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Research on gel-inorganic particle synergistic damming method for water control and oil

enhancement in fracture—cavity reservoirs
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Materials and Technology, Almaty 050000, Kazakhstan)

Abstract: To address the challenge of rapid bottom water breakthrough along fractures during water injection in fracture—cavity reservoirs,
which makes “attic oil” difficult to recover effectively, a strategy of “gel—inorganic particle synergy damming for water control and oil
enhancement” was proposed. The method constructed a stable dam with specific height and slope in near—wellbore cavities through the
synergistic effects of gel plugging of channeling paths and vertical stacking of inorganic particles, raising the overflow point to divert bottom
water, thereby expanding the water flooding sweep volume and mobilizing the remaining oil at the top. Based on field well cases and actual
geological models, a large—scale visual physical model of fracture—cavity reservoir was established. Equivalent plugging agents and injection—
production parameters were designed using similarity principles to simulate the in-reservoir damming process. The migration and distribution
patterns of plugging agents under different injection modes were investigated, and the effects of plugging agent combination, slug number, total
agent volume, agent ratio, injection rate, and cavity filling degree on dam morphology and performance of water control and oil enhancement
were analyzed. Finally, based on back propagation (BP) neural network, a model was established to predict damming height and performance of

enhanced oil recovery (EOR). The experimental results demonstrated that: (1) the gel-inorganic particle synergistic damming could effectively
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mobilize the top remaining oil in cavities, increasing recovery by 14.4% with significant water control and oil enhancement performance.
(2) Plugging agent combinations directly determined dam morphology and height, while injection parameters significantly influenced the
migration patterns of plugging agents, thereby affecting the performance of water control and oil enhancement. (3) After sufficient training, the
BP neural network—based model successfully predicted dam height and EOR under different injection modes, with root mean square errors of
22.24 and 2.92, respectively. The study reveals the mechanisms of synergistic damming, clarifies directions for process parameter optimization,
and provides new insights and effective methods for enhancing oil recovery in the later stages of water injection in fracture—cavity reservoirs.

Keywords: fracture—cavity reservoir; attic oil; damming for water control and oil enhancement; gel; inorganic particles; enhanced oil recovery
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Fig. 1 Schematic diagram of in—reservoir damming for water

control
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Fig. 3 Dimensions, 3D view, and photo of equivalent visual physical model
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Table 1 Physical properties of equivalent plugging agents
iES W E/(glem®) FhE QRUZ 25 °C)/(mPa-s) HAS BB I 1] /h TR IE61 A 5 A2k 2350 %
W BEIE 1.14 500 1~3(JR £ 130 °C) H 4
SR A BRI 1.10 506 4~6(IRJE 40 °C) H 4
T 1.14 30~35 20
S A TEHLORE 1.16 60 20
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Fig. 4 Equivalent plugging agent system used in laboratory simulation
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Table 3 Actual reservoir parameters and physical model parameters
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= MPa (g/em?) (g/em®) B/ (glem®) - m (mPa-s) (mPa-s) (mL/min) %
LBRHISEL 2.00~20.00  0.8~1.0 1.14 1.14 200.0~600.0 500 30~35 30 000~60 000 3.0~20.0
YHEBISE 0.01~0.10 0.9 1.10 1.16 0.3~0.4 506 60 0.78~1.30  2.0~3.0
x4 SEBEURE
Table 4 Parameter similarity coefficients
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Fig. 5 Experimental process of in—reservoir damming for water plugging
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Table 5 Experimental schemes

BOPTE S W% RS 2 S8
1 BRI
2 BRI A A o —TEHUIBURLE ) BEICFE 500 mPa-s, B 1.14 g/em®, TTHUBURI R 60 mPa-s, % 1.16 g/em’
3 B+ TCALUR A
4 TR
5 BLEHUR —RE HUFERE 60% , 357 S 0.2 PV, 7 A 0.8 cm®/min, BEAES ICHLUBR N 1:2
6 UEE
7 0.1 PV
8 o 0.2 PV - o R .
0 b nlREN 03PV T 60% , —BEJE, 11 AUE 0.8 em®/min, B 5 TEHUFRLLL K 1:2
10 0.4 PV
11 BEIE S TR FE 122
12 IR H ) BEE S AR 16 HUFEIE 60% , 355 M 0.2 PV, —BE%E, TEABUY 0.8 em®/min
13 BERE S TCHUIORE EE 1210
14 0.8 ¢cm*/min
15 A 1.0 em*/min HIFTE 60% , 367 B 0.2 PV, By 2 B 5 CHUBR L 1:2
16 1.2 em*/min
17 KT
18 I R WA 30% R 0.2 PV, TBEIE TEAGEFE 0.8 om®/min, BEIE -5 TCAHLBURL H A 1:2
19 W 60%
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Fig. 6 Dam morphology and water—oil contact after secondary

bottom—water drive under different plugging agent combination

modes
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Fig. 7 Dam morphology and water—oil contact after secondary

bottom—water drive with different slug numbers
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Fig. 8 Dam morphology and water—oil contact after secondary

bottom—water drive with different total plugging agent volumes
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Table 6 Damming heights and enhanced oil recovery amplitudes under different schemes

BHES WA W 241 A 55 BE /mm PRERICR %
1 B BRI 52.9 0.8
2 B A MR 20.4 3.2
3 BERA+ MR & 36.6 14.4
4 ZBE 58.5 14.4
5 BrIERURE =B 57.0 11.1
6 USEE 53.3 10.3
7 0.1 PV 49.0 4.0
8 \ 0.2 PV 58.5 144
9 HRA 03PV 59.5 16.1

10 0.4 PV 63.7 13.2
11 BEE S ICHLURL L 1:2 58.5 14.4
12 i) B S ML LA 126 56.8 6.4
13 B S TEHUBURLLE H7 110 56.2 5.8
14 0.8 cm*/min 69.1 11.0
15 A 1.0 em*/min 61.0 5.6
16 1.2 em®/min 69.5 9.3
17 TR 47.0 15.5
18 P BT R WA 30% 36.6 12.5
19 HIFEE 60% 533 14.4
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B9 AN[RIHE IR L 51 By SIUPAHE 28580 — U /K Bk it 7K 5 T
Fig. 9 Dam morphology and water—oil contact after secondary

bottom—water drive at different plugging agent ratios

A b v
HEa HIPRIBE GEAUE K 0.8 em’/min) ;b S — YR K YK i 7K
ST (A AR 0.8 em®/min) 5 ¢ K3UATE A (FE AN 1.0 em™/min) ;
d 2 TR K IR K S (A EE 7 1.0 em’/min) 5 e S UK TE &
(IE AL 1.2 em™min) 5 £ Z WG K B K A4 T (i A 5
1.2 em¥/min) o
10 AN A T BE B IUARTE 250 — YIS 7K 9K 7K S T
Fig. 10 Dam morphology and water—oil contact after secondary

bottom—water drive at different injection rates



182 BRI, A5 AR R 2 i ECRE K~ TC LUK I [R] SR K G b 7 IR AT

2026 4F
e 1

BT LA, P ARG AR 0.8 em™/min,
B O 3 TR0 5 T A UL 8 v G M O 1 e, b SR T A
HRRE I PR S ORISR A (7]

2.6 RIFIEFEREENFU R0

S 17—19 %58 T R e R B X 7 e A LA
A KRR A R (& 11) o SE50 17 38R OIS, 32
55 18 IR TE I N 30%, S50 19 RSB J 60%. 1
HIFLFET , BEIE SEAE VAR 2 B Y A - My B 1) il Jre , L
BAETE SR T UUBUEE R I, A 4 47.0 mm,
ST R 30% I, SELAD o0 B 1 2448 3 BT , B e s
I T, B 5 7R A R T A . TOHLORI VA
I 5 LD 58 B TE B i MR L R 5 1E SR sE 4 (] Y HE
PO S R S 36.6 mm., SELFERE K 60% I, SHb
o BE R 244 2 IR, TR AEBEI I 7RG S N T
Z AL T I B ) 3 2 1) IR, IUUIR v B A v A 3
53.3 mm, SR SR B8 15 R b A0LAAR o N 15.5% BRI &
12.5%, XHINZE 14.4%(F 6) o Bl 38070 B2 (9 384 i, 6 A
AN ICHLIIRE 22 [ ) IR IR VR FH 2 T 16 5, S [R)J% H in&
SE AR ZE K, AT 5 Sk DR S5 TR AR Sl 6 ] 1% S 7k 3 Y

[ R

T s a A WUATEZS G JCHTE ) b o R K SRkl K St i (75 A I8
HFE) 5 ¢ I IUATE ZS (TR BLFE E 30%) 5 d i — WU K SRt K A (G
THITERE 30%) 5 e A IATEZS (R SELTEIE 60% ) 5 £ 5 R K Bk il 7k
S (AR A 7R EE 60% ) -

B 11 AN [R) TR A e AR B 8 3 T 285 R0 — RS 7K K 3 7Kk S T

Fig. 11 Dam morphology and water—oil contact after secondary

bottom—water drive at different cavity filling degrees

2.7 E-T BP £ R 2% 59 H S B AN SR R TR B

ARG W58 25 2R | B I~ TC AL UKL B [7) SR80 43 7K 4 2%
AT AR it TR 2o Pl R Z S 30U e 2 R
WA AR IS N 8 PR A T o) 1 SRR K 3 b 7 SR AL BAT
FEIEFE X, RIEH (Back Propagation , f&j #% BP) #i
25 [0 245 2 oz A5 22 300 ) A R SAVE I 2 22 J2 i o 22
W2 2 H RN T i) 2 IR 2 2 2 — 2172 Bp gzt
P02 H i A2 B J2 A Hh R A B2 A — e B
IR ZETT , 25 )2 2870 2 1) 1 3 AR e, A R/ N
RS =y ATl N Pt EESIH AL Y

Bt i = i e 2 2P

0. =f1(Dw;x)-b,] (1)

Y, :f[(zwijl)_ck] (2)
QY 23031 g I B2 i R i 2 i R s R B
T 2= R 22 B4 i PR oo, R i AT B S Z AU 5
w,, 1 R B i 2 AU 5 v, Ry 1 22 T 285 140 i A (L5 0,
h BRI B AP 28 T 8 Ml 0 s o, S HR 258 B P
JUHY i (L
Sh TN B JE ~ TS ML R B3 [+) S70 3045 K M RO DU
B g MR A SRR O T AR R S T
JE BERC R B BRI RE T HL IO 2 BE K TC RO 2 B
9 MNEEAE i A S B, LT BP Bl 28 00 265 A5 A 1 0 30144
o B I R RSO AR o A BP A 28 [0 £ A5 280 301
I e B AR AT R A AL B ) 2 2 AR
I8 08 T SCRN B 2% AN AH R, B o Al Ak 2 AT DLV BRAS TR
et XA ALY R A 5200, DT A5 2% A RRAE AR AL Hh i
% 7% 7 b SR E B . SR ] Min—Max 5 —f0 31 25 4
W A RAE S 2 0~1, HpR ik =L (3) s

x* - X ~ Xmin (3)
X - X

APt 05 BE ;R I R R 5, T, 5300
AR bR B B R A AR /M

K FH PS8 R IE XA S E HEATI0. PAE 4
KL —FH TS B R 55 2 R 0y i, H R 3
SRR B SR B — G Y AR — e 1A
AR U R Ty ] A AR AE B A, T 1% 7 T RE Y e
S G B IS 5, RIS -3 I A IO A% 0 152 22 i
INBEALSE A BRI SRS R 7 TR .

YIRS : OB AR 5 T LA o A A —
e 1 i BOE ATV — AR AL B QORGREAR S 8: 2 1 LLAF]
K153 RN ZRFE AR ; @2 M B 7 51l 255
B B PR FE A E i A B , U b2 09
2% AN ZEA S B0 E P 2R E N 4, A Z 2ot



2026 4F

Bl 1 TR, A5 AR R A EORE - TC A LMURL P R] SR K 3 b 5 TR E 183

*x7 BPHERNKZEIESHMLER
Table7 Hyperparameter optimization results of BP neural
network model
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