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Wettability and its major determinants of shale reservoirs in the Shahejie
Formation, Dongying Sag, Bohai Bay Basin
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Abstract: Wettability, a factor influencing the occurrence and seepage patterns of shale oil in reservoirs, is an important
indicator of shale reservoir evaluation. Using contact angle measurements and spontaneous imbibition experiments, we
quantitatively characterize the wettability of shale reservoirs in the Shahejie Formation, Dongying Sag, Bohai Bay Basin,
while delving into the primary determinants of wettability, and selecting the optimal reservoirs for assessment. The
findings suggest that the shale reservoirs in the Shahejie Formation exhibit moderate pore connectivity and fractional
wettability, generally proving to be water-wet to weakly water-wet. The reservoir wettability is jointly determined by
organic matter characteristics, mineral components, pore size, and shale oil composition. The impacts of organic matter
and mineral composition on reservoir wettability depend on the interfacial tension of solid particles. Specifically, a
higher abundance of organic matter and a higher calcium content in minerals are associated with reduced water
wettability and stronger oil wettability of the reservoirs. The oil-bearing capacity and shale oil components alter the
surface tension of liquids, further influencing the reservoir wettability. A higher oil-bearing capacity of reservoirs and
the presence of more polar components in crude oil suggest stronger oil wettability. Pore structure influences the solid-

liquid interfacial tension through capillary pressure, further affecting the reservoir wettability. A larger pore size
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corresponds to weaker water wettability and stronger oil wettability of the reservoirs. The wettability assessment results

demonstrate that lamellar organic-rich calcareous shales exhibit the strongest lipophilicity. Shale oil tends to be enriched

and accumulate in these shales under weakly water-wet conditions, creating conducive conditions for shale oil

production. Therefore, these shales serve as favorable targets for shale oil exploration and production.

Key words: contact angle, spontaneous imbibition, reservoir wettability, shale, Shahejie Formation, Dongying Sag, Bohai

Bay Basin
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Fig. 1 Map showing the extent of the study area in the Dongying Sag and the distribution of sampled wells in the area
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Table 1 Organic matter characteristics, mineral components, and lithofacies classification of experimental samples taken from
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the Shahejie Formation, Dongying Sag
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Fig.2 Schematic diagrams showing the contact angle

measurement of shales using the nine-point method
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Table 2 Parameters of the cylindrical shale samples taken from the Shahejie Formation, Dongying Sag for spontaneous

imbibition experiments
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Fig. 3  Measured water contact angles of shale samples taken from the Shahejie Formation, Dongying Sag
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Fig. 4 Spontaneous imbibition characteristics of shale samples taken from the Shahejie Formation, Dongying Sag
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Table 3 Assessment results of the pore connectivity and wettability of shale samples taken from the Shahejie Formation,

Dongying Sag
FE i S1 S2 S3 S4 S5 S6
L)z RANURSER  mapURa)2R ALYk ma AUk
HH e 2 ‘ . " " . L e
IREETR TS REJ 0L REBT A Kkl G TR ikl e 2
o Py 0.4013 0.4013 — 0.3228 — —
7}( TR e g e — e — -
. Ty 0.507 6 0.503 7 0.456 2 0.976 2 1. 060 4 0.2677
AR T I - T4t g I i3 -2z
e Py 0.2616 0.2371 — 0.273 8 — 0.661 6
" PR = are ¥ — i - i
e T 0.169 2 0.606 8 0.359 4 0.346 0 0.6722 0.273 8
Rl I i T % T e
TR R E(W) -0.198 7 0.2673 — -0.5812 — —
T A T A AR IRE, fmihiE — K — —

TE " FOR R AR TR ARSI . 55 R ILIE S

B0 3 30 A P A A A TR 5 A L B e 1 22 S R
R, e iR 5 w5 A ML S Z AR BT A AR KA
JtF ) FL B Sl P PP A -, AR A o A Y LB I T
PErP S K AR ACE M Vb 2 0l
FLB A 45 TR G R KT .

4 AR AR

4.1 BYREFEFSHE

IFFE R, 2R 1M1 I 09T i 2 D e i B9 A B
SRS E S TOC A JR W i (S +8,) ME$8 L (HI)
S B TR A IE A OG, B HLBOB R L -
K =2 T R Al R EOR, BUE R A S ah P (F5) .
T PP A BIL TR A 3 T P 1 S B, ORI I
M 387 OT0C HMHE S Z K EEEA
B, Ji & A B BRI, 2o (A5 A A B A
PEm 07 A% o TR AL I 2 AR 0 A1 il 45 5T
N A D BN A T A R, 2 W B ) FL B4
o RS i P, WA i R T Bl B AR R 0 A R AR
QA LT E i PR A A P A i, 0 1 0 25 e (S, ) W]
DA S W S 2 B 5 b, BEE il po B i, 4
fih Ff B8O, BUE R TR MR N OBEE A KR AF
FHEHEAT , Rl P A U 7 423 T e i e AL Wy i
ARFHTE IR (L5 6 N 3C4. 471 40 A) 1, 3 1 BN
PEAA LR B 53l 1k 22 18] HAT B 8 A XE ) 52

4.2 TIEEHEMYT AR
BB UREZ N B ) = N S N B FE ) S ST

FHEAAR R BT - A ML E R ST O A A A
fe/ P2 29, 8% R W H SR K M B 5 1 2 - A L
JoT B A 0T U Y ik R B R, S 68.5°, SRR
KYERZE(EI6) . HILER,BR T RISCE &4 ToC
Syt s 200 B IEM R R A FE A TUA R
e 1 22 530 Z 200 P2 R B s

ATEE Y T S b AR S5 b | 2 v T2 v o A AL
TR LEAE 43 A ()R TR] 4040 UKL THI 1) 2% 7K B T R 1E
ANE o BEABFTEIN A, Sl vge i i ) 4 T o 52 B K
{6 O/ P e I DR WS S Pae e S
IKPEART 25 10 ) 2% T R 2 32 Wk 4 4 R
IR G R 2R 0 R M T A A AR AR ™) S AR 9% PR 52
IS r 2RI RE ) (AN A A5 ) Ak = (Cn
TR A ) AR 2R K i, 5 A 9 (U i
B o a) Hk B ) (kA = A R R
W) WSR2 (B 7)o R LR AR5 XA L G 1
YR E AL R A T S R R R R
BN R A TR, A5 WK KB E
LA B B A A T H R KRR RERR TR
T HLA B R, 25 5 5K oy T kA B E L 3
EATRK IR R, BN, A 5 5 L Z oK
A7 T P A Y Si—O LB RN K 43 TR B fik
PEBEFE (Si—OH) , J5 # P15 /K 43 T U i &V, DT fiff
ATHE I KPR KA A RN R K fi A
A &R RN E SR, TR A SRS TS
AT REE N SR, B R B4y fif A AT 5 A LR A R AR I
VAN ) & i TS R S B 1 NG v QI 5 = N
HF A T U e A L R TR U e A S P A



55 4 3 TG SC . T M 2R T v T AR YT A e R T SO AR R 1149

90 90

a _ b -
80 - -~ : 80 ¢ =T :
70} -7 o 70t -7 o
-~ @ =7 ®
60 — @ 60 - (]
> g © ® e - e e Car
& 50 PP 8 ® .. E s0-" 8 ® ° -
3 - € ) -
40 o g0 ) 54 o ° -
30 o _e - 30 F (6] P -
e ® -
0} @ @ e 00 @° P
ol ©® -~ O AT AT IF 10} ’///’ © T ] ]
. o R JZ T[] - o T E By 7]
1 L L L L J 0 1 1 1 1 1 1 1 J
0 0.5 1.0 L5 2.0 25 3.0 0 02 04 06 08 10 12 14 16
TOC/% B2 G 1 (S) /(mg/g)
9 ;
90 - -
c - d -7
80 P F{ 80 - H
70 -7 ° 70 - °
I e 60 - -7
SO - e 2 I e §
&= 50 '8 1} ) =50 e ~
£ e ;%’ 40 ) ° -7
w‘o" @ o - P o o ° o -
20l e~ 30+ e~
® - e~
2018 - 0t @ e -
w0® -7 o FiF R 7T o © %~ o Fir 7T
- © I HJZ I A - [CEEN=S |
L L L L L L L s 0 . L - - L .
% 2 4 6 g 0 12 14 16 0 100 200 300 400 500 600
AR TR (S, +8,) /(mg/g) ZUREU(HD (mg/g)

KI5 28 MIBA YA 2 DUAAR S A HLBURAIE 5 0UA F il B G &R
Fig. 5 Organic matter characteristics vs. contact angle of shales in the Shahejie Formation, Dongying Sag

a. TOC vs. $EflA sb. S, vs. filiffsc. (S,+S,) vs. FEfilff;d. HI vs. $Efilff

0 T B 7 17 _
70 wPATIRET

&
&
T30k
20
10
0 1 1 ]

F-FHPRE RS - AR U BHNRERICE  S-m AL
A

Fl6 28 B U0 T AT 2E S [ 5 A B o i B4 e Ak A 2 A AR

Fig. 6 Histogram showing the contact angles of shales with different lithofacies in the Shahejie Formation, Dongying Sag

T

=
g
&
S
p=i
o

& 8 Iy i SRR W], i B Wy AL L0 1 5 s
oz fuh £ SFORE DG, ) B B, DU K R R
W5 UG AR R ARG, 3 R, DUA /KR FLBR G A X DU i R IR R B R B B O,
2o VA A HrARGF M i e TIZAHOCHE . eAh ARt Bl i L AR Y RNk ma i W [ A (2) ]
SRR SER 5 o A SR A5 A [R], WU RH 1A o T cosd = o(r)y =)y« 2)
FE AR T A R B SR R L AR o (r)y - x
FTOMPERTRE ST . AN TR SR AT RIS b0 IR il A, (°) ;o R R TT, R r B RAR,
itt) = E e A B E mN/m;r A LIRS, mm.

4.3 TUEtEEFLERFLEXR/AD




1150 £S5 KRR R $Fa5 5

K& A% WA micH iR BRAEA SRk SERET
7B~

=

SOkt
I\

1

1E
BN

80

(=)
(=1

“THI-TK=F A A /()
g

[
(=1
T

KA A% UM MR L BRI SRR SRR
FRR

BT ARE MBI AN R P2 L 1 i £ o A AR AR ]
Fig. 7 Histograms showing contact angles of shales with different mineral types in the Shahejie Formation, Dongying Sag
a. K= TR s b, K= A

90 - . )
a S AT JZH 7 ]
80+ : ~ N oM H JZH 5 I
~N
70 [5) S N
. ~
60 N @ [4) ~ N .
> N ) ~
< sole ° 8 .
& ~ ~
& 40 ~o. ) S
ﬁ - \: o .. © ~ ~
30 ~o SO
20 S :
™~ (]
10+ S
0 ‘ ‘ ‘ N S ‘ .
0 10 20 30 40 50 60 70 80
TEBRH 42 5/%
90 ¢ o )
c ~_ O VAT JRELTT 7]
80 ~_ o B 7 H 77 [f)
70 o) N -
60 o ® e® ~—
< ° ) ~o
= . e ‘o -8
a0l -~ ) b
i o-._ ©0o P
30t S~ o ° o e
20} ® ~-_ °
10} = \.\
0 1 1 1 - ~ 1 J
0 10 20 30 40 50
B s E%

90 _

b /g © AT ZH T
80 f e oI E I [
70 r - - .
-
60 < )
~ - — . ° @ _-
=50t e 8 e -6
£ ) _-
& 40 ) -~
# ® © o JPte
30} © -
& -7
20 [5) -
e -~
10} o Pt
_ ~
0 L L L L )
0 20 40 60 80 100
LT Y%
90 [ .
d © AT JZHL 5 ]
30 | o o JZ T[]
70 [5) - —
———_e_g
60 ° T -
g 50 [5) @
o= 40 . .
% ®
30 — \. ) @
20 e
10 T T~
0 . . . . . .
86 88 90 92 94 96 98
THZRZ 5 &%

P8 AR MR YT 4 U A dl AN R M0 235 DUA Bl A R 5 R
Fig. 8 Mineral composition vs. contact angle of shales in the Shahejie Formation, Dongying Sag

a. RERTH W8t os. HAMA s b, ESTTHH) & Bk s, $RANA ;0. BT WSt os, SRM0A s d. DUERIRIZ B i os. A

AT X I GUARE S I T 2L i B
IR R S, AR TS DU B T2 1) SR AR -5 3 R
MRFR . SLHRAREY] GER ML, Bl /e 1)
AT A ol A BN (T 9 ), R B AT R R e e, 156
W1 W) S PR A o 30 7 DU M AR LR
BEATCHL )AL B 0 i R b B 24048 T R BB T, 24

B (T AR A R [ ) — 7 I, T AR SR il b, o
PPy 2 K M | 5 il 2R A JCHLE ) AL B B s L
e > AR O, O B AT RO B0 I T A R R
7100 nm LA, R, LA T8 A 52 0 AR, 0 T
AR U Y T ik = FLIGR U S bt o 4 B i ik
ATAHLG P ALBR 205, Sl b A v A5 9 (i 2 S 4L



2 4 1 G SC . W T A AR B TN o I R VD TR A A DA 2 A S R R R 1151
— $hibs7100 140 U K-
30F a — Hfim 300 b —o— IE¥Eki-K-F 5
— P& ff150° 120
20 — Pl 70°
%A F90°
Al ff110° 100
< 10k — A f 1300
& — b f150° ~
2 — i 1700 < sl
R 0 &
u e
g = 60
W -10 F
40
-20
20
-30
1 1 1 0 1 1 I
1 10 100 1000 1000 100 10 1

SLIE- 45 /nm

FLMEEAE/nm

19 A MIBA T 20 ST i 2 FLAR KNS IR PE Y 5E R
Fig. 9 Pore size vs. wettability of shale oil reservoirs in the Shahejie Formation, Dongying Sag

a. AN [EIHESh A BB A0 T FEE 2R (5 SCRRT31 B0 sb. AL R A B 56 5

o) e BURIEAAFAE R K B B 5 e 8™ Wy 2 i L, 645
JCHLA 49y 2 1T 1 108 388 P DA 32 7 P 2 2 DA 2 v
I, T A S A TCHLE 1 FL B A 1A B 40 B T 23 Dk
/AN T B L S AR AR N AR B A X 4 AL

%%[31]0
4.4 THMBAS

A i AR AR 7R T BRIAR R 4 Fh AL o2
I, AEREZ IR 25 PF T SLBTNRRIE 2 SR HUZ K
WE LR AT B AT, B I 2 B8 O 2EAFLER
ZACE R, ORI R B R R AN R A R A S
TS W IR 2R K B UK 231 1l
WELEAT Ay T L, DA TTT ok A 2 3 T R .

180 b gty

Xt HE AN [ 20 73 v S 1) 2 1 5 28 AR BT 1 3R I Y
M-Ik = T A AR ST R TR T R ke )
GE+Z%8) A A& 4 (i NN-ZH R+ e ) DA K
LA 73 (I 3=+ b REmEwy ) 75 “ 57 W) —ih 41 73 - 72818
KR Z R A I . S5 R A BE, BT T Il 2
P E R VA PR 7/ il (O R N T2 S ¥ Y/ SE TN
Wy 2 T4 fk £ 1, KRR AR, 2R T Dt o 5 A A
PRZH I (5 5B ) 2 W R A A 2 v fe T 9 P e 2
BB, JeFR & R ALy 2 (P 10a, ¢, THAR AR
MR RS (I b ) %k i 82 P ) 52 0 52 sl 35 (1 10b) o
THA, S KBS hIR A AL M AL SR A R
T 4935 R R R ) 0 R T35 B 4 5 e e 2
oy RS A A RMEMEE ) K THREE10d, o).

[a = Fiten 1y _ e | C =)
S 1601 iy %40' AR 9\‘28 CEA R
= 140} =351 &3
1201 &30t &
100 | o5t % 30
o 80t W20 EN ;5)
2 60f 215t %5
A 40t £ 10} £ 10
20t st s
0 0 0
REFH Y R S5 RER FLwyy R SR R FLww BB R R
1200 4 Lo 180re miiEK e
ol & TEEH CI601° o AL o RAL
& ey E140F  olFEtkt e 5
= g0 ik &4 120+
H o0
Ha o 80t
i Lo40f
¥ F o0t
0 0 - T
BERY BLTY SR S REFAY RAEEW A ESV A
(/S /St
P10 778 M1 Vb i 4 A il 28 035 4 Ak B9 G R

Fig. 10 Oil composition vs. contact angle of shales in the Shahejie Formation, Dongying Sag
a. FRAI b B Thtse. FERALD . BEEE W se. EATY)



1152 £S5 KRR R

45 5

T T AL 43 Yo T Y ) 5 i) 2 B R R T BT gk T
K FE T K T R 5 L K 72 mN/m , B PE2H A3 B R TR T
WK T K, A T 20 ~ 50 mN/m, % T4 50 44, Wi iA
FEUT IR FT 8N W TR i f AR A AN . X RN
FETT 5K T /N 1) YA 1 4R 3% T R 0% B 25 o b e
T 4 fish £, € 50 HH B e R R S

5 fEIEIUEE I

TUA B TR X T P A7 EL A B S A 52, il
TR Bk 5 HOBRC B ) T TR 9 SR 4, LR JR 2%
= Sy iV R R AR A A 4y I R R A
LT BURHIAE TUA B2 T R R R W] LU
2AFER B O T BEAR N EBFLBR 0 & 4 o LERI IR B
B DUAT R EAE T AR AU FLER 2% N & 45 . TSR
4) 3 TTEL AT 5 %) S T | X (A5 DA i R A5 T 4 b
FELFLBR A R . @ ST M AE TR ARFLBR ik 8] —
SE R R e, S B B AR AL P FLE . 7E
X —ad R, UA I P AR A A Y SRR ALY
T A A B, DT 52 0 4 40 0 ) S e, A LA 5 T S
ML XA BT A W AL LB R i i — s
FEBY BRI, AH XS 3 A DU v AR
W TRCE A B S R, AR AR, L,
T FR ICHLAT 4 2% 1 ) K 25 5 e 3R Wi i e A )
F SRR ] SR T e A8, R TTAS I DA R

A 30 3 X fi £ 2 56 0 5 08 W S g 4 SR
I3HT L LA R A IR A R R BT, A,
X 2R 5 MR U0 el 1 20 DA 20 7, TOC X DU Y
v A B SIE O B i A R A R S
VU B e, 1E— 20 s R . RERROT B
30 () 15 S SO0 2 SN 2K TS 5 4 ) 5 3 fi
JEEEINE I, LS SR KB W R R
W INFLIR R B BN T A2 0 SR KA A KR T
5, LA T ZE A2 T A T T A FLI AR At
T {68 0 25 9 B X L A 2 v s B R A7 LIS 75
YL Sy R LR 2 A A5 DR 3R 3l ok A T U R
T SE 00 DA i 2 1) S TR AIE 98 T AR 25, 7R
B B VI 4 DU W T it 2 S 02 R s A L
5 DT, H DU R B AR T AL T oA A
A3 H R 5 e LR AR AL ik S 25 5, DA
it )2 70 AN A5 42 3 R v i VR B s A AR AR A, R T
By B 42 25 4l 43 () AR AR 0 1T B 3 BURK 2 T R K

SR, BT R R R B R S T R i R R R AR A

— R, AR ZME DL OB 5 TR, SR i
il )22 5 W AR OBCAIXET TR ol AT ER A AN A
N RS KRR AT B U B2 5 5 & 5 U, XS
BEH TR, WAL I ) B 25 IR A R e .
SCHE M) P A BE A 1 A 1) DRI 1) 5 )2 G 8
B, W PG SE I B S K IR A I RZ R . Y8R, A RIHZ
P AN R IR A P — B RE D E (1Y, 38 A5
ol ity 5 T AR SR R PP, A8 SR DI R ) £ 2
fRft T —Fhfi) 2 U0t Y R, DU 5

6 %55

1) 7578 U1 R 10 ) 5 4 T 00 A B 7K 32 fish /s A
14.32° ~ 83.20°, 544 4 43. 95° , 5L B HH S [l AL 32 F) 5
FKARAE , AR 24 10 95 B BEAR 3 3, 4% 0K 26 30k 7K
M -597K . [ R B WS R, VT 1 4 DU LR
A M A YR TR A K T

2) R U VDT B 2 DU G 2 A T B B a2
B S R VI & 11 A S 7 O I ooy A N S 2 A E < ]
SO o AT BB o R R, M R i K
25 RETRH AR S S R L S T
1%, )2 KT PR R LY, & A DL & 45 5 DU A A R s
RIS s RALBR I & &8I0 T 462 025 , SR K
FL BT 1 375 0 P B4 2 S T AL B A 32 3 5 D P A
A G- 38 I ) 2 T IR I R R SR I e K
Bz,

3) A E T Vb ] B 20 DU G 2 A TR 2 R
LR A 285 5, TR i £ BE VRN AR i )2
REOZRE AV E SR IUE, HIUCAH EZERAET
KALH . FER PR A T 2 T8 AR R DR ) A
FIE PR, R e BERR 55 K IR I X2 &R

2 % x #t

(1] ER, D%, 25, 5. BrIRMBA T 3R U 40 A 00
MRAEHLELLT ] A S JF %, 2019, 46(4) : 789-802.
WANG Min, MA Rui, LI Jinbu, et al. Occurrence mechanism of
lacustrine shale oil in the Paleogene Shahejie Formation of Jiyang
Depression, Bohai Bay Basin, China[J]. Petroleum Exploration
and Development, 2019, 46(4) : 789-802.

(2] a7, . AE)ZFLBRA B 07 40 2807 48 B [T ].
KA S IF % , 2022, 41(2): 43-50.

DAI Jinyou, LIN Lixin. “Seepage” classification scheme of
reservoir pores and its significance [J]. Petroleum Geology &
Oilfield Development in Daqing, 2022, 41(2): 43-50.

(3] #RHR, sRRE, 245, 5. ARG T HAATUS S

RHEE R T RS PLrp ol DR [0 ] gm0




5 4 1]

EEC.

175 AR T oty 30T R VD A 2 i TR T R e

M, 2022, 29(6): 721-728, 743.

XU Tianwu, ZHANG Chengfu, LI Honglei, et al. Research on
lower limits of key factor controlling hydrocarbon accumulation of
continental shale in different environments: Taking exploratory
area of Zhongyuan Oilfield as an example[J]. Fault-Block Oil and
Gas Field, 2022, 29(6): 721-728, 743.

LI Qianwen, LIU Zhongbao, CHEN Feiran, et al. Behavior and
controlling factors of methane adsorption in Jurassic continental
shale, northeastern Sichuan Basin [J].
2023, 4(1): 83-92.

A, B 2oll, B R, A BRI NS — % R K
Jﬁi*ﬂﬁﬁfﬁ?ﬂﬂﬁzﬁ&ﬁifﬂ?[ﬂ AT KRR,
2022, 43(5): 1206-1220.

ZHENG Guowei, GAO Zhiye, HUANG Liliang, et al. Wettability

Energy Geoscience,

of the Permian Fengcheng formation shale in the Mahu Sag,
Junggar Basin, and its main control factors [J]. Oil & Gas
Geology, 2022, 43(5): 1206-1220.

ANDERSON W G. Wettability literature survey-part 1: Rock/oil/
brine interactions and the effects of core handling on wettability [ J].
Journal of Petroleum Technology, 1986, 38(10): 1125-1144.
A, . a2 3] 20 deat: Arm Tl b ik,
2011: 240-242.

HE Gengsheng, TANG Hai. Petrophysics[M]. 2nd ed. Beijing:

Petroleum Industry Press, 2011: 240-242.
BEREL, MR, BT, &5 . 78 M B Ui 23 21 SO i i 4
JZE P LB A AR — R B s A ()], e,

2018, 39(3): 278-289.

HU Qinhong, LIU Huimin, LI Maowen, et al. Wettability, pore
connectivity and fluid-tracer migration in shale oil reservoirs of
Paleogene Shahejie Formation in Dongying Sag of Bohai Bay
Basin, East China [J]. Acta Petrolei Sinica, 2018, 39 (3) :

278-289.
TR, R, (TR . iAH A TR 2 FLBR S5 A R AE B
AR oY O R R[] ] v AR M S5 TF &, 2023, 13
(1):23-30.

WANG Xiaoming, CHEN Junbin, REN Dazhong. Research
progress and prospect of pore structure representation and seepage
law of continental shale oil reservoir [J]. Petroleum Reservoir
Evaluation and Development, 2023, 13(1): 23-30.

TR, B, XUATE, A5 il 2 R LB /K AR X s
Rz A ()], PRz 24 CRARBE A , 2022, 53
(9): 3575-3589.

FAN Yuchen, CHEN Lei, LIU Keyu, et al. Effects of wettability
and pore water occurrence of gas storage space of shale reservoirs
[J].  Journal
Technology) , 2022, 53(9): 3575-3589.

MOSS A K, JING Xd, ARCHER J S. Laboratory investigation of

of Central South University (Science and

wettability and hysteresis effects on resistivity index and capillary
pressure characteristics [J]. Journal of Petroleum Science and
Engineering, 1999, 24(2/4): 231-242.

XUIH, A, R, S IR X e TR A DU R S

[15]

[22]

BEHER 1153
Wr R sl (1], KRR HERBL, 2014, 25(10) : 1644-
1652.

LIU Xiangjun, XIONG Jian, LIANG Lixi, et al. Analysis of the
wettability of Longmaxi Formation shale in the south region of
Sichuan Basin and its influence [J]. Natural Gas Geoscience,
2014, 25(10) : 1644-1652.

HU Qinhong, EWING R P, ROWE H D. Low nanopore connectivity
limits gas production in Barnett formation[]]. Journal of Geophysical
Research: Solid Earth, 2015, 120(12): 8073-8087.

XU M, DEHGHANPOUR H. Advances in understanding
wettability of gas shales [J]. Energy & Fuels, 2014, 28 (7) :
4362-4375.

GAO Zhiye, HU Qinhong. Wettability of Mississippian Barnett

Investigations from directional

100 (1) :

Shale samples at different depths:
spontaneous imbibition [J]. AAPG Bulletin, 2016,
101-114.

ARIF M, ZHANG Yihuai, IGLAUER S. Shale wettability: Data
sets, challenges, and outlook [J]. Energy & Fuels, 2021, 35
(4): 2965-2980.

SIDDIQUI M A Q, ALI S, FEI Haoxiang, et al. Current
understanding of shale wettability: A review on contact angle
measurements[J]. Earth-Science Reviews, 2018, 181: 1-11.
CLARKSON C R, JENSEN J L, PEDERSEN P K, et al
Innovative methods for flow-unit and pore-structure analyses in a
tight siltstone and shale gas reservoir[J]. AAPG Bulletin, 2012,
96(2): 355-374.

WM, B, %, &
WL, dERALmA, 2021,
ZENG Juan, YI Minghua,

T 7R Hl DX M A R
8(1): 90-94.
NIE Jun, et al.

AL

Research of

quantitative characterization based on shale wet-ability in
southeast Chongqing areal[ J]. Unconventional Oil & Gas, 2021, 8
(1): 90-94.

X . GUA NP B F 3R (D

), 2018.

o dbET s A (L
LIU Xuan. Main factors controlling the wettability of shales[D].
Beijing: China University of Geosciences (Beijing) , 2018.
ST, whEAG, b, SR WIS A BE 1 TR P A A
Be— W Bt R AE 5 DU I R LR (1], A S R AR
5, 2021, 42(2) : 443-455.

ZHOU Lihong, HAN Guomeng, YANG Fei, et al.
3(1)

Geological
in Qikou Sag,
42 (2) -

characteristics and shale oil exploration of Es
Bohai Bay Basin [J]. Oil & Gas Geology, 2021,
443-455.

XERS, A5, XS, 5. Sr P BE T R 0UA I E R
SEITREIETT L] AHeE, 2022, 43(12): 1717-1729.
LIU Huimin, LI Junliang, LIU Peng, et al. Enrichment
conditions and strategic exploration direction of Paleogene shale
oil in Jiyang Depression[J]. Acta Petrolei Sinica, 2022, 43(12):
1717-1729.

MR, B, FHG S SERIMEE SUE IR 2 6
AT L[], Rl <0, 2022, 29(2) : 16-23.



1154

EERIIESIPS

7

W

N

A B

45 5

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

LAI Fugiang, LI Shichao, WANG Min, et al. Optimal retrieval
method for mineral constituents of shale oil reservoirs in Jiyang Sag
[J]. Special Oil & Gas Reservoirs, 2022, 29(2): 16-23.
FEAR, MsE, MRR, AF . )i X O DR USRS
PRHEOTEELT ] Al Edl, 2020, 41(2): 216-225.

GUO Jianchun, TAO Liang, CHEN Chi, et al. A new method for
evaluating the mixed wettability of shale in Longmaxi Formation in the
southern Sichuan[J ]. Acta Petrolei Sinica, 2020, 41(2): 216-225.
MKk, o, BAE, . RETRREHRBOR Y TS i T
e HC X IR SRR s [0 ], S B S R, 2023,
30(1): 112-121.
XIAO Wenlian, YANG Yubin, HUANG Chu, et al. Rock
wettability and its influence on crude oil producing characteristics
based on NMR technology [J].
Efficiency, 2023, 30(1): 112-121.

SRARRE , A4, ZR4EUR, A5 . WA ORIl ] S —— LU
T B AR E MR BT ] AR 50T %, 2014, 41
(6): 641-649.

ZHANG Linye, BAO Youshu, LI Juyuan, et al. Movability of

Petroleum Geology and Recovery

lacustrine shale oil: A case study of Dongying Sag, Jiyang
Depression, Bohai Bay Basin [J].
Development, 2014, 41(6): 641-649.

B, EFLL, RH B, 55 B T =F B Y B
VUAMMERAE A PEN L) ). B iR, 2015, 36(5): 510-514.
LI Zheng, WANG Xiuhong, ZHU Rifang, et al. Geochemical

Petroleum Exploration and

evaluation of shale oil in Lower Es, and Upper Es, in Jiyang
Depression [J]. Xinjiang Petroleum Geology, 2015, 36 (5) :
510-514.

TRME T, R, AR, AF . WA U A R R R T
12 B W FH—— LA 8 2t 2 M R b i 5 28 R 0 LT ). A
5RAREHIT, 2019, 40(6): 1339-1350.
ZHANG Pengfei, LU Shuangfang, LI Junqian, et al.
Identification method of sweet spot zone in lacustrine shale oil
reservoir and its application: A case study of the Shahejie
Formation in Dongying Sag, Bohai Bay Basin [J]. Oil & Gas
Geology, 2019, 40(6): 1339-1350.

ZHESC, X, BRAESR, S M) GRS R DU 2 R A
R AR ERAFE——LATCI X Y2 I R FE BN BT ], A
BRI, 2022, 43(5): 1127-1140.

LI Qianwen, LIU Zhongbao, CHEN Feiran, et al. Lithofacies
types and reservoir characteristics of Jurassic shale in the Sichuan
Basin revealed by the Da’ anzhai Member, Well Y2, Yuanba area
[J]. 0il & Gas Geology, 2022, 43(5): 1127-1140.

XUE Haitao, DING Guozhi, DONG Zhentao, et al. Study on the
wettability and spontaneous imbibition characteristics of lacustrine
shale[ J]. Geofluids, 2022, 4023435.

HYRYG . ARIL A AL A b A2 R S SN D ] A5
B« EAHR (R0, 2020.

DONG Zhentao. Research and application of wettability of shale

oil reservoirs in the northern Songliao Basin[D]. Qingdao: China

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

University of Petroleum(East China), 2020.

HANDY L L. Determination of effective capillary pressures for
porous media from imbibition data[J]. Transactions of the AIME,
1960, 219(1): 75-80.

EWING R P, HORTON R. Diffusion in sparsely connected pore
spaces: Temporal and spatial scaling [J]. Water Resources
Research, 2002, 38(12): 1285.

w2l MG, WIERAL, A5 )1 E X g TR A A A LT
FLBR 2 5 A R T RRAE B X i A 25 T s [ ], A iRk i
%, 2020, 5(1): 1-16.

GAO Zhiye, FAN Yupeng, HU Qinhong, et al. Differential
development characteristics of organic matter pores and their
impact on reservoir space of Longmaxi Formation shale from the
south Sichuan Basin [J]. Petroleum Science Bulletin, 2020, 5
(1): 1-16.

ARSALAN N, PALAYANGODA S S, BURNETT D J, et al.
Surface energy characterization of sandstone rocks [J]. Journal of
Physics and Chemistry of Solids, 2013, 74(8): 1069-1077.

Tolk &, R, FFEGE, AL U A3 A T g T N R
MG RALTTE ] E A i (A AR, 2012,
36(5): 155-159.

WANG Yefei, XU Huaimin, QI Ziyuan, et al. Effects of crude
fractions on quartz surface wettability and characterization method
[T]. Journal of China University of Petroleum (Edition of Natural
Science), 2012, 36(5): 155-159.

s, TR, Bse, A AR LG 04— BOAR R
AR TUE M2 BV D], SRR 2 i (R A2 1)
2022, 52(2): 315-327.

ZHANG Hui, WANG Zhizhang, YANG Liang, et al. Quantitative
evaluation of shale oil in different occurrence states in first
member of Qingshankou Formation of Upper Cretaceous in south of
Songliao Basin [J]. Journal of Jilin University (Earth Science
Edition) , 2022, 52(2): 315-327.

ROk, HRIEE , BRNEIC, 45 . FLIRBOMIER X SUA AR Y
FERE LA R A 75 AR BRI — A% 2 RV 2 802
RICE MBI GRS TT 4, 2023, 50(2): 297-308.

XI Kelai, ZHANG Yuanyuan, CAO Yingchang, et al. Control of
micro-wettability of pore-throat on shale oil occurrence: A case
study of laminated shale of Permian Lucaogou Formation in
Junggar NW China [J].
Exploration and Development, 2023, 50(2): 297-308.
XM, sk, Mg, 5. TF BRI R IUE IS B AR IR
R A BT [T P E AR R (A RRE D
2022, 46(6): 89-98.

LIU Peng, ZHANG Lei, WANG Shengkui, et al. Discussion on

Jimusar Sag, Basin, Petroleum

migration path of Paleogene shale oil in Jiyang Depression and its
petroleum geological significance[J]. Journal of China University
of Petroleum (Edition of Natural Science), 2022, 46(6): 89-98.

(i KB4



