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Abstract

The accuracy of the T, cutoff value directly impacts the precision of calculat-
ing bound fluid saturation, mobile fluid porosity, and permeability in nuclear
magnetic resonance (NMR) measurements. The porous structure of deep tight
sandstone reservoirs is complex, characterized by low porosity, low permeabil-
ity, and strong heterogeneity. As a result, fixed T, cutoff values are not suitable
for these reservoirs. In order to improve the calculation precision of T, cutoff
values in deep tight sandstone reservoirs, this study relies on NMR experi-
mental measurements of deep tight sandstone samples to establish dynamic
extraction methods based on classification Gaussian distribution, multi-fractal
analysis, and petrogenesis classification. These methods were used to extract
the T, cutoff values in the deep tight sandstone reservoirs located in Baodao
Island offshore area. Research results indicate that when there are a sufficient
number of diverse test points available for analysis based on multi-fractal the-
ory parameters and their relationship with nuclear magnetic resonance T, cut-
off values, high precision can be achieved. Additionally, high matching degrees
between calculated and experimentally determined T, cutoff values were ob-
served using classification Gaussian distribution method. Furthermore, the dy-
namic extraction method based on petrogenesis classification was able to pro-
vide targeted block-by-block extraction within the reservoir section. This re-
search provides robust support for dynamic calculation methods related to T,
cut off values and fully meets the requirements for evaluating pore structures
within deep tight sandstone reservoirs using nuclear magnetic resonance log-

ging.
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LRGSR 4 ARTE T A EALBREE VPN tp ORI BRI (1], S5H
MFETFFEA L, SRR T HmEE 2 RELRIE R, fead
WEERANHT T A3 A REIRENALAE . FLBREE V2@ RADKWAE . I ahimAn
MEEEZ240(2] (3], FHETHE DRSHR 2 e T, 80LE. T8k
E R LSRN AL BRI — A RS, B FL R SR AR F v] 3))
WA FE IR 5o ik, P AME OGS I & K A AR R I i 2 A
E& BRI X S T RIFA MR . Parra 55(2001) R A FZI J7iEa it
% LA SO BRIR B A 16 T Ukl RILILREGE 2R A (4] RESF
(2014)BF 72 R I figs JZ A PEXT T, B M B K [5]: 2R 55 (2004) S T
T, B AE 55 ik v B TR R 9% SRR, AR S T, LB PR 1 8rig % (6] ARYE
HE(2009) MZHEILIR T, WA NTF, TROE T Fuid . W6 f 20 1) T, kA
7€ J735(7]; Haldia 5F(2013) 8257 1 BlA 20 3L 4R 5 5 =t 2 2 48 4%
(MDT)) T, BB tH 57775 (8]: Ge 55(2015)F F 2 Ay T BG83 T,
BIEE[9]; Xiao Z(2018) RALHINT T AFTEAM T3, R IEA 1 s %L
PatE T Uk E 10,

H AR T, B AR € T im0 AW, H— Nl e T, BubE e
%y HONENE To BB E . [ g T, R 8 0] 45 € X HURE € 207
T — @M ERE O, W RIRE S E O T, Uk, xR
FNZ X H T 8RR [10]. Mk F4H FH 55 V6 BFA Wilcox i X I 2 K 7 3 i
FH B 3R 1) 2 FEAZ BE LR S 36 B0, B 2 )2 T, b8 N 33.0 ms, HUBRR
A H)E T BUEE Y 92.0 ms [11] [12]. %VEEH TR G RHE, XT9E
B EGR IR EBUR W S Z . B D m R AR, EE s . %
Fit, ZOUEM L R EE AR T, B Ew e 7% . R
T8 DX AZ B FE AR DU VA7 FL B 45 040 PR RS B2, AT 56 35 T 0 20T R0V = B0 b
FAMRMEILRSEE, AR SR EmB oMk, Z2ESIRIE. BEEHSE
ARIEN A T, #bME, B ABUER A R IR LR S5 M VRN S it 4
RIHE

2. BRI

LS DX Hefr T2 i s M B Ry, IREBUE D a2 a1 . FLBRSS R
7%, RAFUREAHRBRAE . BBOZ K S (N) TR A — B 19 RBF b5
PRUEERE, 70 AT SR AT K AN B Do SRS 35 A R IR SR, SRIBCA Do FLIRE
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BIER, T80 E . RAUKMAESESH . ARSI H SR [/ TW 24 6.0
s, [ISEIAIEE TE 24 0.2 ms, HMKECH 128 K. % 1 N HIREFAZRILIR L
oM ELE R FHRIHRTK B B O R A S LR To il 1 fos. HinE
FERIFLBRE N T 7.4%~13.4%, BIEENT 0.044~0.818 mD. MRAEZMEILIR T,
LR, AT A FEVL RN KOS SR REILR T, 1845 5 3 2504 T 0.1~100
ms, LA T, 5tig 2, FLBREH LU/NLBC A B0 R AR I
IR T, i FEAALE 0.1~10 ms, SEIAAFEMILIRG M2, & T AR5
EWEME S A

1. LS71 X#R 19 URBH B A A MR N EER

Bl ARE SR o RADKIRIE T T LT S T
4% (%) (mD) o) (ms)  (ms) (ms)
1 8.0 0.044 0.074 51.29 41.596 11.96 19.90
2 9.8 0.385 0.198 48.24 41.595 7.04 20.72
3 9.1 0.053  0.072 45.08 33.405 9.40 11.34
4 9.5 0.277  0.171 53.31 51.795 15.37 31.84
5 8.9 0.266 0.173 50.78 33.405 9.59 21.71
6 9.1 0.128 0.119 48.09 21.544 9.71 15.50
7 12.1 0.392  0.180 38.14 33.405 12.3 11.56
8 8.5 0.65 0.277 53.63 41.994 14.31 35.55
9 11.8 0.18 0.124 35.85 21.544 9.17 10.34
10 12.8 0.15 0.108 39.94 26.827 11.84 10.00
11 13.4 0.083  0.079 34.85 26.827 10.88 8.03
12 11.5 0.382  0.182 38.57 21.544 9.82 9.76
13 11.7 0.517 0.210 36.11 41.595 16.64 18.31
14 12.1 0.818  0.260 32.62 41.596 18.05 10.14
15 9.3 0.18 0.139 55.53 64.495 13.13 29.26
16 7.4 0.15 0.142 64.34 80.309 17.23 35.32
17 11.1 0.287 0.161 37.71 51.795 19.96 16.27
18 9.8 0.083  0.092 57.45 41.596 12.68 24.71
19 12.4 0.532  0.207 27.24 51.795 15.63 6.36

I LA R AN S AT B O TR T W B 2 AT R S TR AT 58
I T, BULE. WE 1R, BOE T, WEEE RO a1 i i RASLER
B, EMANZS To i B4k — o, (A O B AR AL 5 0o i i R AR AL
FEARSE, %X B To (BRI To B (K 1(0) PR /) o RS IRIIH 52
PR R, — A RER B AN T3, B0 & T 2 R A m i Ao Tl &
SRHL.
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3.1. ZEHE

(1) TR

% #5) ¥ (Multifractal) /& —Fi 70 A Z A IR BT A50 .y 1 4030
21 73 T BSOS S 1, 75 2 5] N FOREA 70 A bR B0 S B R 5
MNTTTAE 73 T AR ) — DS, IR 2 E TR AR E Y. fEZE
B, RGEMERVEEE — RI0 TE4ERCk A, X AR08 T M A
ELL R, A R (singularity spectrum) B85 f 48 41 (mass exponent spec-
trum). A SR T ARG P AN R T S AR (B AN [R] 43 1 450 B X sl 1 4R 1Y
SIATEOL . HW UL S

A FIEE(a): EZEDEP, o 2 MREREL v AR ekt
T AR NS N & IR, HBE S e E A K

ARk (fa): Ko EEAME a ER/DNXEBOACH £a), EHRAETR
W, EOVER SR o % MESERECRER R (LA 2).

JRETEE( ()« B Al BREHEAT INBCR AN, 433 i 45 % Oy iU s 48 E (W
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ESNRITITVE . ZTTERI T 0 TSl 8, LKA ER LS
PR, T, BUEE TSRS . BORWTR A 4 frs:

3 2.5
R2=10.477
2.5 2t ®
R2=0.541 oF e R2=0.488
2 ° %
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2Cutoff’

= ABS(1.11%(183.66(D., — D,,)+28.76 (D, / D,)
(1
~121.91(Aa)-97.18)+0.62)
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5.1871 KRET ZENHSHE T, BULETUNKR (FEIIRE 12.6%)

BT HEBEIR, @ T, BUbE SR %, LS71 X, iR
RFEMBEZ . TBEEE, BN TLBULESSFNTIE, BEE.

3.2. FESHIHE

(1) HELE

TEARGEZ B, %M T, WS 0TS FIEE A B, FH 3 23 ok B & SR 4K i
R, THEAE) T, 80 EAEE B, MR RS IR AL IR B A% T, 1%
JEASH, RAZGEREHE T80l e EEE.

RAN MR AXBEEE AR BEES) LB 1BIE R KA =
REER, 4604 Z TR, BT IX H B ER R0 R 3 50k 2).
I R EFLREAN T 11.1%~13.4%, BEFRNT 0.287 mD~0.818 mD, H4i/K
PRIEE /N T 41%; 11 R85 )2 FLEREAN T 8.5%~9.8%, 151%E 24T 0.266 mD~0.65
mD, WZKMFIEE KT 41%; 1T KHZILREN T 7.4%~9.8%, BiEHREAN T
0.044 mD~0.18 mD, 4 K HIE KT 55%.

WA, 1 KB MMt EN T, BubE 5 SEhr T, #obEmHE
U, T, I 2864 20 s A i 8 T B8R RCR R . Wk, AwF il
XTI, IIT 242 2R FH 2 6 v 0 R 040l S A AL AT T, B 5

= 2. R EIRE
it )2 52 FLERE (%) 1235 3 (mD) HAE /K MIANE (96) HEIR T 77 (Mpa) P24 FLIE 4% (um) e KRETR VA (%) 43 1% 2R &L

I3k 11.1~13.4 0.287~0.818 <41 <1.0 0.1~0.8 60~83 1.8~3.0
12 8.5~9.8  0.266~0.65 >41 1.5~2.0 0.05~0.1 46~72 1.1~1.8
IIES 7.4~9.8 0.044~0.18 >55 >2.5 0.01~0.05 35~65 0.5~1.1

A L, IO 2R 2 A ORI R S 3 M, A % 2805 5888 T, b ME
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A AIAR S . WAL A, WAUK T, JUATIME . RAKWAME ., T, iR E. 9
VECRETREL. T VEAEAR MR RLT, BUREAR IR FEAIR, BIER 55K T, 8k
(EFSER S

Hrp, RQINYITEERG1REL MR AKN:

K
ROI = |~ )
oy

K RQINYIMEZEETREL TERIK;
PNFLBRIE, %:;
KRiBEZR, mD.

FIH F IR IR 2568 20 RQL. HRE/KWIFIE Swi. T, WEH. T, J-IR(E
FRAZS T, JUFIMESE T, BULEBURSE, SR INBER D IRzl G T, #
WA THERAL, AR D s — P gt Tk, AR RER DN
FeiE IR b, AR SR T AN F FIRCE, SR AR A A 551 15 2 22 R 1)
A R R A AR DG AR AR, mT DA Sk iy B 00 AP 1) A5 i ok e 2
P o AUER BRI X6 45 SR () 52 e 8K o AR FTid ek SPSS #ids r i TR,
XPLE I AN BUR S EOATBCE AL S, 30 AR SR AL 5 0 R SR i e A R
. RE)NIZETTE T B R B,

T, =a+Ywx 3)
K a NEEG
X, AEE SH
w, AEMAE SHH R

Syt T 10T 24 2 A0 B R/ — 3Rkt S/ e, /S A FTX I 26, 101 26
it 2 To BUEE T AR R AL 3). B, AT (4). XG)Fsm I,
1 25f#)Z T, BUEEZ SH0H R,

T, ==9.994+41.567x ROI +0.429x Swi+0.101x T},

(4)
+0.548x T, —0.049xT; , 5,
T,, =—6.900+38.449x ROI +0.380x Swi+0.107 x Tzf
5
-l-0.544><T2g—0.051><T2f_50 (5)
X Swi AR KMAEE, %;
T,, N T, I&{H, ms;
T,, AYAUK Ty JUATEIE, ms;
7"2_/750 j\j TZ EF“"DE{E » IMSo
3. MR I, 1252 T2 SEETTEERFHNERER
g E A a b c d e f R
I 2% -9.994 41567  0.429  0.101 0.548  -0.049  0.981
I 2% -6.900 38449  0.380  0.107 0.544  —0.051 0.985

(2) BRI
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HA BRI EIEIX I, D 28082 8 O T Bub BT, TR
U 4 oo WRAER T EE AT R, R R A v R T T SRR
T BUEE SR ERZD, XRZE T 0.061~2.071 ms, “FEIFXFRZENT
4%, HUEERY, rRE i miEr I I 28682 0 T, A 8 RS R

F 4. MR I REEZSHEMAERTE T.8ULE
HOIS SEI To b E(ms) A2RE kT T 8L (ms) 485222 {H (ms)

1 19.90 18.771 1.129
2 20.72 20.546 0.174
3 11.34 13.357 2.017
4 31.84 27.079 1.761
5 21.71 21.187 0.523
6 15.50 16.272 0.772
8 35.55 32.079 0.529
15 29.26 29.199 0.061
16 41.32 36.227 0.907
18 24.71 24.371 0.339

PIZRAE JZ 53 39 DAAZ T S Y BEAT 500

Thmff1 = 22.057—1.319*¢+0.289*T2f —O.299*T2gm (6)
TMW2 =0.710—l.598*¢+0.119*T2/-+2.612*T2gm (7)
fE LS71 XHRFETFRmM oy T, Bk A U - 5T 45 S an F
Kl 6 Fras:
40
35 @711 (R?>=0.96)
«» 30 @312 (R=1) b 4
g
g? 25
=
ﬂﬁ;\‘ 20
~ (4
:§ 15 '.'
X 10 >
g
5 ]
0

0 5 10 15 20 25 30 35 40
T T, 1 {E, ms
& 6. LS71 XRETFT LS HHH T B EFUNR (RHHEITRE 15%)

3.3. AN EE

(1) FHEdRE
X ER B MRS DRI B LR . BE R R ARMNE 7 BT
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F 5. TEIARAEHRYIN

BEAT A H 28, FEANRI X B R S AR ARG T2 B (E B PR 77
.

G LS AR SCE SRR BRFAE, 5 R8I 2 i) 7 R, KRl . ik
FARABI ANy — R, R 9 FsCEAIAANN T 3 SK(ILEE 5).

WEENEE R E il o
HE HA S HE 0 Y
s s WUESR  VURGR  UFIE gaypsy JUBR ALBE% 15i5%/mD
al% A% Y%
S - 5 iy
SM4s - SRIE U ﬁﬁﬁﬁ
S - S i)
SaMeAs - SRV A s @Eﬁf e
TR SE - 9l o SR ARSI
- WA (D) Eﬁgi%ﬁ%iﬁﬁ 38.09~65.68 0.11~29.62 39.02~90.90 EJ{?E KAWL, 10.16~17.68 0.16~17.88
(e I #HLILS
RS - L5 L L
SMGS - BRI U E{I\E
S - WA i)
SR - S A A
PN

Hhg RS - A5
HER RS - i SRS - VAR

fRe gt - AR (D)

[SSRURRCEAH]  cham R g - 285k oh
SRS, - WA

5 R A -
HHiR S - SR - SRR
S5V URE (T
UBRER A LA A AR] s Bm et
57 A

*%gj\a SAETN

JIEAT i)

41.35~75.19 30.43~67.53 11.76~81.59 *lilgj{ﬁ%‘ 5.82~14.10 0.07~8.61
Fe,  KAEAL,
kg, L

ER
ZEEA
IS
Fiir PLRALS
50.37~86.54 71.51~99.70 0.00~66.67 KAWL, 3.17~975 <35
- AR il
KA
ER

(2) RURAT

LR FEBRIN LK, ORI (P T, BT T, WefE_50%
(Taso)s T2 VETEL_75% ( Tacrsnn) B T JURTIE( Togn) (I NTR, Mo % 7000,
BT OLE 7).

T, oprontn = —6.74+1.28*¢+1.54*T2f —0.41*T2f(50%) (8)
Desgmmmnn =3-73-0.07%9+0.35%T,, —0.014*T, s, ©)
=0.07*T, (750 +1.15% T,
T, e = 118.99—29.68 * @ +66.60 * Tzf +2.89 *ngm (10)
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= 6. LS71 XRRAR AEME T2 EUEE(RAL: ms)
e e ZESE ek

TR A A 17.73 37.20 32.90 12.30

SV R AR 12.49 37.36 28.69 12.81

TR B e 45 B+ 17.84 36.91 25.73 13.43
5. &ip

LS71 XHHE T IX & TR R IRZ R, XA HREERR. At &
WAL, MR T N A %, ANRERT [ E T B ERTE AL, i
ITLRRE PR S S o

AEHFCRMZEIE . 70 2K m WA M BCE 70 K =M T, BUb(E s &R
Trik, @S otr, WA ARREAE, T 7.

3 7.1871 RREAFENR B

| SfEr i
oy PR A TR e g g
ik

R ZE R MR ZE, % HIRREL R M IRZE, % MHRRE R HIXRE, %
LS 0.8756 28.6 0.98 15 0917 13.8
i WNEOEE RORER TN BeOILRE. EER
Wil SRR SEOMTEREL.  BOB, SUEMHRASNE.

Hor, BT HEVR JE A 2R AT Ot 7 S v i 0 A1 R R HH 23 S T 8
IEEIRIBOT I, BOREZE . REWS SCRAR R BUR D 4 8 )2 R IR T R4 £L
BRAE R K
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