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Abstract

Reliable reservoir prediction is essential for optimized production and reservoir management. The prediction is
normally done by reservoir simulation. Reservoir simulators solve fluid flow equations of reservoir numerically on
homogenized coarse blocks of reservoir model. The original fine grids are generated by primary geological blocks
which are output of geological software. The upscaling is necessary since geological software by means of statistical
methods create models with millions and even billion of grid blocks and dynamic simulation on these models is
practically not possible. We have performed an accurate and highly efficient method for upscaling and simulation of
polymer injection in three-dimensional (3D) heterogeneous reservoir. In this study we introduced an upscaling
method which inspired by nature, there are enough similar aspect between earth and hydrocarbon reservoir which
can be used as a pattern for multi scale grid generation. This procedure done for polymer injection which is complex
process with high computing volume. It generates a non-uniform grid in which the resolved structure of the fine grid
around the wells, as well as in the high-permeability sectors, are preserved, but the rest of the grid is upscaled. The
simulation results on the geological structure well compared with the results of upscaled models. The results confirm

that nature-inspired method consumes less run time with nearly accuracy of fine model.

Keywords: Polymer Flooding, Upscaling, Grid Modeling, Geological Model, Run Time

1. Introduction

Recent amelioration in reservoir imaging techniques
and geostatistical procedures allow very detailed
reservoir explanations containing millions of grid
blocks to be produced. However, time limitations in
reservoir simulation generally limit the flow model to a
coarser grid. Each coarse grid block property value is
received from the original fine scale grid using
different upscaling techniques.

After all averaging, interpolation and data
populating, from a simulation point of view, geological
models are ironically too complex and too large, i.e,
they contain more information than we can handle in
simulation studies. Therefore, we usually use a
coarsened grid model, or a simulation flow model. The
model contains of grid blocks with their petrophysical
properties replaced by averaged or upscaled quantities
based on variations of underlying geomodel quantities
that occur at length scales below the simulation grid
block. The main reason for using the upscaled models
is computational limitations since it is wusually
impossible to perform flow simulations on the
geomodel.

*Corresponding author’s ORCID ID:0000-0000-0000-0000
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Significant progress was made when Durlofsky et al.

(1997) introduced a method whereby
finer resolution is used in the regions of high-fluid
velocities, and upscaled, homogenized

description is utilized for the rest of the domain. In
their approach no upscaling scheme is used for the
relative permeabilities, as the original rock curves are
used for the upscaled grid blocks, hence making the
technique process-independent.

Non-uniform grid coarsening offers significant
computational speed-up and general applicability, but
at the cost of increasing numerical dispersion and
decreasing accuracy for the nonseparable scales. Such
upscaling techniques are suitable for the sectors that
are far from the wells. Since the pressure field in the
near-well regions usually changes rapidly in the radial
direction, the above upscaling approaches are not
suitable. For such situations, well pseudo-functions to
account for the pressure changes were suggested by
Chappelear and Hirasaki (1976) and King et al. (1991).
Durlofsky et al. (2000) developed a method for
calculating the transmissibility and well index for
single-phase flow based on the solution to the local
well-driven flow. Grid selection methods that rely on
dynamic responses, such as streamline simulation, in
order to identify the locations of the grid blocks in the
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geological model through which most of the fluids pass,
were also proposed by Verma and Aziz (1996) and
Castellini et al. (2000). Static methods, suggested by
Garcia et al. (1992), Li and Beckner (2000), and Younis
and Caers (2001, 2002), that rely on the spatial
distribution of the permeability for developing
upscaled grids, are also robust (Mohammad Reza
Rasaei, Muhammad Sahimi,2007).

The objective of this paper is to define inspired by
nature upscaling method and simulation of polymer
injection for a 3D heterogeneous multiphase reservoir.
Chemical enhance oil recoveries processes are
extremely complex processes with very high
computing volumes. The high amount of computations
can increase simulation time. The scale enhancement
method defined in this study is a nature-based
approach whose performance is based on the behavior
of the flow lines. It was able to scale-up three-
dimensional heterogeneous reservoir by maintaining
accuracy and increasing the speed of simulation. For
upscaling multiphase flow, in addition to absolute
permeabilities, relative permeabilities should be
upscaled. Therefore, it is necessary to express the
saturation equation in coarse scale. One way to write
an upscaled saturation equation is by assuming that
the functional form of these properties does not change
with scale. In this case the same relative permeability
and capillary pressure curves from fine to coarse scale
are used. Unfortunately this suggestion fails in the
presence of non-local heterogeneities similar to failure
in the case of absolute permeability upscaling. In these
circumstances, a multiphase upscaling technique is
generally required (Barker & Thibeau, 1997). In this
study, increasing the simulation speed is not only by
reducing the number of blocks, but as the first step in
choosing the method of solving the model among the
methods IMPES, fully implicit and as solver methods
and choose one of them based on minimum elapsed
time and definition of upscaling methods for different
terms like absolute permeability, relative permeability,
transmissibility, pore volume are another segments of
this paper.

2. Upscaling Pattern, Inspired by Nature (UPIN),
Upscaling Pattern

The division of the Earth's surface is done by the
latitude and longitude, this kind of division is the
inspirational basis for increasing the scale.

= Latitude: Lines of latitude called parallels, measure
distance north and south of equator.

= Longitude: Lines of longitude called meridians,
measure distance east and west of prime meridian.

There are enough similar aspect between earth and
hydrocarbon reservoir such as:

North Pole = Production Well (Figure 1)
South Pole = Injection Well (Figure 1)

Earth’s Magnetic Field = Streamline
Longitude = Discretization in X Direction (Figure 2)
Latitude = Discretization in Y Direction (Figure 2)
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Figure 1: Earth’s Magnetic Field
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Figure 2: Latitude and Longitude

From south to the north pole the size of grid varies
(figure 3):

North Pole
od
+———— Fine

Increase the intensity
of fine scaling

+———— Coarse

Increase the intensity
of upscaling

+— Fine

-9¢
| South Pole
Figure 3: Grid Size

The earth’s grid in the north and South Pole and in the
equator is in the following form:

Figure 4: Earth’s Grid in the North Pole (Fine-Scaled
and Radial Form)
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Figure 5: Earth’s Grid in the South Pole (Fine-Scaled
and Radial Form)

Figure 6: Earth’s Grid in the Equator (Coarse-Scaled
and Cartesian Form)

Figure 4 to figure 6 show the earth’s grid is a kind of
multi-scale and hybrid grid.

The principle of scaling up is effective areas such as
wellbore or existence of fracture in the reservoir
remain fine-scaled and features that these areas have
cause to converge the stream lines and distance
between them are reduced.

Sink

High Aggregation

High Aggregation

Source

Low Aggregation

High Aggregatica

Source

Figure 8: Source, Sink and Fracture Effect on
Streamline

To implement the procedure we need a tree algorithm

which consider the streamline behavior as follow:

Geological Model \
U
Streamline Simulation | ¢, pocaling Rrocedare . Upscaled Model
I Refinement and Coarsening

EOR Simulation

Figure 9: Tree Algorithm
The computations are required are as follow:

= Solve the pressure equation for the time step.

=  Compute the total Darcy velocities based on the
pressure potentials.

= Compute a set of streamlines to represent the
computational domain for the saturation solver.

= Map saturations or concentrations onto the
streamlines.

= Solve the saturation equation individually on each
of the streamlines.

= Solve for the gravity segregation.

=  Accumulate all the solution variables on each
individual streamline or gravity line to form the
solution on the global grid at the end of the time
step.

By the means of tree algorithm for two different well
patterns (Diagonal and 5-Spot) which selected for test
cases the following results will be achieved (Figure
10,11).

Injection Well
(South Pole)
Equator Production Well
(North Pale)
Figure 10: Diagonal Pattern
Tnjection Well Injecticn Well
(South Pole) (South Pole)
= K o

Injection Well Iegecticn Well
(South Pole) e (Seuth Pole)

Figure 11: 5-Spot Pattern
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Up-scaling studies show that past achievements
require simplifying assumptions such as reservoir
dimensions (1D or 2D) or the number of phases in the
reservoir, which limit the effectiveness of those
methods for real models. This method is independent
of type of EOR method which is capable of performing
on three-dimensional, heterogeneous and multiphase
reservoirs and for the first time it defines a regular
pattern for multi-scale grid generation.

3. Introduction of Studied Reservoir
The Reservoir has the following properties:

A 3D case with a fine mesh composed of [40 X 40 X 3]
(Total cell number: 4800). The permeability field is a
distribution of high and a low values, 100 and 5 md,
respectively. The porosity is constant and equal to 0.3
and initial reservoir pressure is 4011 psi.

Water Properties:

= Reference Pressure(psi): 4014.7 Psi

=  Water Formation Volume Factor (bbl/STB): 1.029
=  Water Compressibility: 3.13E-06

= Water Viscosity (cp): 0.31

Rock Properties:

= Reference Pressure (psi): 14.7

=  Rock Compressibility: 3.0E-06

=  Porosity: 0.3

Surface Densities of Reservoir Fluids (Ib/ft3):
= 0il:49.1

=  Water: 64.79

= Gas:0.06054

Table 1: Polymer Solution Viscosity Function

The Corresponding Factor by
Which the Water Viscosity has
to be Multiplied to Give the
Viscosity of the Solution
0.0 1.0
70.0 10.0

The Polymer Concentration in
the Solution (Ib/STB)

Table 2: Specifies the Polymer-Rock Properties

The Mass The
The Dead The Residual Density of .
. Adsorption
Pore Resistance Rock Type at .
- index to Be
Space for Factor for Reservoir
L Used for Rock
Rock Type Rock Type Condition Type
(Ib/rb) yP
0.16 1.5 1000.0 1

Table 3: Polymer Adsorption Function

The local polymer The Corresponding
concentration in the Saturated Concentration of
solution surrounding the Polymer Adsorbed by the

rock (1b/STB) Rock Formation (1b/1b)
0.0 0.005
20.0 0.010
70.0 0.010

Table 4: Polymer- Salt Concentrations for Mixing
Calculations

The Value of the Salt
Concentration in the Solution
Which is to be Used in the
Calculation of the Maximum
Polymer Fluid Component Polymer Fluid Component
Viscosity (Ib/STB) Viscosity (Ib/STB)

50 0.0

The Value of the Polymer
Concentration in the Solution
Which is to be Used in the
Calculation of the Maximum

Todd-Longstaff mixing parameter =1

Figure 12: Permeability Map, Reservoir Dimension
[40 x 40 x 3]

4. Polymer Flooding Simulation

The main objective of polymer injection during water
flooding of oil reservoir is to decrease the mobility of
the injected water and leading to a more efficient
sweep pattern and reduced viscous fingering.

Certain plugging effects within highly permeable
layers may also occur and result in the diversion of the
injected water into less permeable zones of the
reservoir.

The mobility decrease of injected water resulting
from the addition of polymer is due to two effect:

e The viscosity of polymer solution is higher than
pure water.

e The rock permeability to water is reduced after
passage of a polymer solution through the rock
material.

Polymer solution is often applied in the form of a
tapered slug.

e At the front edge of the slug, the displacement is
stable.

e At the rear edge, the mobility ratio is unfavorable
and is dominated by viscous fingering.

Assumption: Temperature variation on the behavior of
the polymer solution is ignored.

When a polymer solution is injected into the
reservoir some of the long chain molecules constituting
the polymer are adsorbed onto the rock surface.
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Therefore:

e Slug width is gradually reduced in time
e Reduction in the relative permeability of polymer
solution

4.1 Simulation Model

The flow of polymer solution through the porous
medium is assumed to has no influence on the flow of
hydrocarbon phases.

The standard black-oil equations are therefore used
to describe the hydrocarbon phases in the model.

Standard water equation and additional equations
are needed to describe the flow of polymer and brine
within the finite difference grid.

d (VSy\ _ TKrw _
E(BrBw) - [Bwuw o Rk (6P, — pwgD,)] + Qw

Water (1)
4 (Vswlp) , 4 1-0) _ v [_TKrwCp B

dat ( BrBy ) T (Vp,Ca ) ) =2 [Bwﬂp efrRi (&R,

pwgDz)] + QuwCy

Polymer 2)
d (VSwCn\ _ TKywCn 3

at ( By By ) - [—Bwus e (6P, prDZ)] + QuCp
Brine (3)
Sy = Sw — Sapv (4)
Where

Sapy - Dead pore space within each grid cell

C, : Adsorption isotherm which is a function of the
local polymer solution concentration

pr : Mass density of rock formation

@ : Porosity

pw : Water density

R, : Relative permeability reduction factor for the
aqueous phase due to polymer retention

Cp , G, : Local concentration of polymer and sodium
chloride in the aqueous phase

Uesy = Effective viscosity of the water, polymer and salt
components

D, :is the cell center depth

4.2 Effective Polymer Viscosity
tp epf = Hm(Cp)® pp™® (5)

Where

Um (Cp): Viscosity of fully mixed polymer solution as a
function of polymer concentration in solution

w : is the Todd-Longstaff mixing parameter

@ = 1 means polymer solution and water mixed in
each block

w = 0means polymer solution is completely
segregated from water
4.3 Effective Water Viscosity

1 _1¢c, ¢ 6)
I'LW' eff Hw.e Hperf
Where

—_Cr
C - CP,max (7)
.u-w,e = .u-m(CP)w-.u\%/_w (8)

C: The effective saturation for the injected polymer
solution within the total aqueous phase in the cell

4.4 Permeability Reduction

The adsorption process causes a reduction in the
permeability of the rock to the passage of the aqueous
phase and is directly correlated with the adsorbed
polymer concentration.

In order to compute the reduction in rock
permeability, I need residual resistance factor (RRF)
for each rock type.

R, =1+ (RRF — 1)—

(9)

amax

C : Depends on rock type

amax
4.5 Shear Thinning Effect

The shear thinning of polymer has the effect of
reducing the polymer viscosity at higher flow rate.
The flow velocity is calculated as:

FW
v = BW'Q)_A (10)
Where

F,, : Water flow rate
B,, : Water formation volume factor

@ : Average porosity of two cells
A: Flow area between two cells

5. The Procedure of Upscaling

Now we are going to define the methods used for
upscaling for various parameters.

5.1 Grid Block Size

Within each coarse block the properties are simply
upscaled from fine (f) to coarse (c) in a single coarse

cell amalgamation (I1,12) x (J1,J2) x (K1,K2) as
follows:
DX, = — 22X (11)

T Uz J1+D(K-Kq1+1)
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_ XrDYy
Dye = (Uz=11+1)(K2—Kq+1) (12)
_ YrDZp
bz, = (=11 +1)(Jz—J1+1) (13)
Where
c: Coarse
f: Fine

5.2 Renormalization Method (Upscaling for Absolute
Permeability)

A way to calculate Kk is the renormalization method.
Renormalization is a recursive algorithm. The effective
properties of small regions of the reservoirs are first
calculated and then placed on a coarse grid. The grid is
further coarsened and the process repeated until a
single effective property has been calculated (King et
al, 1993). The renormalization transformation is by no
means unique and many different renormalization
schemes have been proposed, some inspired by an
analogy between flow in porous media, percolation
processes and the flow of currents through resistors
(King, 1989) (M.Babaei, 2013).

K=f(K1,K2,K3,K4) (14)
— (2(K1+K3)(K3+K4) (K12 +K34)) (15)
3(K1+K3)(K2+K4)+%(K1+K2+K3+K4)(K12+K34)
Where
Ki, K5, K3, K,:  Absolute  permeabilities of four

constituent fine cells
K;,, K34: Harmonic means of permeabilities of the cells
with the given subscripts

Absolute Permeability Range (MDarcy): 5-100 Absolute Permeability Range (MDarcy): 40-60

Dimension: [40 X 40 X 3] Dimension: [12 X 12 X 3]

Figure 13: Implementation the Procedure of Upscaling
For Absolute Permeability (Static Model)[12 X 12 X 3]

We should avoid defining too large coarse cells in order
to encompass wide relative permeability variations
between different rock types.

5.3 Pseudo-Function Generation

For single phase flow, permeability is assumed to be a
rock property and independent of the fluids present.
This is only true in the case where the rock is
completely saturated with a specific fluid. In the case
where two fluids are present, it is necessary to define
phase specific permeabilities which are defined as the
product of the absolute permeability of the rock and a
function of saturation of the phase considered
(M.Babaei, 2013):

K = KK;(S)) (16)
Where

l: Phase

K,;: Permeability of phase [

K: Rock permeability

Relative permeabilities are functions of saturation,
implying that in the presence of more than one phase
in the rock, an equation for saturation will also be
needed. Assuming that a generalization of Darcy’s law
to multiphase flow is valid (Bear, 1972), we need to
formulate equations for the flow of each phase [ using
relative permeabilities (M.Babaei, 2013):

_ KKri(S1)

vV, = ” (Vo + pgVz) (17)
Where

V: Volumetric flow

p: Pressure

g: Gravitational Force
z: Spatial coordinate

A common approach is to use an averaging technique
to generate relative permeability curves similar to
global-local upscaling. For instance, for calculating an
upscaled mobility of phase [, denoted by 4; , a fine scale
global solution, provides the flow rate between the grid
blocks. To match the phase flow rates between coarse
grid blocks E; and E; in x direction the following must
hold:

TR (e = 1, (18)
Substituting in Darcy’s law for multiphase flow:
— TR (VD) = —(T*;(S) VD) (19)

Where
t: Fine transmissibility
T*: Coarse transmissibility

The upscaling for transmissibilities is achieved as a
simple average. Between the centers of two
neighboring coarse cells,
TRANX. (Coarse Transmissibility in X —
direction)is obtained from a harmonic average of
TRANX;(Fine transmissibility in X — direction)in
the X-direction and by summing in the Y and Z
directions so that:

1

TRANX, =¥, Yk (20)

1
Zi|TRanx f]

5.4 Volume Average Equations
The pore volume of a refined global cell may differ

from the sum of the pore volumes of the local cells
which it contains, either because the local porosities
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and net-to-gross ratios differ from the values for the
host cell or because of discrepancies in geometry. After
computing the local pore volumes, replaced the pore
volume of the host cell with the sum of the refined pore
volumes.

c: Coarse
f: Fine
PV: Pore Volume

PV, =X¢PV; (21)

6. Test Cases

In this section, different cases like diagonal and 5-spot
well pattern and a fractured reservoir are presented to
test the inspired by nature upscaling approach.

6.1 Reservoir with one injection and production well
(Diagonal Pattern)

The first case in this study corresponds to a 3D case
with a fine mesh composed of 40 by 40, 4800 cells with
three layers and a coarse mesh of 12 by 12 cells. The
range of permeability field is a distribution of high and
a low values, 100 and 5 md (For fine model),
respectively and for upscaled model 60 and 40 md. The
porosity is constant and equal to 0.3. Water is injected
at one corner of the model at a rate of 200 STB/day,
and the fluid is produced at the opposite corner. The
concentration of polymer in the injection stream for
injection well is 50 1b/STB. Simulation Duration, 1700
days.

Figure 14: Upscaled View of the Reservoir with one
Injection and Production Well

6.2 5-Spot Pattern

The second case in this study corresponds to a 3D case
with a fine mesh composed of 40 by 40 , 4800 cells
with three layers and a coarse mesh of 16 by 16 cells .
The range of permeability field is a distribution of high
and a low values, 100 and 5 md (For fine model),
respectively and for upscaled model 60 and 40 md. The
porosity is constant and equal to 0.3. Water is injected
at four corners of the model at a rate of 200 STB/day
for each injection well, and the fluid is produced at the
center of model. The concentration of polymer in the
injection stream for each injection well is 50 1b/STB.
Simulation Duration, 1700 days.

Figure 15: Upscaled View of the Reservoir in 5-Spot
Pattern

7. Numerical Results

In this section we investigated the result of algorithm
defined previous .The different scenarios defined as
below:

=  Fine Model: Fine and heterogeneous model with 3
layers and 4800 cells.

= UPIN: A multiphase upscaling method which
inspired by Earth’s grid and able to identify places
with high permeability based on the behavior of
flow lines (frontsim) and perform in each layer in
vertical direction.

= UPIN(CW),UPIN(RW): In order to enhance
resolution around significant regions in different
geometries (Cartesian and Radial) these scenarios
defined.

NX: Number of refined cells along the X-direction: 3
NY: Number of refined cells along the Y-direction: 3
NZ: Number of refined cells along the Z-direction: 3

1/

Figure 16: Local Grid Refinement (LGR) around the
Production Wellbore in Cartesian Coordinate,
UPIN(CW), Increasing the Resolution around the
Production Well For Diagonal Pattern

NX: Number of refined cells along the X-direction: 3
/ NY: Number of refined cells along the Y-direction: 3
NZ: Number of refined cells along the Z-direction: 3

Figure 17: Local Grid Refinement (LGR) around the
Production Wellbore in Cartesian Coordinate,
UPIN(CW), Increasing the Resolution around the
Production Well For Diagonal Pattern For 5-Spot
Pattern

NR: Number of radial divisions in the refined grid: §
NTHETA: Number of angular segments in the refined grid: 4

/ NZ: Number of vertical divisions in the refined grid: 3

Figure 18: Local Grid Refinement (LGR) around the
Production Wellbore in Radial Coordinate (Hybrid
Grid), UPIN (RW), Increasing the Resolution around the
Production Well For Diagonal Pattern
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NR: Number of radial divisions in the refined gnd: 8 0.045
/ 'NTHETA: Number of angular segments in the refined grid: 4 0.04
= 'NZ: Number of vertical divisions in the refined gnid: 3 0.035
- 0.03
S o025
‘ ';:: 0.02 —e—Fine
= 0.015 of —&— UPIN
. . . 0.01 == UPIN(CW)
Figure 19: Local Grid Refinement (LGR) around the oo0s ;,fi‘/ S
Production Wellbore in Radial Coordinate (Hybrid O s e mo awo woe 0o e amo
Grid), UPIN (RW), Increasing the Resolution around the [
Production Well For 5-Spot Pattern
Figure 23: Water Cut
First of all need to choose the solver method (Fully
Implicit or IMPES) for fine model and choose one of T T o
them base on minimum elapse time, in three different g o0
e
cases we investigated fully implicit was faster enough g 1506408
in compare with IMPES method therefore, we selected 2 1 ooecs
fully implicit as our solver method. 2 e
= Fullyimplicit = IMPES e 1 ae  ww e ww e w0 e
56 85 TIME (DAY)
80 76 = |
= | e — E-— 3 . .
B9 = 0 Bl Figure 24: Polymer Adsorption Total
30 55 e _ .
o 50 B —= = ——
E 46 —_— — —— 7008405
E F = I . 6.00E+05
g 30 = I—— | == = g ¥
& 20 % E % — g’SDOE‘OS . ¢
< = === _ - 2 400605 ol
= = o 5 :
0 E =l - = _— E 3.00E+05 flx —e—Fine
Diagonal 5-Spot § ; \ J —&— UPIN
% oo E#F —a— UPIN(CW)
1.00E+05 ‘:‘;?m UPIN(RW)
Figure 20. Elapsed Time for Fine Model in TWO ooore o 200 400 600 800 1000 1200 1400 1600 1800
TIME(DAYS)
Different Methods

Figure 25: Oil Production Total

7.1 Reservoir with one injection and production well
(Diagonal Pattern) 7.2 5-Spot Pattern

g
g

T
z 20 g ®
!— v
v 60 Ew
£ 40 2 40
2 o
a
- . m E B
, [ [ [ ] ;
Fine UPIN UPIN(CW) UPIN(RW) Fine UPN UPIN(CW) UPIN(RW)
Figure 21: CPU Time Figure 26: CPU Time
4500 —e—Fina 4500 -
_ 4000 .;:,. —m—UPIN 4000 {j".,‘_ —=— UPIN
3 3500 | —a—UPINICW) Z 3500 > —a— UPIN(CW)
g 3000 "‘).‘ UPIN(RW) ;;:‘7 3000 UPIN(RW)
& 2s00 3 2500
E £
E. \‘*N_._k 2 Jooo o
i= o
< 1500 o 2 E 1500
2 1000 h b - £ 1000
N
500 500
[ o
o 200 400 600 800 1000 1200 1400 1600 1800 o 200 400 600 800 1000 1200 1400 1600 1800
TIME (DAY) TIME (DAYS)
Figure 22: Reservoir Pressure Figure 27: Reservoir Pressure
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Table 7: Water Cut (Percentage Error)

02 UPIN UPIN(CW) UPIN(RW)
S 02 :/ Reservoir with
g o1 r s s one injection and 11.76% 10% 15.15%
s v —m—UPIN Production Well
. =2 / UPIN(CW) 5-Sp0t 7.71% 7.81% 7.23%
) I = UPIN(RW)
o 200 400 600 800 1000 1200 1400 1600 1800 Table 8: Polymer Adsorption Total (Percentage Error)
TIME (DAYS)
UPIN UPIN(CW) UPIN(RW)
Figure 28: Water Cut Reservoir with
one injection and 0.85% 0.91% 1.2%
9.00E406 Production Well
= 8004065 R e S S 5-Spot 0.46% 0.08% 0.6%
E: 7 D0E+06 [~ A
(=] [ . .
g Soomoe r Table 9: Oil Production Total (Percentage Error)
£ 5.00E+06 i —e—Fine
§ 4.00E+06 / = UPIN
; sooer0s UPIN(CW) UPIN UPIN(CW) UPIN(RW)
= 2.00E+06 "1 UPIN(RW) - -
3 ::“I ':K‘ ) Reser_‘vc.:nrt\{wth
! one injection
0.006+00 | . 0.28% 0.47% 2%
oo o] 200 400 600 800 1000 1200 1400 1600 1800 and PrOdUCtlon ° ° ’
TIME (DAYS) Well
5-Spot 2.47% 2.09% 3.69%
Figure 29: Polymer Adsorption Total 8. Summery of Results
e - Around the production well because of the high volume
1.40E+06 f . . . . e
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