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Abstract: Since the development of unconventional oil and gas business, Nuclear Magnetic Resonance ( NMR)
technology has been gradually applied in the evaluation for unconventional reservoirs due to the merits such as
nondestructive , sensitive and fast, this technology has become one of the important methods in shale oil and gas
reservoir evaluation. Therefore, based on the experimental principle of NMR technology, this paper focuses on
the applications of NMR technology in the full-scale integrated characterization of pore and fracture distribution,
characterization of shale porosity, pore wettability, fluid mobility and fluid classification, etc. In addition, the
applications of NMR in describing water migration, methane adsorption and desorption, carbon dioxide displace-
ment and other fluid behaviors, obtaining organic matter information, oil shale interface area, determining organic
pores and inorganic pores, analyzing pore connectivity, and obtaining information about high-viscosity asphalt
and kerogen are also briefly reviewed. Finally, the shortcomings of NMR and the development trend of NMR in
shale reservoir evaluation are analyzed.

Key words: Nuclear Magnetic Resonance (NMR) ; shale reservoir; distribution of pores and cracks; porosity;

wettability ; fluid mobility
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Fig.1 Changes of hydrogen protons in magnetic fields in NMR
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Table 1 Comparison of NMR and other experimental porosity evaluation results
o ) SALBREE/ % AHXFIRE/ %
SCHR R YR R

¢N2 (DMIP (I)He (pNMR Rl R2 R3

C1 2.78 3.78 11.4 75.6 66.8

Cc2 4.15 3.05 10.8 61.6 71.8

§ C3 1.93 3.17 6.7 71.2 52.7

HINAT %134

C5 2.92 3.03 14.2 79.4 78.6

C7 3.11 3.54 11.6 73.2 69.5

C8 3.22 3.56 14.0 77.0 74.5
NM-1 38.60 40.59 4.9
) NM-3 39.73 42.21 5.8

XU 4

NM-4 42.78 46.98 8.9
NM-6 35.73 37.24 4.0
L76-2 7.21 7.08 1.8
F41-2 6.37 5.92 7.6
ZHANG %5 [36] L76-1 5.41 5.44 0.5
Y556-3 1.60 1.44 11.1
Y556-2 8.74 9.99 12.5

(jf H @Nz \©311P \(DHe \®1\\1Rﬁj\5§ﬂﬂ~7ffh%l&|§ﬂ% \MIP % \ffﬂ%% \NMR /fﬂ’*]lé}Ll‘ﬁfE H
R =(Qyyr—Pyy) / Pryg X 1005 R, = ( @y =Pyp ) / oy X100

Ry = (Oyyp =Py )/ Py X100,



%

http : // www. sysydz.net

B

i 44 4

B & ¥
- 934 -
8 "',
7 ’v"
'f
-~

6 L
X -~
= 5L . ™
i 5 "'¢ |
& 4L -’ L
= 4 R
—J L d
= -7
[=IEYS LT
X '/‘ m

- L d
2 Jd
Prag
s ]
o™
Ld L L L L L L
09 1 2 3 4 5 6 7 8
IKIFLBEEE /%

B3 KINFLBREE S AL e R Y

Fig.3 Relationship between conventional and NMR porosity

Bl oA SRS ER T IR ] T, AR /N FEAZ R AL
ok i A S5 4 2 g ] ] B 9 HOAZ G £ 5 B 2R A
TEVAE I, DR I T VR A I 3 52 8 1 S TR AR 5 5 T X
TRE AR WG UG | 2 BEREETP TS
PARSIRI 8] T, 80, a7 S 1 A% R D 3 e )
AR SRR ], S RO AR v ) SRR B iR A5 5
TRMETE 4= 3RIK

WA | A ) A8 A R AR X 2% -t ) i S B0
IR RE LIRS A7 AR 22 5 B 5 e R[]
PRI T LA TR A 11306 18] B A7 06 LS5, 7
AP AN Ta] B4 DK 26 1 ) A Tl FLBR B 45 2R ) sy, G
KA RACKE L WG i RACE E R AT,
AR ARI e 14 [T 30 (BT B I R A5 Bk
P RMNAE K, ARG ALBRE /N (18 4) o %
T U AL [T 18] B XA R AR5 45 2% g s 32 28
PRIAERH 7] St R B ()4 10 ms Z A1, RIS T,<10 ms
i, FL B 73 5% [ 6 ] el PR R M B, i 25 7, >
10 ms 5, LB 734 FEAS AN 32 [ 304 (1) B 1) 52 0
[ LA iz R RS IR BRI FL BRI Rz >4
R TUEFE SR A TR B S RO AT R AR
I I A

=

[ a B i
s 1% =
£ | A {-10 &
52( 4+ iy
= 1-1.5 e
= 3t {20 &
= rv
= 2k 4-25 ﬁ
o [
iz 130 =
1F 135 K
. 13
ol— . . . X . : X . > 140
CJ-1 CJ2 CJ3 Cl4 ()5 Cl6 CJ-7 CJ8 CJ9 CJ-10
LERETRS,
—o— 7,202 msf{FLEHE  —A— 7,20.3 msf{IFLERE — 7,=0.2 msf{IFLEGE
—o— 7,203 msffLEHE —4A T,=0.6 msiIFLEEE — 7,=0.2 msfFLEGEE
° 7,706 msfIFLIE  —A= 7,=0.9 msfIFLERE — 7,=0.2 msHFLIER
—o— 7,=0.9 msfIfLIE

4

KRS
TAAE S LB AN S8 A m] S Y HURA 7
AR RER LA AT SRR , T 0 B4 £L B2 531 b A
W RRFL S AL . A BE ST B A R AL 58 AL Y
SR FUERRA T, BORAE Y, oy 38 AL X R A
[ SRR T Ty, (T,> T, ) 10 R RRE-FL OGS 7 A A
[ i BRI TR]/NT T, (T,<T,) o #5352 A i
BUETHE Al i, £ 20 A AT ES O RS /Y T, 16
AT AR A RAE T S R RS AE ) BRI PRHL
AR AT R Syt A 1 e K A L AT A 5 I
DRV ez

P R0 B 0 T 12, A M i S
RS2 50 5 R R R S8 AN [R] FLA2 R FL By
AL, LISk o A7 ] 3l 5 il i A FL B, 32
EERTJR FLAR B2 (EA B v] Sl i i A, (E A
M IEAR B S RA AU AT S, Hod 4570
WA, EREILIRES G RO B WO B B R i
A fL BN B AT A S O/ R R, AT LS S R
AT AR SRR S RO i T BOH
AT SRS SRR AR B AR (18] 5) | 32238
B, TR AT S SR I ) T, 5 LB
(A RFLAR A FLBR AR 2 A AR B LL ) B AR G AE
A, B R AR R 5 T Sl A Y A AL B, 4
A K B PR /N AL B 2 8] B D B 23 R
LB PSS, AR EEAE TP E/NMLB, 2
TFALBREE B AR B DL BRI S DR s AR
FLBR AR AT, 202 th TLBR AR A HL i
TEFLBR AL A AL OR AR K

1N DN e 3 I ) B R N (R LS 3
R ALBUEE Z (B A e B RUAR G, H S BB R
ARG R EBRITE T AL BRI A AT,
FLBL =2 1] 14 2 38 A — S U, ] RE S BRI A R

23

[ bAEE R

— ] w N [ =)
T T T T T

ART, TR %

o2 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Cl-1 Cl2 CJ3 Cl4 Q)5 Q6 Cl-7 CJ8 Cl9 CI-10
Ff i 5

ok 7,203 i FLBRE — 7,-0.2 msfFLERE
& T,20.6 msfIFLIE — 7,20.2 msfFLIRIE

—o— 7,20.2 msiHIFLIE
° 7,20.3 msfIfLERIE
—o— 7,=0.6 ms(IfLIRSE

ANTRIRES T AN [5) [0 3 ) B85 2% A7 094-FLUBSUE A/ B

Fig.4 Porosity size and comparison under different magnetic fields and different echo intervals



555 IR 55 R REHAREORTE SUA Il AR E PR T R R - 935 -
H-1 H-2 H-3
030 15 0.30 15 0.30 15
T\\e 024 12 T\\c 024 1120 0241 112.¢
# i uli ] g | i~
1 18| {9 & 1 {o &
& 018 9 & =018 9 413: i 0.18 9 -
Hon 6= Honf {o=  2onft 16 =
= = = = & =
= 0.06 3 BR = 0,06 13 % = 006 13 B
0 - B 0 0 0 0 2L 0
0.01 1 100 10000 0.01 100 10000 0.01 1 100 10000
T,/ms T,/ms T,/ms
H-4 H-5
030 15 030 15
2 024f 1120 5 024 {120 -
= p = EN — WAL
< 018 e Kos 1% | —mmmimge
o1af 16 = Honf Jo /= | 7 EOALBE
= = 2 = momibaLm
0061 ! {3 % = 006 15 40 2 i3
oAl ] 0 0 L 0
0.01 1 100 10000 0.01 I 100 10000
T,/ms T,/ms
Bs CHREBLORTIE T, e
Fig.5 T, spectrum comparison of rock samples before and after centrifugation

SEAEALBR NARXE L 20 A0 S, B B AT Sl A1
FUEE A A, FEAE A T 0 ) LB 3 1 DL R T vy
BB,
2.4 FLERIEIREHIB

H T O Z LR R A ORA8)2 AL &
TeHL PRI AEAE T BOUA A 2 v A [] FL B i B
KB EAF AR R 22 5, AT NP a8 R g I
PRBEARTFERD 75 S 2 5 5 Vi Y 1y T %) o7 FH A
TR PR E AT I R T A R 1Y) st R I [
T3 ARV VU T IR . VR 2% &l ad 55
BORKIE B G H S50 53 B 0 TR PR RAE
U WANG 25 FI]FH 22 7K/ 3 4 AEAS T) A 378 9800
JUR TR WSS AR5 S B WS BA% G PR
o ) st B B[R] T, BEARRAE , & B MLFL  JEHLFL LA R
AL I T R PRI {H 53 0 P, (0.01~0.4 ms) |
P,(0.4~15 ms) Al P,(>15 ms) , 43 B X5 07 3 15
FH AKIERE A RN A TENEAE . S TR A TR XS
AT S ZHANG 251 ffih) T —Fh e ik
IR T A B RAC AR A W, 12k B mT LA
A e, HSOE Wt 5 B A A [R] Y R5CR
(F 6) , I3 H TUARE S E 2/ T 60 nm AY/NFL

0.14 . 016
012 FEAL | — SR i ; 0.14
2 010 — KA Jon
= 008 = 010
= 008
= 006 =
8 1 0.06
Zn 004 £ 004
002 002
0 0 bt
001 0.1 1 10 100 1000 10000 001 01 1
T,/ms

FEah2

B IR AR IR A S5 e, A S T
FLBR A 15 P R AF , LOOYESTIIN £817 382 T #%
i 4% T 1 1 5 AUOME & ; SULUCARNAIN 2517 it
A B2 O N AR B AT TR IE A BN

7S

Sw _Sdo
I =
Sw +Sdo

T 1, Rt PR R S A, 24 A R 4 SR T
1R =1, R 0% T8 kK TUA N 158,
SRR K T T 435, A% S R AL Bt It A AR FR
(PR LK i) B LA AL AR 35 S, b
TR 2 114385, J2 Fh A2 e iR L B e AR AR R (S B
W+ —be ) BR DL LB EE 1S 3

BEAN, TUAFLBR A TR A R AR I AN S — AR
(), ARSI IB B A I R S R A% g 3
P& T, 353047 TWRST, SR AR AE D0 i A FLBR , i
JEATHRANSE 435K, T IR 7K 2 R 2K o A v, Vi iR
PR ] S T AR
25 XoRAERR

HI T DA FLBR N AETE Z R AR S A ] X 53

(5)

— JRIARE 0.06 — JREAFE N
— EEARE 005 — KNP
St 1 = == AR
Eom
=
=
ﬁ 003
1
0.02
e
001
= 0
100 1000 10 000 0.01 0.1 1 10 100 1000 10 000
T,/ms

Bl 6 £ 500 psi FES T AR KFILEH 10 min J5 TUA 2O B REL IR A RS T, 1038k

Fig.6

Incremental NMR fluid volume as a function of T, for shale core before

and after brine and diesel injection at 500 psi for 10 min
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