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Intensive monitoring of liquid, vapor, heat, and solute transport in a soil
under nonisothermal conditions

Toride, Nobuo
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A micro-chilledmirror hygrometer, FINEDEW, was applied to monitor water
potential in the dry range up to -300000 cm H20 1n evaporating, freezing, and thawing soil columns.
In the freezing and thawing processes, the observed potential reasonably agreed well with the
calculated potential based on the Clausius-Clapeyron (CC) equation according to the measured
temperature. The theoretical CC potential, however, had a tendency to underestimate the freezing
observed potential when the freezing rate was relatively fast, indicating freezing had not yet
reached the equilibrium state. We confirmed water potential monitoring using FINDEW is a promising
technique to further investigate water flow with phase changes in a soil.



-10°
cmH,O
FINEDEW Azbil
-3%<10° cmH,O 80%
2
FINEDEW
FINEDEW -10° cmH,O
(CO)
(CO)
CcC
TI[K] h [cm]
he 100L, n T O
g T,
L [JkgY Tm
K] g [ms?]
FINEDEW
1.4 cm 1.5 cm

0.01 ‘C

H, [%] h [cm]
Kelvin
100RT . H
h= In—— 2
gM 100
R [Imol? K M
[kg mol™]
2 mm 0.16
cm® cm?® 4.7 cm
11gcm® 9.0cm
45cm
0.75 cm 3 55 cm
1
1
Ex. 1 -8.0
-6.0 -40 -3.0 20 3h
Ex. 2

+ 0.42 ‘C/h

0.39 cm3 cm”
cm 35 cm
7.5 cm
2 TDR
7 1cm
0.5 cm 39
3 24 h

-15
48 h
-10 48 h

7.8
1.14 g cm®
12.5 cm
5cm



(1 cm )

2
Ex. 1
3
1.5 -6.8
(2) PR
Pry
PR+ 4
-h
h
2.8 -6.8
4 (1 CC
hEQ
heg hry
CC
Ex. 2 3
(034 /h)
- hry
>
Ex. 2
Ex. 1
Ex.2 hRH Ex.2
>Ex. 1 Ex.2<Ex. 1
Ex. 2
hgw CC

Ex.2,t hour
0 10 20 30 40 50

Ex.1
Ex.2

=
-8 1 1 1 1 1 1 1 1 1 1 1
0 10 20 30
Ex.1,t hour
3
103
O Ex.1
L ¢ Ex.1
_ L e Ex.2
LE) r e Ex.2
2 F P
< 104 F
105 E-
-8 0
4
5 0 12 24 48
h
12h 15.5cm
12.25 cm 18.5 cm 0
48 h
22.5 cm
48 h 22.5 cm
0.55
cm



3
-15 -10
6
48 96 h 0,48 h
96 h
-11.27 -7.81
18.5 cm
18.5
cm
7.5 cm
12.5 cm 0.1 cm® em™
0.45 cm
7 75cm 12.5 cm
hgy CcC
heg
hRH 4 Ex. 2
PRy
>
PRy CccC heg
4 Ex.2
heg N
7.5cm 12.5cm
48 h
6
FINEDEW
CcC
FINEDEW
CC
FINEDEW

il --a--0R
il —5-12h
i1 —e—24n

[ ©o-48h

5 0.2
|

0.4
cm’/cm?

cm

h (-cm)

0
5F
10 |
15 F
20 F
25
30 F
°
15. 10.-5. 0 5. . .02. . .044.
,T g cm/em?
6
103lll|lll|lll|lll.
| @ hgy (7.5cm) _
| A hgy(12.5cm) :
B cce hEQ i
~ 104 F 3
105 oo =
| I T TR Y TN TR TN N Y TN T S N -
8 6 4 2 0

3
Kunio Watanabe and Yuki Kugisaki, 2017,
Effect of macropores on soil freezing and
thawing with infiltration, Hydrological
Processes, 31, 270-278, doi:
10.1002/hyp.10939.

Kunio Watanabe and Yurie Osada, 2016,
Comparison of hydraulic conductivity in
frozen saturated and unfrozen unsaturated
soils, Vadose Zone Journal, 15, doi:
10.2136/vzj2015.11.0154

4
, , 2016,
29

, , 2016,



o

@

®
*

29 -10 1

TORIDE, Nobuo

70212074

WATANABE, Kunio

10335151

SAKAI, Masaru

70608934



