B3 H14 WO oM o5 Ok k% Vol.31, No.1
202441 H Petroleum Geology and Recovery Efficiency Jan.2024

SIS DU R A 1) 5t P40 85 FLAR 0 A A G AR B A L] 3tk B 5 R 3R, 2024, 31(1) £ 36-43.
WU Lianbo.Quantitative relationship between shale NMR transverse relaxation time and pore size distribution and its application[J].
Petroleum Geology and Recovery Efficiency,2024,31(1):36-43.

ik =y AL AL Euke i F S E R e i
sWXEENA

%ﬁ?ﬂi 1,2,3,4,5
(1. P LA AR 4328 W SR IF R AF9EB% , ILAR 2R 2570155 2. B FERIE ) i g bt & thats IR 2575 257015;
3 UZRA AR R B SR & R S0 5 IR AR 2570155 4. E R R AR B S 08 %, IR R 257015,
5. EA AR DU I AR & S S0 5, I AR AR E 257015)

HE AL G LIRS ) S R A ) (7,) 8 B T 3RAE DUA B LA S AR E . B E T35 5 TUE LR R i A G 3R | SR IRk R B V0
2R 7 B TUA AR S A TR IR U B AR SE 5 . R 7, JLARL S S4 (R RIFL PR L2 i A LI R o] i 56 R X, 3R A5 7,0
PRI ) A S B ——R M B R . 7 DUAFE S R M b2 %K 1.52 ~ 3.06 nm/ms, F-H{E N 2.53 nm/ms, 2
TR 2R B FLAR A3 A 45 S 5 AR T RO B B NLDF T B0 33058 SRR (RURE 5, TIE S 17 L % 18 ot T 3R s O 0 U B9 A B
P FH _ER DT B0 5E T 5 BH) B 80 0 2 B FLAR O A , 25 B i 2 P M ER AL 2 0 25 5L AR T R B 2 2 2
BN A AEVEHT , TR AR TT A 2 R 7 A )2 R G B2 00 o] DAY A i -3 . 7R g oA i Gom & 4 R shal
il PPN DU T A T A0 A AT R TR LA A A R S R iR R

R : VU s R IR A (] b R IS ) 5 Tt 7408 5 FLAR o A s FLIB 254 5 B PRI

XEHS:1009-9603(2024)01-0036-08 DOI:10.13673/j.pgre.202304005

FEHEE TEI32.8 SCERFRIRES : A

Quantitative relationship between shale NMR transverse relaxation
time and pore size distribution and its application

WU Lianbo"****
(1.Exploration and Development Research Institute, Shengli Oilfield Company, SINOPEC, Dongying City, Shandong Province,
257015, China; 2.State Energy Center for Shale Oil Research and Development, Dongying City, Shandong Province, 257015,
China; 3.Shandong Key Laboratory of Unconventional Oil and Gas Exploration and Development, Dongying City, Shandong
Province, 257015, China; 4.Key Laboratory for Hydrocarbon Accumulation of Shengli Oilfield Company, Dongying City,
Shandong Province, 257015, China; 5.SINOPEC Shale Oil and Gas Exploration and Development Key Laboratory,
Dongying City, Shandong Province, 257015, China)

Abstract: Nuclear magnetic resonance (NMR) transverse relaxation time T, is commonly used to characterize the full-scale pore
size distribution characteristics of shale. In order to determine the quantitative relationship between 7, and the pore size of shale,
seven shale samples from Shahejie Formation in Jiyang Depression are selected to perform low-temperature nitrogen adsorption and
NMR experiments. The surface relaxivity, the critical parameter to calculate the pore size distribution by 7,, is obtained according
to the equation reflecting the relationship between the logarithmic mean of 7, and specific surface area and pore volume. For these
samples, the surface relaxivity ranges from 1.52 nm/ms to 3.06 nm/ms, with an average value of 2.53 nm/ms. The pore size distribu-

tion results calculated by surface relaxivity are more similar to the calculation results of the NLDFT model for low-temperature nitro-
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gen adsorption, confirming the rationality of the determination method and values of the shale surface relaxivity. The pore size dis-

tribution of typical shale thin layers in Jiyang Depression is determined by the above method. Based on the reservoir properties and

geochemical results, it is believed that the argillaceous thin layer in the shale mainly plays the role of generating and storing shale

oil, while the fibrous calcite thin layer, powdered calcite thin layer, and silty sand thin layer can be used as the storage and flow

channel. It is necessary to analyze the pore size distribution characteristics of different thin layers and their generation, storage, and

flow when studying the micro-enrichment and flow mechanism and evaluating the sweet spot of shale oil resources.
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Table2 Surface relaxivity and calculation parameters
of shale samples from Shahejie Formation
in Jiyang Depression

v
liz:; oo (mf'/g") (10 cIr/n/3 ") e (nmp'zr;s")

1# 4.77 8.15 13.7 0.60 2.80

2# 3.04 5.72 9.7 0.71 2.38

3# 4.14 9.23 12.9 0.60 2.33

44 4.63 9.07 13.3 0.51 2.88

S# 4.85 7.56 12.9 0.62 2.74

6# 4.92 7.69 12.6 1.08 1.52

T# 4.36 7.84 13.0 0.54 3.06

34 KIEERIIE

i T A0 A 280 B 3 B3 FL AR o3 A 1Y 7
A BJH#AUFI NLDFT #5521, BJH AR 3E T 2 # )
SR ATF IR SCOT R R Al 38 FH AL A oy
Br s NLDFT #8281 R F 73 3l 7 #4007 ik, AT LA
PR A 3R 5 3 TS LB S T P A AR 45 A, T L S
Fe e 7 LB b A i A 2 v T, & T 0.35~100
nm (1) FLAR I B, 11 L A e 245 SR Bk~ VR P Joit /. e
TR ZR bR SSRURNFL AR i e 261207, 79 A A5 7R 12
Iz 0T DUA FLAR S0 A FRAE S rh 2 203

% BJH A NLDFT #8345 i FLAR 40 A 5
T A LR A a5 AT IR BB AR (ORI
JRAVR U 20 o ity £ %) g o =it £k, 15 31 BITH B B A
NLDFT £ 8 f FL A2 43 A 24 220 @A (7) At 5
1) p, 4 T, 3480 S AL AR A 5 D F W 9 25 8 538 40
) FLAR 73 A O L 3K 230 R PN 0 e A i AL it
B s @53 AN R R INFLBR AR 5 B

XF b BIH AR 5 T35 A A fLAR o0 A, R B
HAE 6 nm DL L ALBRAIRFR G FLIEAAR Y H )5 6
nm DL LB AR G AT R 22% (&1 4) , LR
PRS2 72 LA A 7 2 i (CAn BITH A5 Y ) St £ L AN gk
ZENFLAS BEFEFLAR FIRE X i 7 1) S 57 10 A 119 PR 2R
1M NLDFT #5258 a3 34 1 0 ML AR R 1 2
] 14 5 2=, I A i 57 43 B J5 7% (40 XRD, TEM
FE)VMEE R . K LT ENAL RS S
NLDFT #8155 25 B R A7 LA, W5 W) & 3 4s (
5) UESE TIZ07 0 B

SR . DU R R A 1]t PR i 1] 5 FLAR oA e Ak O 2R B -39-
35
= 30
~
= s
0
K 20
fSs
m% 15
=
B 10
K s
0 o™ < o ] (=] (=] f=l f=l S (=} [}
o «a < o ! l l l l AN
— o o <t [} S
a3
FLA% 53 A6 Y8 Bl /nm -

4 BIHEREBG T, EHEIESHHERS
Fig.4 Distribution of pore size volume proportions
from BJH model and 7, relaxation time

W
(=}
1

= NLDFT
= NMR

AR LB AR R 5 LE/ %
%} w N
S S =)
T

—_
S

0 o~ h Nl o0 f=} (=3 (=3 =4
{ { ! { N N < N
S a < © ! ! { l
= 2 ] 2
ALA% 5p A Y5/ nm

El5 NLDFT#E S IititEA 20 mER L
Fig.5 Distribution of pore size volume proportions from
NLDFT model and 7, relaxation time

4 Mgl

D B BE 00 7 A 8 v 2 45, T 1) 4%
ol JZ= 0 AL G L R A = 2 45 0 ol
JZ R IETFOH )2 R MR ER )= 2 | R R = AT
VLA 53 0 U &85 A = A5y & 5 g A i J= AT 4
WIT AR . APPSR -2 A i 22 5%
002 L PR % R TR AT X AU 14 DU A iy, T 02 4%
S eI i ok ol HG 0 B A TR R A T A IR 5 A1
il SR T IR 000 5 6, 0 S LR T st R TR A
A1 = B LA A, 45 A DR 5 B L ML |
itk B B R A 2 B S )R A AL B A
FFIHBER A~ 1R T 2 5
41 REHEESHHERATBOEREFLIREMII

ST

W E M B A B WA A A 5E
PEJE B Y1 3 H SUZ o0 A, D e 7 i 4B 2 0L
Hh s 2T AR5 ik A0 )2 L B, DT R R R
HEABHRAIE T, WAL T A LR L
Py 2 I I 2 (18T 6a) o Y16 J5 9 )2 3 THT 5tk 7 Ry



-40- wmoR M B

5 % I % 20244E1 A

1.886 nm/ms , & W4 AR FLIR EE R 7.50% 5 £F 4R 7 fi
AR R TR R M 1.712 nm/ms , B 0E PR FLBR
1 6.78% , £F AR 5 A A T2 AL B R A 22 T AR AR Y
Ve )ZE . U T )E B HLER B iR 1.19%, #A i
SAE M 1.37 mg/g, i S, {6 M 3.53 mg/g, R ETUE
T IR 7 BT R 1.68 mg/g (3R 3) s £F4EIR
J7 ik A T )2 04 AF G i Ak S 800 Sl 1K T e T v )= Ol
— R, M R R R TS0
BCAFLAE A AT, W AR FLAR o0 A 38 A =02 U ool
JZFLAR 53 A LA A2 Sk T 0, S5 /INFLBR A0 A 7 0.1~

I )

20 nm, V(B H 2 nm, 8 K FLBR A5 £E 20~400 nm , 14
B} 60 nm, 5K 1L B2 5341 7E 700~2 000 nm, Fb171]
1K 5 21 4t 7 A )2 FLAR 43 A LA g oy i
B /NFLBR A A AE 0.1~7 nm, W K 2 nm, 5 A FLBR
SARTE 7~200 nm, WE{E R 30 nm, B K FLBR 0 AR 78
300~1 000 nm, HLABfI% . Je i 2 h LB R /22 5
K, EF 2R T A7 )2 FLBR R/ He e 38 i, LR AL
KB RREE T SR AU T Z | U8B 2 U T
FBRAE T U T2 v, T AE &R A 27 AR T i A
JE X T T 7 B A A

O — YRR R
503 Y R 4 2
&
o 0.2
0.1
<2
1 L |
0.01 1 100 10 000
LB 2/ nm
i 7R )
— R

1 100
fLIE A%/ nm

10000

— R
— KR

&\ X 0.01 1 100 10000
3 - FLER 42/ nm
c—FX1843F, 3464.25 m, Y it # )2 5 K € i )2
6 FFFEMBEDAHARRNEERRETER RILES IR
Fig.6 Comparison of microscopic thin sections and pore size distribution characteristics of
typical thin layers of Shahejie Formation shale in Jiyang Depression
x3 SRS AHERRTEEEGIREE . S MR EEMEITE
Table 3 Comparison of organic matter abundance, oil content, and reservoir properties of typical thin layers
of Shahejie Formation shale in Jiyang Depression
" 3 B AR i
I —— FHLR i " (mg+g") .
2 WE/m JZL 7S MR plLAZ &) e o
E LB /% S/ S,/ e B s NV
(nm-ms™) TOC/% B L VEERRREE st
(mgeg') (mgeg")
@ Jefsi 1.886 7.50 1.19 1.37 3.53 3.02 1.68
FY101HF 3344.10 VhPUE: [ E: \
@ fA4pRIrma 1712 6.78 0.62 0.38 1.22 0.96 0.49
(©) beApS 1.977 6.36 2.15 2.22 4.76 4.46 2.81
FX184 3559.90 ¥bUBk biBt
@  WEITRO 1.672 4.30 1.63 1.57 2.91 3.19 2.08
® bEADS 1.651 6.72 1.51 2.00 2.77 3.52 2.43
FX184 3464.25 bPUE IFE:
© KHefi 1.335 5.36 1.07 2.18 3.02 3.97 2.55




H31E 1

FIEPE . DUEAZREER A 1) 5t 74 ] ) 5 FLAR oA A OC R S -41-

42 RREERESEMBEFBRAERILEEHMITLIL

T

Je i 2 5 8 i 5 A 2 BUZR S5 L, A
YL | 2 A SR ORI R o3 A, e T R B2 RN
T BIRH B E B T A R R S R R AR
g5, ok AU IR BN A, D e PO A 8L
JZWr gk a3 ([l 6b) o e i v 2 e 1H 5t 14 % R 1.977
nm/ms, 7% g IR FL R E A 6.36% 5 K3 i 7 i A1 )2
ST 5t 7 KN 1.672 nm/ms, #% g 4R LB B A
4.30% , ¥ it 7 ff A T2 FLBR AR TR L )ZE . R
J 2 B MLk & R 2.15%, i S fH R 2.22 mg/
g, i S, H M 4.76 mg/g, UiF 25 il &4 2.81 mg/g (%
3) 0 f A T2 B A G T S 5K T AR 2 e
Jo v 2, U W 3 5L A T R TR R T i 8 B
L2 R O B R ' A . o T A AL AR o AT
W3 349 5 e A S X R A R 2, L e e 2 R
W, P IS /INFL B 23 A 7E 0.1~10 nm, WE{E 2 2
nm, 3 KFLE /A 7E 20~600 nm, WE{E M 100 nm, H:
FERY & T A2 R o B AR R B SO A
)2 BAT BT 08 - RE T, R U T
R EEE R EE
43 RRHEESKEREZFLIEEMIT L5

e i 2 52 SR REE A By b A e ok % B
3 ACH 5 R0 BT 2 AR A - Uk AR A e KA
B L YR 2 HERL (B 6¢) o IR 5 T J2 2 1 ot
B K 1.651 nm/ms , 7RG 3R FLBRE R 6.72%; K
LI E 2 I 2R 1.335 nm/ms , 4% g R FL B
FE R 5.36%, B & FLBREE RS 47 T/ & . e B2 A
A HLRR R 1.51% , 4 S, {8 4 2.00 mg/g, #4fi# S,
B M 2.77 mg/g, IiF Bl & 2.43 mg/g (£ 3) , Kk
JoT 122 A R O Ml Ak 28005 Ve B2 A 2, 10 A,
BABI AR o W TS 8l f LA A, R
FHR LIS R A AR, H A0 Ry 3210 )8
ot )2 TP INFLBR 43 A5 7E 0.1~20 nm, IE{E 4 2 nm,
A RALBR A T 20~200 nm, W {E 7 70 nm ; + 35 5
2 PR INFLBR 20 A 7E 0.1~5 nm, W K 1 nm, 8¢
FFLBR AR T 5~400 nm , WE{E 47 20 nm , 78 B K 95
W2 09 T -H T /e 1 UL FARAR B2 , T i 2 5
SARLRYE T HZ A TE R

5 i

SR A 4R 5 G AR 2 0 PRS0 14 07 3%, i
R IR 1) 5t B (8] 55U FLAR I A Y AL

SR ——RM BRI T 5 B G v A
7HIU S B R T R R, HAE D 1.52 ~ 3.06 nm/ms,
SEIY{E A 2.53 nm/ms.

I T it 3 50k T, 34 B AL AR o A, ot
TR SR 4 3[R T, 20 M B 17 BIH A 78 A NLDFT 4%
R LA A A B AT 4T L, B0 T, 3 B A L A%
4347 5 NLDFT R 45 AR #5 «

X% FH 34 [ B 780 0 38 )2 9 T, i e A T L AR A
MR s G A a2 BRI iU
HP ) e S5 T )2 T A 3] A BRI B T T A
AL T A T A2 K R R A
HLA B i A A BRI B SR RE 1, 8 4tk e A1
JZ B il TR R R D R DA Ky e
TN RS ST =18

T2 HAS ) 288 0 3 2 ) FL AR 43 A R AE S H A
A E S s R IR A ER AR . AR TE
TF 5% 002 T Al o0 5 B O s MLl B 0T 0 vl < i
ST AN A AT N [ Y LA o0 A R E S
A fE-BAEH

HemE

C—— BET 4

D — Ay B RS, pm*/ms;

F,—— FLBUEAR A T

G —— WM , gauss/cm;

MR T 3% O SRA s A8
P/Py—— FAXTE T 5

P, KAJE, 10°Pa;

fL# , nm;

2 Ty A s 3 0 () FLAZ  nm;

R—— SARHH, T/ (mol - K) , UE 8314 5
S —— FLBR L AL, m¥g;

T— R K;

T [l 52 Fisf [i] () s, ms 5

T, —— FE IR A, ms;

Toy —— A BRI R FU T A 8], ms;

Ty — 5B i N RELAR B 0] S R B ), ms 5
Ty —— T IJLMFEYME , ms;

14 FLBAFL, cm¥/g;

Vige —— AR i, om’s

Vo — WA F BB KRR, cm®/mol, lUE N 34.7;
W —— AHXF R 7T R 4, om? s

W, —— LA BT HEFE G L5 JZ R B, om®;
P> FIMIBE R, um/ms;

¥ JEFHERE L, MHZ/T;

b, — KPR A LR LB S i, % ;

n

r

i




-42- o

5 X

o R 2024 4F 1 1

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

& — BREILRFLBE , %

5% Sk

R ER R, 55,45 OF PRI B 10 2R DU Tl s SR R IA
RS RS [V ] AT R S T &, 2020,47(2) :225-235.
SONG Mingshui, LIU Huimin, WANG Yong, et al. Enrich-
ment rules and exploration practices of Paleogene shale oil in Ji-
yang Depression, Bohai Bay Basin, China [J]. Petroleum Ex-
ploration and Development, 2020, 47(2) : 225-235.

55 5% BH i AR T s 2 D i v B e P LA LT ] Rt i
SRR ,2023,30(1) : 1-20.

YANG Yong. Enrichment and high production regularities of
shale oil reservoirs in continental rift basin: A case study of Ji-
yang Depression, Bohai Bay Basin [J]. Petroleum Geology and
Recovery Efficiency, 2023, 30(1): 1-20.

AR, XVHLR, XUHER] 45 AR MR I 2R DA iR R 802
PIEBASHY 5 R [T ] s 5 2R 13, 2022,29(3) : 11-19.
WANG Weiqing, LIU Huimin, LIU Yali, et al. Texture and gen-
esis of Paleogene lacustrine shale carbonate laminae in Dongy-
ing Sag, Jiyang Depression, Bohai Bay Basin [J]. Petroleum
Geology and Recovery Efficiency, 2022, 29(3): 11-19.
A BT IR XUBR B, 45 . % BH B il g e B 0 — B U
BEEE PR [T A N IR, 2022,34(4) 1 85-96.

LIN Lamei, CHENG Fuqi, LIU Junrui, et al. Evaluation of
shale oil resource potential in the Es1 Member in Bonan sag, Ji-
yang depression [J]. China Offshore Oil and Gas, 2022, 34
(4): 85-96.

FR, A, D SF U B B I 2 DT A 2 R DU
TAAFHLEEL T ) AR 5 T % ,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 Ji-
yang Depression, Bohai Bay Basin, China [J]. Petroleum Ex-
ploration and Development, 2019, 46(4): 789-802.

ATRIE , B9 75, Rlath , 55 MR A i R AE DU ALBR &S
a0 3K 7 v F 5 R TR (). M B ) %% 2 4R, 2020, 26 (2) -
201-210.
YU Yuxi, WANG Zongxiu, ZHANG Kaixun, et al. Advances
in quantitative characterization of shale pore structure by using
fluid injection methods [J]. Journal of Geomechanics, 2020, 26
(2): 201-210.

PP R, 2R, BB, A R HRBORAE DU I U E
Wb LT ] A SE 5 5, 2022,44(5) : 930-940.

SUN Zhongliang, LI Zhiming, SHEN Baojian, et al. NMR
technology in reservoir evaluation for shale oil and gas [J]. Pe-
troleum Geology & Experiment, 2022, 44(5): 930-940.
FHE, GRE, TR, % UR VA ORREHR T, 5 U1t
wRARTLIMHFA,2016,40(4) :460-464.

LI Jun, JIN Wujun, WANG Liang, et al. Quantitative relation-

S

ship between NMR T, and pore size of shale gas reservoir from
core experiment [J]. Well Logging Technolgy, 2016, 40(4) :
460-464.

AR B, TR, 2 RN U A 2 i FLBR R e oA 5

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

T AL —— AN VB b =BG B[ J ] Al s
BoHb %, 2022,44(1):170-179.
ZHAO Mingzhu, YANG Wei, WANG Yaohua, et al. Distribu-
tion and genetic mechanisms of connected pore systems in conti-
nental shale reservoirs: a case study of Xujiahe Formation of
Upper Triassic, Western Sichuan Depression [J]. Petroleum Ge-
ology & Experiment, 2022, 44(1): 170-179.
KENYON W E. Nuclear-magnetic-resonance as a petrophysical
measurement [ J]. Nuclear Geophysics, 1992, 6(2): 153-171.
AN, AR S FRFI IR T, i B AL B AR A
LIS ], B2k, 2008,25(2) :273-280.
LI Haibo, ZHU Juyi, GUO Hekun. Methods for calculating
pore radius distribution in rock from NMR T, spectra [J]. Chi-
nese Journal of Magnetic Resonance, 2008, 25(2): 273-280.
SR/ EHEIT R0, 4 D0 )1 4 e E IR A U i R LB S
MY R AR ] A PRI U, 2016, 28(3) 1 48-57.
GONG Xiaoping, TANG Hongming, ZHAO Feng, et al. Quan-
titative characterization of pore structure in shale reservoir of
Longmaxi Formation in Sichuan Basin [7]. Lithologic Reser-
voirs, 2016, 28(3): 48-57.
CHALMERS G R, BUSTIN R M, POWER I M. Characteriza-
tion of gas shale pore systems by porosimetry, pycnometry, sur-
face area, and field emission scanning electron microscopy/
transmission electron microscopy image analyses: Examples
from the Barnett, Woodford, Haynesville, Marcellus, and Doig
units [J]. AAPG Bulletin, 2012, 96(6): 1 099-1 119.
R Py, B, 1 LA S AR T, 0 A PR A A LR O)
A Bt D7 [ 0] BRI HE A4, 2005 ,48(2) : 373-378.
HE Yudan, MAO Zhiqiang, XIAO Lizhi, et al. An improved
method of using NMR 7, distribution to evaluate pore size distri-
bution [J]. Chinese Journal of Geophysics, 2005, 48 (2) :
373-378.
SRS, BRAR R L TR AR, S B TR IR 7,3 40 A A2
A1 LB AR I8 S5 R AE 52 (0], A0 3 R AR 22 4, 2007, 29 (4)
80-86.
ZHANG Chaomo, CHEN Zhenbiao, ZHANG Zhansong, et al.
Fractal characteristics of reservoir rock pore structure based on
NMR T, distribution [J]. Journal of Oil and Gas Technology,
2007, 29(4): 80-86.
LIVO K, SAIDIAN M, PRASAD M. Effect of paramagnetic
mineral content and distribution on nuclear magnetic resonance
surface relaxivity in organic-rich Niobrara and Haynesville
shales [J]. Fuel, 2020, 269(1): 117417. 1-117417. 10.
SAIDIAN M, PRASAD M. Effect of mineralogy on nuclear
magnetic resonance surface relaxivity: A case study of Middle
Bakken and Three Forks formations [J]. Fuel, 2015, 161:
197-206.

TR 2R B, A U A2 R BoR £k
[J]. %444, 2015,32(4) : 688-698.
WANG Zhizhan, LI Xin, WEI Yangxu, et al. NMR technolo-
gies for evaluating oil & gas shale: A review [J]. Chinese Jour-
nal of Magnetic Resonance, 2015, 32(4): 688-698.
KUILA U, PRASAD M. Specific surface area and pore-size dis-



$31% 1 FIEPE . DUEAZREER A 1) 5t 74 ] ) 5 FLAR oA A OC R S -43-

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

tribution in clays and shales [J]. Geophysical Prospecting,
2013, 61(2): 341-362.

BERTIER P, SCHWEINAR K, STANJEK H, et al. On the use
and abuse of N, physisorption for the characterisation of the pore
structure of shales [J]. CMS Workshop Lectures, 2016, 21:
151-161.

/I At sl IR, A5 AR RE ISR T, 7041 5 BEORIGAL IR
S5 SR IS LURF R LT ] VDU il A B 2% 42, 2003, 25
(4):75-77.

TANG Xiaomei, HE Zongbin, ZHANG Chaomo, et al. Re-
gional comparative study on quantitative determination of pore
structure parameters using NMR T, distribution [J]. Journal of
Jianghan Petroleum Institute, 2003, 25(4): 75-77.

A5 X S RN, 45 FHAZRE IR T, J LA X {8 T 00 8
Dl T 1) )5 : CN201410453724.1[ P1.2014-12-10.

DENG Shaogui, ZHAO Yue, ZHOU Fengming, et al. Method
for predicting shear wave velocity using 7, geometric mean of
nuclear magnetic resonance: CN201410453724.1 [P]. 2014-
12-10.

M A A2 A A R R AR S e e 5 MR (D
T8 P E AR (4R 7R) ,2008.

LI Yan. Research on the experimental analysis and application of
the complex reservoir rock NMR [D]. Qingdao: China Univer-
sity of Petroleum (East China), 2008.

KUILA U. Measurement and interpretation of porosity and pore-
size distribution in mudrocks: The hole story of shales [D].
Colorado: Colorado School of Mines, 2013.

LI Ang, DING Wenlong, WANG Ruyue, et al. Petrophysical
characterization of shale reservoir based on nuclear magnetic
resonance (NMR) experiment: A case study of Lower Cam-
brian Qiongzhusi Formation in eastern Yunnan Province, South
China [J]. Journal of Natural Gas Science & Engineering,
2016, 37: 29-38.

ROUQUEROL J, AVNIR D, FAIRBRIDGE C W, et al. Rec-
ommendations for the characterization of porous solids [J]. Pure
and Applied Chemistry, 1994, 66(8): 1 739-1 758.

SING K S W, EVERETT D H, HAUL R A W, et al. Reporting
physisorption data for gas solid systems with special reference to
the determination of surface-area and porosity (recommendation
1984) [J]. Pure and Applied Chemistry, 1985, 57 (4) :
603-619.

ZEME T T, PR, 45 AR MR B 1 78 B0 FLAR R AR Y
7 —— LA i A5 7 i DX AR R ] [0, R AR AR B2
2015,26(9):1719-1 728.

LI Tengfei, TIAN Hui, CHEN lJi, et al. The application of low
pressure gas adsorption to the characterization of pore size distri-
bution for shales: An example from southeastern Chonggqing
area [J]. Natural Gas Geoscience, 2015, 26(9): 1 719-1 728.

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

W IELL . Py EBE 100 [R) [M ] b5t Al 2% Toll i pikt: , 2017
32-36.

YANG Zhenghong. 100 Questions on Physisorption [M]. Bei-
jing: Chemical Industry Press, 2017: 32-36.

CLARKSON C, WOOD J, BURGIS S, et al. Nanopore-
structure analysis and permeability predictions for a tight gas silt-
stone reservoir by use of low-pressure adsorption and mercury-
intrusion techniques [J]. SPE Reservoir Evaluation & Engineer-
ing, 2012, 15(6): 648-661.

MK, R FESE A T NLDFT 85U 13 7R 0420 5T
v LB 2 A0 R B FL A U LT ] Bk A2, 2017, 46 (6)
546-556.

WANG Peng, GENG Ansong, WU Liangliang, et al. Pore
structure characteristics and gas storage significance of Wufeng
Formation shale from eastern Chongqing, China, based on the
NLDFT model [J]. Geochimica, 2017, 46(6): 546-556.
LOUCKS R G, REED R M, RUPPEL S C, et al. Morphology,
genesis, and distribution of nanometer-scale pores in siliceous
mudstones of the Mississippian Barnett shale [J]. Journal of
Sedimentary Research, 2009, 79(11/12): 848-861.

TIAN Hui, PAN Lei, XIAO Xianming, et al. A preliminary
study on the pore characterization of Lower Silurian black shales
in the Chuandong Thrust Fold Belt, southwestern China using
low pressure N, adsorption and FE-SEM methods [J]. Marine
and Petroleum Geology, 2013, 48: 8-19.

THOMMES M. Physical adsorption characterization of nanopo-
rous materials [J]. Chemie Ingenieur Technik, 2010, 82(7) :
1059-1 073.

T Bt BURRS BRI, 45 RN AR IR A DU il o e AR AE 4L
R EGRARFFET]. AT ,2016,38(6) : 842-849.
JIANG Qigui, LI Maowen, QIAN Menhui, et al. Quantitative
characterization of shale oil in different occurrence states and its
application [J]. Petroleum Geology & Experiment, 2016, 38
(6): 842-849.

COBBOLD P R, ZANELLA A, RODRIGUES N,

Bedding-parallel fibrous veins (beef and corn-in-corn) : world-

et al.

wide occurrence and possible significance in terms of fluid over-
pressure, hydrocarbon generation and mineralization [J]. Ma-
rine and Petroleum Geology, 2013, 43(3): 1-20.

Widss , BARLL X e S5 I S 4 M A4 8 T B AH A BIL ST
VU SUZ FRAE R S ERE LT ] il 5 R AR AT, 2022, 43
(2):307-324.

CHEN Yang, HU Qinhong, ZHAO Jianhua, et al. Lamina char-
acteristics and their influence on reservoir property of lacustrine
organic-rich shale in the Dongying sag, Bohai Bay Basin [J].
0il & Gas Geology, 2022, 43(2): 307-324.

g



