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API(American petroleum Institute)
ASP(Alkaline-Surfactant-Polymer)
BBL(Barrel)

CCE(Constant Composition Expansion)
DL (Differential Liberation)
EOR(Enhanced Oil Recovery)

FAWAG(Foam Assisted Water
Alternating Gas)
FOPT (Field Qil Production Total)

FOPR (Field Oil Production Rate)
FPR (Field Pressure)
FVF(Formation VVolume Factor)
GOR(Gas Oil Ratio)

LBC
MSCF(Million Standard Cubic Feet)

NTG (Net to gross)

Rcal (Routine Core Analysis)
RWSAT (Region Water Saturation)
ROE(Region Oil Efficiency)
ROSAT(Region Oil Saturation)
Scal (Special Core Analysis)

STB(Standard Barrel)
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SWAG(Simultanous Water Alternating S8 5 ol Glejed &5
Gas)

SSWAG(Selective Simultanous Water 58 g ol bl g lojed )3
Alternating Gas)

UGC (Under Ground Contour) eolid e slo aids
WOC (Water Oil Contact) i g ol led gelaws
WAG(Water Alternating Gas) 38 g ol oglie &,
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! Fracture reservoir
2 Coning
% Water invaded zone
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! Pressure-Volume-Temperature
2 porosity
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! Permeability
2 Compressibility
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! Diffusion Coefficient
2 Gas oil contact
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2 Aquifer
¥ Bubble point pressure
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! Interfacial tension
2 Capillary force

* Gravity

* Water wet
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! Primary Recovery

? Secondary Recovery

® Tertiary Recovery or EOR
* Mobility Control
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® Chemical

" Miscible

# Microbial
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T, = 189.8 + 450.6S + (0.4244 + 0.1174S)T, + (0.1441 — 1.0069S) x 10°/T,

(Y+-Y)

InP, = 3.3864 — 0.0566/S — (0.43639 + 4.1216/S + 0.21343/5%) x 1073T, +
(0.47579 + 1.182/S + 0.15302/52) x 1076T2 — (2.4505 + 9.9099/52) x 10~1°T}
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A Kol
s | e gles Q B Kl IpScups | Smex> | o515y
oS 5 . & . Ve (ft3 /lb- . -
(psia) (3] Q, 0 35y olE) Ze Sl sy
N, 492.31 -232.51 | 0.45724 | 0.07779 0.04 1.4417 0.29115
H,S 1296.2 212.81 | 0.45724 | 0.07779 0.1 1.5698 0.28195

Co, 1071.3 88.79 | 0.45724 | 0.07779 0.225 1.5057 0.27408

C, 667.78 -116.59 | 0.45724 | 0.07779 0.013 1.5698 0.28473

C, 708.34 90.104 | 0.45724 | 0.07779 0.0986 2.3707 0.28463

Cs 615.76 205.97 | 0.45724 | 0.07779 0.1524 3.2037 0.27616

IC, 529.05 27491 | 0.45724 | 0.07779 0.1848 4.2129 0.28274

NC, 550.66 305.69 | 0.45724 | 0.07779 0.201 4.0847 0.27386

ICs 491.58 369.05 | 0.45724 | 0.07779 0.227 4.9337 0.27271

NCs 488.79 385.61 | 0.45724 | 0.07779 0.251 4.9817 0.26844

Cs 436.62 453.83 | 0.45724 | 0.07779 0.299 5.6225 0.25042

344.6 695.95 | 0.45724 | 0.07779 0.4943 9.6616 0.26847

Cio+ 150.65 1162.4 | 0.45724 | 0.07779 1.1202 23.467 0.2031

Oge S 5 o piie sl pal b AT Jgas
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s :‘; e A (‘Z" Qpow | VR | e | s
(bsia) (F) sl O Sy e Zo Sl sy
N, | 49231 | -23251 | 0.45724 | 0.07779 0.04 1.4417 0.29115
H,S | 12962 | 212.81 | 0.45724 | 0.07779 0.1 1.5698 0.28195
CO, | 10713 | 88.79 | 0.45724 | 0.07779 0.225 1.5057 0.27408
C; 667.78 -116.59 0.45793 | 0.08314 0.013 1.5698 0.28473
C, | 708.34 | 90.104 | 0.45724 | 0.07779 0.0986 2.3707 0.28463
C; | 61576 | 20597 | 0.45724 | 0.07779 0.1524 3.2037 0.27616
IC, | 529.05 | 274.91 | 0.45724 | 0.07779 0.1848 4.2129 0.28274
NC, | 550.66 | 305.69 | 0.45724 | 0.07779 0.201 4.0847 0.27386
ICs | 49158 | 369.05 | 0.45724 | 0.07779 0.227 4.9337 0.27271
NCs | 488.79 | 38561 | 0.45724 | 0.07779 0.251 4.9817 0.26844
Co | 436.62 | 45383 | 0.45724 | 0.07779 0.299 5.6225 0.25042
C;-Cyg 287.89 661.61 0.47896 | 0.06841 0.47395 9.6423 0.2307
Ci. | 77.968 | 17306 | 05911 | 0.09476 1.6773 23.42 0.077688
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oS 5 N, H,S CO, Cy C, Cs IC; | NC;y | ICs | NG5 Cs Ci-Cs Cior
NZ 0 0.176 -0.012 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
HZS 0.176 0 0.096 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
COZ -0.012 0.096 0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Cl 0.1 0.05 0.1 0 0 0 0 0 0 0 0.0279 0.05352 0.05352
C2 0.1 0.05 0.1 0 0 0 0 0 0 0 0.01 0.01 0.01
C3 0.1 0.05 0.1 0 0 0 0 0 0 0 0.01 0.01 0.01
|C4 0.1 0.05 0.1 0 0 0 0 0 0 0 0 0 0
NC4 0.1 0.05 0.1 0 0 0 0 0 0 0 0 0 0
ICS 0.1 0.05 0.1 0 0 0 0 0 0 0 0 0 0
NCS 0.1 0.05 0.1 0 0 0 0 0 0 0 0 0 0
C6 0.1 0.05 0.1 0.0279 0.01 0.01 0 0 0 0 0 0 0
Cs-
C18 0.1 0.05 0.1 0.05352 0.01 0.01 0 0 0 0 0 0 0
C19+ 0.1 0.05 0.1 0.05352 0.01 0.01 0 0 0 0 0 0 0

oy
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S 5 N, HsS | co, | & | € | G | 1C | NCi | 1ICs | NCs | Cs | Cr-Cis | Cior
N, 0 0.176 -0.012 01 01 01 0.1 01 01 01 01 | 0098404 | 0.045701
H,S 0.176 0 0.096 0.05 005 | 005 | 005 | 005 | 005 | 005 | 005 005 | 0000101
CO, -0.012 0.096 0 01 01 0.1 0.1 01 01 0.1 01 | 0040793 01
C; 0.1 0.05 01 0 0 0 0 0 0 o | 00279 | 005394 | 0.0530
C, 0.1 0.05 01 0 0 0 0 0 0 0 0.01 0.01 0.01
Cs 0.1 0.05 01 0 0 0 0 0 0 0 0.01 0.01 0.01
IC, 0.1 0.05 01 0 0 0 0 0 0 0 0 0 0
NC, 0.1 0.05 01 0 0 0 0 0 0 0 0 0 0
ICs 01 0.05 01 0 0 0 0 0 0 0 0 0 0
NCs 01 0.05 01 0 0 0 0 0 0 0 0 0 0
Cs 0.1 0.05 01 00279 | 001 | o001 0 0 0 0 0 0 0
Cs-
Cis | 0098404241 | 005 | 0.040793 | 005304 | 001 | 001 0 0 0 0 0 0 0
Cio+ | 0045700658 | 0000101 | 01 00534 | 001 | 001 0 0 0 0 0 0 0

Oyl 5 5T U8 (oo Jl oy NY-Y Jga
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oS sShifts cShifts (ft3 /Ib-mole)
N, -0.13133424 -0.050591785
H,S -0.10259784 -0.044438971
CO, -0.042730337 -0.018262858
C: -0.14426562 -0.061877807
C, -0.10326835 -0.066914372
Cs -0.077501381 -0.069943897
ICy -0.061983725 -0.071850412
NC, -0.054224897 -0.062921026
ICs -0.041772457 -0.058791793
NCs -0.030277896 -0.043713848
Ce -0.007288776 -0.01273138
C,-Cyg -0.010224634 -0.028625786
Cio+ 0.30751905 2.7641826
O3Sy 5w ceme Jlal o po NY-Y Jgus
S sShifts cShifts (ft3 /Ib-mole)
N, -0.13133424 -0.050591737
H,S -0.10259784 -0.044438928
CO, -0.042730337 -0.018262841
C, -0.036726653 -0.016836132
C, -0.10326835 -0.066914308
Cs -0.077501381 -0.069943831
IC, -0.061983725 -0.071850344
NC, -0.054224897 -0.062920966
ICs -0.041772457 -0.058791738
NCs -0.030277896 -0.043713807
Ce -0.007288776 -0.012731368
C:;-Cys 0.00392926 0.011235608
Cio+ 0.81320789 23.232248

g
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ROE:(5) vs. TIME (MTS-MODEL-SSWAG) WAG RATIO 1:1
= ROE(3} vs. TIME (MTS-MODEL-SSWAG) WAG RATIO 1:2
ROE(3) vs. TIME (MTS-MODEL-SSWAG) WAG RATIO 1.3
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Abstract

Naturally fractured reservoirs compose a significant part of world’s
hydrocarbon reserves, and oil production in these reservoirs is one of the highest
challenges in oil industry. Low viscous fluids such as gasses or supercritical fluids
are commonly used to enhance oil recovery. One of the important issues in oil and
gas reservoirs are mobilization of residual oil in porous media, especially in water
invaded zone, that is mainly achieved by EOR methods. In this project some
applicable EOR methods by ECLIPSE software are simulated to extract

entrapped oil in water invaded zone in one of the Iranian fractured reservoirs.

In this research, initially gridding is made by FLOGRID software, then with
using regression analysis in PVTi software, simulated reservoir fluid properties
that shows a good agreement with experimental results. Maximum and minimum
relative error with values of 5.37x107 and 11.54 respectively is related to the

saturation pressure and dissolved gas oil ratio.

In this research, alternating water and gas injection, simultaneously
alternating water and gas injection, foam flooding and surfactant-polymer
flooding methods are all investigated by ECLIPSE software in order to compare
the oil recovery factor in water invaded zone, each of methods is based on specific
mechanism. Restoration of reservoir energy involves the frequently injection of gas
and water to support reservoir pressure and also to provide a sweeping
mechanism. Foam flooding increased oil recovery because of the alleviate
channeling, increasing pressure and decreasing mobility of injected fluid, and
surfactant-polymer flooding enhance the recovery by increasing the spontaneous
imbibitions and lowering IFT. The results from simulation shows that the foam

injection has the best recovery effect to produce oil in water invaded zones.

Keywords:

Fractured reservoir, enhanced oil recovery, water invaded zone, simulation,

recovery factor
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