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Fig.1 Comparison of capillary pressure curves between high pressure mercury intrusion

and constant pressure mercury intrusion
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Fig.2 Capillary pressure curve of semi-permeable plate
SR R AR AR 5 A TR ) R 5GBSR Al 2
il B 2 (AniE 3) .
1.1.4 N, .CO, W

N, H1 CO, R M BE)™ 32 B T 94 K A ) 4
FEH WAL JLAF 22 M 6 T A fLBR S5 R iR A L
CO, MM =2 T FL42/N T 2 nm AR/ INLER
AR A , T N, ARGl IR B D5 P T R AL B /AL
itz

ERETAL B BT A LS 5 il 25 HA

[17]



<24 - ¥ w5 f ® 46 %
10 1.1.5 ™Fat
Wi F T H /N BE B (SANS) RERBIR /N g 3~
- 7 10 nm (F9FLBE 25 ), A7 085 82 IR 9T T A 80
%i L, SEU S — A S R R AR A BRI R 2 2
2t mm SR T RS 85 0 T & FH A K
RN B 5 2 AR R BB N 1 mm B SRR
I SANS SZIANEE 5 BT %) | AL I J3F o 436 2 0
0 10 20 30 40 50 60 70 80 90 100

B AN Su/%

3 BOWENEEEE M
Fig.3 Capillary pressure curve measured
by Centrifuge method

SN, (€O, TR RE AR, PRI 2 1F
DN AN R] R 77 A 0 B R PR i s S MR
Fe A3 P/Py SRR BB A O 2R 1 Al 22 il
HC R 5 BB AR R OC FR (T 41, BE TR AR
B, 455 Kelvin J5UHL G AT 4L BRAAR FLAR /I
Be S A RFAE

il I

(e

v VI

I/

ABR R PP,

4 TUPAC Hj 6 FhiB R Bk
Fig.4 Six isothermal adsorption lines of IUPAC!”

iAo E R RASBIREA I, SR A
A SRR 8 Bl AR R A I T sk, DA
SR AR BRI 2 45 S RO 2 3 i A L 1
B Jr HrHICH £ 5 FLBRES I Y N FE B G R
A ARICALBRES I AR /N B AR AR 452

e

AHENE

5 FRTFHSIRED
Fig.5 Neutron scattering diagram
1.2 E#HEWME
121 S F ik
TE— 7 LB AN ) B2 RS T R 3R S
Jig-55 1 Ak 790 T A CE A FLBR R, B A £ R (T
6177 ) s FRHE A1 e A IS S, A B O D't S Al
AT EAALBRESH AR SRS AT A R
T T PRI J2 8 FL R B /N 3 A B G 3 e
S, ETEALB R BRERE A BOALAS il | O B
PR LR AR T — R R AT AL T

[23]

6 AEELGEEERD

Fig.6 Casting thin sections of different cores

[27]



13 W75 0045  BUE b2 LRSS DH T 2k .25 .

1.2.2 HifdEE

FAHE WL BETE SR A T A AR AL BR S A8 R i R R 1Y)
BT 5, H R SR R R AR 40 Y R A
SR TR, R R A R AR A T B
PO T AR E 2 R FL R R A B A i
RIS ARG G L N s e ey = 1] )
237 R FRE AR E R X 25 A S 5 5 5 bl
TSR M & A28, RSO T KT
BERARFE MG T AR JEH BLAE 2 FLER
SERPEMY D SR B N DR S R ST AR AR
AR S R i FLBR &5 F 2
1.2.3 CT H#hi¥k

CT SRR BT X4 A X G 47 4L
BREEFTIF I 434 O L PR B AL E R
750 i A XS 2R R 8 0 A7 DB 1 1 A
PRI 25 T B2 B35 o O W T ) X SR 15 B K
{5 BT IHENIAE B 5P IRE X i &
BT AR B XS 2 Wi R B AT R %
VNI FUR T £ G BTG T VR &3 FE = N ]
I FLBR A5 F FFAIE

7 X g% CT H#RE
Fig.7 X-ray CT scanning diagram

[36]

1.2.4 MR

5030 I SRR L, IR R O i T R A P
YR AEGT P AR T E AR
IR B BB & ' 4 AR 7 ) 38 b 5t 4 B v A 22
PE IEUET T SRR R AR AT S e B
I A GRS 5, AT LSRRI D 5 I i L R %
MBERLIAGZT WA T REFR, A0
B e BB R TG R B AR S A A TR BRI
W Py 7E B & B e N k(R 8 ) =T
W (S AT ST 2 R A3 B FLBR S5 R4 AR AE
1.3 HFAHLZE

H i, B0k s 5T L R 4 A8 Y — el
BB, AV E X ik R A
BT IR ECE T B = LB M 4% | i
MARBCFL BR S5 R AR L X SR iR i £ 2 A
JH Micro-CT 5 7%, $& 41k 73 #F F8 7] 35 21 L B 92531 1Y
3D EUE ™ ZH T X LR AR &, A A
KB T RMFET WA ARG E ik i
Ik A A EHTEIER . BGREE
Sl A W WS A AN R B R Oy
LA PR G, BEAUE R = 2 LB 2% (A
ol hy | MM X i AR B FLBR R M A T I 5 A

2 MHBERFNITE

S22 TR H O B 5D BORMR
DR, TR A K I I BEORA T B
B, H B A 23 B s i AR 30T R, FE 43
FUHIBERE, TR A 2 ALBR S5 PPAN i A5 1 X
B,

B8 TEEHARELEE

Fig.8 Cathodoluminescence identification of different rock samples

[40]



- 26 - oW 5 b ® 46 &

B9 HELAED(a)5EFEO(b) XM

Fig.9 Comparison chart of real core(a) and digital core(b

2.1 HBEZEZX

CAMREIY B2 LRSS 5 A A PR
fFTE—ERR, BEWEDRME LR
2%, A A BRI (25 52 22 FLBR 254 FLBR
T /KRR S5 (RS2 R0 R BEL 53000 S i 7 4P 52 i
NZRE 2, AR A LR ES A AR A —
TS B 58 T AR S AN R 2 i PR 28 N A A
RS T R FLBR 45 A B 40 A, LIRS e
SIHTAGE R H AR H BH R R i S A A
AR BT R AL AR S RO AR, A
i SR 2 LR EE A PP

A FLBRZEA REE IR T 38 2 A 2R R R S
HTFIE 8 I I AN (R AR RS T A0 A FELBH 3, 2
G OFLBRGE I 5 )2 P 2R | BH 3 R S K R
MIE R HT R HE 2 R FLBRES AR AE 7
2.2 ZEEERE

MEmg AR I 45 T 20 Htad 90 4EA%, HAETE 7E
FE P A BRI & R A 8] T T Y %
AR FE B A LB R AR SR A
KI5 SN AR AR BCE & 1 )25 B, DAk
KL G Z A A FLBRZE R Gt A REFLBR
T VAR AR 1) 3 4 B 8] 43 A3 (] 105°2) (5 AT 43 ik
JERFLBRES A FFIE S

%t JE AR A 1] 5t 4B (B) T, 15 T SRAE AL PR
R LR KNS 2 A A R FLBR G A R bE DY AR
K MG FH W IR T, w4 o B R ith
&, R DE) T, JURTE S YLk A A B A
WA S ED ) Bz SRR T, 3% S
B R 28] 0 N TEC 2R S ATt 2 1 FL R 45 4
FRAE S 3 AF R 5T A HA A
23 FiEREE

A BT R — B AR R U e 2 DU T
Wik ZFLBRZE M AR SC 5T BRI & B, B

)[44]

500
400[

300f

oz

A

200f

100}

B 10 ZEtiR T, i Es
Fig.10 NMR T, spectrum'®
A ERITESS  FLBRSS A X Ay s o B ELAA
MR s 2 P TR S A TP A R AR i
JE LIRS B 5 A 75 I A i o BE B R 5
M), EVASEFL B SO [a] FL B A9 0 LU AFL B Y 0 B
AT PR P A R R B g L R R U i 2
FEPALAR R A B, FLBRE 2546 %8 7 i e e B oA R
sz, U H R GO R0 7R OB S S 8 R
T, P R | I SO R 8 S LR
RoF B ah g A

3 SLBRES PO i2aE Pt

PR TS 56 -HR T B 2 4 U BE A8 #3001 £L
FEVERSFF P ER, SLBR S PN Ik B — €
(14 Jea R R R L
31 BT EERAE

F oIS o B DR MR | AT LA AR X S8 4
(878 g bk, HAR R 32 B I T 0 B e, i
AREBBLAN A0SO R0, KoREZ H T b
RALEC , MELUEU =R 25, H R ok Sl
AR AR 220 S i R ANEAR T, S0 A RE AN BE
ORI o 28 B B M1 55 e R S 36 AR AL, AN



134 W75 0045  BUE b2 LRSS DH T 2k D27 -

PRAE T EA 0 5 S A v R 1T AT DA R i 2
YUEHE BB B R AR L LB AR B S AR Y
R WA R, S B R B BE E  h&oF A
SEHE AN 2RI R R T N RIS X B
WAEZ LIRSS AT 5T 8 AR . B O AL S
PRAE I R KSR, HOZ Oy N R T, T
TGRS i3 R YA O, S5l v | [7)
IF AT A B AR X 6 #1422 5 B O AL S Y 25 R
AL 8 B A2 S 3, H 2 R o S O ML AR B
SRR T T R A LA A T 300 nm (Y fiF
JZLBREEAE , H SRR A RE A T TR AL 3

PR A B R T X A R T T
AR, FLA 0 B SR S5 F FANT IR 5 52 BN R , AN
FIT2E0 R R 55 VR T R ORI (%) L Bt PR BB
FARRTY T F i AR AS A 5k B B, B 4 i
WLEEHEA O N TR S5 A FRAE T HLRE ORI A AR
PR H 00 o 1AL 3 (R S R AR B e |
HRRE LR, ML CT 34, PI &t he
B T MR AR S AR FL R AN B R ] g s
SR A AEIZ R FLBRES M RRAET L /N B T O
PR LA LR, BRHERA S LR ZS M5 B, B
XA FEAN BB | (H 250 FEAR TR BRI, H A ik
s MEAEFEIOTE . B DIEAUAT DS E N
SR IR AN B A5 I B0, 38 T LU 5 R R X A fL
BREGFIEA T2 BT, B ARk 32 Bb A 2=
A AL

SEYG IR 2 BE LA AR 5 2 5 , 2 AF
(I 2 FL IR S ARG B35 vmn , AE R D o WA v ) 4
K, BEAh, L RS R R R A B AR KR
BRI T FLBR A B Y A HE DL 5 2
FMSHCEN K FR  WARMETT e DBt 2 10, 5%
5% N RAEAG FE s m, R BREEK
32 MHIEMFAEEAME

S8 2 My k32 T A0 8o SORGE , Bk
K, T B I 98 RE R AT )2 FL B 45 74 AT i ke
ZIAE, D 22 PE O FLBR S5 R A |
BB I, WL LRSS R E P L
L

F, BHL 30 T AN B2 i 225 PR P AL R 254
() 52 W, LB PN O A P BT R o HE B R I R
M R, E BH R AN % )2 LR & A B, T
FEAR A M MR A B AT T, A BEARAT 4L
RPN ROR . BORMEZ LB A AR 2 5%, il
PRSI &, A B RE I A FL A R AL BB
A AN B T K AL R S5 A 6 i B LA 5 1

SN RILEE G A B, Sk S0 Jh S MR 1 7 I
MECEIZ LIRSS BRE L IR R  FL B 2
Ay S IO R, SR AE R, R RE B, T DA SR T
P FAEAE AL LS AT AN SR A b, ik
(0 S IR 25 S LU o vk SRS M, i1 508 )= AL I
LRV D7 T B — RE B PE3 SR I RS IR A
T B B ME LR IR I HT

I GOR IR SR LF o Bk, vl LR AR
filf = B FLBRZS G A7 B T X Sl J= e 41 FLBR 45 14 Y
WF5E AEAZ 1 T DI L BRI X = AL B 45
AR AR A5 2 WL S B, 5 KL D 2 AE ) it )= L
BRASHIRTRE R . USRS IRIIH 1 R AL A2 AL
BRESFE T LR (E 32 I A R
IR AR A PR AR TR A

4 BUEMEIRILEIRE TSR

BT FRBURAZ LRSS PN A R G
BAIVEANSRINT , B IR AR AR PR 295 50 T E 42 LI
SERPEM T R AT S5 mT 0 B BURB AR 2 FLBR S5 14
VAN T 6 IE TG 5B Pk BT X S0 Wl A ki
JEFLBRZEA AN B2 1 ) 3 75 oK, 28 30 TA R i 75 7E N
T 3 RS S
41 WHRERFE

1) s e MO 5@ B A IS &, 1A
HBBARDE S R A B W B S e O i AT
FEMEES , i LIRS 25495 TH45 5 W RFH |
JE R4 TF-BoE s T LB G540 20 A, 32 7 B R B
WAEZ LIRSS AT S DR BR T B

2) MR B BB, N T 4E B = iR 0 2
LRI AR AL PR 5 H Al AL R AE B A, 2 T ik
GERERMBE S EG S =48 CT JHH G, N A
PLEMR AL BRER | 38 i A0 R K Bk s TR A i it
PRI R F A — 4RO, T AT AL RAE 5
A7 1Y N EBFLIR I 28 4544

3) O SR A AT S5 I AN A LR,
AU BEI I, 52 B 2 AL B 45 4 R AE X B4k,
753 R O DR AT A v b B2 P S DA BRI A0
mESM: 256 Z R T B, 4 Kk, MAS TR
RO 2 REEWEFEAE 2 LR EE A8, LU R AR 1Y
fitt 2 FLBRBE M A B0 2 T = SR T A St e
4.2 FLBRZEMIR MAFE

1) DUBRAE R A2 B B 45 36 6 J2 1 L B 45
1, RGBT X A R UTRRAR AR Y 8 i it

RIOAH 5 i J2FL IR 235 44 18] 1 PN FE G 3R 43 A, T £k



- 28 - wowm 5 e ® 46 &
JEALBRESA R DTRR AR B ML BE K A7 B T4 2 A 35k versity, 2016.
PP A A X3 53 [5] L. Ha e i bAE K 4K 6 T2 LK 2 V4 Kt P
‘ . , FAPHT D)%, REKF: 2018,
2) AR R At 2 SO A B2 N R T Y e . . A
\ TN = . . Xin J.Study on the comprehensive reservoir evaluation and control-
uﬁﬁ,ﬁ%}% E/‘J?leﬁ\én *ZJ {jﬁg/ﬂ: ° Yﬂfﬁ'ﬁ%}%}&ﬁ{jﬁ’f‘tf?ﬁu ling factors of Chang 6 oil set, Yanchang Formation in Gutun area,
*ﬂﬁﬁ*ﬁaﬁ?ﬁ' s ﬁﬁ:*ﬁm IEJ EEE’VEFH X‘T?L Bﬁ:%*@ E/:J %ﬁ Ganguyi oilfield [ D].Xi‘an:Chang’an University,2018.
e AL B B HE TS L A Z T | B n] R R (6] HRARAR, E3, R AKZ E AORALBR A BT T 5 B 45
N L o = e . _
S R TR R P11 B, 201,25(5) 124128
\ . N 8 N Hao L W, Wang Q, Tang J.Research progress of reservoir micro-
3 K = B % BBk 3B AE R IR T4k
“ ) 1:/51 %Q/Efﬁﬁtﬂ‘z E,:J A ﬁb? '\:' ﬁ:ﬁ; E/J ?L Fﬁl " scopic pore structure [ J].Lithologic Reservoirs,2013,25(5) ;124
;F/Lg , i j]”#;“/}lb ﬁbjj o Jﬁi)‘i@ﬁ %*%Tu \E'L‘—‘Urlﬂ#— —128.
MR PUN A RSN I REE I A TR, RGEEINT (7] (0. SO A2 LIRS B B R RAEL D] AL h 4
g XFLIB G O S P LSO R Kot 207
‘]Jﬁﬁ%%%ﬁifiiﬁii%o Wu P.Characterization of pore structure and permeability prediction
"~ s 5 wga & in tight oil reservoir [ D ].Beijing: China University of Petroleum,
4.3 X HS BRI
ARG AR S EORN "
D RILBRE I RE SRR U2 BN () g s st scorns 2 BIRAL B FOIT A RO BOWIE
JeIH TR L R N R AR AL RS R G A AFHUBRBIFFE[ D FHS - PTG A7 K27, 2017
%%ﬁE E(J %ﬁ&i , {%ﬂﬁ??m%}ﬁﬁﬂ*ﬂﬂ:*ﬁ*ﬂ%éb s ﬂ: Wang C.Pore structure evaluation and gas water microscopic occur-
BN IEJ}L I@%*@ %ﬁE ‘F EI/‘J YHEI %}ﬁﬁ*ﬁ Tﬂﬂ}ﬂﬁi , Eﬂa Eﬁ rence mechanism of tight sandstone reservoir in Penglaizhen forma-
b JHe I \ 8 i Western Sichuan [ D ].Chengdu; Southwest Petroleum Uni-
4 by RLEE B A tion, g
LR 05 AR AT T30 LT o, N
HARIXALE . [9] ZEFRAARBEMZHONLRGH DI D ] KRR R K
2) i ZALBREE g T il B R E | Y 2% 2016.
ﬂ[’nﬂ%‘]ﬂ}/—:\‘ H T%}&K[ﬂ:z% 5 %[Jﬁﬁjtﬁgﬁéﬁﬁéﬁjb , Che R H.Study on micro pore structure of low permeability reser-
Ei&%?ﬁl}i%{i? , I J A TRl FL B 25 ¥ R 4E R By voir [ D].Daging: Northeast Petroleum University,2016.
E\jﬁ?}ﬁigﬁ %é?m%ﬁﬁﬁ*ﬁ*ﬂﬁﬁ% %IJW?L@% [10] Christos D T, Alkiviades C P.Characterization of the pore structure
- SN "t N . JRRN ” . of reservoir rocks with the aid of serial sectioning analysis, mercury
1451 _\‘@ UINERER ’ T 8 5 Wi SR B i 2 porosimetry and network simulation [ J].Advances in Water Re-
PR B, U SR i A A& 7 il B S Ry sources,2000,23(7) ;773 — 789.
[11] Hao L,Tang J,Wang Q,et al.Fractal characteristics of tight sand-
%%j{rﬁk ( References) . stone reservoirs: A case from the Upper Triassic Yanchang Forma-
(1] TARM, TR TR, 4 B 2 FL IS 45 b R AL T 3 tion, Ordos Basin, China [ J].Journal of Petroleum Science and En-
, Bt S, SF. =L S FLPr
I LT TSI, 2017,24(6) 1783 ~ 787, gine,2017,46:80 ~92.
Wang Z L.,Mao Z Q,Sun Z C, et al.Evaluation of pore structure u- (2] Rt AL, 208D , 6 SO )2 L BR G R RAERAAT A
sing NMR logs for tight oil reservoirs [ J].Fault-Block Oil & Gas PSR T M5 T2k, 2018,25(2) 192 - 203.
Field ,2017,24(6) ;783 —787. Wu S T,Zhu R K, Li X, et al.Evaluation and application of porous
[2] Ning C X, Jiang Z X,Gao Z Y, et al.Quantitative evaluation of pore structure characterization technologies in unconventional tight res-
connectivity with nuclear magnetic resonance and high pressure ervoirs [ J].Earth Science Frontiers,2018,25(2) : 191 —203.
mercury injection: A case study of the lower section of Es® in Zhan- [13] Clarkson C R, Bustin R M.The effect of pore structure and gas
hua sag [ J].Journal of China University of Mining & Technology, pressure upon the transport properties of coal: A laboratory and
2017,46(3) :578 — 585. modeling study [ J]. Adsorption Rate Modeling Fuel, 1999, 78
(3] 00, R, KT, 4 B2 4 2 A O (1) ;1345 - 1362.
F— DIV IR 2 M 7 AR R U 2 B [T ]. [14] BB E MONILBR G BB FA T [ D]t st . h
AL K2R, 2017,46( 1) 85 —95. £ K2F,2017.
Zha M,Su Y,Gao C H, et al.Tight reservoir space characteristics Zhao H W.Study on micro scale pore structure and flow mechanism
and controlling factors: An example from Permian Lucaogou For- of tight oil sandstones [ D].Beijing: China University of Petroleum,
mation in Jimsar Sag, Junggar Basin,northwest China [ J].Journal 2017.
of China University of Mining & Technology,2017,46(1) :85 — [15] Z2Z BUEMZILRES LS TM s [ D] bt P EA
95. JHR2E,2017.
[4] T BEPIF A XA 2 3O FL B 45 44 Kz AR 35 S i 5T [D]. K Li X.Study on comprehensive evaluation method of pore structure of
IR AR AbAER 2, 2016. tight oil reservoir [ D ]. Beijing: China University of Petroleum,
Yu S.Study on the micro pore structure and heterogeneity of reser- 2017.
voir in central Saertu area [ D ].Daqing: Northeast Petroleum Uni- [16] skdi. JET 5 HLH- TR 04 i 2 RO FLBR &5 F 340 ik [ D).



14

W75 0045  BUE b2 LRSS DH T 2k

- 29 .

[17]

[18]

[20]

[21]

[22]

[24]

[26]

KPR ARALAI RS ,2017.

Zhang W. Microscopic pore structure evaluation method based on
conventional logging data [ D ].Dagqing; Northeast Petroleum Uni-
versity ,2017.

K, SRR, SR R, S BRSO SR K R S TR
XFH[ ] R SRR ,2016,27(2) 1352 - 358.

Zhang C,Zhang C M, Zhang Z S, et al. Comparative experimental
study of the core irreducible water saturation of tight gas reservoir
[J].Natural Gas Geoscience,2016,27(2) :352 — 358.

ZRAE WRE Ui, BUTHEE | 55 0 A OUL L B 25 4 F 90 T 12 25k
[J].HF7K,2019,41(6) :112 - 114.

Li F,Chen M Q,Zhao Y T,et al. A summary of research methods
on microscopic pore structure of rocks [ J].Ground Water,2019,41
(6):112—114.

EABW, Y, B, 45 R GO0 L B 5 4 2 RO 3 R
R MR 5O R 0 AT [T ] [ il R 2 240 FAR L
¥ 0,2016,40(4) :12 - 19.

Wang W M,Lu S F,Tian W C, et al.Liaohe oilfield shale reservoir
quality grading with micropore evaluation parameters in Damintun
depression [ J].Journal of China University of Petroleum : Edition of
Natural Science,2016,40(4) ;12— 19.

RS ie AW MR I BURE R A LR S AT ()] s AL T,
2019,46(12) :87 —90.

Li H Y.Pore structure analysis of tight sandstone by nitrogen ad-
sorption method [ J]. Yunnan Chemical Technology, 2019, 46
(12) :87-90.

R R, FIF G R, AH TIR IR S0 B 0 o 12 Ay A
FEALBRAITIEL )] HEBR AR ,2012,40(8) 236 - 39.

Qi L L,Wang Z F,Yang H M, et al.Study on porosity of coal sam-
ples based on low temperature nitrogen adsorption method and mer-
cury porosimetry [ J].Coal Science and Technology,2012,40(8) .
36-39.

WHGEIK U, AR AR A UM Bk T i i 7 D 3K e D
AR TR L) ] R Tk, 2006, 26 (12) 2 100 —
102.

Xie X Y,Tang H M, Wang C H, et al.Contrast of nitrogen adsorp-
tion method and mercury porosimetry method in analysis of shale’s
pore size distribution [ J].Natural Gas Industry,2006,26 (12):
100 - 102.

SEE TR, AR TS, 4. BUR )2 FLBR S B R O i ik
(I M SBIP A AR % ,2014,4(1) :30 - 31,

Peng P,Ning Z F,Qi L S, et al.Research method of pore structure
in tight reservoir [ J]. Reservoir Evaluation and Development,
2014,4(1) :30-31.

SRARE  ARASAR  IVER L, 25 R T/ A vh T O RAE A P AL
S5F-SA[ 1] DURR A, 2021,39(2) 11 - 22.

Zhang L. H,Xu Y R,Sun M D, et al.The structure and evolution of
closed pores in shale determined by small angle neutron scattering
[J].Acta Sedimentologica Sinica,2021,39(2) ;1 —22.
Ghiasi-Freez ], Soleimanpour I, Kadkhodaie-Ilkhchi A, et al.Semi-
automated porosity identification from thin section images using im-
age analysis and intelligent discriminant classifiers[ J |. Computers
& Geosciences,2012,45:36 —45.

SRRAT, BUAE T, 2R 3 TUA LB R WIS IR 7 i [ )] 4

[27]

[28]

[31]

[32]

[34]

[35]

[36]

BB 4] ,2016,35(4) 1192 - 198.

Zhang T F,Bao Z Y,Li D, et al.Information experimental methods
for shale pore system [ J].Geological Science and Technology,
2016,35(4) :192 - 198.

SR 3 HLAR 58 DR b XD 5 AR fb 45 3 X 3R i 98 [ D).t
AU PEG R, 2018.

Song Z Y. Experimental analysis of sandstone formation damage
with acidizing treatment in Keshen area( Tarim Oilfield ) [ D |.Bei-
jing: China University of Petroleum,2018.

158 BUR R SRR S LA ST [ D] R PR AR AL AR
2% ,2016.

Hu Y.Research on percolation mechanism of tight sandstone gas
reservoir [ D ].Daqing ;: Northeast Petroleum University,2016.

W VHEE 2 2 Ml A T DX 1 R T KT 2 )2 SRR AR Y
[D]Jt5T: frE AR % , 2017,

Chang M.Study on reservoir characteristics of the cretaceous Qing-
shuihe Formation in Chepaizi area, Junggar Basin [ D ]. Beijing:
China University of Petroleum,2017.

Bonnet N, Herbin M, Vautrot P.Multivariate image analysis and
segmentation in microanalysis [ J]. Scanning Microsc, 1997, 11
(1):1-21.

Zhang Y X, Ghanbamezhad M, Rouzbeh, et al.Pore structure char-
acterization of a shale sample using SEM images [ C]//California;
SPE Western Regional Meeting,2019.

Nadeau P H,Hurst A H.Application of back-scattered electron mi-
croscopy to the quantification of clay mineral microporosity in sand-
stones [ J].Journal of Sedimentary Research,1991,61(6) ;921 —
925.

Adrian C, Louis H,René B.Petrophysical properties of porous me-
dium from petrographic image analysis data [ J].Colloids and Sur-
faces A :Physicochemical and Engineering Aspects,2001 ;187.

F R DA S T R LN T 62 AL B EE AT A B
JrEE[1]. VAT, 2018,38(2) 158 — 65.

Wang L, Yuan W, Cheng G H, et al. A new method of reservoir pore
structure evaluation based on conventional logging data [ J]. Off-
shore 0il,2018,38(2) :58 — 65.

Wi B, R, 45— R R T Tl CT B (025 S0 L B
BEM 5 R[] RS, 2013,37(3) 500 - 507.
Chen C,Wei B, Liang T,et al.The application of industrial compu-
tation tomography ( CT) to the analysis of core sample porosity
[ J].Geophysical and Geochemical Exploration,2013,37(3) ;500
—507.

o, KW I, SF X-CT U B AR AR B 20 4 ol
FLIRZEF AL Hh ) b FH—— DA K 22 3l R ki = R il [T ] 3
AR . MU BRBFF T, 2016,46(2) 1379 — 387.

Li Y L,Zhang Y F, Cong L, et al. Application of X-CT scanning
technique in the characterization of micro pore structure of tight
sandstone reservoir; Taking the Fuyu oil layer in Daan oilfield as an
example [ J].Journal of Jilin University; Earth Science Edition,
2016,46(2) :379 —387.

Kazak A, Chugunov S, Chashkov A, et al.Integration of large-area
scanning-electron-microscopy imaging and automated mineralogy
petrography data for selection of nanoscale pore-space characteriza-

tion sites [ C]//SPE Res Eval & Eng,2018,21.821 —836.



- 30 - wowm 5 e ® 46 &
[38] FHEEAE .U 0] 43T B )2 PPN AR FERD A B PR P (¥ technology of carbonate rock based on NMR T2 spectrum decompo-

[39]

[40]

[41]

[42]

[43]

[45]

[46]

[47]

[49]

[50]

BT ] P M 52741, 2005 (3) 1131 - 135.

Yin H S. The application of paleocurrent analysis and reservoir as-
sessment technology to the exploration of sandstone-type uranium
deposits [ J].Acta Geologica Sichuan,2005(3) ;131 - 135.
Galaup S,Liu Y, Cerepi A.New integrated 2D-3D physical method
to evaluate the porosity and microstructure of carbonate and dolo-
mite porous system [ J].Microporous and Mesoporous Materials,
2012, 154 ( Special Issue; Characterization of Porous Solids IX) :
175 - 186.

SRFE I A S PR M X b WA & L3 PR [ DL
A H E AR, 2018.

Song Z Y. Experimental analysis of sandstone formation damage
with acidizing treatment in Keshen area( Tarim Oilfield) [ D].Bei-
jing : China University of Petroleum,2018.

WeFE R A A, 55 BT E O BOR IR B[ T ] h =
HUBT 5 2RI ,2005,12(6) :52 — 54.

Yao J,Zhao X C,Yi Y J, et al.The current situation and prospect
on digital core technology [ J].Petroleum Geology and Recovery
Efficiency,2005,12(6) :52 — 54.

Coenen J, Tchouparova E, Jing X.Measurement parameters and res-
olution aspects of micro X-ray tomography for advanced core analy-
sis [ C]//Abu Dhab; Proceedings of International Symposium of
the Society of Core Analysts,2004:256 —261.

TR, EARRERG T RO CT 90 i 4 A FLBR 45 1 31k
WFFE[)]. A £ TRAER,2010,32(11) ;1703 — 1708,

Li J S,Wang D,Kang T H.Algorithmic study on rock pore structure
based on micro-CT experiment [ J].Chinese Journal of Geotechni-
cal Engineering,2010,32(11) :1703 —1708.

Wu K, Nunan N, Crawford J] W, et al. An efficient Markov chain
model for the simulation of heterogeneous soil structure [ J].Soil
Sci. Soc. Am. J.,2004,68(2) ;346 —351.

Dal F N, Delmas P, Duwig C, et al.Coupling X-ray microtomogra-
phy and mercury intrusion porosimetry to quantify aggregate struc-
tures of a cambisol under different fertilisation treatments [ J].Soil
and Tillage Research,2012,119;13 —21.

Dernaika M, Efnik M S, Koronful M S, et al. Evaluation of water
saturation from laboratory to logs and the effect of pore geometry on
capillarity [ C]//Abu Dhabi;SPWLA Middle East Regional Sym-
posium, 2007.

AR T F BEL SR I BRI T B 0 AL IR 5 A AR IE [ D).
JHB : PR A% B, 2005.

Chen J. Study on pore structure characteristics of tight sandstone
based on resistivity logging data [ D].Chengdu; Southwest Petrole-
um University,2005.

Carlos A, Grattoni. The effect of differences of multiphase spatial
distributions on the electric properties of porous media [ J]. Log
Analyst, 1998,39(4) .47-57.

Dbz BUB YIRS Al 2 AL B 254 B A R I SRR D7 Y
[ DT HH8 . VYT A iR , 2018,

Kuang Y.Study on the well logging evaluation method of pore struc-
ture and saturation in the tight sandy conglomerate reservoirs [ D ].
Chengdu ;: Southwest Petroleum University,2018.

Ge X, Fan Y, Cao Y, et al. Reservoir pore structure classification

[51]

[52]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

sition [ J].Applied Magnetic Resonance,2014,45(2) :155 - 167.
FAER HIEW 2R, 5 RS IR I AR B Ak 2 AL B 45
F 5L [ T]. PURE ARz A4 B AAFE AR, 2010,32(2) 170 —
72.

Wang X W, Yang Z M, Li H B, et al. Experimental study on pore
structure of low permeability core with NMR spectra [ J].Journal of
Southwest Petroleum University ; Science & Technology Edition,
2010,32(2) :70 - 72.

WL ZE i B 2, S5 R AR 0 A 0% it 2 AL B 25 1 O
M AR KRR RS T % ,2014,37(2) <41 - 4.
Chen G J,Gao M, Li J,et al. Application of NMR well logging to e-
valuating porous structure of tight oil reservoir [ J].Natural Gas Ex-
ploration & Development,2014,37(2) :41 —44.

Huang X, Li A,Li X, et al.Influence of typical core minerals on
tight oil recovery during CO, flooding using NMR technique [ J].
Energy & Fuels,2019,33(8) :7147 —7154.

Yakov V.A practical approach to obtain drainage capillary pressure
curves from NMR core and log data [ J].Petrophysics,2001,4.:334
—343.

Xaeer FAR AT, 55 A G I PR 1 0 S A LR S5 4 43
[J] A R BB £, 2003 ,38(3) :328 — 333.

Liu TY,Wang S M,Fu R S, et al. Analysis of rock pore throat
structure with NMR spectra [ J]. Oil Geophysical Prospecting,
2003,38(3) :328 —333.

fTREFE, B, ML, S AR R T, i B R
FIMEREH Jr 2 [ ] 35 AR 22 S 4k HBERFBL 2 i, 2005, 35
(2):177 - 181.

He Y D,Mao Z Q,Xiao L. Z, et al. A new method to obtain capillary
pressure curve using NMR T, distribution [ J].Journal of Jilin Uni-
versity ;: Earth Science Edition,2005,35(2) :177 — 181.

TN YR ST A A AR A St T T TR] 3% ) DU AL S [ T ] R
H4K#R,2015,39(1) : 186 — 191.

Tong M S.The regularization inversion of induced polarization re-
laxation time spectrum of agrillaceous sand [ J].Geophysical and
Geochemical Exploration,2015,39(1) :186 — 191.

Eslami M, Kadkhodaie A, Sharghi Y, et al.Construction of synthetic
capillary pressure curves from the joint use of NMR log data and
conventional well logs [ J].Journal of Petroleum Science & Engi-
neering, 2013, 111(11) ;50 —58.

Liang X,Zou C C,Mao Z Q,et al.An empirical approach of evalua-
ting tight sandstone reservoir pore structure in the absence of NMR
logs [ J].Journal of Petroleum Science & Engineering,2015,137;
227 —239.

AR SCRE BB A B L BR AR 5 vl X R LR FE [ D]
b5 P E LR, 2019.

Chen W X.Experimental investigation of tight oil pore characteristic
and depletion [ D].Beijing; China University of Geosciences,2019.
P, FREHE A RV 255 BUE TE I FIAL BRI R 1) a4 A B AR Y
BRI 504K ,2019,43(1) < 161 — 167.

Hou B,Kang H Q,Cheng T.A new rock physics model integrating
diagenesis and pore shape and its application [ J].Geophysical and
Geochemical Exploration,2019,43(1) ;161 — 167.

Tao G, King M S.Porosity and pore structure from acoustic well log-



134 W75 0045  BUE b2 LRSS DH T 2k 231 -

ging data [ ]J].Geophysical Prospecting,1993,41(4) .435 —451. [70] BIE. 2L TRFLBR S M B 5T 2508 [ 1], VLI 98 2% B 27 4R,
[63] Sun Y F.A two-parameter model of elastic wave velocities in rocks 2016,31(4) .13 - 18.

and numerical AVO modeling [ J]. Journal of Computational A- Huang J.A review of the research progress of the multi-pore media

coustics,2004,12(4) :619 - 630. porous structure [ J].Journal of Neijiang Normal University,2016,
[64] Eberli G P,Batzle M L, Anselmetti F S, et al.Factors controlling e- 31(4) .13 -18.

lastic properties in carbonate sediments and rocks [ J].The Leading [71] Clelland W D, Fens, Koninklijke T W.Automated rock character-

Edge,2003,22( 1) :654 — 660. ization with SEM image-analysis techniques [ J].SPE Formation E-
[65] RN AFLER BB Jo0 B M D4 3l (19 58 — B 16— Biot #iR valuation, 1991,6(4) :437 - 443.

FOHE) [ 1] R Rk B2, 2011,41(6) 784 - 795. [72] SRANHL, RV, 9538 4. v I BOH 8= FLBR S5 R AR

Tang X M. A unified theory for elastic wave propagation through 1 ) FE % oA 3k % Je i 1) [J]. A ih2A4%,2016,37(11) ;1324 —

porous media containing cracks—an extension of Biot’s poroelastic 1336.

wave theory [ J].Science China Earth Science,2011,41(6) ;784 — Zhu R K,Wu S T,Su L, et al.Problems and future works of porous

795. texture characterization of tight reservoirs in China [ J].Acta Petro-
[66] BT, FEhEM, £ 5 o3 FLBR  RUBRNECR A B b 2007 7 i lei Sinica,2016,37(11) ;1324 — 1336.

P RRHAAE [ 1] BR Y B2 4R ,2014,57(9) 2961 —2970. (73] TEHisC, BEHE WL, 45 W B B % 2 B0 A FL R 25 1

Chen X L, Tang X M, Qian Y P.Characteristics of multipole acous- (W'J#ﬁﬁﬁ/lﬁﬁ?i[ J] RIS ,2019,26(4) .27 - 32.

tic logging in cracked porous tight formations [ J].Chinese Journal Zhang X W,Mao H Y, Xie C A, et al.Logging evaluation method

of Geophysics Propagation,2014,57(9) :2961 —2970. for the tight sandstone pore structure in Biyang depression [ J].
[67] SKETHT, FIE /00 AN R FL R 5 R e 7 ek Xof 7 I8k ol A e Special Oil and Gas Reservoirs,2019,26(4) ;27 — 32.

PEREMI[ )] WiEeh < H ,2016,23(6) ;825 - 828. [74] EHE S IRRBERDAAEZ LR PR )] IR SR,

Zhang M M, Liang L X, Jiang S L.Influence of different pore struc- 2017,41(4) .748 —752.

tures of carbonate rock on time and frequency characteristics of a- Xia P.A triple-porosity conducting model for shaly tight sandstone

coustic wave spread [ J].Fault-Block Oil & Gas Field, 2016, 23 reservoir [ J ].Geophysical and Geochemical Exploration,2017,41

(6):825—828. (4):748 —752.
[68] KBRS, BRLLT MUl 55 32 2 AL G M g Jr ek [ I ] . A [75] WWRISE, #HRE, K07 AL LB SR B 5 K IlE i

SR, 2006,28(6) 1604 — 608. FEERERIRT ST )] MR 5 1645, 2018,42( 1) : 172 - 177.

Cheng Q Q,Chen H Y,Fan M, et al.Determination of the total pore Fan Y F,Pan B Z, Zhang F.Research on conductive mechanism

texture of caprock [ J].Petroleum Geology & Experiment,2006,28 and saturation model of the volcanic reservoir with complex pore

(6) :604 —608. structure [ J].Geophysical and Geochemical Exploration,2018,42
[69] 27 KISEREZ AL BAS I RAE S RSB EITFM D] K (1):172-177.

. HOKEE,2010. [76] Li C X,Liu M,Guo B C.Classification of tight sandstone reservoirs

Li N.Characterization of igneous reservoir pore structure and classi- based on NMR logging [ J].Applied Geophysics,2019,16(4) ;554

fied evaluation of reservoir parameter [ D].Changchun; Jilin Uni- —556.

versity ,2010.

Research into the pore structure of tight reservoirs:A review

CHEN Xiu-Juan',LIU Zhi-Di"* ,LIU Yu-Xi’, CHAI Hui-Qiang’ , WANG Yong’
(1. College of the Geoscience and Engineering ,Xi’an Shiyou University ,Xi’an 710065, China ;2.Shaanxi Key Laboratory of Petroleum Accumulation Geolo-
gy, Xi’an Shiyou University ,Xi’an 710065, China ;3. Longdong Department of Shale Oil Development Project in Changging Oilfield , PetroChina , Qingyang
745000, China )

Abstract: With the increasing demand for oil and gas resources, the exploration and development of oil and gas fields have shifted from
conventional to unconventional fields,and tight oil and gas reservoirs have become the current and future focus of the exploration and
development of unconventional oil and gas.Most of the tight reservoirs in China are continental sediments with poor lateral continuity,
strong vertical heterogeneity ,complex lithology, and large changes in physical properties.All these make it difficult to effectively charac-
terize the pore structure of tight reservoirs.The pore structure of reservoirs not only affects the occurrence of oil and gas but also seriously
restricts the seepage and efficient exploitation of oil and gas.To analyze the pore structure characteristics of tight reservoirs in a targeted
manner , this study systematically investigates relevant literature on the assessment methods of pore structure of tight reservoirs and or-
ganizes indirect measurement methods such as semi-permeable plate, direct observation methods such as casting thin sections,and digit-
al core method.Moreover, it dissects the logging-based assessment methods of the pore structure of tight reservoirs, explores the applica-
bility , advantages ,and disadvantages of these methods,and further proposes the development trend of pore structure study based on the
current status.

Key words: pore structure ;tight reservoir; experimental test; well logging
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