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Abstract

Understanding solute infiltration into partially frozen soil is important for preventing soil erosion and
managing soil water and nutrients. In this study, we performed a column experiment on infiltration
through frozen soil using KNOj; solution with different concentration. The column was instrumented with
34 thermocouples and 7 TDR probes. Solution at a temperature of 3.5°C was applied to the top of the
columns with a 15-cm constant head. We monitored temperature, ice and liquid water contents, and
electric conductivity, as well as the position of the infiltration front. Three phases of infiltration were
observed; no infiltration at the beginning, slow infiltration as the infiltration front advanced through the
frozen layer, and increase infiltration as the infiltration front advanced through the unfrozen soil bellow
the frozen layer. The duration and infiltration rate of each phases were independent with the solute
concentration of infiltrated water. The frozen layer affected front shape of infiltration and solute
dispersion, resulting in unique profiles of solute concentration in frozen soil during infiltration..
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Fig. 1 Water retention curve of the soil measured
by hanging water method (HW), pressure
plate method (PP), and a dew-point water
potential meter (DP). The arrow represent
the initial conditions of the column

exper iment.
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Fig. 2 Schematics of the experimental system.
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Fig. 3 Profiles of temperature during infiltration of (a) water and (b) KNO, solution (0.05 mol/L).
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Fig. 4 Profiles of water content during infiltration of (a) water and (b) KNO, solution (0.05 mol/L).
Dashed and solid lines are ice and total water content, respectively. Arrows represent the position

of the infiltration front.

3. HRLEE

(1) EEEE L DT ~ADEEBFRE

Fig. 3, 4lZ#fiZk &0.05 mol/LDKNOIK % 12iH
L7z & & ORI O S34 & K3 o040 & E N E R
9. Fig. 4%, ERITEKESHZ, HRITOKESD
iz L, TOEFRBEKRKETHD. FRANTER
MR O EZ T, BEA48 hififE 42 &, Rl
IS DKRGBECLD, BLEOEKENEML 72
W20 - HAEHIZ4A8 h T BN 5H12.5 emE T
1T L7= (Fig. 3, 400 h) . Z 2T, BB
1k, KNOJATR 72 i L 0 iRl w7z,

Fig. BIZHE 72 DI OKNOIBIK IS g2 L &
OFERRMEL RT. KPITIEREREOFEHI MK
FiRESEEEORBEEL R L. HiEE N
AEHZOWTIE, BERMEEIXREZABL I

DO O IFARICHE LB U=, wASTE 2 & 250k
WZOWTIE, BENORENRRZIZERL, 4~6 h
BT 2EN0C Lo 7. 2N CIT
D FE TCOMBITRENTHEAK L CHREIRMEIT L
Motz (REERRED) . BB DHAKOHE
HAECOCLL F OB DKW B KN IEAKL TV D
hEEZLNDD,

WL EENCIZes e, WEN ETmNGEAEL,
ZHEBAME L7 (Fig. 5) . L2ZLAans, EMEo
HEATHE X L2 W5 0K/ 10RRE CTh - 72
(RTEIHIBIR) 0. £/, WHBENEZ2->TH,
REMEHHOESRLRBEEIIHEVEDL R
Moiz. Fig. 3, 4024 hiZ Z OHIE OREIRN DI
AR LKA TH D, RIHRTHRIES emiBICHIE
LCHEY, ZENEH N O AR KEESCH R BT A
FHTZ o B A T ICEIT LTV D Z R0 5.



8 ~ Infiltration into
« unfrozen soil |

A
A
AV
Av

D
T

A‘ v
v o0
A I:Iu

Into partially
frozen soil A
+ 0 mollL g7
5 005 i [

A

v 05 fa v

N
1
o

<

Cumulative infiltration (cm)
D

EI:IDAA‘
g Tﬂﬂﬂmﬂlﬂ “w"vvv
u! mm—11100
T ELLAAAAAM

LT B .
0 24 48 72

Elapsed time (h)

Fig. 5 Cumulative infiltration into the soil
column with or without a frozen layer under

different concentration of KNO,.
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Fig. 6 Profiles of solute concentration of soil

water during infiltration of KNO, solution
(0.5 mol/L) into (a) unfrozen and (b)
partially frozen soil columns.
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Fig. 7 Break through curves at 2.7 cm-depth of

unfrozen and partially frozen soils during
infiltration of KNO; solution (0.5 mol/L).
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