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Influence of reservoir wettability changes on oil-bearing
features during tight oil accumulation .
A case study of Jurassic tight oils in Sichuan Basin

Gong Yanjie'”, Liu Shaobo', Liu Keyu'>*, Jiang Lin"?, Yuan Xuanjun'?, Tao Shizhen'
(1. Research Institute of Petroleum Exploration and Development, PetroChina, Beijing 100083, China;
2. State Key Laboratory of Oil Recovery, Betjing 100083, China;

3. CSIRO Earth Science and Resource Engineering, Perth, WA 6000, Australia)

Abstract: A physical simulation of tight oil microcosmic filling was carried out with core samples from the Juras-
sic tight oil reservoirs in the central Sichuan Basin. A sandstone thin section model (2.5 cmx2.5 emX0.6 mm)
was adopted. Oil for the experiment was filled through a chute, and the pressure gradually increased until oil
instead of water flowed out of each outlet end. Percolation characteristics were observed and oil saturation was
calculated. Experiment results showed that the sum of irreducible water saturation before filling plus oil saturation
after filling was more than 100%. Reservoir wettability changed from water wet to oil wet after filling, so the final
oil saturation degree is higher than the displaced moveable water saturation according to magnetic resonance
analyses. The change of reservoir wettability during tight oil migration and accumulation counteracted the inhibi-
tion function of irreducible water saturation of a tight oil reservoir on the saturation of tight oil, and was favorable
for tight oil migration and accumulation, which explained the high oil saturation of tight oil reservoirs.
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Fig. 1

Distribution of Jurassic tight oils in Gongshanmiao, Sichuan Basin
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Table 1 Jurassic tight oil samples from Gongshanmiao, Sichuan Basin
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Fig.2 Contact angles of Jurassic tight oil samples
from Gongshanmiao, Sichuan Basin
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Fig.3 Flow diagram of experimental apparatus
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Fig.4 Full view features of experimental model (light red indicates for oil)
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Table 2 Magnetic resonance signals of tight oil samples after charging

) {555
B -
R RIS (3 1K)
FEIE SRS T
5 I 2k B3l F-F

1 662. 19 871.00  899.17  938.50  902.89

SRR A 3 730. 69 837.54  924.30  890.93  884.26

5 769.53 865.26  946.73  897.57  903.19

6 622.57 843.37  861.02  797.76  834.05

WA B3 737.40  715.37  646.64  699.80

1% FLBR bRk 1707.21 1770.16 1779.31 1752.23
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Table 3 Fluid saturations of experimental models
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’ Bl %  RRE/ % T FIRE/ %

1 X2 2.20 0.006 100 79.11 20.89 60.00 12.53 40 27.47 51.64
3 fif9  2.67 0.008 30 74.79 16.66 85.00 14.16 46 31.84 42.95
5 ff9  2.71 0.011 50 83.34 31.71 75.00 23.79 44 20.21 63.13
6 X2 2.90 0.012 61 72.81 17.68 80.00 14.14 52 37.86 34.95
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Fig.5 Changing pattern of reservoir wettability during tight oil accumulation

ZIH] 72 80 CAME T, #ful M AR, 4T 30° ~40°,
X B it 2 S B R B R BRI

BURRD A R AR S B EORH T BOR s B
RAE (s R e b i i % i A i FLE
JRREE 1B i 8 A I i = 0 R A K g R
ft, I WO SO it 2 I R (K e 78 A i i
B ), (A R 25 T A 1 RE i T R 8 sl Kk A
JEE | F8I3HRI 1 o5 TR 7 A B X 5 5 P )
MHVERT, TR E R (E5) .

5 458

(1) Ok 5 2R S0 T A )2 B ol A2 1 52 36 B
TN A AR =, 491 73. 5% , AR T8
MIER R, BRI GO 78 3 P B RS2 560 TR
A M EELE 40% ~52% 2 18] SEY(H 45%

RARIKAR AN EE 5 B 2 3 I ApL AN B 2 Al T 100%
(v e 2% 5 Rt A 0 B8 o T A R P mT Sl K A R E
(2) VPR I A S 56 W 7, oV 2 R K
Tl A T 15° ~25°, Fu T Ja A i 42 fi £ 0
7R ,80 C &AM T HMh AT 30° ~40° , R
THIPE FEVE LT R b O % 38 R i LR TR iU E B
TLIE A )23 — 0 43 AR AR K Bl AR st I ek s
SRR V2 W (K YT A A SR N ) | i A AR
L AR AN BE = TR B Sl kAR AN A1) T 80
HEE,
SEHL
[1] Bk AR R, 2, 5. T EEE NP ARE R 22 S
AFFIE R BEIRAT R )], A 24k ,2012,33(3) :343-350.

Jia Chengzao,Zou Caineng, Li Jianzhong, et al. Assessment crite-

ria, main types,basic features and resource prospects of the tight



- 428 - B i F B b 5537 %

oil in China[ J]. Acta Petrolei Sinica,2012,33(3) :343-350. Block Oil & Gas Field,2013,20(1) :80-84.

(2] el MRREST, W1 45, T RBR R MR — 5 22 Y 4 3 [12]  FIEM,BET B, 55 SRR 2 s P X T 20
AR TURAHEL )] A S ib BT, 2013,35(5) :528-533. K7 B0 MSOR A S SORARAE [ )] Al R,
Si Chunsong, Chen Nenggui, Yu Chaofeng, et al. Sedimentary cha- 2013,34(5) :631-639.
racteristics of tight oil reservoir in Permian Lucaogou Formation, Bai Yubin,Zhao Jingzhou,Zhao Zilong,et al. Accumulation condi-
Jimsar Sag[ J ]. Petroleum Geology & Experiment,2013,35(5) . tions and characteristics of the Chang 7 tight oil reservoir of the
528-533. Yanchang Formation in Zhidan area,Ordos Basin[ J]. Oil & Gas

[3] FES. 8% IE I i R A7 7E I AR R 1]. Geology,2013,34(5) :631-639.

AL R L, 2013,35(6) :587-595,650. [13]  FEiEi, FERR BRITH . IR MBEBOEIE R LR
Wang Zhenliang. Research progress, existing problem and deve- T BATT]. BRI A, 2014 21 (4) :53-57.

lopment trend of tight rock oil[ J]. Petroleum Geology & Experi- Wang Yanshan, Dong Yinhao, Chen Naishen, et al. Forming
ment,2013,35(6) :587-595,650. conditions and potential of tight oil in Ludong Sag [ J]. Special

[4] Snow N.Continued R & D essential to tap US tight oil ,panel told[J]. 0il & Gas Reservoirs,2014,21(4) ;53-57.

0il & Gas Journal ,2012,110(4c) :25-27. (141 Ae/hEe s, X0 7% 5 RS B BRI A A2 oA i ol
(51 4BARE, W-L4R, %, 5. b AR & Ml R S 0T s bt TRAERZS GBS R: LSRR S A =B R IER 41
JELT]. 0 Yaa ek b2z, 2012,31(4) ; 312-322. BILT]. A5 KRS ,2013,34(3) :288-293.
Zou Caineng,Tao Shizhen, Yang Zhi, et al. New advance in un- Niu Xiaobing, Feng Shengbin, Liu Fei, et al. Microscopic occur-
conventional petroleum exploration and research in China[ J]. rence of oil in tight sandstones and its relation with oil sources:
Bulletin of Mineralogy, Petrology and Geochemistry, 2012, case study from the Upper Triassic Yanchang Formation, Ordos
31(4).312-322. Basin[ J]. Oil & Gas Geology,2013,34(3) :288-293.

(6] XUfELE, FoKkiF, TR A, 45 U P bE B0% 10 A 62 h Sk [15] Snow N.Shale gas,tight oil to reshape global markets by 2030[J].
FMLBERRIT [ T]. A i SC8e 35,2013 ,35(2) :115-119, 126. 0il & Gas Journal ,2013,111(2B) :25.
Liu Chuanhu, Wang Yongshi, Han Hongwei, et al. Hydrocarbon [16] “4bAfE, MR, %A, %, B Am A B [ M]. 2 iE. dt
accumulation mechanism of tight sandstone reservoir in Jiyang B H S A, 2013 :22-32.
Depression[ J] . Petroleum Geology & Experiment,2013,35(2) . Zou Caineng, Tao Shizhen, Hou Lianhua, et al. Unconventional
115-119,126. petroleum geology [ M ]. 2nd ed. Beijing: Geological Publishing

(7] B, LT, 1. BORMBOT KBRS BERELT] . il House, 2013 ;22-32.

AHLBTS SRR, 2013, 20(2) :62-66. [17] 4R HE, ML, Bl 45 JER AL BT M. Jbat
Wei Haifeng, Fan Zheyuan, Yuan Xiangchun. Review on new ad- S AL 2011 :10-14.
vances in foreign tight oil development technology and their en- Zou Caineng, Tao Shizhen, Hou Lianhua, et al. Unconventional
lightenment [ J ]. Petroleum Geology and Recovery Efficiency, petroleum geology [ M ]. Beijing: Geological Publishing House,
2013, 20(2) :62-66. 2011:10-14.
(8] XIME4, 5% W. /AR MBEBCEMIE A R TR I (1], ¥ (18] Wkl XS F577 X EE A, 4. SRR 22 07 4 M S A 21 S50 i
FhIm A, 2014 ,21(5) :55-59. TELT]. AdiR 5 1 & ,2013,40(2) ; 150-158.
Liu Guoquan, Jia Li. Forming conditions and potential of tight oil Yao Jingli, Deng Xiugin, Zhao Yande, et al. Characteristics of
in Cangdong Sag [ J]. Special Oil & Gas Reservoirs, 2014, tight oil in Triassic Yanchang Formation, Ordos Basin [ J]. Pe-
21(5) :55-59. troleum Exploration & Development,2013,40(2) ;150-158.
(91 X4, BEmn, 28 RUEE, 45 Vo 2R U0 B BO% I P 1Rl O R A [19] A, 214 XU, SRR ZE A Bes i U AR K
FELI]. Rl <8, 2014,21 (3 ) 1 18-22. BRI [)]. AR, 2013,34(1) :1-11.
Liu Guoquan, Jia Li, Li Fengxia, et al. Study on identification Yang Hua, Li Shixiang, Liu Xianyang. Characteristics and re-
methods of tight oil lithology in Cangdong Sag [ J]. Special Oil & source prospects of tight oil and shale oil in Ordos Basin[ J].
Gas Reservoirs,2014,21(3) :18-22. Acta Petrolei Sinica,2013,34(1) .1-11.

[10]  ATEA, 25305 5, . BPIR 200 4 AR i 30 A8 4 41 B0 [20] ELEM,BST, R, 5. SR ZH AR 6 )2 41iEiE

TR & 1 Je ER A R[], 35 K 4R B, 2014, S RIS D I TR AL R [ J]. G 9 52 5% M B, 2013,
35(2):190-198. 35(1):65-71.
Ren Zhanli, Li Wenhou, Liang Yu,et al. Tight oil reservoir for- Bai Yubin,Zhao Jingzhou, Fang Chaoqiang,et al. Forming mecha-
mation conditions and main controlling factors of Yanchang For- nism of quasi-continuous tight sandstone reservoir of Chang 6 oil-
mation in southeastern Ordos Basin[ J]. Oil & Gas Geology, bearing formation, Ordos Basin[ J]. Petroleum Geology & Experi-
2014,35(2) :190-198. ment,2013,35(1) .65-71.

(11] BRaGW] VEARE SR, 8. BORRD & I BUA 5 3 R SRR AT (211 JEISPAR R0, 254, 45 BUBIE BTRD £ if 2 1 4 1 5

FE[T]. Wi H ,2013,20(1) :80-84.
Chen Zhiming, Wang Weiying, Cai Yutong, et al. Experimental

study on permeability for tight sandstone and shale[ J . Fault—

TP LT RIRR L, 2004 ,24 (1) :40-43.
Zhou Shouxin, Xu Yanbo, Li Shilun, et al. Prediction methods

for physical properties of compacted argillaceous sandstone re-



554 3 YAT=FOTE S €3 li B RE w0 g b = T AR S A VR AL ES - 429 -
servoir and its application [ J]. Natural Gas Industry, 2004, [26] f4k%, KM NI L4 38 Vb — BOM B SR 21T ).
24(1) :40-43. KARR Tl ,2002,22(S1) ;23-26.
(227 SRS, Fa S & s ML JE R A T Xie Jirong, Tang Dahai. Member Sha-1 oil reservoir formation
Ak H AL, 2008. conditions of Gongshanmiao structure in Central Sichuan[]J].
Zhang Houfu, Fang Zhaoliang, Gao Xianzhi, et al. Petroleum Natural Gas Industry,2002,22(S1) :23-26.
geology[ M . Beijing; Petroleum Industry Press,2008. (277 BHRZR sk, B0/, 5. A 1R T — Bl SO AR FL B 6 2
(23] BREKWI, HHRens , B e, 2. o)1 2ot b L aB R 22 3 R TH AR FEMALERIFE[ )], KRR T, 2003 ,23(3) :34-37.
Ak B A B R ) B R[] Ak 2 4R, 2011, Xie Jirong,Zhang Jian, Wei Xiaowei,et al. Study of oil producing
32(1).8-17. mechanism for reservoirs with low porosity and permeability [ J].
Liang Digang, Ran Longhui, Dai Danshen, et al. A re-recogni- Natural Gas Industry,2003,23(3) :34-37.
tion of the prospecting potential of Jurassic large-area and un- [28] Brown R J,Fatt I. Measurement of fractional wettability of oil-
conventional oils in the central —northern Sichuan Basin [ J]. field rocks by the nuclear magnetic relaxation method[ C]//Fall
Acta Petrolei Sinica,2011,32(1) :8-17. Meeting of the Petroleum Branch of AIME. Los Angeles, Cali-
[24] BRE, 8340 AREESP 45 DU 2001 PR D RBUCE R A fornia, 1956 :262-264.
W AT S ] A5 R AR AR H B, 2011, 32 (6) [29] #RHI,RALIR, 2= 5. D)1 20 b B Ll 8 00 % R4 o A
815-822,838. FEAEL )] HhER LA, 2011 ,54(4) :1052-1060.
Liao Qunshan, Hu Hua, Lin Jianping, et al. Petroleum explora- Xu Ming, Zhu Chuanging, Tian Yuntao, et al. Borehole tempe-
tion prospect of the Jurassic tight reservoirs in central Sichuan rature logging and characteristics of subsurface temperature in
Basin[ J]. Oil & Gas Geology,2011,32(6) :815-822,838. the Sichuan Basin [ J]. Chinese Journal of Geophysics,?2011,
(257 X5 N, g, 4 DU S0 )| oo X A AR gemb 54(4) :1052-1060.
EAHEREECE BN T]. DUBY ,2011,29(4) 744751, [30] HEZRLZRMYHES G2 SY/T 5153-2007 ihi#eA A itk
Liu Zhanguo, Si Chunsong, Shou Jianfeng, et al. Origin mecha- M P [ST. dbat A Tolk i kit ,2007.
nism of anomalous tightness of middle and lower Jurassic sand- National Development and Reform Commission. SY/T 5153 —
stone reservoirs in Central Sichuan Basin[ J]. Acta Sedimento- 2007 Test method of reservoir rock wettability [ S]. Beijing:
logica Sinica,2011,29(4) .744-751. PetroleumIndustry Press,2007.

(#%E % 4A)

(#5422 W)

[10] Iﬁ}# VU F AR B R —i B R AR S M BR fb 22 application in gas type identification[ J]. Natural Gas Geosicence,
fELY]. RERATME,1994,14(6) :1-5. 1993, 4(2/3) .1-40.

Wang Shiqian. Geochemical characteristics of Jurassic—Sinian gas [14]  EBelg XSG, Bk B, 45 AN H RAR S A &R AL Z 4L
in Sichuan basin[J]. Natural Gas Industry,1994 ,14(6) ;1-5. FEERFIT IR )], RARAHERRL:,2006,17 (2) :163-169.

[11] Bz W, 24 46 )1 —) 1w i X 20 53 20 SR 9% Wang Xiaofeng, Liu Wenhui, Xu Yongchang, et al. The hydrogen
%'ﬁl{i??ﬂﬁk%‘ﬂ:[ J]. HuERAL 2% 2008 ,37(3) :245-250. isotopic composition of natural gases generated from different
Xiao Zhihua, Xie Zengye, Li Zhisheng, et al. Isotopic characte- pathway[ J ]. Natural Gas Geoscience,2006,17(2) :163-169.
ristics of natural gas of Xujiahe Formation in southern and mid- [15] FITHR RIRR SR T AR () A R 2 ER fb 22 R AiE [J].
dle of Sichuan Basin[ J]. Geochimica,2008,37(3) :245-250. PO 1996 ,14 (34T)) .131-135.

[12] 4R, WEEIR AR E W3 THAE [J]. f1iH Wang Wanchun. Geochemical characteristics of hydrogen isoto-
RS & ,1999,17(5) :27-32. pic compositions of natural gas,oil and kerogen[ J]. Acta Sedi-
Dai Jinxing. Characteristics of hydrogen isotopes of paraffinic gas mentologica Sinica,1996,14(S) :131-135.
in China[ J]. Petroleum Expoloration and Development, 1999, [16] EiE i g , EIEMR, G BB E AR R R IR
17(5) :27-32. 528 [ J]. WiF5,1998 ,3(2) :5-8.

[13] WA RAREFN R KRR ERN[T]. R Wang Shunyu, Dai Hongming, Wang Yandong, et al. Gas source

SR MFRBL2 1993 ,4(2/3) :1-40. and migration of high-mature natural gas in Moxi gas field[ ] ].

Dai Jinxing. Carbon and hydrogen isotopes in natural gas and their Petroleum Explorationist,1998,3(2) :5-8.

(g WXH)



