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Abstract

How to exploit and utilize the oil and gas resources in unconventional oil and gas reservoirs is a hot
CERAER .
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issue currently concerned by the international community. The accurate characterization of the pore
structure of the unconventional oil and gas reservoirs has important guiding significance for its ex-
ploitation. This article summarizes and analyzes a lot of literature, summarizes several technologies
that can be used to characterize micro-pores of unconventional oil and gas reservoirs, and summa-
rizes the analysis and processing of data and images of different technologies. At the same time, tak-
ing fractal dimension, movable fluid saturation, and permeability as examples, the parameters used
to evaluate the reservoir are introduced, and the evaluation method is briefly described.
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PERETHE A TR R, Al 5 RAR MR SRE H 2 B0, B =k = o 10 it B S DL e B
SR AR, XEART TAEE R HOLH R ZARw A = . Jageih, 5 AER I < 0 B
BZUNHE RN 4.56 £5[1], TURREARH R R ORI 2 B Rk R 1 1000 . o ER
FAT AR RS B Z A 890 x 10°~1260 x 10° t, Ay LAl 2 1 = A5 [2], MiX H A iz £ 550 A2,
S B 50%. KB ARH MM SRR, AEARF MM 6= 10 R it B 2 AL R L o LA J= B
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MRS AR H R Ak R AT T R A
2. FBMMSEEIR

AEF IR AE)=, 2T AL ST R 2O AT R 8 T R R AR I B0 it <= . B TR
SATTHEAARERNE: AEARE L, AR RS AR L PERAE AR . A LR R LR R
fif)=, AFW IS EE 2 IR, e Y. Ta . BRI AN, HIEL R R AE AR
JREIFLBRANZRSE . ARH B GRS, — BN T 10%, BEF/NT 0.1 mD, fLMkER B
T 1um, BARFLBEATAORAL, LR IR[3]. XRMEZ GVEE A, ARBFEE, RHAZ SRR
JEIEAE, MR A G R AT FLRREE . B, TRV T K N XE[4]. R, 7EEREEHTT. 18
B3 BENLEAE AT T AT R R R [5], X AR I RAR T RS B ZEK
21. FXKF*E
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17 TIECRIRNRIEEFE, Antonin Settari [6]15¢1 1 FAT S i H R AR AN B SEME /K ) R 8445-5 3D 1 EAEAY,
A DS A B P VPG TR 4 R R R 7 AR LS s Kevin England Z8[7] % B 1 — Rl B 58 B B B 2400
RUGENFFHR SRR S K R SRS AR 2248 SR /I3 & AR Jennings Jr. &5 [8]F1 I # il 14: AT EER TR &)
ZRIIOIZIIRFE, SO T /K R ECS R R g, A7 BT /KR B RS R, BifasE, I
BRI BRABAZEONES BUEBL, B7R T E KIS LA SRS, B T K S T
R ARSI ECE R . HdRFRoR, AKESEREA H i UELEE D AT —E Gk, 24 60%I1HT
AR IR R 6 R BUK B 7 3 AT R FLI10] . AHZ 757 Hp s T A ko DL R A 2R S
Mgt N 7K EE SRR 0I5 5%, FE HAE R FE R A7 AR ST IR XU, 32 A B 3 i v A d
TN AIHERR, PR AGBORI 2 A Ra i, SRR KA B K a2 TAR G E 2 H5 56 15 2% 5 (Energy Policy)
Guit, 3 EES SRR BRI S SO R K R BRI 52 KA B S8 2, A T %%
X PR AN 1 AR s 5K, JF AP LLVEBR[11] . KPR 2R F AR R I F IR 2N 1 TR S5
BREAES, BiORT 85 IFERHA G —E KEERE BRI . H TR SRR 17K 2
1L 45,000 FI[12]0 PSR TT LA I Z IR B AL, I FAR BT R i i &= [13] . BRSEHI/KP
BRI T 20 14 30 4R4X[14], KRBT 80 4FAR, fEIE 10 kROl T e . HE M KHH.
IRFEIR I 2 ik, PR ESE R SRR KT, S FE rT DA S SRR, 8> MRS, 4a 5T
KA. Livingstone [15]4& H w] | 8 A [mCoyB St g AT, DAME SRS AEAN 7 (R R B4R & . M Sorgun
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KW o FRIE TR AR T 20 20 60 FEACH, 44 CU7E A F RS LA FHAS- 31 1 7843 (184
., AHERRIN S SO HEET 200 &2 0. MIEWSTIAL TS SR, @it =4 H IR
HIEAR, 52T 7 MRERMRE =4eKCFH 5 AR . XN [18TH R MR B K S A H A
SELFBOAMEIE . TR AN, AR U R R 11.5%, ENHLH RS 14.2%, HERKRAEIF T E A
THoLe BRUL LR R BIF R, BRI 2 TUA ST R — R R B 7 A[19], H i TR Hl < fk
JERTUE S EA R, SUTZEARAE RIBEERE, EWEFEER. FE20]8/E 2011 4%
HAIHEB IR S COL RIFR IS %, WK CO, Bk, kT EiEIT CO, K B Hll b /R 80% TUA FLI
RS, HEZRH T CO,MtaEJ1H CH, 58, MITAKE CH, 73 TR [21] . SLEGR I, CO, BHuEA
INEREIRER, FEH T LA R S A SRR, =2 i P 273 B U e AR B U 2 RO —

2.2. FIRME

AR S 2 R R LIRSS S, SRR D XE ASRAE . e N LR A 35 SR A PR o v T
Mz, HATEREEHRIESR, LBRE. BEREMANEIR. BERES AV HEA 5N TR
i B S HZ —, EEERME T A N RS ek A SRR FT . T AR R E R
HARBER SRR Z, AL RIS A i T LR EAEE T S B E R R E9F
X RAERIZNS , AL GEHIFLUE Tk B S B A AR ALIMR ) LT AR 5 G 0L [22], I REERR
LR JZ A A LB S5+ AL B
3. EBMHSEERFLBRTAKA

FEH U Uk 2 B RALBOR B REE N R IR BT o, 7 BAL R LB . < isfe 7y
B iEE, T BT TV RGOS R = 2 2 ) i 2 F LB 5 e EE A SEADL T A 77 T, SRR AT s FLIRE
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PRBRAEFRALAR T A U Z I B 5 (R . ABIRARE PrillfLARva i KRR R 2B RE 27181 N,
W BRFscag, R BIBUCE D AR IAR S FLRE B — oG, S BE R R EER TS, dl(<10 nm)Ah4L
(10~50 nm)xf L R AR AN FLER AR DTRRZ) 7 82%, X RHIECE WA LB R %, UL Loy JF H
FOPAGTE R, R B [28] il Ve T ok SEIG R AL 1 R PR AR X P O HIFLBR A K, 45 R,
EEEBEFRAE 2mD LUF, WRILH B/ FUMRLE RIS, 75 ik )2 T AR AT T 2f
JRBIERRT 5 mD I, SLMEAIXSAIR, FLIREE/N,  FIOF AR T TR AR 1 R A R A K AR
W A H W TR, WORAESOR AT LAEWE . Rt Se o A N A FLBR I FLIR 24y, 38 3 ] DURAIE
MAURBIBOR G AL R ST« oA S URTAR, 9F HOKER A AR AT 2 X E R sl T
WO SLER LA TR BB 2 7 . A S RIS, SEMBTHNT S EUHLE, ReEam
B POk 2 5 0 I ROWFLRREAT € B AE, 3R BCH A i S R AR R B IR ) BB R
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Figure 1. Number of papers on CT study of pore structure of

rocks from 2010 to 2020
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3.1.2. FLERGEHIRIE

1. CTREEHHE

CT KEBETEEX ALK CT A4 )5 Bk i 2 E oA I, R 58 CT BEH KR
it B o B B — MR IR AR M 2 A B T A R 26 M S8 00 R B P I B [29] » 755 B8
KEBE T EF, mKEERRNEE SHEEmNXE, RISEA0E SRR K AR RS S
A FLBR FHZLEE[30] o 70X 25 AT KA 19 108 R Ik A2 Fh, R 7 BT A R 00 380 A L 7 PR g B ) 0 0 5
AR LR o TR A PR R AR ) B AR 2 O I R R, TR S R LI A B A /N ) g — AN AR
FARWAR T FE A O P T H IR LB AN 544% . I B BE 5 IS ) g3, ARFRFLBR AN EE IR K
FEWEE K B B 7 B A E R I AR R B Iy, X AR LRI FE H 2 8 BT BRI i ah oK
LB EEZEIG . Bt, CT AR 7 BIv] DABhAS B R e S E KA R i S i i Ak it A2, JFHL
HATEM . X5 FE KR

2. CT B&#

B 7 B0 B B2 s DR LB AR ESE N CT EE o Bk, A AR A FLBR R 4% 1) X 4y
JEEF[31]. B E— MR RS, BRERE 7 00A BRI 7 21(Otsu) . RUEYE . P S 304%%
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Figure 2. Shale binary image segmented
by threshold method
2. MEENBIRNTIE _ERK

Figure 3. CT image of a core with cracks
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Figure 4. Number of papers on SEM study of pore structure of
rocks from 2010 to 2020
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Figure 5. SEM image after binarization processing
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Figure 6. Color image after binarization processing
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3.2.3. ERALIEFMEREE

ORI BRI B 5 R R R AE T CT H3 A 1 s B B A B . e K 2610 5 2575 (Otsu) e
— /N FRBR K A T R R i BRI AR BE 43 W 2L, 43 50l R Ty 0 T, Ty R T 0 R K B 43 [ 0,1, 2, -+, T —1]
AT, T+LT+2,---,255][35], 24 Ty Fl T, BHLH K EAE SR 75 22 o S KIS T A T, X 43 fers, —AE
AR i R0 7 Z iR AR

f(t) = mpor (o —11)°

o 0o N Ty BRI BT BAR UG BT 5 0 E 4 s 00 N To 83 A B AR R BT 5 1 B 4 L
o N Ty PPIKBEAE s 0 29 T, PP S8 K AR

IEBE T = arg max ( f (t))» J9E13K0 J5 2 S KIS B R ¢ {8

WU FE T IR E A B A MR T s R, BRSSOk, HS B
— /N, TR DI A AR BT L K AL R A BRI T, i 7.

P S8 e HE 1 5 b B BRI AR Lo P, SRR IR E—ANRE T, (65 815 i —E Eg iy &
18 F ST B UGS = P BT S Bt P [35], MBEECK) T REABIME . P ZHEER T Hir 55 21
B ERHA X ERARRIE O, HFHEH TEE S PFET, Hbrais SmmseT &8 G e o)
Tt o

ARG B HRTERT FTRFLBR L R AR R 2 I AR I U B A3 202 R, B TR 80 2047 AR
HEF 58T, SRR TB S BB 1 K T2 BABi[36], S K MR AIA E 1 nm, I HA% 3R 4 14~100,000
G (RS AH. FRS, RIS RN O, AP E OHHTREA . IR e, BN
X O R FLBR ZE M EAT I, B AT S5 O S URE TE AR AR A

DOI: 10.12677/hjce.2022.114070 650 TARTHE


https://doi.org/10.12677/hjce.2022.114070

FiE %

0 50 100 T 150 200 255
REE

Figure 7. Selection of the threshold T of the bimodal method
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AR FH T WRMAL— s A0 (R S b b i A A AL, R AR SR IRIRE &, JF R — s MR (&] 9). 4
Bk )a, H R TR TR BE BRI, RO R 2 A D AN 2B Bk I . e T KR T A
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Figure 8. Magnetic rod simplified model of the nucleus
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Figure 9. The change of spin nuclei in the presence of an external
magnetic field
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Figure 10. Number of papers on NMR study of pore structure of

rocks from 2010 to 2020
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Figure 11. Tyeuovalue determination method
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Figure 12. Correspondence between T4, and the percentage of
movable fluid
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Figure 13. Correspondence between T,gy, and total oil displacement
efficiency, imbibition efficiency, and displacement efficiency
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Table 1. Comparison of pore characterization techniques
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Figure 18. Comparison of application scope of different characterization techniques
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