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Table 2 The dielectric constants and theoretical values of
surplus water of the THF aqueous solution with different

THF/H; O mole ratios after hydrate formation

THF TDR
THF v, 0,
Vi /ml /ml K, /%
1:17 27.2 102.8  8.530 921 0
1:21 23 107 11.611 53  15.806 78
1:25 19.9 110.1  15.166 08  27.314 51
130 17 113 22.143 53 38.034 15
1:35 14.8 115.2  29.548 85  46.137 02
1:40 13.2 116.8  37.026 57  52.014 23
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Fig. 7 The relationship between water content and

dielectric constant in THF aqueous solution
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Table 3 The experimental values of initial water content
of THF aqueous solution with different THF/H, O

mole ratios before hydrate formation

THF
/% /% /%
1:19 77.144 79 80. 846 15 4.578 3
1:23 80.385 1 83.615 38 3.863 3
1:27 83.949 19 85.692 31 2.034 2
1:33 86.570 79 88 1.624 1
4 THF

Table 4 The experimental values of surplus water
content of THF aqueous solution with different

THF/H; O mole ratios after hydrate formation

THF
/% /% /%
1:19 9.370 7 8.538 46 9. 747
1:23 23. 388 66 21.769 23 7.439
1:27 31.869 57 31.692 31 0. 559
1:33 44.003 37 42.692 31 3.071
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dielectric constant in THF aqueous solution with
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Table 5 The relations between hydrate content and
dielectric constant in THF aqueous solutions with

different THF/H, O mole ratios

THF

1:17 S=0.027 2K?—3.537 9K+120. 29,R, =0. 999
1:21 S=0.021 9K?—3.201 4K+119.98,R,=0.998 5
1:25 S=0.017 3K?—2.839 4K+117.14,R,=0.998 3
1:30 S=0.012 3K*—2.401 5K+110.62,R,=0.998 3
1:35 S=0.006 8K?—1.848 7TK+99.623,R,=0.998 8

1:40 S=-—0.001 4K?—1.256 7K+85.605,R,=0.999 2

4
THF
THF
THF
, TDR
, THF
) THF
. , THF

, THF

[1] Nagashima K, Suzuki T, Nagamoto M, et al. Formation of
periodic layered pattern of tetrahydrofuran clathrate hy-
drates in porous media[ J]. The Journal of Physical Chemis-
try B,2008,112 . 9 876-9 882.

[2] Gardner W, Kirkham D. Determination of soil moisture by
neutron scattering [J]. Soil Science,1952,73( 5):391-402.

[3] Mececanin I R, Kincaid D C,Wang D. Operational character-



70 Marine Geology Frontiers 2012 5
istics of the water mark model 200 soil water potential sen- [8] s
sor for irrigation management[ J]. Applied Engineering in [J7. ,2008,28(5)
Agriculture, 1992, 8(5) ; 603-609. 101-107.
[4] Huisman ] A, Hubbard S S,Redman J D, et al. Measuring [9] s N ., . TDR
soil water content with ground penetrating radar a review [Jl. ,2009.,31(2) :262-267.
[J]. Vadose Zone Journal,2003,2(1) :476-491. [10] ,
[5] Topp G C, Davis J L, Annan A P. Electromagnetic deter- LIl , 2004,
mination of soil water content measurement in coaxial 12 . 82-84.
transmission line [ J]. Water Resource Research, 1980, 16 [11] s , s
(3):574-582. (1. ,2010,24(3) : 622-626.
[6] . . . TDR [12] s s s
[JJ. 52004, 23(16) : 2 748-2 755. [Jl. 52010.24(3) ; 614-621.
[7] Wright J F, Nixon F M, Dallinore SR, et al. A method for [13] s s B
direct measurement of gas hydrate amounts based on the . ,2006,28(6) : 39-43.
bulk dielectric properties of laboratory test media [C] // [14]
Fourth International Conference on Gas Hydrate, Yokoha- [D]. ,2010.

ma, 2002:745-749.

EXPERIMENTAL STUDY ON WATER CONTENT MEASUREMENT IN THF
HYDRATE SYSTEM WITH TIME DOMAIN REFLECTOMETRY (TDR)

SUN Zhongming'?, LIU Changling”?, ZHAO Shijun’, SUN Jianye®

(1 College of Information and Control Engineering, China University of Petroleum, Qingdao 266555, China;

2 Qingdao Institute of Marine Geology, Qingdao 266071, China;

3 Petroleum Instrument Research Institute, China University of Petroleum, Dongying 257061, Shandong, China)

Abstract: TDR was used to determine dielectric constant of THF aqueous solution with different

THF/H,O mole ratios before and after THF hydrate formation. As a result, the empirical formula

was built to measure the water content of the system of “THF aqueous solution + THF hydrate”.

Then, the formula was applied to calculation of the content of THF hydrate produced by THF aque-

ous solution and to establishment on correlation between the content of hydrate and dielectric con-

stant. In addition, the dielectric constant decreased during hydrate formation in THF aqueous solu-

tion.

Key words: time domain reflectometry; water content; THF hydrate; hydrate content



