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Fig.7 Sensitivity analysis of coordination number
(a) E/KWAERER 0.1; (b) E/KUWABEREN 0.5 (c) E/KWRIEEREN 0.9; (d) BLALEON I 22 HURBE KR b #a 5

K6 (d) M7 (d) P Reos 1l 5 FLIE RIS AL A0 ) ~F- 2 BEURK P i P e Z2 AR AL R 3. IR AUk
FEFOR I FALBR L S FLRR I S AEA G, T S SR R IR W O A 50 55 FLIR B SR A ORI Z2 21 T
Tl A& LB R R RO ALK, BURFES W RAE N, RUIEIX 26T, X LESHonrFLIBE L AR 5 0 2
Fo IXELgh R BIG FRALRREE . OO EOR S K AT BE X A A W B AL ) s LA S A, ELAE w7
ZEFAFT, R ERABURIE . Z T 1A A BRI A B, O IE SO R A R 2
FARAL T BB SR

24 REGRSHH

241 R EHS KN LI E

N T VPG AT FE 3 H 1R 58 M5 5 o LS B A4 X 4% 110 5 22 2 B80T 5 iR AE e S 25000 Hh 1)
PERE, LLE T 3RO SR TR 5 S A W EL(E A2 X 4 1) 1E SR IBE A AR L S5 P S T AR )
PR N 2% SRR, DL RAAE R A A B E A R e A A A . TE A B A BE R T & 45 7
TR - E AR I 3 BANHEL PR T T L, NEEE 78 AR IEE O Y R T 200, Sl
TALBREE . 7K RRD BE AN I 225 2 SRS T . AHEIT S, P40 190 28 S BB AR SRt T4 Bk Bl 1)
SRR, PRI 7K R R B ) S B B AR AR, a2 B S K B AN BEEAT T o Ak, PRIsR e
AP R RR, TV AL T LR B B W — S B S 22 . T T, A A A AL
BT IR AR HOZ SRR R, BRI IR WAE A [R5 K RN B A A R B FLBR a3, (H 220 1 I - s
BT P ARFAE,  ELH T8 = S K R BB M DL RN R B R RS i I FLBR FE T, AT BR | 7 HAE &
PN Y= L NPV S

Kl 8 21 10 7R 7 =7 AL =50 W b i 4 Bepini g 2, Horb ok 6 ith 4 AR AL AE 500 {7 T
e % P T PPAk FO00 AN i 1 T 4L £ R 2R 2 s 500 (R TITIN )~ A0 4E o W EE 25 A T W 45 ST I,
IEREBCER () ERKEXIRIERE 8. K 9 FIE 10 b B 28 T X B #4848 [ B A (b)) [,
F W I SR I S R AE Rl P AL R AR AR I DS, R Ve S

X & ENSER, EE—FW (B 8) F, HillI A 7E 2795~2805m JBt, 148 I 45 [ i A 2\
BRSO B BALBREE I Z VB, R e 78 7 4 i FL R B I AR Ak 1T E S s Bk A B Y A
TREFMZ X 2 AR 2R ML B D RO Rt |, i 51 NE AR A ST AR IR S, SCB T S Y HERA 1Y R B 4
&, JFIERR T BINATE . B REN (B9 o, BIF B 7 2920~2936m HEL, LML i
BLAY B2 UBkER HARR E T &5 5%, 1 1 OB G BRI ORds T R0E . FRE KX, SR IS



X R A B K A F Vol.x

FebE. 55 =5 (& 10) &, HHE C 7F 2830~2845m FfEE, 145 R 48 S v A 700 ) = &b LB B I AR
T X LA 5 7 P Z AR A AT, MILLZ R, IE OB S A NE 3  oa ROF E 7 s, ff
PS5 R 5 G AT SR A PR A

B8 I AT RN
Fig.8 Comparison of prediction results for Well A
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Fig.15 Distribution of critical porosity and coordination number across wells
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Fig.16 Rock physics consistency validation of multi-parameter joint inversion
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Probabilistic rock physics-informed neural network for multi-parameter

well log inversion
GAO Yining', XU Zhaohui', TIAN Miao?, XU Huaimin'

(1.College of Geosciences, China University of Petroleum Beijing, Beijing, 102249, China;
2.State Key Laboratory of Shale Oil and Gas Enrichment Mechanisms and Effective Development, Beijing, 102206, China)

Abstract: Accurate prediction of reservoir petrophysical properties is essential for reservoir evaluation and production
decision-making. Traditional rock physics models and statistical methods provide physical interpretability but are limited
by the high cost and scarcity of experimental data. In comparison, deep learning techniques can effectively model
complex nonlinear relationships but lack physical constraints. To address these challenges, we propose a probabilistic
rock physics-informed neural network for well log inversion. This approach innovatively integrates knowledge-driven
rock physics forward models with data-driven deep neural networks and incorporates a Bayesian neural network to
estimate the probability distributions of rock physics hyperparameters. This framework enables the joint prediction of
porosity, water saturation, and acoustic, while quantifying prediction uncertainty. Experimental results indicate that
parameters such as critical porosity and coordination number exhibit complex influence mechanisms on rock physics
models. Under high acoustic conditions, these parameters show heightened sensitivity and exert more pronounced impacts
on the predictions. Compared to traditional deep learning methods, the proposed method enhances model robustness in
scenarios with limited data quality or quantity by integrating rock physics constraints, provides multi-parameter
predictions consistent with rock physics principles, and demonstrates improved accuracy in predicting petrophysical
properties of sandstone reservoirs.

Keywords: Well log inversion; Bayesian neural networks; Deep learning; Rock physics models; Uncertainty
quantification
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