edit.
16 |[27/07/2005 176834 211228 [137298 o7 Medium Edt. | ~|
Fig. 6: Production History Entry
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Production History - X-Fild
2000] 10
o
Ei
: ! C/gﬂ’/ﬂﬂ/ 4
5 1|
b 1800]\- ——— T — 7.5 il
; /‘”‘rf’ " q
& C:
2 H
B 1800 a 5 :T|
H g
- il
_Jf\\i 1o
1700) 2.5 o
B 3z
&
1800 [1]
01/10/2003 0370472006 Q471072008 07/04/2011 09/10/2013
Time (date d/m/y)
|— Reservoir Pressure
——Curnlative Oil Froduction

Fig.7: Production History (Pressure and Cumulative oil Production)

Production History = X-Fied

2000 0.3
I 1900 0.225

ar

1800— fb/

1700 —

0.1%

0.075

(ALSHH) UOTIONPO1d J1330m SATISTRWNS

1600 iins o
01105008 03/04/2006 0471072008 0770472011 09/10/2013

Tire (date d/m/y)

—— Reservoir Pressure
——Cumulative Water Production

Fig. 8: Production History (Pressure and Cumulative Water Production)

Fluid Properties
The MBAL software need set of fluids properties data that were
entered through the screen as shown in Figure 9.

8 Copyright © ISTJ A ginae auball (5 gin
Ayl g o slell 40 sal) dlaall


http://www.doi.org/10.62341/moxi1016

International Scienceand ~ VOlumMe 37 ) Ry p sl 030 g > <
_Technology Journal Part 2 aaall p————eie—
A4 3 il ) Al ISTA7T

http://www.doi.org/10.62341/moxi1016

Oil - Black Oil: Data Input_

%Qone &&\Cel ? Help t:::: Match @ Table | ¢t import| (" Export| FEH Cale y:::;
Input Parameters Separator
Formation GOR ISS— scl/STB FSingle-Slage v
Oil gravity | 36.5 API Correlations

Gas gravity W sp. gravity Pb,Rs,Bo
Water salinity[7000 | ppm [VazquezBeggs =

Mole percent H2S IZ— percent 0Oil Viscosity
Mole percent C02[27  percent lBeggs etal =]

Mole percent N2 IZ— percent _| Use Tables
_| Controlled Miscibility

Fig. 9: PVT input data parameters

As shown, these parameters will be introduced first to the software,
the rest PVT data will be matched using the future match as shown
in Figure 10.

Qil - Black Qil: Matching

g -

w.gona xgmcei ? Help }::::ﬁah:h @ Reset I‘-iylmpottf@ad IECODE
Temperature |1ESF] degF [Table T(T=1857] ﬁ
3
Bubble Point |355.7 psig
Pressure Gas Oil oil o Gas Gas
| Ratio FVF Viscosity FVF Viscosity
psig «l/STB RB/STB | centipoise ft3/sct centipoise
1 I[zos7 1136 163 j
2 ||1866.7 1.139 1.55
3 [[1e57.7 1.142 1.48
4 1114377 1.145 1.42
5 1237 1148 137
6 10097 1.15 1.33
7 ||7es7 1.153 1.29
8 a7 1.156 1.26

9 [[3n.7 1.153 1.24
10 |[385.7 65 1.16 1.24
11 11857 1.154 1.23
12 |1427 1.143 1.32
13 |[9a7 1.142 1.35 |

Fig. 10: Matching table for the rest of the PVT data

The software will perform a match based on the PVT table provided,
the software uses different tables with different temperature in order
to match the rest PVT data with high certainty, the next dialog shows
the results after making the match via the “Calc” button, Figures 11,
12 and 13.
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X

il - Black Qil: Matching - wf " -
g7 Done| Hcancel. Pree | EBcac BN [ oo
Match on . Match Statistics
All # None l Std. Deviation Parameter 1 Patameter 2
; |‘l .42108e-11 f1.22212 |55‘ 9E58
v Gas Oil Ratio {1.64865e-11 . 798516 16,238
v il PVF illl]ﬂ‘l 53114 {0.503575 . l'll 621504
Above Bubble Point {0.267701 [io737
v il Viscosity {0.0822402 452764 D.BEEETY
| Gas FVF | i j
* Gas Viscosity | in i
_ Conelations
Pb.Rs.Bo |Vazquez-Beggs L] .
Oil viscosity ]Beggs et al j 5 Malch Al
Fig. 11: Fluid propriety for matched by MBAL software.
oil FVF
1.1625| Temperature (deg F)
1 185.7
1.155|- = \t\
; 1.247 / \G\
i 1o = \E\\p
1.1325
750 1500 2250 3000
Pressure (psig)
options Summary EVT Input Data
Fluid: 0il Form. GOR: 65.000 (scL£/STE)
Method: Black ©il ©il Grawv: 36.500 (API)
Separator: Single-Stage Gas Grav: 1.475 (=p. grawvity)

Fig. 12: Matched of Oil Formation Volume Factor by MBAL software.

Gas ©il Ratic
80| Temparature (dsg )
L 1887
e A s
4y /
i
E 40 el
kS
U
T
kel
EET] 1500 2250 3000
prassure (p2ig)
Cpticns Sunmary TVI Inpus, Data
Fluid Fo¥M. GOR: €5.000 (ser/sTR)
MeThod: B ©il Grav: 36,500 (AFTL)
sepayator: B Gas Grav: 1.378 (sp. gravity)

Fig. 13: Matched of Gas Oil Ratio by MBAL software.
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Now, the software uses the match option for the fluids properties
that was calculated as mentioned see Figure 14.

Qil - Black Qil: Data Input

4 7 P A [ [} — Match
W/ vone) Xereel| 2 b |5 i %H"e! i lmnmt! qﬂgxpm! 7 D e e
Input Paramelers Separator
Formalion GOR [65 scl/STB |single Stage =]
Oil gravity [36.5 &P Correlations
Gas gravity [1.475 $p. gravity Pb.Rs.Bo
Water salinity ]?UUU ppm iVazquez-B £0gs -'-!
Mole percent H25 [2 percent Oil Viscosity
B tal
Mole percent 002]2.?— percent I eggs &t 3 Li
Mole percent N2]2 percent _| Use Tables
_| Controlled Miscibility

Fig. 14: Match option shown by MBAL
Water Influx
It is used to define the type and properties of an aquifer!, the
particular input variables depend on: the model, system and
boundary type selected. This option can be used to execute different
water influx models and select an optimum one of them.
The plot always displays at least one curve and the history data
points. This curve defines the following:
= The calculated cumulative production using the reservoir &
aquifer parameters of the last regression (a solid line), Figure
15.
= The calculated cumulative production of the reservoir
without aquifer (by default this is a blue line although the
color can be changed), Figure 15.
The Figure (15) show the matching process for Small Aquifer water
influx modeling, whereas Figures 16 & 17 show the matching
process for Fetkovich- Semi Steady/Steady State Water Influx
Models, the following Figures 18,19,20,21,22 and 23 showed the
matching process for other different Water Influx Models, and what
was found is that, all models show poor matching just the Fetkovitch
steady state model gave good matching.

1 It’s the amount of water collected underneath the oil reservoir.
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hnalytical Method - X-Field
2000 with Aquifer Influx
—— without Aquifer Influx
| Match Points Status :
Y + off
B A High
2 x X Medium
I~ = v Low
s
T S
i L=
! = ps 21 =F
'- ZEx gz ¢
e = % = g = z
3 4
= =
=
=
=
1600|
2.5 7.5 10
Calculated Oil Production (4STB)
Tank Temperature 185.7 (deg F) Aquifer Model Small Pot
Tank Pressure 1930.4 (psig) Aquifer Volume 22381.4  (MMEE3)
Tank Porosity 0.14 (fractien)
Cennate Water Saturatiom ©.254 (fractien)
Water Compressibility Use Corr (1/psi)
Formation Comprassibility  4.13335s-6 (1/psi)
Initial Gas Cap 0
©il in Place 29.8 (MMSTB)
Preduction Start 01/10/2003 (date d/m/y)

Fig. 15: Small Aquifer Water Influx Model

Analytical Hethed - X-Fied

2000} ——with Aquifer Influx
—— witheur Aguifer Influx
i Match Points Status =
Y + off
H & High
& X Medium
[~ ¥ Low
s
L
7 1
n
i \Eﬂzha“a
M %
o [“ﬁ
K 1=
£
: 1
i {'\{‘v
z
1600
2.5 1.5 10
caleulated 6f1 Productien (MMSTR)
Tank Temperature 185.7 (deg F) Aquifer Model Fatkovich Semi Steady Stace
Tank Pressure 1930.4  {psig) Aquifer System Radial Aquifer
Tank Forcsity 0.14 ({fraczicn) Cuter/Inner Radius 13.4701
Connate Water Saturation 0.254 (fraction) Encroachment Angle 37.1619 (degrees)
Water Compressibility Use Cozzr ({l/psi) Calc. Aquifer Volume 45800.2  (mMicd)
Formation Cempresaibiliry 4.133358-6 (L/pai) Aeuifer Parmeability 216.866  (md)
Initial Gas Cap o Tank Thickness 150  (feek)
0il in Place 29.8  {MMSTB) Tank Radius 5695.6  [feet)
Preductien Stare 01/10/2003 (dace d/m/y)

Fig. 16: Fetkovich- Semi Steady State Water Influx Model

Analytical Meshed - X-Field

2000
1900
=
: \
& =
« P -
3 1700
£
1600
2.3 7.5 10
caleulated Oil Preduction (MMETS)
Zank Terperatura 185.7 (deg ©) Fetkovich Steady State
ks 1930.4  ipsigl Radial Aquifer
0.14 action) 1.1265
Connaze Wat 0.254 {fracticn) 57.5586 (degreas)
Wazer Compress wse Cerz (L/psi} 31168.9  (mfed)
Formation Comprasmibility  4.133350-6 (1/psi) 102.703  (md)
Initial Gas cap 150 (feat)
©il in Place 29.8  (MMETH) 4369.3%  (feat)

01/10/2003  (daze dimiy)

Fig. 17: Fetkovitch Steady State Water Influx Model
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Analytical Method - X-Fied

2000

——with Aquifer Influx
—— without Aquifer Influx

Match Points Status :
+ off

A& High
= Medium
v TLow

e
Vo

Tank Pressure (psig)
-
3

1600

Calculated Oil Production (MMSTB)

Tank Temperature

Tank Pressure

Tank Porosity

Connate Water Saturation
Water Compressibility
Formation Compressibility
Initial Gas Cap

©il in Place

Production Start

18s.
1930.
0.1

0.254 (fraction)
Use Corr (1/psi)
4.13335e-6 (1/psi)
o
29.8  (MMSTB)
01/10/2003 (date d/m/y)

7 (deg F)
4 (psig)
4 (fraction)

Aquifer Model
Aquifer System Radial Aquifer
Aquifer Constant

Hurst Steady State

34.3635 (RB/psi)

Fig. 18: Hurst Steady State Water Influx Model

Analytical Method - X-Field

2000 with Aquifer Influx
—— without Aquifer Influx
n Match Points Status :
= + off
= E800 A High
S X Medium
- v Low
.
b
;P 1
H
& M =
” w’—ﬂm
=

B |
: 17 \/Q
=

1600

2.5

7.5

Calculated Oil Production (MMSTB)

10

Tank Temperature
Tank Pressur
Tank Porcsity

Water Saturation

2 ibility
n Compressibility
Initial Gas Cap
0il in Place

Production Start

185.7 (deg F) Aquifer Model Hurst-van Everdingen-Modified
1930.4 (psiq) Aquifer System Radial Aquifer
0.14 (fraction) Cuter/Inner Radius €.84418
0.254 (fracti Angle 116.472 (degrees)
Use Corr (1/psi) Calc. Aquifer Volume 19599.9  (MMfr3)
4.13335e-€ (1/psi) Aquifer Permeability 50.1731 (md)
0 Tank Thickness 150 (fear)
29.8  (MMSTB) Tank Radius 5068.43 (feot)
01/10/2003 (date d/m/y)

Fig. 19: Hurst-van Everdingen Modified Water Influx Model
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Fig. 20: Hurst-van Everdingen-odeh Water Influx Model
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Fig. 22 : Schilthuis-Steady State Water Influx Model
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Fig. 23: Carter & Tracy Water Influx Model
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Table 1 shows the results of different water influx models with error
percentage. The Fetkovitch steady sate model was the best, it
illustrated the least error percentage (0.80%) for water influx
regression.

Table 1: different models used to calculate water influx.

Model Error (%) Model Error (%)
Hurst Steady State 5.54 Fetkovitch Semi Steady 1.17
Hurst-val(l) i‘;lerdingen- 0.95 Hursl-\ﬁgd?zgdingen 0.84
IS B 0.89 Carter and Tracy 0.87
Dake
Vogt and Wang 0.86 Fetkovitch Steady State 0.80
Schilthuis-Steady State 33.7 Small pot 20.1

History Matching

History matching is identifying those reservoir properties subjected
to the greatest uncertainty and adjusting them to bring the simulated
and measured to an acceptable degree of correspondence. History
matching is often an iterative process, in which steps are repeated
several times with variations in reservoir characterization (Craft C,
1991). The MBAL software uses four methods in order to bring the
simulated values to the measured values, these methods as
following:

Analytical Method

It is the process of adjusting reservoir and aquifer parameters using
closed-form mathematical solutions (a non-linear regression
analytical models) in order to make the calculated production rates
and/or the calculated pressures both match the measured historical
field data.

This technique has many advantages like:

e Simple & Transparent: the engineer relies on simplified
reservoir flow equations (Darcy’s law, material balance,
type-curves, decline curves) to reproduce observed
behavior.

e Speedy & Low Cost: No need for using a full heavy
expensive numerical simulator, the task Can be done with
simple software (Excel, MBAL)
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o Data Efficiency: Works well with limited production data
(typical in early production periods), and when geological
data are uncertain.

e Practical in the Field, often preferred by operating engineers
when they need a fast answer

In this study and in order to match the production history, different
water influx models had been performed, the Fetkovitch steady state
water influx model (Fetkovich, 1971) was selected as it illustrated
the best results, Figure 17.

Table 2: illustrates the main parameters of Fetkovich Steady State

model.
Aquifer Model Fetkovich Steady State
Aquifer System Radial Aquifer
Outer Radius/Inner Radius 6.49
Encroachment Angle 195 degrees
Aquifer Permability 33.77 md

Graphical Method

This graphical method plot is used to visually determine the
different reservoir and aquifer parameters. Figure 24 shows the
typical graphical method plot for a good history matched reservoir.
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z 4000 -l
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g T
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1 1.
£
(==
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] 2000 4000 6000 4000
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Tank Pressura 1%30.4 ({psig) hquifer System Radial Aquifer
Tank Poro=ity 0.220891 ({fractiom) Guter/Inner Radius 6.44257
Connate Water Saturatien 0.254 (fractien) Epcroachment Angle 192,952  (dagreas)
Water Comproaaibility Uas Cerr ({i/pai) cale. Aquifer Volume 10350.4  [@Difed)
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Inizial Gasz Cap ] Tank Thickness 175.713  {faot)
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Producticn Start 01/10/2003 (date d/mfy)

As known estimating hydrocarbon reserves is a complex process
that involves integrating geological and petroleum engineering data,
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the certainty of reserve estimation is depending on the amount and
quality of data available.

The first thing estimated by the MBAL software, after model history
matching, is the oil initial in place (OIlIP), the value of the OIIP
depends on the accuracy of the model which appears as the quality
degree of the history match.

The XX-25 reservoir model had a big success. The OIIP has been
computed by using MBAL application, it’s about 30 MMSTB.
Energy Plot

This plot shows the relative contributions of the main sources of
energy in the reservoir and aquifer system. It does not in itself
provide the user with detailed information but indicates very clearly
which parameters and properties should be focused on. (i.e. PVT,
Formation Compressibility, Water Influx.).

In the XX-25 reservoir, the primary drive mechanism is
compressibility and water influx as shown in figure 25.

Drive Machanism = X -Field

B ov comprossibility
Bl water Influx

o
0571272003 22/05/2006 08f11/2008 24/04/2011 03/10/2013
Time (date d/m/yv)
Tank Temparature 185.7 (deg F) Aguifer Medel Fetksvieh Sceady State
Tank Pressure 1920.4  (paig) Amquifer System Radial Aquiier
Tank Paresity 0.220891 (fractien) Guser/Inner Radius 6.44257
Connate Water Saturation 0.254 (fractien) Encroachment Angle 192.992  (degrees)
water Compressibility Use Corr (1/psi) calc. Aguifar Volums 10350.4  [(MMfr3)
Formation Cemprossibility 3,37034e-6 (1/psi) Aquifer Permaability 34,6734 [md)
Initial Gas Cap o Tank Thicknoas 175.713  (faot)
0il in Place 30 (MMETH) Tank Radius 4193.32  (feer)
Production Start 01/10/2003  (date d/m/y)

Fig. 25: Energy Plot

Running the Prediction

Prediction of the future performance in the XX-25 reservoir is the
final step on the MBAL software, using the exact workflow
recommended in the manual of the software as follows:

Predicting Setup

This is the first prediction dialogue box. It defines the type of
prediction to be performed, the start and end of the prediction, and
the reporting frequency, showed in Figure 26.

17 Copyright © ISTJ A ginae auball (5 gin
4l 5 o lell 4 pall Alaall


http://www.doi.org/10.62341/moxi1016

International Scienceand ~ VOlumMe 37 ) iy gl 58 gt > <
_Technology Journal Part 2 aaall -—
A4 3 il ) Al ISTA7T

http://www.doi.org/10.62341/moxi1016

s s
Ve Koo Qoo |

[ [ | Production Profie Using Well Models 54

wih Options
V| Water Injection ¥ Use Fractionsl Flow Mode!
_| GasInjection
_| SWAG
| Gas Lift Injection
| GasRecycling
_| Water Recycling
| Voidage Replacement with water
__| Voidage Replacement with gas
_| Gas Cap Production
__| Water Production Prediction Step Size
“  Automatic (recommended)

> UserDefined |15 days
” 4

Prediction Start F E
> Start of Production > Automatic
% End of Production History > End of Production History

> UserDefined [~ dated/miy ¢ UserDefined [3171272028  date d/miy
Fig. 26: Predicting Set-Up dialog

Production and Constraints

This dialogue box describes the production and injection constraints
for the tank. The number and content of the columns will vary
depending on the prediction mode and injection options selected in
the Prediction Set-up dialogue box.

This dialog is the most critical dialog when it comes to the accuracy
of the result, where constrains are made to the production of the
reservoir, maximum and minimum values for the predicted flow rate
are entered as shown in Figure 27.
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Fig. 27: Prediction Constraints
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In this study, two scenarios have been made:
1. Water injection wells: it includes a water injection well in

order to support of pressure. In this case, the cumulative oil
production reaches about 11.85 MMSTB. Figure 28 shows the
cumulative oil production versus time.

I
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Fig. 28: Cumulative oil production versus time (First Scenario)

2. Gas Injection wells; they include a gas injection well in order

to support pressure. An attempt was made to study the
possibility of injection gas, several trials were made to test and
predict the response of injection gas, and the results gained
fail.

Conclusion
Several important features were gained and withdrawal from this
study, and are:

Comparison between two different methods of estimation of
oil initially in place (volumetric and material balance
equation), the utilized MBAL showed very close results of
(30 MMSTB).

For water influx modeling with different techniques, all
models show poor matching just the Fetkovitch steady state
water influx model which produced a good regression, thus
matching.

Formation volume factor (B,) model was made with less
percentage of error using the correlation of Al-Marhoun with
an error of 0.19%. Moreover, gas in solution (Rs) was
modeled using Al-Marhoun correlation with 0.57% error,
the bubble point model with Vasquez and Beggs with an
error of 1.22% (Vazquez & Beggs, 1977).
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e Oil viscosity matched with Beggs et al. model, it given least
error (0.45%) as compared with other known models.

e Corey’s function was the best model used to obtain the
relative permeability curves (Kro, Krw) based on the
available data (Farshid Torabi, 2016).

e Future prediction of oil production rate was obtained based
on the production history matching by injection water.
However, the ten models of water influx were tested; the best
was the Fetkovitch steady state, which is used in this future
prediction with an error of about 0.8 (Fetkovich, 1971).

e The gas injection was tried with MBAL software to study
the response of gas injection, but didn’t make any response
due to no gas cap in the reservoir.
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