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Determination of Water Content in Compacted Bentonite Using a
Hygrometer and Its Application
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Abstract

Investigation of resaturation and thermal-hydro-mechanical behavior for the buffer of a repository requires
measuring the water content of compacted bentonite. This study investigated the relative humidity of
compacted bentonites using a humidity sensor (Vaisala HMT 334) applicable under high temperature and
pressure, and then conducted a multi-regression analysis based on the measured results to determine
relationships among the water content, relative humidity, and temperature. The relationships for the compacted
bentonites with the dry densities of 1,500 kg/m3 and 1,600 kg/m3 were expressed as w= 0.196RH—0.0207+1.391 (*= 0.96)
and w= 0.199RH— 0.0207+2.596 (2= 0.98) , respectively. These were then used to interpret the resaturation of bentonite
blocks in the KENTEX test.
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Fig. 1 Particle size distribution of bentonite powder.
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Fig. 2 XRD pattern of the bentonite used in this study.
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Fig. 3 Experimental apparatus for measuring the relative humidity
of a compacted bentonite ((a) schematic diagram, (b) Vaisala HMT
334 sensor, (c) compacted bentonite, (d) test cell housing, and (e)
experimental setup completed with 2 hygrometers.
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Fig. 4 Application of a hygrometer to measure the relative humidity
of compacted bentonite in the KENTEX ((a) Picture of KENTEX
facility, (b) hygrometer sensor cable port, (c) high-temperature
and high-pressure c tor and cable, and (d) hygrometer
sensors installed in the bentonite blocks.
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Fig. 5 Evolution curve of relative humidity in a compacted
bentonite with the dry density of 1,500 kg/m3 and the water content
of 22% under the temperature of 45°C

Fig. 7 Change of relative humidity as a function of temperature
at each water content (dry density of compacted bentonite =
1,500 kg/m3).

100.0 ///;

60.0

40.0

Relative humidity(% )

—4-T=260C -—®-T=350C
T=45 oC T=55 oC
—#-T=700C -—e—T=900C

0 5 10 15 20 25
Water content(%)

Fig. 6 Change of relative humidity as a function of water content
at each temperature (dry density of compacted bentonite =
1,500 kg/m3).
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Fig. 8 Comparison between measured and calculated water content
for the dry density 1,500 kg/m3).
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Fig. 9 Change of relative humidity as a function of water content
at each temperature (dry density of compacted bentonite =
1,600 kg/m3).
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Table 1. Measured results of relative humidity

Dry density | Water content | Temperature Relative humidity (%)
RUN (Mg/ms3) (%) () A B Average
1 15 3 25 10,01 10.82 10,415
2 “ “ 35 10,82 11.71 11.265
3 45 11,65 12,59 12,120
4 “ 55 12,46 13.49 12,975
5 “ “ 70 13.76 14.89 14,325
6 90 15.62 16,80 16,210
7 “ 7 25 31.49 32.26 31.875
8 35 32,42 33.10 32.760
9 « “ 45 33.98 34.63 34.305
10 “ “ 55 35.37 36.00 35.085
11 70 37.35 37.99 37.670
12 “ “ 90 39.72 40,31 40,015
13 12 25 72.62 77.29 72.620
14 “ “ 35 73.96 78.24 73.960
15 45 75.13 79.04 75.130
16 “ 55 76.09 79.69 76.090
17 “ “ 70 77.42 80.42 77.420
18 90 81.23 83.75 81,230
19 “ 17 25 86,42 87.64 87.030
20 “ 35 87.29 88.24 87.765
21 « « 45 87.88 88.01 88,245
22 « « 55 88.53 89.08 88,805
23 70 89.70 89.98 89.840
24 “ “ 90 94.28 95.15 94,715
25 22 25 96.17 97.51 90.840
26 “ “ 35 95.78 97.38 96.580
27 45 95.59 97.53 96.560
28 “ 55 95.44 97.41 90.425
29 “ “ 70 95.92 97.91 96,915
30 90 100,49 102,79 101,640
31 1.6 3 25 5.79 6.27 6.030
32 “ 35 6,42 6,52 6.470
33 “ “ 45 7.14 7.17 7.155
34 “ 55 7.92 7.85 7.885
35 70 9.21 9.01 9.110
36 “ “ 90 11,07 10.75 10.910
37 7 25 2317 24,93 24,050
38 “ “ 35 25.16 26.50 25,830
39 45 26.93 28,13 27.530
40 “ “ 55 28.80 29.65 29,225
41 « « 70 31.18 31.83 31.505
42 90 34.02 34.27 34.145
43 “ 12 25 55.92 57.38 55.920
44 35 58.10 59.43 58.100
45 “ “ 45 59.48 60,49 59.480
460 “ 55 61.22 62,23 61,220
47 70 63.30 64,37 03.360
48 “ “ 90 00.58 67.67 06.580
49 17 25 83.91 84.76 84.335
50 “ “ 35 84.52 85.17 84.845
51 45 85.21 85.70 85.455
52 “ “ 55 85.62 86,03 85.825
53 “ “ 70 86.62 86.88 86,750
54 90 91.15 90.50 90.825
55 « 22 25 92,42 91.99 92.205
560 35 92,73 9213 92,430
57 “ “ 45 93.28 92.48 92,880
58 “ 55 93.28 92,78 93,030
59 70 94,72 93.98 94.350
60 “ “ 90 100.10 100.00 100,100
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Fig. 10 Change of relative humidity as a function of temperature
at each water content (dry density of compacted bentonite =
1,600 kg/m3).

25

Multi correlation coef.=0.98

20 ‘

Calculated water content (%)

0 5 10 15 20 25

Measured water content (%)

Fig. 11 Comparison between ed and calculated water content

for the dry density 1,600 kg/m3).
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Fig. 12 Resaturation behaviour of the KENTEX bentonite blocks
((a) relative humidity evolution, (b) temperature evolution, and
(c) water content evolution calculated using a relationship of water
content, relative humidity, and temperature for the dry density
1,500 kg/m3).
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