’d Korean Journal Of Agricultural Science

mn

Check for
updates

& OPEN ACCESS

Citation: Do JW, Park J, Kim H, Lee K,
Shin H. 2020. Performance evaluation of
a subsurface drainage culvert system in
converted paddy fields. Korean Journal of
Agricultural Science 47:263-273. https.//
doi.org/10.7744/kjoas.20200017

Received: February 06, 2020
Revised: April 03, 2020
Accepted: April 09, 2020

Copyright: © 2020 Korean Journal of
Agrcultural Science

This is an Open Access artide

BY NG distributed under the tems of
the Creative Commons Attribution Non-Commerdial
License (http: //creativecommons.org/licenses/by-
nc/4.0/) which permits unrestricted non-commerdial
us, distribution, and reproduction in any medium,
provided the original work is properly cited.

ENGINEERING

Performance evaluation of a subsurface

drainage culvert system in converted paddy
fields

Jong Won Do ", Jongseok Park>", Hyuntai Kim*>*, Kwangya Lee, Hyungjin Shin*

'Integrated Water Management Supporting Department, Water Resources Planning Office, Korea Rural
Community Corporation, Sejong 30130, Korea

2Department of Crop Science, Chungnam National University, Daejeon 34134, Korea

*Mirae Rural Technology Institute, Anyang 14120, Korea

“Rural Research Institute, Korea Rural Community Corporation, Ansan 15634, Korea

"These authors equally contributed to this work.
"Corresponding author: jonduru@ekr.or.kr

Abstract

With the change of the agricultural environment (increased rice production, decreased rice
consumption, and rice production policies), converting paddy fields into upland fields is an
increasing trend. In terms of conversion into upland fields, subsurface drainage is one of the
most important factors for good field crop growth. This study evaluates the performance of a
subsurface drainage culvert system in paddy fields and reclaimed lands. The obtained results
are briefly summarized as follows: 1) After a comparative evaluation of several subsurface
drainage culvert systems, including excavated subsurface drainage and non-excavated
subsurface drainage types, type 3 (non-excavated, perforated drain pipe 50 mm, filter mat
B50 cm, subsoiling 70 cm and culvert spacing 5 m) shows relatively high values among four
types in terms of effectiveness (subsurface discharge capability) and economic efficiency
(construction cost). 2) Type 3 has proven that it is suitable for design standards of discharge
capacity through field tests performed in paddy fields (three sites: Gong-geom, Gae-san, Juk-
san) and reclaimed lands (two sites: Gum-ho, Mi-am). 3) In the experiment of Sesamum
indicum growth according to the existence of a drainage system, Sesamum indicum growth
with a subsurface drainage culvert system had good value in terms of plant shoot and root
length, shoot fresh and dry weight, and root fresh and dry weight).

Keywords: converted paddy field, culvert drainage performance, drainage field test,
subsurface drainage culvert, Sesamum indicum growth
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Table 1. Comparison of the existing subsurface drainage culvert systems (excavated subsurface drainage
type and non-excavated subsurface drainage type).

Excavated subsurface drainage system

Non-excavated subsurface drainage system

Corrugated perforated drain pipe
(diameter 50 mm) + Geotextile mat (width 500 mm)

PE perforated drain pipe
(diameter 150 mm) + geotextile coverage

Excavated style: Long construction period and high construction cost
Non-excavated style: Drain pipe occlusion

Table 2. Experiment units of subsurface drainage culvert systems.

Test unit Types of drainage system

Design of installation

Type 1 Excavated style
Perforated drain pipe 50 mm
Gravel filter B30 x H40 cm
Subsoiling 70 cm
Culvert spacing 10 m

qoen| i 30 cm  Gravgl Filter
T | ¢

Type 2 Non-excavated style
Perforated drain pipe 50 mm
Subsoiling 70 ¢cm 80 o1 "9?;(; "fr;l)p@
Culvert spacing 5 m d/
)
Type 3 Non-excavated style [ 7278
Perforated drain pipe 50 mm
Filter Mat

Filter mat B50 cm
Subsoiling 70 cm
Culvert spacing 5 m

80 cm (B =50 cm) Perfor Pupe

e

|4

Type 4 Non-excavated style VaZa
Perforated drain pipe 50 mm (g"fsa"g[; Gravel or Mat
80 cn S);'.-it (B <50 cmy

Filter mat B50 cm
Sand and Graval mat B10 cm
Culvert spacing 5 m

Perfor. Pipe
(50 mm)
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Table 3. Field test districts in the reclaimed land.

District Test date Location Design of installation

Gum-ho  Sep. 2016 - Sep. 2017 Gum-ho 2-1, Sani-myeon, Haenam-gun,
Jeollanam-do

0.7m : o H 0.7m

Mi-am Jun. 2018 - Sep. 2018 1325, Namsan-1i, Miam-myeon, Yeongam-gun,
Jeollanam-do
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Table 4. Field test districts in the paddy field.

District Test date Location Design of installation
Gong- Apr. 2017 - Oct. 2017 887, Bugok-ri, Gonggeom-myeon, Sangju-si,
geom Gyeongsangbuk-do
i
/ =
Catdhonent  culvert
T

Gae-san

Juk-san  Apr. 2018 - Oct. 2018 380, Juksan-ri, Daeya-eup, Gunsan-si,
Jeollabuk-do

e i

[\

-

s
4

b
Fig. 1. Plant growth experiment according to the existence of drainage system. (A) Application

the Non-excavated subsurface drainage system (Type 3) in Gae-san, (B) Set up the growth
experiments in Gae-san, (C) Performed Sesamum indicum growth experiments.
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Table 5. Performance evaluation of the subsurface drainage culvert systems.

Analysis results

Test type Condition of installation Arpount @t Umt.subsurface Construction cost
discharge discharge il
(em’s'm") (mm-day™)
Type 1 Excavated style _JFW 2.136 18.5 (100%) 40 (100%)
Perforated drain pipe 50 mm il i o Gravql Fitr
Gravel filter B30 x H40 cm i e
Subsoiling 70 cm — s
Culvert spacing 10 m ool 4 ff égé,m Peffor Pipe
) r'-'?’e’@r-f (50 mm)
Y i m
Type 2 Non-excavated style YA/ 1.171 20.2 (110%) 22 (55%)
Perforated drain pipe 50 mm
Subsoiling 70 cm 80 Perfor, Pipe
Culvert spacing 5 m (50 mm)
Type 3 Non-excavated style S 1.896 32.8 (178%) 25 (63%)
Perforated drain pipe 50 mm
Filter r.n.at B50cm — ﬂglfrs OM;) ke
Subsoiling 70 cm (50 mn)
Culvert spacing 5 m E /
—
Type 4 Non-excavated style S 2.005 34.6 (188%) 30 (75%)
Perforated drain pipe 50 mm g"“’s[';"gé Gravel or Mat
Filter mat BSO cm 80 cm ( ﬂ%}/ oy
Sand and Graval mat B10 cm %féi., Perfs%r Di)pe
Culvert spacing 5 m S (Com
—
Table 6. Performance evaluation of the subsurface drainage culvert system in the field test.
o Unit subsurface discharge Salinity
0,
Test district Water contents (%) i d'l) ( dS-m")
Gum-ho (reclaimed land) 40 - 60 41.99 15-18
Mi-am (reclaimed land) 30-50 41.84 8-15
Gong-geom (paddy field) 30-45 42.09 below 2
Gae-san (paddy field) 40 - 50 42.17 below 2
Juk-san (paddy field) 35-50 41.84 below 2
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Fig. 2. Analysis result of water content ration in the field of (A) Gum-ho, (B) Mi-am, (C) Gong-geom, (D) Gae-san, (E)

Juk-san district.
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Conclusion
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Fig. 3. Comparison of Sesamum indicum growth at the end of the growing period in (A) the field of
drainage and (B) Non-drainage systems.
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Fig. 4. Analysis of plant growth (A) Sesamum indicum height (shoot and root length), (B) Sesamum indicum
weight (shoot fresh and dry weight), (C) Sesamum indicum weight (root fresh and dry weight).
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