R BRFUDE AL 2025 4F

434 PETROLEUM RESERVOIR EVALUATION AND DEVELOPMENT B15E H3
SIAR: B4R, LHIE, HORRR, % 2T Z4E R BRI 2 TR IPA 7 0TS DASE SR S A A3 B D L), o =BT S5 0T K, 2025, 15
(3): 434-442.

WANG Shuli, WANG Jinguo, ZHANG Chengsen, et al. Study on well logging reservoir fluid evaluation method based on 2D cloud model: A case
study of Kuga Depression, Tarim Basin[J]. Petroleum Reservoir Evaluation and Development, 2025, 15(3): 434-442.
DOI: 10.13809/j.cnki.cn32-1825/te.2025.03.010

ET YA BRI H 6 B im0 7 A R
—— DU B R 4 3 2 1 Y £

THE, IHE KRR, KL, maef- g, dhk’
(LI HUBRRY 7 5 TR, VT3 HE 21110052, o 3 i LA 1434 RUMAHRTF R T B , ik P/l
8410005 3. 1% Toll AL AL TR S HFICBE , ALAE 1011494 LA, Bt 48 A5F 830013)

WE AR EF, WAL ERBBENEERABAERTINEXRETE, CANATEREN AL T HEEAE B LR
B BEE SHANMELS B SHERGMERN XA, LABEL L, KM, B THERR AL, M ARETFEST A
SHEME RAERREYE AR, SEEATEEALEEN A TWENE IR, MELREFETHE L., ARG W EREIFN
WE EEANATN T EEM PN HEBE S B HET A8 AWEEREITN 7 E. BT ERWILRE e Kb fE2
AR HFSH RIS ER LN BN BRI, G ER R X RFER, 658 ETHAEL, RFEH
THH PN = BEA WAL RFSENEE BN ADEE  HAA TR BRERGEE R, e, BH
BEMNEAR, X EEBHTREL X, RGEREA . 7303 7 5 iy A AU, 3 BOE B R 2 HE % 3 I 09 T 3 S 84T B
R, ST & AN ERFR M RAER, AREKN: R FEEELBET G EHRZ BHERKSE. HET
e idr ik, “ AT R E LA AN AR EAREERN A A RE PN ERN BT, LT 4%
ZHEA G B AIT N T kA R e B R EE A E TR TAERREN N, RAPNSERERBRAEREE —
LR R T AN TAT AR BN, R R TR G RN A A, A RS R BT M E Atk 2 R R
BB H BB

K EE MG —  m A R AR U SRR A

FESES TE122.2 SCHRARIATS A

Study on well logging reservoir fluid evaluation method based on 2D cloud model: A case study of

Kuqga Depression, Tarim Basin
WANG Shuli', WANG Jinguo', ZHANG Chengsen®, ZHANG Zhean®’, PARHAT Kaysar®, LIU Longcheng’

(1. School of Earth Science and Engineering, Hohai University, Nanjing, Jiangsu 211100, China; 2. Research Institute of Petroleum
Exploration and development, PetroChina Tarim Oilfield Company, Korla, Xinjiang 841000, China; 3. Beijing Research Institute of
Chemical Engineering and Metallurgy, Beijing 101149, China; 4. Xinjiang Vocational University, Urumqi, Xinjiang 830013, China)

Abstract: Accurate interpretation of well logging data is crucial for the evaluation of reservoir fluid properties in oil and gas exploration.
Conventional well logging methods rely on petrophysical models that correlate parameters such as porosity, permeability, and oil and gas
saturation with reservoir fluid properties to achieve reservoir classification. However, complex geological conditions often lead to issues such
as anomalies, multi—factor coupling, and ambiguous fluid boundaries in well logging data. These challenges limit the adaptability of
conventional methods and bring uncertainties in interpretation results. To improve the accuracy of reservoir fluid evaluation, this study
incorporated cloud model theory into conventional well logging evaluation and proposed an evaluation method for reservoir fluid based on a
2D cloud model. The method selected porosity and gas saturation as key logging parameters and utilized cloud models to process the
fuzziness and randomness in well logging data, thereby establishing a mathematical model for reservoir fluid classification. First, a 2D cloud
model for well logging evaluation was derived based on cloud model theory, with clarified geophysical significance assigned to its
mathematical parameters (expectation, entropy, and hyper—entropy). 2D cloud diagrams of the reservoir were generated using a cloud

generator. Subsequently, similarity analysis was applied to quantitatively classify reservoir types, enhancing interpretation accuracy. To
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validate the effectiveness of this method, well logging data from the Kuqa Depression in the Tarim Basin were used for application analysis,

with results compared with those obtained from conventional methods, cloud model evaluation, and well testing. The results showed that the

proposed method accurately characterized reservoir fluid properties in complex reservoirs. Compared with conventional methods, the 2D

cloud model not only provided qualitative classification of reservoir types but also quantified uncertainties in fluid properties, thus improving

the stability and reliability of evaluation results. The findings indicate that the reservoir fluid evaluation method based on 2D cloud model

effectively reflects reservoir fluid characteristics and exhibits strong adaptability in complex reservoir environments. The final evaluation

results demonstrate strong consistency with well testing results, verifying the method’s feasibility and effectiveness. As a valuable

supplement to conventional well logging interpretation, this method provides a new approach for improving the accuracy of well logging data

interpretation and optimizing fluid property identification in complex reservoirs.
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Fig. 1 1D reverse inverse cloud generator
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Table 1 Statistics of lower limits of porosity and gas
saturation determined by different methods in Keshen area,

Kuqga Depression
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Kuga Depression
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Table 3 2D cloud model for reservoir evaluation in well A,

Keshen area, Kuga Depression
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Fig. 7 Conventional well logging interpretation of entire intervals in well A, Keshen area, Kuqga Depression
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Table 5 Comparison between conventional interpretation results and cloud model interpretation results
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HA%/em VRO R Qem) A P/ (g/em’)
1—————— 22 2 200] 1.85- - — — - 2.85 S0 ) P
LB % B> ” um’ SR %

oy | g | IR | A [T b)) AR |
400—— —— 600 pJ— 200260 160 4t

R4 =5/ APT &@UNEEFE@(Q m) AMER %
0————150] |2 -———---200/45 —————- - 15

k! 3 ]

il

| ]

ray
\

A

\

Al
o

YaN) Py

D

|

|

KO A3 s IR DX A JFER 27 J2 D F i e
Fig. 9  Well logging interpretation of layer 27 in well A, Keshen area, Kuqa Depression

=



2025 4F

1l Al 2

H15% H3 EAEE, S T A R BRI 2 R I —— LA BUR S b P AR B A 1) 441
H4%/em RO LB (Qem)| R (gfem”)
12—————— 22 22— 200[1.85- — - - - 285 ) PR U
HAMAMY | hem | BELARA(Qem) | PR (psim) | AR 200.02 ! P
400 —— —— 600 2 200[ 260 160 ESES
F A h/APL M R A/ Q o m HMETPT%
0————150 p g, 200145 —————- - 15
HBS 1] J [T 11 1] 1T
s 3 y |
|| 2 1 LW !
li [ e — =
[ - 1 ISSHH
= j £ 1T
TF dt
e K i ALY
¥ ) |
L9 ‘
I l
!‘ L) 6350 5 ) 52
' =i } i < \ q:E:
HiNS Il my | R
FL10 223 so R DAY A 55 49 J2 I i e
Fig. 10 Well logging interpretation of layer 49 in well A, Keshen area, Kuqa Depression
HAt/em VRO P Qeom) A PER R/ (gfem’)
e 2 S ' i/ BIERI107 i) | Er LRI
AR | g | A Qe | A ) [ PR RO w0 AR
400—— —— 600 2 200[260 160 454
AR/ APT
0————150] (- ------- 45 ——m———- - 15
s |
AU L T s L LD | L R L L =
g ) , Ty
.-' | 3| il I "

=

11
Fig. 11

Bt 5 SRS DU BN AT IR, O RESE s D e R
Ui

WFFEAE H AL I figp e ) Bt L 5 | A — Mm%
PE T — TP T A2 AR TR 0 T SRR, AR
ML 458

1) FEIEHETE R W]« 4 MO BE NS B i b PR
JZ AP S T P A7 A B AT 5 S AR P TR A, )
AN G A 2 TR TR . A S EEE A —

FEAE T IR X A JFEE 10 )2 26 12 )2

Well logging interpretation of layers 10 and 12 in well A, Keshen area, Kuga Depression

MR TT W MR T EEARE I A0 oy B 1 PR R A T
LR AR

2) B THES AR RPN T, g AL
BHIETIBRES S EME 2N EEN R, If
X ZASVEA b v B4 AR DL BE T3, AR A5 5 ST iy
e AR o DRI, AR DL RE BE 65 40 3 i U 9 4 4k
T

3) AE A B B A JZ o0 B b 2 A ) B A 45
5 R A R R — B, RO AR S A R R Y
ROR W . W8 R R BRI AR )Z ARt o
ATz B9 R AG SE, 0] LUHE ) 21 H A il = A2 Y



442

FATER, S T A SR DR 2 AN 5 R

2025 4F

ARE B G40 P 4 38 K S 191 F1st H3

OrZES R, JUHGE T AR R J RO RS B E
MR S o = BB AR Sy — BB % I A B E RN T
RETT 12, W 2 2% UK = IO B RO K S B8 T BT O BOR
S

2 %

i, A, EACE, S B RS T b R T A A
o TR — AR SRR . I ROT A 5 TT %, 2021, 11(3):
329-339.

TANG Lei, WANG Jianfeng, CAO Jinghua, et al. Geology—
engineering integration mode of ultra—deep fault—karst reservoir in
Shunbei area, Tarim Basin[J]. Petroleum Reservoir Evaluation and
Development, 2021, 11(3): 329-339.

WY, R, ST, 45 BT a0 W PR AT ) HLAR B
R Z DTN 5 P RE BT, Hh R4, 2018, 61(12):
5115-5124.

PAN Baozhi, FANG Chunhui, GUO Yuhang, et al. Logging
evaluation and productivity prediction of Sulige tight sandstone
reservoirs based on petrophysics transformation models[J]. Chinese
Journal of Geophysics, 2018, 61(12): 5115-5124.

TIROT, X I, i, S5 AN I HOR K J R A5 B 0. i
S, 2024, 31(6): 77-87.

YIN Chengfang, LIU Weichen, YANG Hong, et al. Advances in
foreign well logging technology development[J]. World Petroleum
Industry, 2024, 31(6): 77-87.

R, KA, AR, A RIS B RGE P RIS 00 15 R A
RIS AR P A i B D 1)), A e 5 7, 2024, 38(1):
90-94.

LI Zhen, ZHANG Jinhai, LI Guishan, et al. Potential tapping
measures for lateral remaining oil in low permeability fractured
reservoir logging: A case study of Changqing A oilfield[J]. Petroleum
Geology and Engineering, 2024, 38(1): 90-94.

LAL J, WANG G W, FAN Q X, et al. Toward the scientific
interpretation of geophysical well logs: Typical misunderstandings
and countermeasures|J]. 2023, 44(2):
463-494.

FA A, AR, X5, AF L A K AR R RN AR S
AR IE T BRIDL o A7 MK 2 2 (A SR 2 ), 2016, 40
(2): 13-22.

WANG Yanquan, BIAN Weihua, LIU Baohong, et al. Evaluation

Surveys in Geophysics,

criterion and cut—off value of igneous rock reservoirs in Liaohe Basin
[J]. Journal of China University of Petroleum(Edition of Natural
Science), 2016, 40(2): 13-22.

X B BL, KB, A, A BRI O AR ORS Y — RN O] A
THHERP EIR, 2002, 37(1): 44-47.

LIU Tangyan, ZHENG Yong, FU Rongshan, et al. A method for
improving precision of log model-building[J]. Oil Geophysical
Prospecting, 2002, 37(1): 44-47.

PR, R, R SRR S AR 2 R AR LTS
5K J#, 1995, 32(6): 15-20.

LI Deyi, MENG Haijun, SHI Xuemei. Membership clouds and

membership cloud generators[J]. Journal of Computer Research and

[10]

[11]

[12]

[13]

[14]

[16]

[17]

(18]

Development, 1995, 32(6): 15-20.
TN, 28R A B AR 0 T 1 (). T AL
2, 1998, 21(11): 961-969.
YANG Zhaohui, LI Deyi. Planar model and its application in
prediction[J]. Chinese Journal of Computers, 1998, 21(11): 961-969.
T, Rk FET AL Yk R 0 TR BT KU A 1.
LSRR, 2018, 18(3): 849-853.
WANG  Jingchun, ZHANG Fa. Risk assessment of the deep
foundation pit based on the entropy weight and 2—dimensional cloud
model[J]. Journal of Safety and Environment, 2018, 18(3): 849-853.
I, RN . MLl A R X R KT QR A 45 43 X
[J]. AE U 5 AR, 2023, 45(6): 203-208.
DOU Jingtao, GUO Yujuan. Risk assessment and zoning of
groundwater pollution in typical industrial clusters[J]. China Energy
and Environmental Protection, 2023, 45(6): 203-208.
B/NER, BT, RN R AT ST Sl Pl A A
GUEIITEEALLI. ARSI, 2023, 36(5): 152-158.
HUO Xiaosen, SHU Xinyu, JIAO Liudan. Disaster resilience
assessment of urban rail transit systems under public health
emergencies|J]. Urban Rapid Rail Transit, 2023, 36(5): 152-158.
LI Q F, LU L F, MA Q. Construction risk evaluation of poor
geological channels based on cloud model-improved AHP-matter—
element theory[J]. Sustainability, 2021, 13(17): 9632.
BRTE, T, XVRL, A5 T s RO A A A E B AN ().
IKBEPRLR, 2022, 38(2): 183-189.
ZHAO Chencheng, GAO Yuqgin, LIU Yue, et al. Evaluation of
ecological river construction based on cloud model[]]. Water
Resources Protection, 2022, 38(2): 183-189.
WL, 2 . ABRTEIIF ML 2 P i RIS AL
B IR, 2014, 4209): 1613-1616.
ZHANG Yaguang, LI Yulong. Application of cloud model in logging
curve hierarchicallJ]. Computer & Digital Engineering, 2014, 42(9):
1613-1616.
TE, BRI, W R, A5 R TR SRS S 1) DU BS R D R
HHZ MR PRI W5 AR 2 24 R Gl BR B 24 bR, 2024, 54(4):
1406-1418.
DING Kai, ZHAO Fuhai, GAO Lianfeng, et al. Subdivision sequence
of thick glutenite strata in the fourth member of Yingcheng formation
based on variational mode decomposition[J]. Journal of Jilin
University(Earth Science Edition), 2024, 54(4): 1406-1418.
S, K, 5, 5 BT LA B IR B R B T
TREAL[T]. FETR T2, 2023, 45(2): 151-159.
WU Zebing, GU Yabing, JIANG Wen, et al. Intelligent prediction
models of downhole weight on bit based on genetic optimization
algorithm[J]. Oil Drilling & Production Technology, 2023, 45(2):
151-159.
XVEEAE, SRARAE, XG4 . 2 5 A s AR 2 3L ML FHF
¢, 2007, 24(1): 46-48.
LIU Guihua, SONG Chengxiang, LIU Hong. Software implementation
of cloud generators[J]. Application Research of Computers, 2007, 24
(1): 46-48.

(T 45454 70)



