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Effects of magnetic field intensity and gradient on measurement results
of core nuclear magnetic resonance 7, spectrum
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of Education, Yangtze University, Wuhan, Hubei 430100, China

Abstract: Nuclear magnetic resonance (NMR) logging instruments generally measure the NMR signal of reservoir
fluid in a uniform field with a resonance frequency of 2 MHz or a gradient field with a resonance frequency of less
than 1 MHz. For laboratory NMR core analyzers, in addition to the commonly used 2 MHz, the resonance
frequency of 12 MHz or 21 MHz is often used for experimental measurement of tight reservoirs such as shale. In
order to determine the effects of magnetic field intensity and gradient on the NMR measurement results, the
sensitivity of the magnetic field intensity and gradient of the core experiments of glutenite and shale cores under water-
saturatedstate was systematically studied, and the relationship between the T, spectrum shape, position, nuclear mag-
netic porosity, T, geometric mean and the magnetic field intensity and gradient of different rock samples was analyzed.
The experimental results show that under the uniform field, glutenite samples are very sensitive to the change of
magnetic field intensity, while shale samples are less sensitive. The existence of external gradient field will make the
short relaxation information of glutenite and shale missing, resulting in that the NMR signal cannot be measured
completely. When the NMR core experiment is used to calibrate the interpretation parameters of NMR logging, the
experimental measurement results must be corrected if there is a large difference in the magnetic field intensity or
gradient between the laboratory NMR core analyzer and the NMR logging instrument.
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Table 1 Basic parameters of NMR experimental core

ALy AN KJE/em HE/em  BRERE/m  SIFLEE/ %
1% R 3.108 0 2.474 0 4067.32 7.96
2% R 3.727 3 2.5317 4071.44 9.22
35 TUA 2.301 3 2.489 0 3 034.20 5.76
45 TUA 2.417 0 2.489 5 3 578.50 4.63
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Fig.2 Magnetic field diagram of 1 MHz NMR core analyzer
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Table 2 Parameters acquired by NMR experiment
WA ERERRI(Ty ) /ms  [HERIG (T, ) /ms [ E0(NECH) 330 EL( SCAN)

1 MHz #J%3 6 000 0.2 1 600 2 048
1 MHz #1413 6 000 0.2 1 600 256
2 MHz $#J%4]35 6 000 0.2 1 600 256
21 MHz ¥5)3% 6 000 0.2 1 600 32
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Fig.3 T, spectrum results of four water-saturated samples in different magnetic field intensities and gradients in NMR experiment
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Table 4 T, spectrum positions of NMR experimental glutenite samples
in different magnetic field intensities and gradients ms
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P =R SN R Kk P il Ak Pl R Ak Pl % R Ak
] i ] i a] i ] 1] i ] (] ] 1] ] (] ]
1 10.50 0.80 80.31 13.90 0.52 193.07 10.16 0.11 299.36 4.12 0.06  2154.44
2 29.40 1.93 37276 33.42 1.00 719.69 24.19 0.06 896.15 5.78 0.05 1115.88
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0 1 MHz £ %% 1 MHz ¥15)3% 2 MHz ¥14)3% 21 MHz #1513
W5 g Filg i il pid 3 Fil i Filg

3 1.93 80.3 0.80 100 0.42 100 0.33 26.8

4 1.55 193.1 1.25 155.1 1.0 193.1 0.80 299.4
RE I, AR AKRE T, 3% S A7 B 1) 4 5th 22 15 1) 7 100
S 251 I A v Gl T/ A N S | S R 151 N 5 ool
FIARvE , B INANEEEE S Z )5, T, i AR B AT 15 g
Rt Ry 1m RS Bl AE R AR R (R3O, 28 1k s ] st/ B 5o} y
FEA LRI 57 :

50k T IUEHEMTEAR RIRE R BE BRRE T ;g”’ p ]

T, RS AW A WA JIT Xof o7 () A ) il BR B () 57 2, % 2 Py
SRR 50 T Rk Tk 2T
AN ) St T 0T [ B8 B, A [l R PR TR T Y T, =l g g
TR AR I RRBOM ], 38 bR FE 3 05, T, 1% R
TS B ) i B T ) B8 By, HL S 4 ) 1 4 3 40,8 /;0 ” - ” T 00
K, T, 0% A Fl A2 7, AMES A BE 3 0 7 78 fin 1 LB
TR TRAT S I R W A TR AR A B 5 HE WU A 4 BBEHCHRSCIORE S B LIS S RE AL BRI X H
Ik 4 B 0 B Sk e . ST e Fig4  Comparison of gas porosity and nuclear magnetic
SRR AT (3 5 AR, B AR e spparent poresty of R experimental samples
AR . o 1SRG e 25
3.3 HEIASRIE (HRE XTI FLBR R R O ERE  —e-4BRA

LB R TEES S — R

SO FRAERE B A 2 5, 193] 4 o e ) /\s_.
WA BB T OREAARE T i S e o
S 4 R MRS 5 1 MHa 957

B B B RPLELIRUIE X1 L 2 B e -
S FLBR R BOEAE 0.5% L, —H A5,
LRGSRl B8 4 A B A Rl

FHERALBRE /%

FLBREE PN A R Ry AN i (1) B2 R O AL B 2 R M 2MERSTE M

FIAAR RN (K S) . 75 1 MHz BBJE3 1 MHz ¥ RO RIR AL

21372 MHz #1530 21 MHz ¥35)3F 1 SFEM K5 GRS AN R G 58

(A% L B 49 31 6. 18% , 8.32% , 7.26%, _ BRI T B RERLAL BB L _
e o 1 ANl Fig.5 Nuclear magnetic apparent porosity comparison

7.22% ;2 5 FE fl B9 A G AL B BE 53 5l Ol 6.58% , of NMR experimental samples in different

9.26% ,8.78% ,7.70% ;3 S I A AL R Ay magnetic field intensities and gradients



55 2 1

XU 55, B9 BE MRS B G UAZRES AR T, 3 B2 SR 52 - 383 .

K 4.92% ,5.94% ,5.81% ,5.52% ;4 5 FE & 1A%
REARFLBREE A3 5 K 3.52% ,4.52% ,4.25% ,4.14%
W5 T WA JEAR A Z A BG 0, WD AR A A A%
T AL 508300 235 SR AT P/ ) 5 O ot X A AR
LB B i 22 7E.0.5% LA N, 4R 451 28 (14 22 A % 01
G ASLIR T s, B mANT R EE S 2 5
FLBRTRAAR A5 A S I R DB 5 F T
FRE it PO G PR FL R R X80 B BRI

7 B K], A A E R S LR R
R B 22 5 A3 FLBR N A T S RE 8 BE
IE LEAY PN FRRS BE 37, inpe T sth 35 2R B 43 5t 74
T TOTE A S A SR SR T B G LB DU o 5
Bk, Hi T 0UA LB A TAL 9K B ALBR, R
BB LS S BN B /G IR G055 ; MTAPERE LB R T
K, NERER RS S BON ™ Boh 18 5 o B 3%, 5 30w
Ty 851G KBS D IR 5 1) A A0 L Bt 3 T i 23 R %
GO B3

FETEANEAE FERE T, LR N BB IR SZ A4 1L
RN B FEIR 77 A= 4 RO G LI i A Fry st PR ok 5
P, TS50 5t BR A5 5 ZE AN A S 55 2 WS S A3 ik
R T [T PN 2 s 0 5e B2, S 300 1k S BN i i
RS S B RBOREE AL R FL IR EE AR
3.4 WEFEE BEX T,JLAHEKINE

VEJ s Atk 1,3 o B SRz —,
T, U SAE (T ) S5 AR RN T, 5340 () S AR
TE, B AR SE B0 A ) T A [ W S 9 W S e
T T, U A I i 25 R JF ARE 758 B G i
FEL G AR, T, LT (B R A br, 23] 1
i Ty JUATEE (T ) BZZARTE BL (1 6) o

40.0

—o— 15 25k
350 —o— 35 FEA —o— 45PN
300 |-
z
= 250
H
&
& 200
Q
=
= 150
o
100
501
Il Il Il Il
1 MHZERE 1 1 MHz#4513% 2 MHz41514% 21 MHz¥)515%
T 375 5 R 55 2 5

Bl6 BRI A TEA R ES 3R |
WEME T 0 T, JU (X LE
Fig.6 T, geometric mean comparison of NMR experimental
samples in different magnetic field intensities and gradients

16 1 MHz B5J¥3% .1 MHz ¥1%5)3% 2 MHz #4175
Y1 21 MHz Y9573 F 1 SHES ) T, JLAa Y08 5
AR 14.14,13.29,11.32,4.27 ms;2 SFEM A T, )L
AT 4ME 53 )N 34.89,30.93,27.47,6.23 ms;3 SHE
fmfl T, JLAA Y948 4 %) A 13,03, 10.03, 5. 18,
3.83 ms;4 5 FESL A T, JLAT X {E 4 5 A 6.08,
5.37,4.05,3.90 ms, GUEHFE S EY T, JLAT 0 E 8
RTFBRARE M IR FE515 T i 3
PRAT LA IE K, WP AR A AN DU A S 1Y T, JLART 2B
I 5 25 SR XA/ )N 5 38 I AR BE Y ) R T
BARES T, JUIAE R K, BN R8P W3
BEEE T RPER S T, JLART 4 1% 22 S 5 hn i &, e
T, LA S4B I 1 45 2R A8 AR B 38/ )N

4 #Eig

(V) TERRE LIRS D M 520 v BE 75
WS B B A 2 N R I 25 0 8 B AL FL R
ST TN . T, 10 £ 45 2R 77 A 5 i)

(2) B85 B R T, 05 %0 1 3558 B 1)
AR AR H SRR, B WA 0 B BB IR T, 1%
TSI W, T, <1 ms 2045 o5 FoH K 7 A 1 1]
A, BB SRE BRI WP BR S T, 38 A7 W R AT
JIT B A IE R T BEIE ™ 43 A, A R AL B 38 A S
ik, TUAFE & X% 3 50 BE 0 A8 Ak SO A X 35
55, Bl % G S 0 R A BE K TL  EARTE B AR IR iR
I BR ARG X 4 B B B SUIGE R | EL A G A FL
BRE JCRA AL, RS R RO RR A A
RERRIY T, 3% 24 B 1) 4 5t 3407 10 R 3, T, JLATT 2
(EC

(3) B IMANHAR BE S AP BRE T, 1% 2 W
Fh i, U T i TE S AR AN B I bl s 0L
BERL T30 M2 B 6 4 st 3407 10 82 3, T, 1R 4R
I [F0) 18 K 1T 2 A VI B A8 2, A% T 0 Lt 2 W
R, T, LA B {EHE K

(4) I FH A 1 LR 0 S92 56 20 38 A% o S B )
H RSB | R R RGBS 4230 A 15
AT I E R IR O T A S AR
PRI AL B8 Y0 08 i B S Bk E A7 B R 22 5%
A, 5 X S I £ 45 R AT IE 3B R T —
$BIRFSE 5 18]

SE 3k

(1] Eff BRIEM, BEE, 5. 0UE k2 R R R R 5
[ B S - LATE AR R MG & 3R M R 4 DU A 2 R
BILI] A S RIR R, 2019,40(3) :550-557.

WANG Wei,ZHAO Yanwei, MAO Rui, et al. Determination of
the starting time for measurement of NMR effective porosity in

shale oil reservoir;a case study of the Permian Lucaogou shale



. 384 -

B b B

%

http : // www. sysydz.net

b

545 4%

(2]

[3]

[4]

[5]

(6]

[7]

[8]

[9]

[12]

[13]

oil reservoir, Jimusaer Sag [ J]. Oil & Gas Geology, 2019,

40(3) :550-557.

TAMHILAR XS0 A O RS 3L IR S0 43 5 5 AL

PEREEXT [ )] IR, 1998,22(S1) :6-10.

PENG Shilin, HU Yiliang, LIU Chonghan.Comparison between

core NMR experimental analysis and conventional physical

property measurement [ J ]. Well Logging Technology, 1998,

22(S1) :6-10.

A 5 05 AL RE SR I e B I [ M 2R op B A iR 2
th i, 2010.

DENG Kejun.Nuclear magnetic resonance logging theory and appli-

cation [ M ]. Dongying: China University of Petroleum Press,

2010.

ANAND V,ALI M R,AL-ADANI N, et al.New generation NMR

tool for robust, continuous T, and T, measurements| C ]//Pro-

ceedings of SPWLA 2016 56th Annual Logging Symposium.

Long Beach:SPWLA ;2015.

ERW], FRAERS , #h R, 55 MRIL-Prime @ 2L 4% I 1]

AR ,2002,16(6) :18-20.

WANG Junming, SHAO Weizhi, HAN Cheng, et al. MRIL-Prime
nuclear magnetic resonant image logging tool[ J ].Petroleum Instru-
ments,2002,16(6) :18-20.
fRFAR, X BRI A = R RE SR AL R A LA [ 7]
HL 2R SR A, 2006,26(6) :1049-1051.

TAI Ziwei, LIU Deye, LI Minghua.The comparison for three type
of NMR logging tool[ J ].Nuclear Electronics & Detection Tech-
nology ,2006,26(6) :1049-1051.

PR 2R i B AR R IR B R AE TUE I A 2

T R[] ATl S 5T, 2022, 44(5) :930-940.
SUN Zhongliang, LI Zhiming, SHEN Baojian et al. NMR technology

in reservoir evaluation for shale oil and gas[ J].Petroleum Geology &

Experiment,2022,44(5) :930-940.

YIRS VPR IR A B A B0 Dl RIS O RS2 SE [J ).
THSEE B, 2021 ,43 (1) :144-153.

JIANG Yun, XU Guoqing,SHI Yang, et al.Forced imbibition in
tight glutenite cores [ J ]. Petroleum Geology & Experiment,
2021,43(1) :144-153.

WHRLL, LR, X0 K SE . SR ) B i e P st SRR [0 . 0

P AR 444],2007,29(5) :21-24.

XIE Ranhong, XIAO Lizhi, LIU Tianding. NMR relaxation proper-
ties of crude oils[ J].Journal of Southwest Petroleum University,
2007,29(5) :21-24.

KAUSIK R, FELLAH K, FENG L, et al. High- and low-field
NMR relaxometry and diffusometry of the Bakken petroleum
system[ J ] . Petrophysics,2017,58(4) ;:341-351.

TROMP R R,PEL L.NMR 7, dispersion of crude oils from 10
kHz to 20 MHz[ J].Journal of Magnetic Resonance ,2021,325;
106949.

KORB J P.Nuclear magnetic relaxation of liquids in porous
media[ J ].New Journal of Physics,2011,13(3) :035016.

CUI Yingzhi, SHIKHOV I,LI Rupeng,et al. A numerical study of
field intensity and clay morphology impact on NMR transverse
relaxation in glutenites [ J ]. Journal of Petroleum Science and
Engineering,2021,202.108521.
FAEREKE AR, SRR R T,—T, 4R IR
SCH B 52 WA ST ()] Hb Bk A B O R 2021, 36 (5)
2082-2089.

[15]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

QIN Yingyao,ZHANG Gong,ZHANG Jiawei,et al.Study on the
influence of magnetic field intensity on 7, =7, two-dimensional
nuclear magnetic resonance experiment [ J ]. Progress in
Geophysics,2021,36(5) :2082-2089.

RN, ¥ SR SRR S A A i R I R A PR R AR T 1
55 LR s A [ T]. # IR B AR, 2019, 62 (11)
4472-4481.

LIANG Can,XIAO Lizhi,ZHOU Cancan, et al. Nuclear magnetic
resonance characterizes rock wettability; preliminary experimental
results[ J ]. Chinese Journal of Geophysics, 2019, 62 (11) ;
4472-4481.

R, I, S T T, U A B B O R
BRI AR, 2022,44(2) :342-349.

YU Yue,SUN Yidi,GAO Rui,et al.Determination of surface relaxivity
for tight glutenite cores based on T, cut-off value [ J].Petroleum
Geology & Experiment,2022,44(2) .342-349.

MCDONALD P J,KORB J P,MITCHELL J et al.Surface relaxa-
tion and chemical exchange in hydrating cement pastes:a two-
dimensional NMR relaxation study [ J ]. Physical Review E,
2005,72( 1) :011409.

GODEFROY S,KORB J P,FLEURY M, et al.Surface nuclear
magnetic relaxation and dynamics of water and oil in macro-
porous media[ J].Physical Review E,2001,64(2) ;:021605.
COATES G, 4 3735, PRAMMER M. 4% 2% L 4% i) H: I 0 5 17
LMY %3, 2 405t A Tolk i ARt , 2007

COATES G, XIAO Lizhi,PRAMMER M.Principles and applica-
tions of NMR logging[ M].MENG Fanying, trans. Beijing ; Petro-
leum Industry Press,2007.

TRE AT, SO, S5 090 8] B X A% 1 M i e WAL B
IS BB IE T [0 ] AR, 2020,37(2) 1 172-181.
ZHANG Gong,HE Zongbin, CAO Wengqian, et al.Effects of echo
time on NMR apparent porosity and correction methods [ J ].

Chinese Journal of Magnetic Resonance,2020,37(2) :172-181.
TR T IORE SR B BRI S R A [T 3t
R R ,2015,30(4) : 1755-1762.

MAO Keyu.Analysis on influence factors based on NMR simula-
tion in igneous rocks[ J].Progress in Geophysics,2015,30(4) .
1755-1762.

E R AEUER).SY/T 6490-2014 , #FEAZ I JL 4R S 405 i %
A ST ALET Al Tl iR Ak, 2015,

National Energy Administration.SY/T 6490-2014, Specification
for measurement of rock NMR parameter in laboratory [ S ].
Beijing: Petroleum Industry Press,2015.

XU ARG 547, 55 0 T 9 A E AR LRI LB e
SN K AT B AE [ T] B2k ,2020,37(3) :370-380.
LIU Huan, XU Jinxiu,ZHENG Yang, et al.Factors affecting and
correction methods for porosity measured by NMR logging in the
J oilfield of Bohai Bay[ J].Chinese Journal of Magnetic Reso-
nance,2020,37(3) :370-380.

TKE L EPAT, RS S TR T, W50 O 22 5 1
R A SR U [T]. RAR T BR AL 2%, 2017, 28 (8) :
1243-1249.

ZHANG Gong, FENG Qingfu, WU Hongliang, et al. Gas—water
identification of carbonate reservoir based on log mean difference of
T, spectrum [ J ]. Natural Gas Geoscience, 2017, 28 ( 8):
1243-1249.

*4A)

€



