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Text S1.

The experimental errors of the elastic wave velocities and ETC measurements could be 
determined by the following equation:

𝐸 = 𝐸 2
𝑆𝑦𝑠. + 𝐸 2

𝑅𝑎𝑛𝑑. (S1)

where  is the relative experimental measurement error, and  and  stand for the 𝐸 𝐸𝑆𝑦𝑠. 𝐸𝑅𝑎𝑛𝑑.

systematic and random errors. 
The elastic wave velocities were measured indirectly by measuring the travel time ( ) of the elastic 𝑡
waves and the propagation distance ( ). Therefore, the measurement error could be obtained via 𝐿
the following equation:

𝐸𝑖 = (Δ𝐿
𝐿 )2 + (Δ𝑡𝑖

𝑡𝑖
)2, 𝑖:𝑃/𝑆

(S2)

where  and  are the absolute experimental measurement errors of the length and travel time. Δ𝐿 Δ𝑡
Thus, the experimental measurement errors of the elastic wave velocities measurements are 
calculated using the following equation:

𝐸𝑖 = (Δ𝐿𝑆𝑦𝑠.

𝐿 )2 + (Δ𝑡𝑖,𝑆𝑦𝑠.

𝑡𝑖
)2 + (Δ𝐿𝑅𝑎𝑛𝑑.

𝐿 )2 + (Δ𝑡𝑖,𝑅𝑎𝑛𝑑.

𝑡𝑖
)2, 𝑖:𝑃/𝑆

(S3)

The propagation distance was measured using a LVDT (ABSOLUTE Digimatic IP42 Bore Gauge 
Digital Indicator (ID-C) - 543 Series, Mitutoyo UK Ltd) with a nominal systematic error ( ) of Δ𝐿𝑆𝑦𝑠.

0.003 mm. The random error of the length measurement ( ) could be neglected because Δ𝐿𝑅𝑎𝑛𝑑.

the reading did not change during the measurement. The travel time was measured using digital 
oscilloscope (DSO-2102M, Link Instruments Ltd). The random measurement error of the travel 
time ( ) is mainly caused by the uncertainty of identification of the first arrival of the acoustic Δ𝑡𝑖,𝑅𝑎𝑛𝑑.

signal. According to our experimental examination, the random error is estimated about 1 µs for 
P-wave (the first arrival can be easily picked up) and up to 5% for S-wave (the first arrival of S-
wave is often difficult to determine, particularly for low hydrate saturation at unfrozen conditions). 
The measurement accuracy of the DSO is ±0.01% of the time base i.e. 10 ns, which can be 
neglected compared to the random error. Having the instantaneous propagation distance and 
travel time, the experimental measurement error for both P- and S-wave velocities were 
calculated and reported together with the measured experimental value.
ETC was directly measured using a thermal conductivity measurement system (TPSYS02, 
Hukseflux, The Netherlands). The expected accuracy ( ) and repeatability ( ) given by 𝐸𝑆𝑦𝑠. 𝐸𝑅𝑎𝑛𝑑.

the manufacturer are 3%+0.02 W/m.K and 2%, respectively.
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Table S1. Values of density ( ) and hydration number ( ) of methane hydrates together with 𝜌ℎ 𝛾

methane specific volume ( ) used to calculate the saturation of each phase for the measured �̅�𝑔

elastic waves velocity data points.
Density Hydration Number Specific Volume

No. PPore 
(MPa)

T 
(°C) g/cc (-) cc/mol

Sh = 0.00
1 3.6 3.1 - - 584.56
2 2.8 0.2 - - 756.41
3 2.6 -0.5 - - 816.19
4 2.3 -3.1 - - 919.05

Sh = 0.09
1 3.4 3.0 0.912 5.796 621.70
2 2.7 0.5 0.911 5.767 787.53
3 2.4 -0.5 0.911 5.757 888.79
4 2.2 -3.0 0.911 5.761 963.84

Sh = 0.20
1 3.4 3.0 0.912 5.796 621.70
2 2.7 0.5 0.911 5.767 787.53
3 2.4 -0.4 0.911 5.757 889.19
4 2.3 -3.0 0.911 5.761 919.46

Sh = 0.31
1 3.4 3.0 0.912 5.796 621.70
2 2.7 0.5 0.911 5.767 787.53
3 2.4 -0.6 0.911 5.758 888.39
4 2.3 -3.0 0.911 5.761 919.46

Sh = 0.44
1 3.4 3.0 0.912 5.796 621.70
2 2.7 0.6 0.911 5.768 787.89
3 2.4 -0.5 0.911 5.757 888.79
4 2.3 -3.0 0.911 5.761 919.46

Sh = 0.59
1 3.4 3.0 0.912 5.796 621.70
2 2.7 0.5 0.911 5.767 787.53
3 2.4 -0.5 0.911 5.757 888.79
4 2.2 -3.1 0.911 5.761 963.40
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Table S2. Values of density ( ) and hydration number ( ) of methane hydrates together with 𝜌ℎ 𝛾

methane specific volume ( ) used to calculate the saturation of each phase for the measured �̅�𝑔

ETC data points.
Density Hydration Number Specific Volume

No. PPore 
(MPa)

T 
(°C) g/cc (-) cc/mol

Sh = 0.00
1 3.5 3.1 - - 602.74
2 3.4 0.6 - - 614.56
3 3.4 -0.6 - - 610.97
4 3.4 -0.7 - - 610.68
5 3.3 -1.0 - - 629.91
6 3.3 -1.6 - - 628.07
7 3.9 -2.0 - - 521.94
8 3.9 -2.3 - - 521.13
9 3.9 -3.3 - - 518.43

10 3.7 -9.7 - - 531.29
Sh = 0.20

1 3.4 2.6 0.91 5.79 620.52
2 2.7 0.5 0.91 5.77 787.53
3 2.5 -0.5 0.91 5.76 851.03
4 2.3 -2.8 0.91 5.76 920.29
5 1.8 -9.7 0.91 5.77 1156.02

Sh = 0.29
1 3.5 2.8 0.91 5.79 601.87
2 2.7 0.5 0.91 5.77 787.53
3 2.5 -0.6 0.91 5.76 850.64
4 2.3 -3.0 0.91 5.76 919.46
5 1.8 -9.7 0.91 5.77 1156.02

Sh = 0.39
1 3.7 2.9 0.91 5.80 566.80
2 2.8 0.5 0.91 5.77 757.46
3 2.5 -0.4 0.91 5.76 851.42
4 2.3 -2.8 0.91 5.76 920.29
5 2.0 -9.7 0.91 5.77 1034.33

Sh = 0.51
1 3.5 2.8 0.91 5.79 601.87
2 2.8 0.6 0.91 5.77 757.81
3 2.6 -0.4 0.91 5.76 816.55
4 2.3 -2.9 0.91 5.76 919.88
5 2.0 -9.7 0.91 5.77 1034.33


