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Research Subject: Global energy demand is increasing, so enhanced oil
recovery techniques have incorporated in production processes. Wa-
ter flooding is a common technique in oil recovery processes. One of
the major challenges in this technique is heterogeneity of the reservoir
structure which results in increased water production and reduction of
oil recovery factor. Moreover, long-term water flooding or using chem-
icals in this process may lead to the increased horizontal and vertical
heterogeneities in the reservoir. Selective blocking of high permeabili-
ty areas and consequently improved production from low permeability
regions is important for increasing oil production from reservoir. In re-
cent years, using hydrogels in injection processes, has been associated
with various field successes, indicating the ability of these materials for
selectively blocking the areas of high permeability and fractures. Hydro-
gels are injected after water or polymer flooding to conduct the injected
fluid to low permeability areas.

Research Approach: In this paper, hydrogel injection process was
simulated in glass micromodels using Comsol Multiphysics software.
Hydrogels functionality was studied in low permeability areas in the
reservoir. Moreover, water flooding process which is performed before
gel injection was studied and optimized conditions of this process were
obtained based on the effective parameters on this process. For this pur-
pose, after model validation, sensitivity analysis was performed on the
effective parameters on oil recovery factor and a mathematical model
was presented to predict the oil recovery factor.

Main Results: Oil recovery factors obtained from experimental and
simulation studies, were in good agreement with each other with abso-
lute error values of 2.29% and 4.06%, for water injection and gel flood-
ing, respectively. Effects of multiple parameters were studied in water
flooding process, including injection rate, contact angle, and viscosity.
Using ANOVA analysis, statistical models for calculating the oil recovery
factor were proposed, which were in good agreement with the modeling
results. The model parameters for hydrogel injection process were also
reported.
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Figure 1. Schematic representation of micromodel used in hydrogel injection process by Jamali et al [10]
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Table 1. Information about micromodel used in the experiment

micromodel dimension(cm) | porosity (%) | pores approximate | Throat approximate
diameter (um) diameter (um)
high porosity layer 1*2 62 700 200
low porosity layer 1*2 50 480 150
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Figure 2. Results of water flooding in micromodel[13] (a) experimental and modeling (b)
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Table 2. Comparison of results of two phase modeling and experimental injection

high permeability | low permeability total
layer layer
Experimental recovery 51.46 0 31.84
factor (%)
Simulation recovery factor 52.63 0 32.57
(%)
Error % 2.29 0 2.29
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Table 3. Effect of mesh size on the modeling results

t/tormal Error % So @ break throat time | mesh density Mesh size
57.0 8.52 34.55 94184 Coarser
0.66 5.15 33.48 107866 Coarse
1 2.29 32.57 122420 Normal
1.36 1.51 33.32 150549 Fine
1.79 1.16 32.21 174938 Finer
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Figure 3.0il recovery factor at different contact angles
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Figure 4. Sweep pattern in optimum contact angle (25.7)
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Figure 5. Pressure drop across micromodel in different contact angles

Q ok - o e ) sl Ao (sl Ay G Shpg (oole aolidlad


https://arcpe.modares.ac.ir/article-38-51083-en.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-03 ]

w3 S50 G0y anld sleand

Jb— 9,515 5 i (59,515 (bed agly (35
Sk e pe e sl el lye ()5
sl el b g Lo sl )l ol asas a s )3 la o
J—dos mls e85 &9 Design Expert |y _8ls 3
S8 e g Joo (SuSTy ke a S ANOVA (L g
Pl lade .l oas all)F Joaz jo ol
Ol A= s sacas i a S cwl oo e ) S
Sl Plaieas Sjse jo.cul Joo oYL L
3 oo iyl Jae cail o100 51 =S Lol 5l S e

ol ool a1 O Jgom jo Lo il )l

®

RF= AT + Bq + CO + D, + Ep + FTq + GTO + HTy,
+ T, + KqO+ Lau, + Mqu, .+ NOu, + 00u + Pup + Z

Silbwde mmls L amlie 5o Joe (i ¥ S5

L L) SR RLE R EN
L G R e I R
...........0..........-..C

G153 €5 T-T-F
s = 9505 S9rw eGP Em il A o
sl Ul 5l e sl Jb— Jmles g 00, S ale
ooy s 5l (5500 S mhans 50 (B ity g Sgliie
cemin o ;0 4y < B8b5b o 0l o i38l
Jh G5 0 Sl YV 7 Jolao g Vo /0X) + 7
oy 3,50 alold a gy Jacae ol 5lea S Ll
W ol a5 je blea o8l aalez ialS sl sl
93 S9=lS Cad d Ally 5, SIS o b Kl
G5 e ol ol ) S g Sl
O il ey 51 p0 gead iy S e
Jh— 5 95300 ;IS8 é Sl )bz 5,515
FUEIRLY Lr%l) °‘-\—~f~.’%’9)l-.> Oy g—ody |) Lro.bl.uo er)))
JUGHDWRSNE )| Fipp~ NI SRR RN St | PR A | L KVE-#1 IR
el 3l Gm,yP =0 4S5 oy 0,05 o0 053 4 g
F o i GaalS L s b o 1S Y/Ox) -7 min

e 1‘!*9’_!‘..%“1,0'0 e
MR NI
jesr sleleieteletelsd
SR

oo e e
R IR IR IS
S S
W a3 eSS
I

+/+++¥d ccmin b)g/--+Y comin @ &,5 5,0 oyl £ UK
Figure 6. Sweep pattern for a) 0.0002 cc/min and b) 0.00035 cc/min
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Table 4. ANOVA analysis of variance to determine oil recovery factor in water flooding

sum of dF Mean of the F value P value
square square error
Model 51.95 5 10.39 1020 <0.00001
Residuals 26.47 26 1.02
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Table 5. Coefficients of the proposed model using design expert

Coefficient Parameter Coefficient Parameter Coefficient Parameter
A 0.12 G 0.016 M 1.77
B 3.52 H -0.0015 N 6.7
C -10.24 ] -0.00343 0 1.32
D -9.65 K 6.6 P -0.45
I8 5.34 L 0.73 Z 37.7
F -0.009687
a0
B
§ -

41 L] 80

Actual
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Figure 7. Anova actual and predicted result
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Figure 8. Results of hydrogel flooding in micromodel a) experimental and modeling (b)
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Table6. Laboratory and modelling recovery factors

High Permeable | Low permeable Total
Lab recovery 87.54 13.79 57.05
factor
Model recovery 84.02 13.22 53.99
factor
Error, % 4.02 413 4.06
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Figure 9. Recovery factor during hydrogel flooding
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