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Dynamic Analysis of Water and Salt in Soil Column
under a Constant Ground Water Table

Tahei YamamoTo*

Summary

In order to analyze the mechanism of simultaneous movement of water and salts
on water logging phenomena in arid land arears, a simulation model was designed
and calculations were carried out using with a dune sand column and a sandy loam
column under the conditions of a constant ground water table.

In the previous paper, the relationships between evaporation from soil surface and
water movement in the soil columns were discussed for the unsteady state under the
constant ground water table in which water contained no salts. This study
summarizes the numerical results obtained under the conditions in which the ground
water contains 500mg/ / and 2,000mg/ { of NaCl.

1. The pF-4 curve, the K-4 curve, the D-# curve of soil and the Ds-v curve of NaCl
were necessary as the main conditions for the simulation model.

2. The NaCl-profile, which represents a distribution-type of NaCl concentration
calculated from the simulation model, approached the analytical results obtained in
the steady state as the amount of evaporation increased over successive days.

3. The shape and rate of the NaCl-profile distributed in the soil column were mainly
dependent upon the evaporation rate from the soil surface, the NaCl saturation
concentration ratio at soil surface and the soil moisture content in the soil column.
4. The day in which evaporation occurred where the NaCl ratio C/Ci of soil surface
showed the saturation concentration at the soil surface, were less in the dune sand
than obtained in the sandy loam. So that, it was estimated that the crystal of NaCl
was condensed more on the soil surface of the dune sand.
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* Division of Arvid Land Agricultural Information Analysis, Sand Dune Research Institute.
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Table 1. Relationship between evaporation from soil surface and NaCl concentration profile in
dune sand column
Evapo- NaCl concentration ratio C/Ci . Soil moisture content
Computed condition . Total NaCl
ration i :
(L. Cmax, E) at soil at 2cm at 10cm S 6 C/Ci at soil Total 3 6

day Dy surface depth depth surface
L=10cm, Cmax=130 day cm®/cm® cm
E=1x10"° cm/min 205 14 1.3 1.2* 3.9 0.31 33
E=5x10" » 194 6.4 45 2.6% 9.8 ” Y
E=1x10" » { 78 98.0 45.1 20.8* 80.3 V] ]

103 140.8 67.6 23.2* 121.0 " i
E=5x10" » 6 130.0 33.7 5.0% 65.6 N ”
L=30cm, Cmax=>520 { 1 63.8 6.9 1.0 16.9 0.11 7.1
E=1x10"" cm/min 2 548.8 59.6 1.0 90.5 Y/ Y
L=>50cm, Cmax=520 256 145.6 93.9 174 51.3 0.057 9.0
E=1x10"° cm/min 384 557.0 359.3 70.8 180.0 ) )
E= 1,5 X107% » 47 137.9 62.12 3.7 29.8 0.055 )
162 754.4 337.9 415 150.6 Y n

L=100cm, Cmax =520 51 112.2 49.2 3.6 23.0 0.036 114
E=1%10"° ¢cm/min 94 810.3 313.8 24.2 84.2 0.033 11.2

L : Soil column height, E : Evaporation from soil surface, Cmax : NaCl saturation concentration ratio at soil surface,

L
S, 9 C/Ci: Total NaCl concentration ratio held in soil colum fo § C/Cidz, = 8 : Total soil moisture content held in

. L . .
soil column f 8 dz, * : NaCl concentration ratio at Scm-depth.
0
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7-#NaCllLE A RO T b, TS DERD S 5,
L =50cm, E =1 X10°cm/minic B} 2 LEE (z =
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50T, C/CithD /Ry — v B - TL . M2,
L =10mTE = 1 X 10 %em/minD/p & ig4&, C/Ci
DIAFUELINCE T 2 DI EFAKI0BU LET 5
A3, L =100cmic B W TR EWEIT/NE < 1 X10%m/
minTHIFELS0TET % D3, ZEFHEHE50~60H
THRETH o 1=, Fig. 9 6 S ;v ix & 5 12, SffE

235202 5 130 (487K D NaCliERE #3500mg/ 1 5 2,
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K& BB0T, ALLOWEWOBE L) EER
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2 X10~°cm/minDFE, L =50emTIZ900HEETH
FIREDS A &g b5 7253, L=100emTiXCmax =
1300354300 H 2, Cmax=520DB & 400H REE



G WA AT

Table 2.
sandy loam column

Relationship between evaporation from soil surface and NaCl concentration profile in

. Evapo- NaCl concentration ratio C/Ci Soil moisture content
Computed condition . Total NaCl
(L. Cmax, E) ration at soil at 2cm at 10cm 3 6 C/Ci at soil Total 3 6
day Dy surface depth depth surface
L=40cm, Cmax=130 day cm®/cm? cm
E=2.5x10"* cm/min { 1 4,088 5.0 1.0 413.1 0.19 115
9 4,707 13.1 " 480.3 n n
E=3x10"* » { 1 4,648 3.2 ) 462.7 " "
9 4,965 7.2 ) 497.8 VJ "
L=50cm, Cmax=130 { 155 2.4 2.1 15 159 0.18 135
E=1x10" cm/min 185 2.5 2.3 1.6 16.3 Y Y
E=15%10" » 154 3.6 3.0 1.7 17.3 ) n
E=2x10"° » 152 5.4 4.3 2.0 19.1 V] n
{ 899 30.3 23.9 9.7 61.7 ] "
L=100cm, Cmax=130 { 54 2.5 2.1 14 22.7 0.13 20.8
E=1x10"° cm/min 145 3.7 3.2 1.9 24.2 ] n
E=2x10"° » 170 59.0 38.3 7.7 53.7 0.11 20.6
: . { 401 149.5 96.9 25.8 1214 i )
E=3x10"° » 30 115.1 39.6 2.0 45.2 0.09 20.4
L=150cm, Cmax=520 146 6.0 4.5 2.8 33.6 0.10 26.7
E=0.8%x10"° ¢cm/min 990 70.3 51.4 28.4 98.5 0.09 J
E=1.0x10"° » 63 4.8 3.4 1.7 32.3 0.01 26.9
215 63.9 317 10.3 53.1 0.06 26.3

L : Soil column height, E : Evaporation from soil surface, Cmax : NaCl saturation concentration ratio at soil surface,

L
% 6 C/Ci: Total NaCl concentration ratio held in soil column j; # Cdz/Ci, £ 6 : Total soil moisture content held in

. L . .
soil column f ¢ dz, + : NaCl concentration ratio at 5cm-depth.
0

L7zo L =150cmTE #30.8X 10 %cm/mindH &1 1%
FRFAHIIOH T b EEMED A S T HiERE D C/Ci
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Fig. 10 Relationship between evaporation day Dy
and total NaCl concentration ratio C/Ci
under conditions of a heghtht of soil
column L=100cm and evaporation rate
E=2%10"° cm/min from sanday loam
column (Cmax : NaCl saturation concentration
ratio at soil surface, z: height from ground
water table).
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