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Abstract: Micro—nano water—gas dispersion system (MNWDS) flooding is a novel enhanced oil recovery technique. By injecting gas—water
dispersed phases at the micro — nano scale, it can enter smaller pore spaces, thereby expanding the swept volume and effectively improving
recovery efficiency. At present, field tests of this method have been conducted in the Wuliwan Chang 6 pilot area. When using numerical
simulation to predict oil production after MNWDS flooding, multiple parameters such as bubble size, gas—liquid ratio, and fluid properties, as
well as complex gas-liquid interactions, must be considered. This process is complex and time—consuming, making it difficult to rapidly
simulate oil production after MNWDS injection. This study aims to accurately predict the oil production of wells after MNWDS injection.
Based on actual production data from the test area and geological model parameters, an artificial neural network (ANN) algorithm was
employed to establish a production prediction model for MNWDS flooding. The model used oil production, water cut, permeability, injected
MNWDS volume, waterflooding reserves, porosity, and effective thickness of wells before MNWDS injection in the test area as input

parameters, and used the oil production over the 12 months after flooding as the output parameter to construct the training sample set.
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K-means clustering analysis was performed on the sample set to remove invalid samples, and a training set of 59 samples was finally

obtained. During model training, an optimization algorithm was introduced to automatically adjust model parameters, which significantly

improved prediction accuracy on the test set. Based on this model, oil production was predicted for 21 well groups scheduled to undergo

MNWDS flooding. Comparisons with numerical simulation results indicated an agreement rate of up to 95%, verifying the accuracy of this

model. The model provides a new approach for oil production prediction of MNWDS flooding.

Keywords: micro—nano water—gas dispersion system flooding; machine learning; K-means clustering analysis; artificial neural network;

Levenberg—Marquardt algorithm

BB W KB B R AR bk L 3 2R B .
TR R B AIG A B A S22 OB 1 SRR (AL 58 T K T
D7 AR i SRR v T R PR Ry X
SO, 22 E TR T RIK KRR IR ST Kk
AR IR —E R R TORMCR , (H L WL HEAT
FEAE AR E I ] 011,

AR, TN KK 43 HUAR 3 3K (MNWDS ) 3 15 4
REL T ZHF T P HUS T EZ IR, (L5 BT
T RS 0 G O R S 3 46 14 7K BRI BT i IR S
BRI T A IO 3% il RS B ) A A T R, AT £
T R ML 5 AR B A TV ST T LA AR AN T N
B YK S BUR R PEREPEAN 73k U T RO 9t
AR R 5 i i S g R AT ROR TR R AR B
B AR P TR SRR AR B X R R AR AR . X
SERIF Y Ay RN K K R4 WO 22 BRI R 1 o FH 44 T
PRI LA

25 PN ST 9T 45 R R IO B K OK R B &R
IRl ok Z LA BB AR = T LB R 3 B T
T, 3K T B AR, I B T T ORI AOR
HH AL G0 A IR K BR800k 2R T R k2750, nl
AR o ARG EAT 5 9 43w A
SEME BENS 155 2O RIBE S FLBR A [, T8 Wi e <R )
=X o o o N I S = B g s = A 35
A

FI I, S oK K o3 SO 3R 9K 2 AR B T LT
K 6 M R K, 16 4 F- 41 82% Ay ith 48 7= 4k
R E AR R R RIBCRE ). bR
T 5 BT 45 2R 25 5 2R 1K 90% , (RAL G4l
B AP AR AR i FER K A5 ) T, HL 75 2% R
W RST RRLL MAE J 55 22 S 800U 2 2= SRR AR
FH X LR 3 22 TR B ShZS H 5 5K

Shy g ke 3R ) SR N T2 45 (ANN)
A A AR AL G ANN BSERIZE H R T
My AT EL A (R FER AN KA SR R 3K T AR 9T
W AT T B A 2212934 ANN B0 A f H i i -3
FIRNE R AR L VLA FRED, BE NS P A HE £ 2 50
A, B S B 22 FR B0 AT R AROUL RUBE O, R i i oK
KR R IR AP TR TR 3T 1613041

(4 Bl AR AR 7R , ANN A2 53 dof 27 o] B3 2o it v 1 77 i
AR S, AT A S A KK A R T
NJE AR Gl S SRR A i e
08 SRy S )77 T AR A B mT HE S HR

IR TP N S 2 LS R %)
PR

1.1 KRS BUE RIRHLIE

TN A K S AR FR o 1 R K AU R
RZ . Horp KSR, S LU i 2003 e
A BN o m a3 3 7K 5 H B L e g3 15 2K T
VA ROAEE LT, 3 ) R LA RE i, AT o 2
FETHIEE R K SRR

(O Jmew [ am I =e AR

K1 AR R R s A
Fig. 1 Schematic of MNWDS flooding
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Fig. 2 Comparative analysis of actual and numerically simulated

daily oil production for 16 well groups in Wuliwan Chang 6

reservoir pilot test area of Changqing oilfield
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Fig. 3 Changes in prediction curves before and after MNWDS
injection in Wuliwan Chang 6 reservoir test area of Changqing

oilfield
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Table 1 Input and output parameters used for model training
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Fig. 5 Schematic of ANN model architecture
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Table 6 Comparison of model performance indicators
before and after optimization
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Fig. 7  Monthly oil production prediction results of ANN model on

training and test sets
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