Modeling coupled water and heat transport in a freezing
soil using the modified HYDRUS-1D code. Laboratory experiment

Kunio Watanabel, Tetsuya Kitol, Nobuo Toride! and Martinus T. van Genuchten? Case of 48N frozen Case of 480 frozen

1
A . . s lce, 6
Graduate school of Bioresources, Mie Univ., Japan @E T )
2Department of Mechanical Engineering, COPPE/LTTC, Federal University of Rio de Janeiro, Brazil = iz ) =B
€ L 6,+6;
o water, 6, =0
: S 'total
Lo . L . . . ! 48h
Liquid water & ice coexist in a frozen soil Two possible scenarios for the reduce of J,, <
o
(Unfrozen water, 6,) Scenario 1: Reduce hydraulic conductivity of the frozen soil 8
. . 30} Silt loam Silt loam
Soil freezing model The reduction function, RF for K. ‘ ‘
Water -8 -4 0 4 0.2 0.4 06 O 0.1 0.2 0.3
009,,(h) p, 96(T) o h Gl oh ar = ° 3/m3 3/m3
at( )+ﬂ ( ):L[Km(h)**"(m(h)*"(u (h)L+th () 24K, (0)7} K. =RFx K =10 QQ « K Temperature, T (°C) Water content, 8 (m3/m3) Water content, 6 (m3/m3)
Py Ot oz oz oz oz oz f
w ® h T, 0, 0,—profiles were measured for 3 freezing soils with various ;.
i @ O in frozen regions of silt loam and sand increased with time (ice kept growing).
ac,T 4,(T) o T oq,,T oq,T aq List of example formula for RF K: hydraulic cond. at room temperature
w Y i P! o S0 v K;: hydraulic cond. of frozen soil
ot ,p, *h(T ) ot oz [1(6) oz ] "o C oz L(T) oz Typel 1079 Type3s 1077 Q': Ice to total water ratio lculati
) _0\° Q: impedance factor
Pressure of 6, in frozen soil is related to temperature with the Typel Cufngufnf pet (1-Q) HYDRUS calculation Scenario 1: Type 1 (@ = 8) Type 1 (other Q)
Clausius-Clapeyron equation (C-C eq.). Type2 10 Types Step . VG-Mualem eq. '
Lo . 100 T 10t - 0 S ! oh
Ice Liquid water Air \ c Silt loam o Oh H
“‘ S ~ 6h 2] @48h frozen
101 ) RF type 1 = 10[ 5
N ¥ 10 15 g 240 o
w 102 N Py S U‘ . :: 48h ™\ B
o \ S 10° £ 20 Q=20\8|]1 @
] St AN o 8
Drying process == Typel o 105 a . . ( . \
Fr ying p — Type2 = 10 Silt loam Silt loam ||\ls0d e| | Silt loam
104 Type 3 \ =2 30 alll
— Types \ 8 \ | sod i
= . — Type 5 \ ° 7
> . . < | Water retention curv 105 2> 10 - — -8 -4 0 4 0.2 0.4 06 0 0.2 0.4 0.6
g | Soil freezing curve £ | (room temperature) 02 04 06 08 1 0 02 04 03-6 , Temperature, T (°C) Water content, 8 (m3%m3) Water content, 8 (m3/m?)
= 2 i =0
= S Ice ratio, Q =6,/ 0, Unfrozen water, 8, (m*m?) @ O could change the 6, but could not describe the ice growth in frozen regions.
g ................... S @ 0, was slightly underestimated compared to laboratory experiments.
£ 2 i i i i . @® A sharp peak was observed at the freezing front at long-time, due to the underestimation of K.
5 E Scenario 2:Modify h-T relationship (Clausius-Clapeyron eq.)
-10 -1 -0.1 -100000 -10000 —1000 = Scenario 1 Scenario 2
Temperature, T (°C) Pressure head, h (cm) £ Loam : : : Type 4 (Q=8) RF = const.
"’E 0.6 During soil freezing , Silt 1 k )
Calculating soil freezing using K, =K(6,) = - Freezing Observed _ B —~ it loam o
Pressure head, |h| (cm) £04 e exp. > eVG eq. g 10 \ E 10 P
1000,000 10,000 2 u u N ah N
0o o : . ; = =
£ Pressure gradient evaluated by ©02[ \gang (due to the ice formation time) s 20 = 20—,
@ Clausius-Clapeyron eq. 3] 2 2 -
=10 & I E ) . _—
E U TSR overestimates water flux, J,, z, Apparent h would be given as 30} Silt loam 30| — fo
A ) — 30d
£ L9 L 2 scenarios to reduce J,, 100 1000 10000 LT
2 H (300,18) Pressure head, |h| (cm) h=RF—"In— 0 0.2 0.4 0.6 0 0.2 0.4 0.6
S 3/m3 3/m3
[a) = J - — Observed VG eq. g Tm “ Water conte.nt, 0 (m ./Tn ) 4 Water con.tent, 0 (Mm3/m3)
30 = w & Freezing experiment (frozen soil) © Formula type of RF is not sensitive to J,, in frozen regions (Scenario 1).
= © :TDRg he -ﬁ)— & C-Ceq.) ex. RF = const. @@ Modified C-C eq. improved the ice growth in frozen regions (Scenario 2).
“ . = gmlal/gs @ 0, was overestimated and the soil froze only shallow depth (Scenario 2).

kunio@bio.mie-u.ac.jp !;f; E % ._k. @



