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Fig.4 The standard curve of water content

*F1 ZHNESE-1 (NMR1)

Table 1 Nuclear magnetic measurement parameters-1(NMR1)
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SEAFI T TW 8 000 ms =1 I [/ TE 0.10 ms
KA SHTD 630 026 / 5] A HINECH 18 000 /

v BT O LR IE D i
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Fig.5 Schematic diagram of the experimental setup
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x3 BENESH-3 (NMR3)

Table 3 Nuclear magnetic measurement parameters-3 (NMR3)
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Table 4 The test results of precision
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Table 5 The test results of different particle sizes of sediments

DUBIRAR/um ARE /g KB IEA/g AKEFUSE g MR ZE
45~53 1.93 1.969 2.00 -1.57%
58~75 1.95 1.992 2.00 —0.39%
80~120 1.95 1.995 2.00 -0.27%

120~180 1.95 1.997 2.00 —0.15%
250~380 1.99 2.031 2.03 0.07%
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R, MR R BT /MR IE i s, B
I, 7578 0 E A 5 I 4 H IR 5 R
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PR R . G K IE IS AR R A OK i 5
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T U DA B AR 1 e R KR 22 93 1SR —0.73%
~1.49%. —0.86%, 1M [A1FP 2 -+ A [ BC 1 L 5] 22 [H) AR
MR B K ZEAE 54 0.59%. 1.23%. 0.84%. LA
R, RS ARG TR A D E AR R
B K R BE R, S LR TR 3 ) B H B ikt
RRZE R TLF-TERgm

33 FLER/KEERIEMN

AR SRR “2.4.1 H RE IR Oy ik, Bl
WS4 0.1, 0.2, 0.4, 0.6, 0.8 g/100 mL i NaCl
VEWOTHERAFRE 15.00 g Bty 120~180 um HI A7



104 Marine Geology Frontiers ML T 2023 4E 12 H
*6 TARAFITYURHEEENIXER
Table 6 The test results of different clay minerals and their contents
kA Zh L A/% AKE R A /g KER /g KA /g 2
EREl 2 1.98 2.027 2.02 0.36%
WA 5 1.99 2.034 2.03 0.20%
EREl 10 1.98 2.027 2.03 —0.14%
Ve 20 1.95 1.994 2.00 -0.28%
WA 40 1.94 1.985 2.00 -0.73%
AT 2 1.95 1.995 2.00 —0.26%
e 5 1.95 1.992 2.00 -0.38%
[ ga) 10 1.95 1.996 2.01 —0.72%
AT 20 1.94 1.977 2.00 -1.17%
e 40 1.94 1.980 2.01 -1.49%
FRAH 2 1.99 2.028 2.02 0.40%
BHFIA 5 1.98 2.020 2.02 0.02%
FRH 10 1.95 1.993 2.00 -0.37%
FRAH 20 1.96 2.004 2.02 —0.77%
PR 40 1.94 1.983 2.00 —0.86%
QKRR IE R A K BRI R 1E RELC,, AR TR ZE, (R 30/ @2 IE R HC, HUH 1.022.
=7 AEFLBEAEEHIRESR
Table 7 The test results of different salinities of pore water

NaCliE K FE/(g/100mL) KEMIRE/g KA IEAE/g KA SHE/g AR

0.1 1.97 2,015 2.03 —0.72%

0.2 2.00 2.045 2.04 0.26%

0.4 1.99 2.029 2.03 —0.04%

0.6 1.97 2.009 2.00 0.43%

0.8 1.95 1.987 2.00 —0.63%
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A method to quantitatively determine water content in
unconsolidated sediments using low-field NMR

WANG Jiaxian"™’, LIU Changling3’4*, JI Yunkai™*, MENG Qingguo“, BU Qingtao“, NING Fulongz’4
(1 Chinese Academy of Geological Sciences, Beijing 100037, China; 2 Faculty of Engineering, China University of Geosciences (Wuhan), Wuhan
430074, China; 3 Key Laboratory of Gas Hydrate of Ministry of Natural Resources, Qingdao Institute of Marine Geology, China Geological Survey,
Qingdao 266237, China; 4 Laboratory for Marine Mineral Resources, Laoshan Laboratory, Qingdao 266237, China)

Abstract: The low-field nuclear magnetic resonance (LF-NMR) determines the content of liquid water by meas-
uring the 7, spectrum of hydrogen.The water content was measured in unconsolidated sediments by the LF-NMR
technique. The effects of particle size, mineral type and content, water salinity, temperature and gas pressure on
the measured water content were investigated. Results show that the water content measured by LF-NMR was
smaller than the actual value due to the surface relaxation of water in unconsolidated sediments. The correction
factor C,,, was introduced to correct the measured content of water. The characteristics of sediment and pore water
have little influence on the measured content of water, with a relative error of <<0.5% in precision of <<0.20%. In
contrast, temperature was negatively correlated with the measured content of water. The measured content of wa-
ter increased by 10.71% when the temperature dropped from 25 to 1.7 “C. The effect of pressure on the measured
content of water depends on whether the gas contains hydrogen. The pressure change caused by the hydrogen-free
gas had no effect on the measured content of water. For hydrogen gas, such as methane, the measured content of
water increased linearly with the increase of pressure. The measured content of the water increased by 12.15%
when the pressure increased from 0.10 to 5.05 MPa. Therefore, the effects of temperature and pressure on the
measured content of water shall be considered when the change of water content is analyzed by LF-NMR during
methane hydrate phase transition in sediment. The change in water content, which is monitored by LF-NMR un-
der constant temperature and pressure, could accurately indicate the microscopic process of methane hydrate phase
transition. Therefore, the method is expected to be widely used to study the microscopic kinetics of the formation
and decomposition of methane hydrate.

Key words: unconsolidated sediment; low-field NMR; signal intensity; water content test; relative error
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