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Modelling of water movement in a clayey agricultural

field with shrinkage cracks
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Table 1 physical properties of soil in the test field

DEPTH  STRUCTURE DRY DENSITY SOLID RATIO TEXTURE  VOLUMETRIC WATER CONTENT(S)  HYDRAULIC CONDUCTIVITY(cn/s)
SATURATED  3.2KPa 100KPa SATURATED  3.2KPa
(m) Cke/m®) @® (pF1.5) (pF3.0) (pF1.5)
PLOVED  0~0.12  CRUB 1.15 7.8 LiC 5.2 6.1 33.9 0.6~2.0 2.1
LAYER X100 X107
SUBSOIL 0.12~0.7 PRISHATIC  1.48 5.2 HC 45.8 5.4 42.6 0.6~1.0 1.8
xire X107
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BEH107°~10""cm,sd — & — LD TN ILEER
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Table 2 Hydrological property of the drainage from the test field

DATE RATNFALL PIPE DRAINAGE

DISCHARGE

REQUIRED TIME FOR
PIPE DRAINAGE DISCHARGE

EFFICIENCY OF
PIPE DRAINAGE DISCHARGE

EFFICIENCY OF
SURFACE DRAINAGE DISCHARGE

(nm) () Chy €9
APR. 20 9.0 3.5 2.0 39.0 0.0
APR. 23 51.0 36.4 1.5 7.3 1.4
MAY 20 39.5 12.6 13.5 3.8 0.2
MAY 24 25.0 10.7 3.5 47.4 0.5
MAY 28 22.5 2.7 12.5 12.3 0.3
JUNE 13 33.5 22.1 14.0 65.9 0.3
JUNE 18 88.5 65.1 12.0 73.6 6.4
JUNE 24 27.0 23.0 6.5 85.0 0.2
JUNE 27 188.5 91.5 5.0 48.5 40.7
JULY 14 23.5 17.3 0.5 80.3 0.4
AUG. 10 25.5 2.9 0.5 1.4 0.0
AUG. 30 80.0 31.1 7.5 38.9 10.5
SEP. 28 28.0 22.7 11.0 81.0 0.2

TOTAL 628.0 341.6 54.4 5.4

Required time unti! the pipe drainage discharge begins after the time when the rainfall began
Ratio of the pipe drainage discharge to the rainfall
Ratio of the surface drainage discharge to the rainfail
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Table 3 Developement of cracks on the holizontal sections
of the subsoil in the field

DEPTH LENGTH OF CRACKS WIDTH OF CRACKS
(m) (m/m2) (i)

0.1 18.0 1~2

0.25 ) 1 ~2

0.6 10.1 1~2

Fe oy R 25mOBE H
BLOCK LENGTH : L 25m §

Lower strcam side

5. 0m ﬁl

soil surface

Upper stream side
Bt

T

A maZmE B C

plastic sheet Drain pipe
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€= y—t
%
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Mole drain 7
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Outline of the soil blocks for the lateral flow test
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Table 4 Hydraulic conductivity of the soil block (cm, s)

(a) BLOCK LENGTH : 5.0m

DIFFERENCE OF WATER LEVELS
Hi—He (m

0.45m

WATER LEVEL IN THE LOVWER PIT
H2
0.17m

|

(b) BLOCK LENGTH : 2.5m

DIFFERENCES OF WATER LEVELS

WATER LEVEL IN THE LOWER PIT

Hi—H2 () He
0.41im 0.20m
0.10 4.2X10°2 cm/s
0.09 5.6X1072 cu/s 1.4
0.08 5. 4.5
0.07 6.1
0.06 6.4 ——
0.05 6.5 —
0.04 6.6 —_

(c) BLOCK LENGTH : 1.25m

D{FFERENCES OF WATER LEVELS
Hi—He (m)

WATER LEVEL IN THE LOWER PIT

oo (=3 (=] Pt s bt

H-
0.46m 0.21m
_— 3.2X1072 cm/s
— 3.3
3.3
3.3
3.6X10°% cm/s
3.7 4.0
4.1
4.3
4.4 _—
4.8 ———
5.5 e

(H1 : Vater level in the upper pit)
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Table 5 Identification of function for recession curves
of the pipe drainage flow from the test field
APRIL 23 JUN 18 JUN 27 JUN28 PIPE DRAINAGE TEST
LINEAR DECREASE Q=at+h
a -1.15%10°¢ -6.69%10°¢ -5.34%10°° -7.26X107° -8.61%107¢
b 1.09%10°2 1.01x10°2 9.03X10°¢ 8.65X 1074 1.08%10°3
Av (82) 73.8 108.9 109.1 73.6 86.0
ERROR 8.39X%10°'° 5.28%10"1¢ 4.58x10°1° 1.08X107® 7.81%1071®
EXPONENT |AL DECREASE Q=(at+h)-2
a 1.67X 1072 2.06x1073 2.11%10°8 1.88X10"2 2.36X107%
b 3.72% 10! 3.55X10%} 3.70X 10*! 4.55%10%t 3.28%10*!
K{cm/s) 6.32X 1072 6.94X10°2 6.38% 1072 4.22X10"2 8.13%10°2
Fo () 0.025 0.021 0.020 0.018 0.020
ERROR §.22%10°¢ 4.45%10°° 6.78X%10°° 1.72%10°8 8.45%10°%
Av ¢ Area of water surface in the field
K . Estimated hydraulic conductivity
Fs . Estimated effective porosity
ERROR : (calculated value - measured value)®/number of data
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Summary

I n this paper, following aspects are discussed so as to describe quantitatively the role of cracks

on water movement in a clayey agricultural field with shrinkage cracks.

(1) Hydrological properties of drainage according with rainfall events.

Quantitative estimation of the cracks which developed in the field.

)

) Physical properties and routes of water flow through an undisturbed soil block (1. 5m X5, 0m).
) Physical properties of water flow in the entire field estimated by recession curve of drain flow.
A drain
pipe, 60mm in diameter and 70m long was installed on the sheet and mole drains, 100mm in dia-

A test field was 30mX70m in area and has a impervious plastic sheet at 0. 7m deep.

meter, were constructed at about 0.35m deep and at 1.2m spacing. Soil texture was heavy clay
(48%). Soil profile was able to be divided into two layers, plowed layer (about 0.1m thick)

and subsoil. The subsoil had large prismatic structure due to shrinkage cracks penetrating to the
bottom of the field. Matrix of the subsoil showed a massive structure and saturated hydraulic
conductivity was no more than the order of 107® to 107" cm.”s. Results of the experiments are as
follows.

(1) Most of rain water was drained from the field by pipe drainage. The pipe drainage started
soon after beginning of rainfall, and the drain flow responded quickly on the rainfall patterns.
(2) In the subsoil of the field, cracks 1—2mm wide developed and the length of the cracks on
horizontal sections was 20m,m’ at the depth shallower than the mole drains and 10m,/m? at
the depth deeper than the mole drains. From these value, volume of the cracks could be estimated
1.5—3 % of the volume of entire field, and 1—2 % of the volume of the field deeper than 35cm.
(8) Experiment by using the undisturbed soil block showed that water flowed only along the mole
drains and cracks. When the water table was high and water flowed mainly along mole drains,
rapid and non-Darcian flow occurred. On the other hand, when the water table was low and
water flowed along only cracks, the flow showed Darcian property and the hydraulic conductivity
was in the order of 107 %*cm.s.

(4) Recession curve of the flow of the pipe drainage could be divided in to 2 parts. When water

table was high, flow rate of the pipe drainage decreased linnearly with time. This was similar
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to flow property from an orifice of a water tank, and was interpreted by rapid flow along the
mole drains. On the other hand, When wather table was low and water flows along the cracks,
the flow rate decreased exponentially with time. This could be described very well by the equation
of unsteady Darcy flow, and volume of the cracks and hydraulic conductivity was calculated 2%
and in the order of 10"%cm,s respectively.

From these results, it can be said that most of water flowed only along the mole drains and
the crack in this clayey field, and that when the water flows along the cracks, the flow showed
Darcian property and the hydraulic conductivity was in the order of 107*cm/s.

‘ (Soil phys. Cond. Plant Growth, Jpn., 59, 35—51, 1989)






