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INTRODUCTION

Reservoir the oil & gas field development planning and
performance

prediction is

important

aspect of: reserves estimation which depicts the behavior of

the reservoir in the future.

This project o integrated production modelling (mbal software)
is conducted

in order: _ .
to define the water influx model and

its properties of an aquifer for libyan oil reservoir.
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INTRODUCTION - Problem Statement

o As reservoir fluids are produced and reservoir pressure declines, a pressure differential develops from

the surrounding aquifer into the reservoir.

o Following the basic law of fluid flow in porous media, the aquifer reacts by encroaching across the

original hydrocarbon-water contact.

o In some cases, water encroachment occurs due to hydrodynamic conditions and recharge of the

formation by surface waters at an outcrop.

Oil Producer
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INTRODUCTION - Objectives
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INTRODUCTION - Methodology
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WATER INFLUX MODEL

Classification of Aquifers

Water Influx Models Q
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Water Influx Model

o Most petroleum reservoirs are underlain by water, and water

influx into a reservoir almost always takes place at some rate

when gas or oil is produced.

linear radial

Water Influx from the Aquifer

o The mathematical water influx models that are commonly used in the petroleum

industry include:
Yty
1. Potaquifer l/%
- N
2. Schilthuis’ steady-state !
-~ N Y Y
3. Hurst’s modified steady-state — A
4. The Van Everdingen-Hurst unsteady-state ; /Net Pa'y\ '
5. The Carter-Tracy unsteady-state %%09%'
6. Fetkovich’s method I
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FIELD DATA

Libyan Undersaturated Oil Reservoir Properties
Reservoir Fluid Properties
Reservoir Rock Properties

Production History
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FIELD DATA - Libyan Undersaturated Qil Reseryoir Properties

e L Reservoir Rock Properties

solution gas—oil ratio GOR 580 SCF/STB Temperature 240 Fe
DR Gravity 56 i Porosity 0.2 Fraction
| Gasgraviy X AP
Water Salinity 190000 Connate Water Saturation 0.29 Fraction
Mole % of CO2, N2 and H2S R Percentage Water Compressibility 0.000003435 Psi-1
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MBAL SOFTWARE

Jool Options - Material Balance Screen

PVT Oil - Single Stage Separator Screen

PVT Oil Match Input Screen

PVT Fluid Properties Calculation Input Screen

PVT Calculation Results Screen
Tank Parameters
Water Influx Modeling Screen
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MBAL SOFTWARE - Tool Options - Material Balance

Reservoir Fluid Oil
Tank Model Single Tank
PVT Model Simple PVT

Production History By Tank Tool Options - Material Balance Screen

.‘..
Compositional Model None o e
Company .
Harouge Oil Company
Amal Field
Platform 130XY
Analyst Eng. Marwa
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MBAL SOFTWARE - PYT Qil - Single Stage Separator
Screen

Formation GOR 580 SCF]STB

Oil Gravity 36 API°
Gas gravi 0.8 API°

Water Salinity 190000 ppt
Mole % of CO2, N2 and H2S 0

percentage
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MBAL SOFTWARE - PVT Qil Match Input Screen

PVT Oil Match Input Screen
B MBAL 10.5 - IPM 7.5 - Material Balance - project (1).mbi

File Tool Options PVT Ingut History Matching Prod Prediction View Units Help
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MBAL SOFTWARE - PVT Fluid Properties Calculation Input Screen

X 10.5 - IPM 7.5 - Material Balance - project (1).mis
File Tool Options PVT Input History Matching Production Prediction View Unats  Help
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MBAL SOFTWARE -PVT Calculation Results Screen

il vBaL 105

File Tool

Add Tark

PM 7.5 « Material Balance - progect (1).mbi
Options PVT Input History Matching  Production Prediction View Units  Help
PVT Calculations
IM‘M| ?w’ﬁm!@m Ié‘eu’cal
Tempershue | Presswe | Bubble Ga:0i o0 | 0 | zZFe Gat | Ga | Ol | Ga | Wae Watet
Pont Raho FVF Viscosty FVF Dersty Density FVF Viscosty
degF pug | pug w«l/STB | RB/ASTE | cenbpose M3/sct | cerbpome | /3 BM3 | RB/STE | centpoise
240 147 2180 0858 108704 [16953 17019 0116665  [00106647 [485774  [00910228 105475 [0.339589
240 114553 2180 474249 11179 178545 [o613861  Jooseonds  foonnnod  fazeasd Joansas [roses |0 339589
240 214405 2180 |88 7641 114875 168588  Jog2%e84  Joomded1  [00115434  [ee7Si8 [072460 105405 0339669
240 314 259 2180 130103 1.1791 156574  |0809265  [00487135 |oOnise7  [459107 1.05137 1.0537 |0339589
240 414112 2180 171 442 1.21046 149569  |0564403 00260628 |0.0124221 451124 1.38477 10535  [033%689
240 |513 %65 2180 209 989 1.2388 138827 |07z [oooedssed Jom2eam a4 a19e 1.72471 1.053 [0.339589
240 | GEED 2160 231.357 1.25164 130439 J018465 000581742 [00131187  [41437  [207105 oseS 033689
240 71360 2160 252726 126448 122052 [0183377 00051484  [0.0133383 438854 242358 10523 {0339589
240 | (EED 21680 274 094 127732 113664 J0187357  [000447939 00136779  [436264 2 78202 1.051%  [0329589
240 ;13377 2160 296,463 123016 [105276  Joi7esss  00o3s0 [0m3®rs 3372 314601 1.0516 |0.33%889
240 101323 2180 316 672 130272 [og7as91  Joiee13 000320023 [00142318 (431318 351508 105125 [0339589
240 111308 2160 335 843 11345 Joseera  Jo1es472 [000297556 [0014amid  [429469 38887 105089  |033%589
240 12129 2160 357.013 132417 [oeeo7se  foi70se8  [oooe7soss Joowarn 42768 426826 [1.0505¢ 03389
240 131279 2160 377.183 133489 Joen4e3d 0169356 000052622 00143507 42568 464702 105019 [033%689
240 141264 2160 397 35¢ 134562 |o74e% 0165303 [ooo23ons6 [00151903  |e24033 502022 104584 [033%589
240 15125 2160 418179 135651 0638677  Jo161443  [000209333 [oors4423 (22367 [sasm 104343 J0339589
240 161235 2160 443 583 136855  [0688104 0164344 000200003 [0.01578 20672  [580048  [1o4514  [033%689
240 17122 2180 469 %05 138059  |0677532  [0166238 (000130884 [00161177  [41%008 [61esv4 1048739 0339589
240 1812.05 2180 4594 39 139263  |06s8%53 0167311 (00018136  [0.0164555 [41.7372  [6.56984 104548 [0339589
240 1911.91 2160 |519.734 140457  |0695385 0167384 |000172136 [00167932 [415784  [6.95186 106808 |03396589
240 2011.76 2180 [5451%8 141671 |oe45814 0166517 (000162711 0017131 [41.4183 733093 104774 |033%6589
240 2111 61 2180 |570 602 142875  [o63s2e1  Jorsa70s [ooons3zes [oor74ea7  [ar 2628 17623 [oarm  Joaasses
240 2211.47 2160 |ses 143 [o629573  Jo161961  [oomados2 [om7ensa  [aenies?  [someer  [roeroe [0339589
240 2311.32 2160 1563 143281 |0634565 0156272 (000134737 [0.0181442 [412782  [B44249 1.04669  [0.33%589
240 24117 2180 [ses 142953 [0639559  [015343 0002413 [oovmssis  |eav  [sso21s 10463 [0339589
2 0

Gl EasSSI

The Libyan Academy



Integrated Production Modelling (MBAL Software) to define the Water Influx Model and Properties of an aquifer for 75 Tocstaay
libyan undersaturated oil reservoir

MBAL SOFTWARE - Tank Parameters

gy

Fie Tool Optoms WNT wpur Hatory Mastcheg Producion Predosen VYew Unti  Help

Tank Parameters Screen

Tank type Qil
Sandstone
Temperature 240 E
Initial Pressure 4500 psig
Porosity 0.18 Percentage
C te Wat
o ’ == 0.28 Percentage
Saturation
Water , 2
00000343! o
Compressibility AALLELTE 2 Psig
Initial Gas Cap 0 MMscf
Original Oil/Gas i ,
riginal Oil/Gas in 2134 MMstb
Place
1965-12-31 Y-M-D

Start of Production
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MBAL SOFTWARE -Relative Permeability Values

Residual Saturations M Corey Exponents -
md

| Krw | 0.280 0.530 0.768
| Kro | 0.280 0.823 0.010 md
| kg | 0.000 0.000 1.000 md

Relative Permeability Screen
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MBAL SOFTWARE -Tank Production History Screen

Tank Production Historv Screen

. MBAL 10.5 - #M 7.5 - Matenal Balance - progect final.mb o o X
File Tool Options PVT Input History Matching Production Prediction  View Unats  Help
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MBAL SOFTWARE -Water Influx Modeling Screen

Water Influx Modeling Screen

. MEBAL 10,5 - IPM 7.5 - Matenial Balance - project last.mbi o o x
File Tool Options PVT Input History Matching Production Prediction View Units Help
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MBAL SOFTWARE RESULTS ANALYSIS

PVT Results

Tank Data History Matching
Water Influx Mode/
Hurst-van Everding-Odeh Model
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RESULTS ANALYSIS - PVT
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RESULTS ANALYSIS - Tank Data History Matching

Tank Pressure vs Time Reservoir Simulation Model History Match
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RESULTS ANALYSIS - Water Influx Model

Drive Mechanism for Reservoir

Drive Mechanism - XX

Bl rFluid Expansion

B PV cCompressibility

B water Influx
Water Injection

- 75

o

0
1967-12-31

1979-09-30

1991-07-01
Time (date y-m-d)

2003-04-01 2014-12-31

Production Start

1965-12-31

(date y-m-d)

Tank Temperature 240 (deg F) Aquifer Model Hurst-van Everdingen-Odeh

Tank Pressure 4690 (psiqg) Aquifer System Radial Aquifer

Tank Porosity 0.18 (fraction) Outer/Inner Radius 9.94¢
Connate Water Saturation 0.28 (fraction) Aquifer Constant €00000 (RB/psi)

Water Compressibility 3.435e-6 (1/psi) tD Constant 1.45238e-5
Formation Compressibility 4.43e-6 (1/psi)
Initial Gas Cap 0
0il in Place 2072.6 (MMSTB)
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RESULTS ANALYSIS - Hurst-yan Everding-Odeh Model

Hurst-van Everding-Odeh Model

Tank Input Data - Water Influx

“Qom xgml ?Lleb |

Tank Water Rock Rock  |Pore Volumne| Relative | Production
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RESULTS ANALYSIS - Tank Data History Matching

Cumulative Oil Production vs Time Reservoir Simulation Model History Match

(MMSTB)
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CONCLUSION

Results obtained from different graphs the following conclusions are drawn from this research

work. Our conclusion as following:

1. Inreservoir engineering material balance equation is an important investigative tool when time is

limited.

2. This is very sophisticated analytical tool for evaluating water influx model and its properties

through historical production.

3. In this study it has been proved that good data acquisition is required to carried out reserve

water influx model and its properties evaluation with MBAL.

4. Reservoir analysis fool MBAL is used to inifialize, calibrate and benchmark the history matching.
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CONCLUSION

4 . commm

5. The main source of energy in reservoir was from Water influx, pore volume, and fluid expansion

drive mechanism.

6. At the begging, the fluid expansion is from 0 to 40 % and pore volume compressibility is from 40 %

to 64 % and the water influx is from 64 % to 100%, after that we has water injection.
/. The model for this reservoir is the Hurst-van Everding-Odeh with the system is radial aquifer.

8. The model properties for this model are;
A. The Outer/Inner Radius Rafio is 2.14834.

B. Aquifer constant is 567299 RB/psi. ( E

C. 1D constant is 1.3203e-3. ol Gy



Integrated Production Modelling (MBAL Software) to define the Water Influx Model and Properties of an aquifer for s rocsams
libyan undersaturated oil reservoir e SIS

RECOMMENDATION

Finally, central objective of this project with the help of reservoir simulation
fulfilled to know the water influx model and its properties and to produce
future prediction that will lead to optimize reservoir performance which
meant reservoir developed in the manner that brings utmost benefit to

the commercial business.
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Results of Oil Density vs Pressure and constant

Temperature

Results of Oil Viscosity vs Pressure and
constant Temperature
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WATER INFLUX MODEL - Classific

ion of Aquifers
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Reservoir aquifer systems are commonly
classified on the basis of:

1. Degree of pressure maintenance:

Based on the degree of the reservoir
pressure maintenance provided by the
aquifer, the natural water drive is often
qualitatively described as:

A. Active water drive

B. Partial water drive

C. Limited water drive
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WATER INFLUX MODEL - Classification of Aquifer
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2. Flow geometry:

~
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Reservoir-aquifer systems can be classifiec p T — o B N
y
on the basis of flow geometry as: ey LS e \ / \\
/ o for
‘ Edge-water Drive ” Botiom-water Drive \

A. Edge-water drive

B. Bottom-water drive

C. Linear-water drive _/

Linear-water Drive
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WATER INFLUX MODEL - Classification of Aquifers
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3. Outer boundary conditions:
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The aquifer can be classified as: — —1 -
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A. Infinite system —> ‘.‘! «
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B. Finite system
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WATER INFLUX MODEL - Water Influx Models

The mathematical water influx models that are commonly used in the petroleum industry

include:
1. Pot aquifer ey,
2. Schilthuis’ steady-state j/;%'

’]
3. Hurst’s modified steady-state |

L N Y

4. The Van Everdingen-Hurst unsteady-state — Wl —

Fe
5. The Carter-Tracy unsteady-state ) /Ne. p:y\ ‘
6. Fetkovich’s method %%%%
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