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Application of unascertained measure model in reservoir potential evaluation of
Nanpu H Fault Block

QU Lili, LI Minglin, WU Zhimin, ZHANG Lin, FENG Linping, DENG Liping

(Nanpu Oilfield Operation Area of PetroChina Jidong Oilfield Company, Tangshan, Hebei 063200, China)

Abstract: How to accurately evaluate the current reservoir potential directly affects the potential tapping of remaining oil by water
injection in complex fault block reservoirs during the middle and late stages of development. By the comprehensive analysis of
static reservoir geological characteristics and dynamic development effects, the main control factors of residual oil distribution in
complex fault block reservoirs are determined, and the reservoir potential is evaluated by the analytic hierarchy process combined
with unascertained measure evaluation method based on unascertained mathematical theory and attribute measurement theory. An
accurate unascertained measure function is established by building an evaluation index system, and by the confidence degree
identification criteria to determine the evaluation space, the evaluation result of reservoir potential is finally obtained. The research
results show that the reservoir potential is comprehensively evaluated by using the analytic hierarchy process and unascertained
measurement, the evaluation system consisting of seven parameters is established and the unascertained measurement function is
constructed. According to the reservoir potential, the reservoirs can be divided into four categories, of which category [ and
category Il have good potential. The evaluation results are similar to the numerical simulation results, and the reliability of the
evaluation results is verified by the on—site implementation.

Keywords: static and dynamic combination analysis; remaining oil; analytic hierarchy process; uncertainty measure; reservoir

potential evaluation
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Table 1 Impact of sedimentary facies belt on water injection development
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Table 2 Single factor evaluation criteria for oil layers in Block H of Nanpu Oilfield
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Table 6 Comprehensive evaluation results of sublayer Ed, Il 22 of Block H in Nanpu Oilfield

= c, c, , c, 2 I3% Hy
w29 0.736 0.263 0 0 I 0.93 1
w27 0.590 0.363 0.046 0 I 0.89 2
W26 0.588 0.312 0.060 0.040 I 0.86 3
W25 0.580 0.332 0 0.107 I 0.86 4
w22 0.401 0.400 0.198 0 1 0.80 5
w21 0.338 0.554 0.043 0.064 1 0.79 6
W28 0.336 0.554 0.043 0.066 1 0.79 7
W20 0.358 0.463 0.050 0.128 1 0.76 8
W14 0.481 0.194 0.174 0.150 I 0.75 9
w7 0.473 0.194 0.185 0.147 1 0.75 10
W1 0.461 0.194 0.194 0.150 I 0.74 11
w17 0.187 0.574 0.239 0 1 0.74 12
W10 0.419 0.243 0.185 0.153 I 0.73 13
W16 0.386 0.148 0.412 0.054 | 0.72 14
W13 0.545 0.043 0 0.412 I 0.68 15
W12 0.303 0.168 0.432 0.097 | 0.67 16
W15 0.232 0.229 0.495 0.043 I 0.66 17
W32 0.358 0.051 0.457 0.135 m 0.66 18
Wil 0.359 0.051 0.447 0.143 1 0.66 19
w23 0.319 0.143 0.385 0.153 m 0.66 20
w2 0.243 0.193 0.392 0.272 1 0.65 21
W30 0.439 0.067 0.104 0.389 m 0.64 22
W19 0.429 0.067 0.104 0.400 1 0.63 23
W24 0.213 0.193 0.442 0.152 ! 0.62 24
w9 0.284 0.218 0.167 0.330 1 0.61 25
w8 0.401 0.009 0.223 0.366 ! 0.61 26
w5 0.226 0.158 0.359 0.256 1 0.59 27
w3 0.305 0.124 0.146 0.425 v 0.58 28
W31 0.296 0.038 0.239 0.427 v 0.56 29
we6 0.304 0.019 0.147 0.530 v 0.52 30
W18 0.303 0.018 0.149 0.530 v 0.52 31
w4 0.181 0.123 0.265 0.431 v 0.51 32

BRI, bl S ARAR AL DX 82 IT A IR SR B ] X

1) BEAEIZE SRR L

Xof B AU A SR, n] UL )2 o3 BT+ A B R
LR VR R T T S RO S R i T X — 2K
VAN 4 R T SR (K 4)

2) WG AR KU

HRAETEO 4528, i AN R B 2 28 5 223
HI7E T NS ESE R EREHEE I, FE N
JZZ I SE R AN L B8 TE 8 S L LA K
giRcpa ] i K AR B R 5 T2 IV 26 J= 2 Al
JIARR /I, 3 BEAR 4 R e DR R ) iR BT

Z ORI RE AR R A2 A BoE 82 o8 T
% S 200 20 LUK IR B R Ak B
KRR DL B K I U R A SR R AR DT 2
TR LA AL R 2 R A 3K S 12 R,
FERERT H =021 RS B0 116 v 4 BT
3.2x10° A RCR 91 %, BEHIEMN 45 S A —
52 I

1) PP EERUER S, RN SRR R



20234F
13 H2

AR O, 5. A 1000 S A R0 A g £ HE BRI ik 2298 0 A v 13 17 197

Lo | & [L--"[rr ][ &

HATERPH HRTEASE st XiE R

Ae] =S
fRREIES W2 2 MRS A BUE

B3 mgtih i HETERINZ T 2R G NS

Fig. 3 Comprehensive evaluation results of reservoir potential in Block H of Nanpu Oilfield

H#H, HERRIMZEE N Ga e k. shisaia
S ATIZ T T3 AR M5 R RO A R
SR HCT ASZ B MRTZ U3 Wi 0 7 2 B0, R
AR 8 R0 00 2 R KSR At SR e R R, s S B A O
ARZR  RIE T PFH 28 R A R 1

2) M AR R P T iE AT IR T D25
PR SRR A IO Herp T RAE L IR U
T . SRR R B TG AT Il A B 0
FVSCRIRAE T PP 45 R 8 aT 51, n] 732 0 T
SRR NEEE VI

3V I ISR i 2 R A, RS
R St SN 2 T 7, S S BRh R A A T R

PR, & —Rh A8 S TR, AT
TP SE
& % 3k

(1] XIS, BHR, Tk . T E BRI BOR 7T DR 5 30E (T,
VH BT, 2004, 37(4): 1-6.
LIU Baojun, XIE Jun, ZHANG Jinliang. Research status and
progress of residual oil technology in China[J]. Western Geology,
2004, 37(4): 1-6.

(2] ZE3Ce . S IE IR DOF AR A i 2 HR T Bk 0], KA il
57F%. 2016, 35(4): 137-142.
LI Wenlong. Reservoir describing technique by the well-seismic
combination for the dense well patterns[J]. Petroleum Geology
& Oilfield Development in Daging, 2016, 35(4): 137-142.

31 bkt . T4 IIE G5 20 A M. b5 il ol s R
1999.



198

R IRT T, S5 . AT 1000 AR £ e £ W BRI Ik 2 08 1A v 149 107

20234F
13 2

[4]

[5]

(6]

0.63
0.47

0.31

0.16
0.00

@ [ & |[—][rr]

HufAIe Bl smas s

e 1 [F1[C]1E==

SRR dEkdE AOF W)z

—]

AR

AR LA

P 4w B HBTERRI A i o3 A
Fig. 4 Residual oil distribution in Block H of Nanpu Oilfield

LIN Chengyan. Formation and distribution of residual oil[M].
Beijing: Petroleum Industry Press, 1999.

BT, SR, ThIGERN, S . S AW HLIEOT AV T 34 5
TR AT TAR, 2021, 35(5): 56-61.

BI Yongbin, ZHANG Xuena, MA Xiaoli, et al. Analysis method
of development potential of complex fault block reservoir[J].
Petroleum Geology & Engineering, 2021, 35(5): 56-61.
WK, BUEHE . 2B PP B b s B2z ik, 2000.
HU Yonghong, HE Sihui. Comprehensive evaluation method
[M]. Beijing: Science Press, 2000.

ERE, R PPN R RS IR BHEROR
LR, 2009, 9(2): 351-352.

WANG Xueming, WU Ruiming. Research on the development
and system of evaluation methods[J]. Science Technology and

Engineering, 2009, 9(2): 351-352.

(7]

WIEM, sk, I aR, AF . (RBE I F AR R LR S PR ik
[J]. AR, 2006, 27(2): 64-67.

YANG Zhengming, ZHANG Yingzhi, HAO Minggiang, et al.
Comprehensive evaluation method for
reservoirs[J]. Acta Petrologica Sinica, 2006, 27(2): 64—-67.
XA, PEIZZE, WS AR, A5 . KRR BT PP 9 2R 1 o 0
JEBIAI]. FREERFE, 2000, 21(3): 11-15.

LIU Kaidi, PANG Yanjun, YAO Ligen, et al. Unascertained

low permeability

measurement model for atmospheric environmental quality
assessment|J]. Environmental Science, 2000, 21(3): 11-15.
XNIFERG, RAER, PEEEZE, 55 . AN P B b 3 v
[M]. JE5: B AL, 1999.

LIU Kaidi, WU Heqin, PANG Yanjun, et al. Mathematics
treatment

and application of uncertainty information[M].

Beijing: Science Press, 1999.



2023 4%

3% G2 ot R, 5 . A0 R0 AR 7 R B W 20 AN b i 199

[10]  XUJFEE, SERNBE, TAms, &5 . KA A ML R 2R evaluating the water-richness of aquifer based on
HoR2# AL, 1997. unascertained measure theory[J]. Journal of Yangtze River
LIU Kaidi, WU Heqin, WANG Nianpeng, et al. Uncertainty Scientific Research Institute, 2022, 39(7): 23-28.
mathematics|[M]. Wuhan: Huazhong University of Science & [19]  Bfd:dp, XUE, B, 45 T ARB0 I B PG 00 LA TR
Technology Press, 1997. WS KZE PRSI R IR E T R 5% 4 TR

(1] PHE 5, SR8, 250075 RO AIIN TR e BRS 7 11 R #%. 2015, 32(6): 898-904.

FER AN P A LI BEAR 2412, 2010, 35(2): 264-268. ZENG Jialong, LIU Qiong, HUANG Rui, et al. Determination of
YANG Fugiang, WU Chao, LI Zijun. Application of safe mining area of coal seam under thin bedrock and thick
unascertained measure model in the risk assessment of unconsolidated aquifer based on unascertained measure theory
spontaneous combustion of sulfur concentrate in mine bin[J]. [J1. Journal of Mining and Safety Engineering, 2015, 32 (6):
Journal of China Coal Society, 2010, 35(2): 264-268. 898-904.

[12] XU, Bt . 6T 20003 i R 0 60 00 32 B e T fe [20] APl BREUSTE, TN . T R/ IV B R R A 0 E A 1Y
PEPEOITL ITLRIR BT S 905, 2012, 21(8): 1032-1038. JEATBUEAE BT, 5 £ 9127, 2014, 35(5): 1445-1454.
LIU Hai, CHEN Hua. Risk assessment of debris flow based on SHAN Bo, CHEN Jianping, WANG Qing. Sensitivity analysis of
unascertained measure theory of analytic hierarchy process[J]. debris  flow based on minimum entropy theory and
Resources and Environment in the Yangtze Basin, 2012, 21 unascertained measure theory|[J]. Geotechnical Mechanics,
(8):1032-1038. 2014, 35(5): 1445-1454.

[13] Al pR 2, 95 A Ji, B2 BE TR0 00 82 14 3 34 fc o P 5% [21]  BNZE, SERAR, #3255 =MUNATSOK T /i B il 5=
AV BT 5 B B (D). v R R 2 2 4R (AR Bk 2 i), T BRI, AR S TT %, 2014, 41(3): 323-329.
2013, 44(3): 1564-1570. FENG Congjun, BAO Zhidong, YANG Ling, et al. Reservoir
HE Hujun, SU Shengrui, WANG Xiaojian. Research and configuration and remaining oil distribution of underwater
application of comprehensive evaluation model of collapse risk distributary channel in delta front[J]. Petroleum Exploration and
based on unascertained measure[J]. Journal of Central South Development, 2014, 41(3): 323-329.

University (Natural Science Edition), 2013, 44 (3): 1564— [22] 224, Bk, IR, & . BLT TR SR AV A 2K SR R A% il
1570. SMAREAEL ] ATl T AR, 2022, 36(3): 74-77.

(141 R4k, Jrsr R, TR ME . BE T A6 A0 B2 B8 ) 05 A 4 AN Yuhua, KANG Nan, HU Zhihua, et al. Distribution
[ A2 TP (). [FPF K224 (B R EHE D, 2010, 38 characteristics of remaining oil in water drive reservoir based
(7):1012-1017. on injection—production model[J]. Petroleum Geology &
ZHU Xinglin, FANG Shou’ en, WANG Junhua. Traffic safety Engineering, 2022, 36(3): 74-77.
assessment of high—grade highway based on uncertainty [23] ®AAE, B2, AR, 45 . AD R A BURRAE 55 380 4% il 40 A AR
measurement theory[J]. Journal of Tongji University (Natural H——LAIG 7 52 0 31 R 1R 355 72 b Kumkol South il FH 7451
Science), 2010, 38(7): 1012-1017. 1. AR S FF K., 2016, 43(3): 433-441.

[15] FREZAE . J&8 PN B A A e HL R (. b o K224 (| ZHAO Lun, LIANG Hongwei, ZHANG Xiangzhong, et al.
SREBL£RR), 1997, 33(1): 12-20. Sandbody configuration characteristics and remaining oil
CHENG Qiansheng. Theoretical model of attribute recognition distribution pattern: Taking Kumkol South Oilfield in South
and its application|J]. Journal of Peking University (Natural Turgai Basin of Kazakhstan as an example[J]. Petroleum
Science Edition), 1997, 33(1): 12-20 Exploration and Development, 2016, 43(3): 433-441.

[16] kM, BARME . JZ WA T RS 5 MR 5211, it B0 [24]  FE50, HIEGT, FEF . R E AW A BESAT I RS )2 o
TR CHARBLAR) , 2013, 39(1): 37-41. T7 i BB ——LA LA X BReyb 1 _F S B (). A it e 5
ZHANG Zhimin, WEI Cuiping. Research on some theories and T, 2022, 36(3): 61-68.
applications of analytic hierarchy process[J]. Journal of Qufu WANG Jin, FENG Guoqi, WANG Xin. Evaluation method and
Normal University (Natural Science Edition), 2013, 39(1): 37— application of glutenite reservoir in steep slope zone of
41. lacustrine basin in Dongying depression: By taking E,s,1 in LA

(171 MBI, I, R85 . RS & ) A b 7 a1k block as an example[J]. Petroleum Geology & Engineering,
W P —— L 65 LMK e R 2 B, 0 ST 2022, 36(3): 61-68,

5%, 2022, 12(2): 373-381. [25] ARPEAE, DL, 2540, 45 2 LR SRR R EARS bR

LIN Weiqiang, QU Lili, ZHU Lu, et al. Evaluation of inter—well RE PP 7 32— LA ST 1M1 MO R B0 A i s 5 T

sand body Connectivity by combination of well, seismic, and T, 2022, 36(5): 57-60.

reservoir and its application: Taking the middle and deep layers HOU Boheng, XIE Mingying, LI Wei, et al. Productivity

of M area of Nanpu Oilfield as an example[]J]. Petroleum evaluation method of strongly longitudinal heterogeneous

Reservoir Evaluation and Development, 2022, 12(2): 373-381. reservoir within layers: By taking M reservoir of Enping sag as
[18] HZh, AITEhs, Wi, 4  JEF A0 I B Be 19 5 K 2 B K an example[J]. Petroleum Geology & Engineering, 2022, 36(5):

PEHN i 0] RITREBE e, 2022, 39(7): 23-28.
HUANG Lei, GOU Qingsong, HAN Xuan, et al. Method of

57-60.

(4h# RIE)





