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Introduction

Many theories are found for subsurface drainage system design (Kumar et al., 2013). These were
formulated by some of the soil characteristics that are important in designing and operating drainage
systems. Most of these formulas have simplified and just involved flow parameters or assumed soil
media as a maximum of two layers. In paddy fields, used equations for water table depth prediction
have no accordance with field condition. Due to specific flow situations in these fields, much
difference was observed in results (Darzi-Naftchali et al., 2013). The differences were because of
special layered soil in paddy fields and soil hydraulic characteristics, hardpan layer existence formed
in long cultivation and tillage, its effect on flow, and of course, lack of a suitable formula for these
fields. So, designing rules for subsurface drainage in paddy fields needs investigation and
implementation of new relations to predict the flow pattern suitably. Determination of design criteria
and suitable formulas needed to predict flow network around drain tubes. Jafari-Talukolaee et al.
(2017) reported in predicting water table profile between bilevel subsurface drainage in paddy fields
due to the existence of resistance in vertical flow direction based on soil layers, and field results have
no suitable agreement with analytical solution. Darzi-Naftchali et al. (2013), analyzing the effect of
subsurface drainage systems on water balance and water table in paddy fields for a successive rice
and canola cultivation season, obtained that shallow drainage systems were more influenced than
deep drainage systems in water table control. The flow pattern of water towards the drain tube and
the components of the flow network are the basis of the drainage system design. By determining the
flow path towards the drains and the water table profile variation, the distance and depth of the drains
in paddy fields can be determined with greater accuracy.

Methodology

This research was carried out in a drainage pilot of Sari Agricultural Sciences and Natural
Resources University located in Sari town of Iran during the autumn and winter of 2018-19. The
latitude and longitude of the region are 36.39° N and 53.04° E, respectively, and its height above sea
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level is -15 m. According to 10-year meteorological data, the average rainfall in the region is 643
mm, pan evaporation is 1222 mm and the average air temperature is 17.6 °C. The studied drainage
system has a depth of 0.90 m and a spacing of 30 m. The length of the drainage line is 100 m, and the
material of the pipes is a corrugated pipe with a diameter of 100 mm, which was installed with a
slope of 0.2%. Mineral sand with specific granulation was used as cover. The field's soil texture up to
a depth of 1.5 meters is silty-Clay with a clay content between 55-42%. Below the 1.5 m, the layer is
a clay texture. Water table and drain discharge were measured daily, and horizontal and vertical
hydraulic conductivity were measured. Discharges values, hydraulic conductivity of different layers,
water table, and measured piezometric level were used to calculate vertical, horizontal, and radial
loads. The procedure was that the vertical load was compared with formula (1).
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The horizontal flow load was compared with formula (2). This equation, in which the flow to the
drain is assumed to be completely horizontal, is known as the Donnan equation.
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The radial load of the flow (h;) was calculated by the formula (3).
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The hydraulic conductivity was the same as the average hydraulic conductivity measured in the
field (m day™), and the flow rate was equal to the outlet flow rate (mm day™). The value of D, was
considered equal to the water table to the drain level (m) and Dy, = D+0.5h. The values of L were the
same as the drainage distance (m), and L, was equal to the difference between the drainage distance
and the radial flow range (1.4 x D). In radial flow, the value of aD; is a parameter that depends on the
geometric dimensions of the flow zone and the position of the drainage pipe relative to the
impermeable layer. In some cases, the value of this parameter is considered equal to D. The amount
of wetting medium of the inlet flow to the pipe (u), because in this study, the pipe was placed inside
the trench with a mineral coating with a thickness of 10 cm on each side was equal to the wetting
environment of the trench. By calculating the values of the flow components, their sums were
matched with the values of the actual water table using the formula h= h,+ hy+ h.. The difference
between the measured and calculated values was evaluated and compared using statistical indicators
(paired t-test). The statistical indices were RMSE (mean square error), R? (correlation coefficient),
and I, (agreement index).

Results and Discussion

The results showed that the water table profile was horizontal and only dropped near the drainage.
Hydraulic conductivity measurements showed that the soil included different layers, where a low
permeability layer was observed at a depth of 30-60 cm, reducing vertical permeability and increased
horizontal movement of water towards the drains. This condition has led to the leveling of the water
table. Field soil stratification studies showed that the soil texture in the surface layer of the
experimental field is lighter than the deeper layers. The average value of hydraulic conductivity
above the drain (ground level to a depth of 0.9 m) is 0.23 m day™ and the average value of hydraulic
conductivity between the depth of the drain (0.9 m) to the impermeable layer (2 m) is equal to 0.15m
day™ was achieved. Also, in the 30 to 60 cm layer, a layer with less hydraulic conductivity was
observed than the surface layer, the same as the hardened layer. In a study of Vietnam paddy fields, a
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layer with a hydraulic conductivity of fewer than 0.09 m day™ was observed beneath the surface
layer at a depth of 60 to 70 cm (Nguyen, 2007).

The depth curve of the water table measured at different distances from the drain showed that the
drop of the water table occurred at a short distance from the drains, and at farther distances, the water
table was horizontal. At a distance of one meter, about 90% of the water table has fallen, but at a
distance of 3 meters, only 30% of the water table has fallen. The soil's multi-layered nature changes
the flow lines' pattern to the drains, where the horizontal flow is more affected by the layers with
high hydraulic conductivity and the vertical flow is affected by the layers with low hydraulic
conductivity. Take (Oosterbaan and Nijaland, 1994). The values measured by piezometers are very
different from the calculated vertical load values in the vertical flow discussion. The difference
between the calculated and measured values and the low value of the calculated vertical load is due
to the low discharge output from the drains. However, the high value of the measured difference
between the piezometer of the surface layer and the level of the drainage base is due to the presence
of the hardened layer and the slow penetration of water into the lower layer. There is a good and
positive correlation between the measured values of piezometers and the calculated horizontal load.
The calculated values of horizontal load and its measurement are somewhat close and show the high
share of horizontal flow in paddy soils. The regression relationship between the values of radial load
and the measured values shows the same trend. However, the difference between these two values in
the radial current was greater than the horizontal current.

According to the results, the contribution of horizontal flow was significantly higher than the
other two components. The contribution of the vertical components is small and, in most cases, less
than one percent. The radial component, which had a larger contribution than the vertical
contribution, had a relatively significant effect of about 11%. Hamzeh et al., 2013, in their study of
water table profiles between two bilevel drains in lands with layered soils, interpreted the large
difference between the results of analytical solution and field measurements as follows; Since the soil
of the experimental farm is composed of three layers with different permeability coefficients, this
changes the pattern of flow lines to the drains. In particular, the limiting layer prevents vertical
infiltration of water. Due to the increase of soil resistance against the water flow path, causes the
flow lines to deviate from the radial state and be horizontal.

Conclusion

Calculating the flow components showed that when the water table was at a higher level, the total
load was overestimated. Conversely, the total load was underestimated when the water table was at a
greater depth. This condition is due to the discharge from the drains; when the water table is close to
the ground, most of the water reaches the drainage trench and pipe by moving horizontally from
above the hardened layer and has a high discharge. However, with the water table drop, the discharge
enters the drain from the hardened layer or below it, mainly by radial movement, and less discharge
comes out of the drain. Due to the presence of different layers in the soil and a layer with low

hydraulic conductivity below the surface layer, the measured values of the flow components were
very different from the calculated values.
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Table 1- Textural class of the soil of the experimental site

Soil depth (cm)  Clay (%) Silt (%) Sand (%)  Soil texture
0-30 49 44 7 Silty clay
30-60 55 42 3 Silty clay
60-90 46 46 8 Silty clay
90-120 42 52 6 Silty clay
120-150 52 42 6 Silty clay
150-200 59 35 6 Clay
200-300 61 34 5 Clay
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Table 2- Daily rainfall during the study period in the experimental site (mm)

Date Rainfall Date Rainfall Date Rainfall Date Rainfall

24 Sep 10.6 23 Nov 5.4 28 Dec 22.3 11 Feb 24.8
5 Oct 87.1 25 Nov 4.9 3 Jan 9.3 12 Feb 7.3

6 Oct 21 26 Nov 4.8 9 Jan 6.2 1 March 3.2
12 Oct 26.8 2 Dec 75 17 Jan 67.2 8 March 111
15 Oct 8.3 6 Dec 3.0 18 Jan 14.3 9 March 35
27 Oct 38 7 Dec 3.6 29 Jan 16.8 17 March 88.2
1 Nov 3.1 18 Dec 3.1 2 Feb 3.9 18 March 52.4
6 Nov 2.9 21 Dec 17.8 3 Feb 45.6 20 March 11
18 Nov 3.2 22 Dec 2.9 4 Feb 3.6
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Table 3- Field parameters of the drainage site at SANRU

Parameter Amount Unit
Hydraulic conductivity (k) 0.23 m day™
Impervious layer depth to drain level (D) 1.1 M
Drain spacing (L) 30 M
Horizontal flow criteria (L) 28.46 M
Radial flow criteria (aD;) 1.1 M
Wet perimeter (u) 0.45 M
Drain depth (d) 0.9 M
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Table 4- saturated hydraulic conductivity (k) of the soil in the experimental site

Soil depth (cm)

Hydraulic conductivity (m day™)

Horizontal Vertical
0-30 0.30 0.40
30-60 0.11 0.07
60-90 0.29 0.08
90-120 0.16 0.50
120-150 0.12 0.40
150-200 0.08 0.13
200-300 0.02 0.04
Hydraulic conductivity average to impervious layer 0.17 0.14
Hydraulic conductivity average to drain level 0.23 0.10
Hydraulic conductivity average from drain level to impervious layer 0.15 0.38
= Rainfall —e— Water Table Depth
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Fig. 3- Water table fluctuation of mid-spacing after each rainfall in drainage system
adliae Do (b 451395 (TN § SKB) 90 o ol tawg 30 i ! FRlaw blugi -1 TS

dda (1w S pn cwl waldl Gl Sl Hew
SB g sloY K uomen 05 0 JSG 88l e
b iSh; Caw & by balad e oSl i el
ol s slaayY b cov yuin a8l Gbys 45 03,5 e
Colia b glad¥ 36 cod (gdgee by g 0bj Sy
Oosterbaan and Nijaland, ) 5,5 . ;1,8 o5 SJoyln

2 ok (£503ll bl aw Ges e (F) JSS )

Se e Jlgie 5, 5ke Gl (0iSe il slaalols
(S i (pl 50 D ool L gyie e FO Sl
2 g ookl Gl b iS5l oS dlold ) sl mew cadl
Gl 0dgy (8l Cygody oliw] maw e sbealold
chw jl ao A 4 K3 sy S Aol o oS g ysba
il do ) Ve Loid (e dw alold )0 Lol w0 S cdl Sl



Yo

YY-OY Lo NF ¥ Jlu ) o,lad BV oy

ol oo phe

0392 yio 93 Jl Jomb Sages I eI yie 93 Bos I SYL
ol eSS (Ko b s 4 oS sed e ol &S cul
ol gz 3 Fomb slaY
P otegin 9 b Cuwl (B (e390e )b saalie gl
S By 35 i o iS5 et > 5)5a5 5 )
2l Cute (ol g (oYL 4Y 9> S yegiy Hb BB
B omb & 9y 350 Ol g Cul plonl Jbb 5 (S
Slagtogie > Ol ses (8) JS5 > (Ahmadi, 1999) col
2 SL 5l am Jol ey dlp calise Gles! 3 sdd cuas
AY 3 b yegie o AWM .A5 03 LS addllas 3y90 ac e
2l )] g cul das Mo LB oS e Y 5 2Vl
B Olgn 1) ol b 2bj yie /Y Bee > ly siegi
cél 3l el oS cuils (3g0s by o ;> Caoglio ]
Y ) yegin 3 Ol Ges lbe bl gd o (b law
.))l.) ;.;T ub)> Lr*“‘l" gy )'l ULMJ ‘OT 2 sy 9 u.&tz:)
I Ges g yio /Y Ges > @8ly yiegin o Ges o O3
selgi 3 o Jgasd bl 4 4l e L (ln iS85 ) i
Fogiey e b dos 3 Lol ag daled (b (3905 )b Sl
C8lyd lFse yio IFD Bos (pinan g yio /Y Bos 3 &l
Sregim ok bl e oY Y YL b )l e
Coww a8 Y deg oy &S Cunl i Yl g
Gos pian Al oml Sy 4 Ol g S8 pis
Y 5 ol SYLLad s 4 el Yoo agiy o o
)5 )3 yegils Yer Bos b jlegin I 5VL uAldeds

G508 Dot wlo Cows asS &Y «g)lidls a1 45 (1994
Sl e ply > SB Cuglie (ul3l Jdoar 5 350
ygo & goxd gyl (olad bl b bolad Cundg
il alie sloJidsy, (Singh et al., 1999) wib . a8l
900 alols b cly iSaj (slp 505 Sliiog 3 ol o
o iSa; gy cwmen ¢ (1973) Skaggs et al . V/o
Msoodmlie oL Y by bSB p» Laejpj
.(Grismer and Tod, 1991)
o cadyl Slagle; 5 (il s Bos Jilas oo
ol bl e il o 3 oy S eyl asly S o cél
Sdpkn olia 5 asjze SB St il Wlge 3T
S el bld 5l glpdls ool ool blys sl o ol
aw 4Y 55 SB oYL a5 sl 4S 4 deng g
o <8l S, 2 3 8b GyeBle Yo p5 Ges 2
Ebrahimian and Noory, ) )l gl cpl » ol
et i 5 o)l o)y o aiS &Y (g (2015
polie 4 axg5 L J(Liang et al., 2007) sal5 o oI (390
Saly g )1Se) Joxe > O gaw poh) 0l (5,Sojlul
Cusdyo jlpen (yie /Y alol) iSa) o)l )3 oAl caal
b oCoglie &5 85w lyie cnlpl cul iSa)
iS5 (190 b g G5 J3h & o 5g)9 Jlio )5 (Si8)5

SR S 4 Oy (S9!
» aly Ggegiy 2 ol Bes 1Ske (0) JSS

Syingin ol Bes a0 lii |y ddlllas 3yge as)yie

Water table head (cm)

0 T T T T T
01 2 3 4 5
Distance from drain (m)

Fig. 4- Water table profile for days after rainfall in drainage system
& Nl 3o Lalisee (S 3g) 5O (gl Fhaw Jome - ICh

8 9 10 11 12 13 14 15



DOI: 10.22055/JISE.2022.38338.1987

2

et (1 g L5010 5 SIS (s inr

piezometer depth (cm)

0 100 200 300 400 500
0
50
S
\EJ
= 100
=3
[<5)
T 150
&
&
= 200
250 \
300
Fig. 5- Water table depth from piezometer observations in different depths
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Fig. 6- Water depth from piezometer observations in different depths
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Table 5- The Values of RMSE, R? and I, between the total flow load and water level measured

Statistical Index amount
RMSE 0.283
I, 0.17
R? 0.75
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Table 6- Percentage share of flow components in total flow load

Flow component Min Ave Max
Vertical flow 0.35 0.87 1.12
Horizontal flow 82.40 83.38 85.62
Radial flow 14.02 15.75 16.48
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