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Fig.1 Schematic illustration of liquid water geo-
metry in soil pores : (@) drying with the air-
liquid water interface under room tempera-
ture ; (b) freezing with the ice-liquid water
interface in a saturated soil.
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Fig. 2 Unfrozen water pressure head in a water-
saturated frozen soil s, based on the tem-
perature 7 with the generalized form of

Clausius-Clapeyron equation.
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Fig. 3 Unfrozen water curves for three different
water-saturated frozen soils, based on the
soil water characteristic curves described
with Eq. (13 and the GCCE.
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Fig. 4 Temperature dependence of physical properties of frozen soils : (@) isothermal hydraulic

conductivities Kz ;

; () thermal hydraulic conductivities K7 ; (c) soil heat capacity C, and

apparent heat capacity C, ; (d) thermal conductivity A.
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Fig. 6 Profiiles of (a) temperature, (b) pressure head, (¢) water flux, (d) water contents, (e) solute

concentration ¢; and (f) amount of solute in a unit soil Oc¢; in a freezing loam soil. The dashed
line indicates the freezing front. In figure (d), the difference between the total water content
(solid line) and the liquid (unfrozen) water content (dotted line) gives the ice content.
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Fig. 7 Profiles of (@) water and (b) pressure head
and (c) isothermal hydraulic conductivity
in a freezing loam soil after 5 hours for
different initial water pressure heads. In
figure (a), the solid and dotted lines indi-
cate total and unfrozen water contents, re-
spectively.

5y 7 AR EIRRE & & 15 5 1o, K-8 2y LTk
Diz, %77y 7 ARDPOREELANS L, KSEROE
O Ry = —100cm T, gu WRELFDOT7 55 7 20

h,.=-1000cm —

init —

10 |

| |
0 5 10 15 20
Length from cold end (mm)

B-8 573 2 WA K)o BEERLG > & b Rifdik
DHNAIIT L BHARK T T v 7 R qu, IKEK
7590 A g BEOEEAEIC X BHIRK
759 A qr, IKEKT T v T A qur.

Fig. 8 Isothermal liquid (g;) and vapor (g,;) fluxes

and thermal liquid (g,7) and vapor (g,r) fluxes

in a freezing loam soil after 5 hours for dif-

ferent initial water pressure heads.
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Fig. 9 Water content profiles for three different
freezing soils after 5 hours. The solid and
dotted lines indicate total and unfrozen
water contents, respectively.
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