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Drainage and Leaching Effect of Bi-level Subsurface Drainage
System for the Reclamahon of Salt-affected Soils

FEMBERIATRAT WA WU

BEZEIHE MBREREE BERIATR
* B % = Rk E
Wang, Pai-lu Yang, Sung-jen Chang, Yu-tsuan
Summary

In 1970, the Dutch type subsurface drainage system, which uses
small slotted PVC tube as laterals in a depth of 150-200 cm below
soil surface, was introduced and tested for reclamation of salt-
affected soils in four TSC- owned plantations. After a certain period
of leaching, the salt content in the soil decreased and cane yields
increased significantly. Because of high leaching efficiency and
low initial cost, this system has been widely installed in the saline
plantation. However, in some areas, an impermeable soil layer,
which contains high percentage of compacted silt, is found located
in the depth between 100 to 250 cm from surface. When the drains
were placed amid or below such layer, the leaching efficiency was
low because excess soil water flow into the drains with slow rate.
If the drains were installed above the shallow impermeable layer,
a desirable water table could not be maintained, and the high
evaporation rate caused salt accumulation on soil surface during
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dry season. Therefore, conventional mono-level subsurface tile dr-
ainage system can not be used to achieve longterm reclamation of
salt-affected soil in those areas. In order to reclaim those saline
soils effectively by means of increasing leaching efficiency and low-
ering water table simultaneously, a bi-level drainage system was te- 3
sted in 1977 in Ao-Ku sugarcane plantation with conventional mono- g
S
S
3
S
N
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level tile system used as a check. In the bi-level system, the shallow
drain with a depth of 100 cm was interplaced with a deep drain of
150 cm, spaced 25 meters apart. For the conventional parallel system,
the drains were installed at 150 cm depth spaced 30 meters apart.
After a heavy rainfall, it was found that peak discharge rate was
21.6 mm/day for the bi-level and 3.9 mm/day for conventional system.
Four days later, discharge rate of the bilevel system decreased to
about 2 mm/day. Such results inqicated that bi-level subsurface dr-
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ains remove much more soil water than conventional parallel drains
after heavy rain. v . o

DeBoer equation was chosen to compare the drainage efficiency
of both systems. The results indicated that theoretical time distri-
bution of maximum water table was in good agreement with field
data actually observed. Hydraulic conductivity calculated from the-
oretical equation was found to be very close to those obtained by
auger hole method in the field. The results showed that DeBoer
equation is most satisfactory for designing the bi-level drainage sy-
stem. ,

Leaching efficiency of both system was studied by periodical
determination of electric conductivity of soil saturation extract sa-
mpled from various depth of soil. Desalinization proceeded more
rapidly in the bi-level system than in the monolevel system. After
five months of leaching, electric conductivity (EC) of top 0-15 cm
soil in the bi-level system decreased from 1567 to 3 mmhos/cm, while
in the conventional mono-level system, it dropped from 22 to 18
mmhos/cm. EC were even increased in deep soil layers of the latter
system. Such results may be caused by a low discharge rate of
mono-level drain system. The salt in the top layer moved down
and accumulated in the bottom layers. High evaporation rate during
summer also be responsible for the salt increased. Similar pattern
of change in exchangeable sodium percentage and sodium adsorption
ratio was also observed during the same leaching period. Change in
soil PH were very small.
drain discharge and entrance resistance.

A linear relationship was found between

Methods of management of subsurface drain system in fine tex-
tured soils are also discussed.

Al B

R e N N P P P PP 8 P P i i s

e P P ISP e P e et ot it PN PSS P o

B RES BT R RAHER » £E5E

AATEBSBHESTEARRM T HRE
H-HJU AR AR 0 RS » BAKE
FERARREY LT LR » AR AR ERES
FEPT RIS 0 HEE RIS AR
WS H o FREBRE AP » HUESER
BRHE « RIS RHBRAEAATEAS
B HAEERI » BEFRMERHBRESH
BT » BARRES LR REEES  BR
BA+AEEL » B TERE 2669 AW - B
I+ BASREME LARSEEIB B R R R
A BERZZEEREREET 150 ARAE
A BT AMBHERET 1.20 AR HH+E

R 63 K 65 EmRARULRE o KER
BRI » HAAPREE » SR (BURRD)
GRS BB R R F— AR »
FERERRT » BWBEZENBET 150 4
REs » MR -LIBHR (AR RS » Bka
G » ABR RS HRIEE - WIS
BATREAIEZ | o RS RAE N T A RS
2 8 o SRFAZZ RN I 5 TR IR
MR > WA PREARIE LY » HEBAEAER
SRR e Ak S RS | BRI TA
KBS LA TET » P RERLEE » (R T 150
E 180 ARZM » BAMELELLH o 1
BRI SRz S Ak B S B AT 2 MRS

— 67 —



o A SRR ENST I B RS UK R AT S B
REBCRTIRH » FrBRS R AT P64 SR AR
HEASMERZBE.

REMHRKEE

KRR P TR SR B10 « 2005
RpEESBREE  —RYEEERK (Bilevel -
drains) » —BETHRERMEEEHR ; ERT

PR R R FES AU 25 R 30 AR
H B BRI TR R R A — BRI R T
150 AR » BRIEERZ GEERED B
BEGAHET 10 AR » WHELREET 1.50
AR TEHF) » RS BENE— o R
R 56 A RE 2 AEABERIEHE » WK
Lz HBBRFARM I 25 cmx1 m/mX7.5
cm) » YRR 1/600 » TAKUE LR (KBRS 0
R 22 A% LR 10 AF -

PR RBPARRLRT » HEFMAERELRT

P s SIS - WSS LR REREIEE
o FEIBR LA REARE  BRZRES
BRE —BAEG  RERREBENS 16 4%
s BAUAIMKARIER » —BMER » RERRSE
S 506 A% BERLERERIBENE

D,

i | BARRIER & y y
TITTITTITITIITT

H— WEEETUCRRE
Fig. 1. Geometry of a bi-level drainage
system

A o ffnE K2R KB /7 (Constant head
method) FEUY » ZEAEKEFEELEBES
EHRT » A ERELILE » L TELHE
KBS LR LEE KR RERETEKEVE
o TEIEBILRARZIE ¢+ (RIG MM ETRIEL
PR L ALRBIRRE » BAREZEF » FE
EreEsma o ARLEKS mlEEE (Soil

. -
2
J S ——————— e
[ ] }
-
-

[

e
_F:
lg..

e

.............

e 26 25

— .—Mag-i}gbl— I;vol drains
A O A 4 Manhole
S — # & Main line

. a;ﬂ #}  Observation well -
] 3&% Soil sampling site

@ IPAK3E  Pump station
— —3’} x}(}& Surface drain

B= S RREEEHE

-Fig. 2. Layout of drain gystemin the experimental field.

68 —



maisture extractor) JHiE 0.1 BELTE I
ZEKER o 1EBEBBRESL HESH (Hydro-

meter methed)“” Wi » 43 PH ELIZH
BER PH WEHNE - i EMEAE (Hy- - MELE t
BHE s K& 135 glem® LT o 4T 96 =

draulic conductivity) {R7ERRENLL 8 7L %
(Auger hole method)‘® JilE » 1 EESHHE
BERER(Electrical conductivity bridge)
HlE S AR o« L 25°C R BEER
BB (mmhos/cm) FR» Kbt BABHEE
B A BT IR AT BRI A #T

P B M R A R FT BB 1 » 26
TRV E CERTENEREBERUR BT
KELBWH » MR B R EEET » mXERER
FERESE 13595+ 105 & 115 ARE » BE
55 15 AR » SER—ERBIAEREZ » 34
ERENE . - BRI $PtA7EAFL (manhole)

s JE SRR B R EESN RN E T AL s FRE
RNED =R o MR RO TRGVE

FIE  EHTKAEERZERE F 1.00 ZRED
FERBIE o BRI E Z AT » ShE6 A
~7 BRI ABRBRERTEREZLH » 53HT
&85 ~ PH REHRMERE - BPHEERT 2K
RN ERNEE (piezometer) » BEHZH
5 $4/8° = PVC & ERESS 50 A5 8RB
Lo

A B & R

O BB
T EAMERERSORS 1920 B REARE S
RE » SERGAFBE 25 - SRTTHEEER Y H

EEREER KEBEANLEEEMANER ASC
3bc-h. s $ 0 HEBIHYEHHEIINE—-H

R MEREEAET 96 A5 L

MELE  HHRELSBEL » REEE—BRY

117 S50 o SRA RFELABK » £ A RS
53% » B BAHPRORT RN » LIS BEME LIRSS
2B o Tk T 117 A5 28 250 A5 M KRR
SRUT  WARRE » FRE 00044 AR 8
BUHBEAS REF2WE » SAHREE » MRy
WAL
(I R -

SERIP L » AR FUBSRE 2 BT B 50T ELIB

= BT RMZREIKEE 216 AR

s VL IR E 2 AE K » BURAATEER
B BRES 75% 0 ABRESREF o BT
B AR B B 4 AR » BIRERR
W BHE2AE /R » BKRE+HES o
E+mEEEy PH(E :

R BT 2 2 S I R — R % L B
BREERT » FRETHBRASHBGE 7
+EAS » £ BLEERENB TR Z BLFIR
DY o FEIVU3 HH 7E RS IR TS IR UL T B IS 6 R
ZRLERSHENE LAYE » BUE 5%
15.67 ZBR (mmhos/cm) » REMATNELR
WP » LMBBETWIEE » R F—ARLA
SR S ML T BRI SR o
RETARMERS » RUENEL LN EEES
2147 ZEMBORT MR TRES » (IRER
ko EAEERREKER » KA FREEE T

F— - BRET SR

Table 1 Physical properties of soil in the experimental plot.

W
Mechanical analysis

5 BB E %7k3§(m/day)*

BE (&%) (g/em?) Hydraulic
Layer (cm) |5 R (%) \ W R (%) | B R (%) Texture Bulkdensity | conductivity
clay % sand % silt % g/cm? m/day

0-20 16 36 48 L 1.35 0,35
20-48 5 62 33 SL 1,32 0,94
48-96 2 85 13 ) LS 1,28 225
96-117 18 29 53 SiL 1,42 0.37
>117 32 17 o1 SicL 1,34 0.0044

* KR RLEKREL ERE
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