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Summary

I. Title of the Study

Studies on the Development of Improved Subsurface Drainage Methods.
—Drainage Performance of Various Subsurface Drain Materials—
I. Object of the Study

Studies were carried out to select the drain material having the highest performance of
drainage; And to develop the water budget model which is necessary for the planning of
the drainage project and for the establishment of water management standards in the water-
logged paddy field.

II. Content and Scope of the Study

1. The experiment was carried out in the laboratory by using a sand tank model. The
drainage performance of various drain materials was compared and evaluated.

2. A water budget model was established. Various parameters necessary for the model
were investigated by analyzing existing data and measured data from the experimental field.
The adaptability of the model was evaluated by comparing the estimated values to the field data.

IV. Results and Recommendations

1. A corrugated tube enveloped with gravel or mat showed the highest drainage peform-
ance among the eight materials submmitted for the experiment.

2. The drainage performance of the long cement tile(50 cm long) was higher than that
of the short cement tile(25 c¢cm long).

3. Rice bran was superior to gravel in its’ drain performance.

4. No difference was shown between a grave envelope and a P.V.C. wool mat in their
performance of drainage. Continued investigation is needed to clarify the envelope perform-

ance.
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5. All the results described above were obtained from the laboratory tests. A field test is
recommended to confirm the results obtained.

6. As a water balance model of a given soil profile, the soil moisture depletion D, could
be represented as follows;

D:t;<Et—Re_l+Wd) ..................... an

7. Among the various empirical formulae for the potential evapotranspiration, Penman’s
formular was best fit to the data observed with the evaporation pans in Jinju area. High
degree of positive correlation between Penman’s predicted data and observed data was confi-
rmed. The regression equation was Y=1,4X—22 86, where Y represents evaporation rate
from small pan, in mm/10 days, and X represents potential evapotranspiration rate
estimated by Penman’s formular. The coefficient of correlation was »=Q, 94, **

8. To estimate evapotranspiration in the field, the consumptive use coefficient,Kc, was
introduced. Kc was defined by the function of the characteristics of the crop and soil as
follows;

Ke=Kco - KGFKSreerereerememeeeeenes (20)
where, Kco, Ka and Ks represents the crop coefficient, the soil moisture coefficient, and the
correction coefficient, respectively. The value of Kco and Ka was obtained from the Fig.16
and the Fig.17, respectively. And, if Kco-Ka>1.0, then Ks=(, otherwise, Ks value was

estimated by using the relation; Ks=1—Kco :- Ka.

9. lto type formular, 7,= Ry -——l’——), was the best fit one to estimate the probable
24 vt +a

rainfall intensity when daily rainfall and rainfall durations are given as input data. The

coefficient a and b are shown on the Table 16.

10. Japanese type formular, IFT;?:, was the best fit one to estimate the probable
rainfall intensity when the rainfall duration only was given. The coefficient a and b are
shown on the Table 17.

11. Effective rainfall, Re, was estimated by using following relationships; Re=D, if R—
D>(, otherwise, Re=R.

12. The difference of rainfall amount from soil moisture depletion was considered as the
amount of drainage required. In this case, when Wd=0, Equation 24 was used, otherwise, two
to three days of lag time was considered and correction was made by use of storage coefficient.

13, To evaluate the model, measured data and estimated data was compared, and relative
error was computed. 5.5 percent The relative error was 5.5 percent.

14. By considering the water budget in Jinju area, it was shown that the evaporation
amount was greater than the rainfall during the period of October to March in nsxt year.
This was the behind reasonning that the improvement of surface drainage system is needed

in Jinju area.
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Table-1. Specification of Tiles Used

Inside | Unit

Name of Tiles Diameter\ Length Remarks
) (cm) (cm)
Cement Tile [ 6 lain Znd
Short Cement Tile l 6 _ n
Corrugated Tube ! 6 i 150 .
Rice Bran | | 150 E{%%ii‘;(‘ﬁl‘
Gravel ' -;: l | "

% Upper Width 25¢cm, Bottom Width lg6cm, Height J6cm
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Table-2. Experimental Treatment of Material Used.

Drains l’ Constant Head ’ Tile Head
Envelope . Treatment Treatment | Treatment—
Materials Tiles Number Treatment |y, —o \ Treatment | \pover
Cement Tile 1 Full 1 J Fuil \ 1
Gravel Short Cement Tile 2 "Half Full 2 Partly Fulll
Corrugated Tube 3 )
P.V.C. Cement Tile 4 7 ’ 17 J I ] "
1 Short Cement Tile 5 " " " "
Wool Mat Corrugated Tube 6 : { '
Rice Bran 7 7 " 7 | i
None
Gravel 8

[Example] 5 2 1

. {
Short Cement Tlle«—-—I ——Tile Head,Partly Full

With P.v.C. Constant Head
Wool Mat - Half Full

Photo. 5. Loading (1) Photo. 5. Loading (3)
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8 REY #ERE=2 ¥H9 g Tabled.
s 2+,
Table-3. o] 4 #7kfr(Constant Head) = i (B

Tablé-?». Discharge from Various Drains
Unit: m!/sec/m
==~ Constant Head Full Half Full
Tile Head Part] Partl
Envelope Tiles Full artly | Mean Full artly | Mean
Materials ) Full ‘ Full
Cement Tile 137 145 141 64 70 67
Gravel Short Cement Tile 777 777 777 493 493 493
Corrugated Tube 2,047 * 2. 047; 897 %* 897
P.V.C. Cement Tile ‘ 213 213 213 117| 123 120
Wool Short Cement Tile 587, 513 550 313 313 313
Mat Corrugated Tube 1,447 1,947, 1,967 633 633 633
Rice Bran 773 ES 773 447 447 447
None Gravel 1 207 297, 297 200 200 200

Remarks; s Same as flowing full.
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EREKAL(Tile Head)s} Fulldl A -$& BEAY &
£o] HAEE FET RAES] = Partly Fulle: 733
< A G MREgeld,

Table 3.o]A k@]l A& HeHIAI ERE
#=ol £§o24 Partly Fullo] RAlgEd #RAE=A
Fullst 22 A48 84,

#BKEL7F Fulll fRsgsel Half Fullgl 3% £&9]
FHEERA = B EE7 3,

BD SMEREE #£3] #Aukfr Fullgd MRegdlA HEHmE
o] @}, o] #IHAAE LA AAI "B
12 g+t

BEEAAEAKNIZE Fulld ARf=) s Partly Fullel =4
PRHMEE 29 2E RBER #3 & 2871 1A &%
th. ©]%& SoverntV9] sk —FEHE HREA BERE
q wTFKEARKEES £AtE 98 Bid BRAK
fiE 2RIy BRI S AFA Tk,

B BEH FhtmES 29 A2 #HES A¥

Kprel BifRElC]l AMEEEAYEE <FEEY
ez FEfiiEe] Binstd FEEo=2 FHE| il
ikl 714 W =% WEHEY AtE AJEE
<EANEEFFERez HHEY B®B3zzA
AZHES A & BRE LAF2 Y
AZEES ¥ ZL BRE B Fz gk

WEHT A WHEERY e $A>ALEA
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~ .
211 Short Cement Tile

311 Corrugated Tube

111 Cement Tile

SABERZ $99 FHEel AZEEY zRx
axt,

HLIES EREMS R RIEZ
Aok, 2R $AV AEe HF}HES RHEEY 8
kel Rt Hlo QA o] PrHMES o
W RS R T A kg 4 207 HEolth
2V BREEEY WTREHBES BT 4+ 95t
T Ko} o] Bhe Emo|A /A = U,

Lt Zk¥E4S 7 (Equipotential Distribution)

% MRS Gapf-ZolA WET o]z 5 K 9

o] HKFRE 29 Ae] Fig. 8 ok, & R
KO BHPQ SRS B F2 e, od 4
AT L EEAA RwE = B 2 JE
B} SKEESTEY Bkirvl Full 2 Half Full, pE
PIkfLE Fulld B4 A% Al

4. AT X EE

7h BEHREL FABEKEEZERAS] B

ofml il A SXgtutst o] #akfirt Fulld 7
¥ Half Fullel A% &£ HRbiEHde B2 &
£ g

121 Cement Tile

211 Short Cement TileT

321 Corrugated Tube___|

A. Gravel Envelope
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-

\

411 Cement Tile

|

511 Short Cement Tile

611 Corrugated Tube !
-

" 421 Cement Tile

521 Short Cement Tile‘r

B. P.V.C. Wool Mat Envelope

T11 Rice Bran—0_ |

S

811 Gravel

621 Corrugated Tube

—
S !
721 Rice Brane— __| 821 Gravel

No Envelope

Fig. 8. Equipotential Distribution for Various Drains
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o] A & WTFKE S glol BskIEst PrhEM o B.n: B
W Efle] FEITE AL 29 FE Ao zA Darcy g @ BLrpE (ml/sec/m)
il A F< Fleloh, HhkrAES BaMstd %@ Panu and Stammerst* & Ernst (1962)% =
Ae e 2& Soverneds] el gk, Kl LI oo )
I="Rc+S.Uz
Adh= Bq vens (2)
{8 4k M2 9o BRBY gz 18 KES {8 q: QR Z+.
BRI A9 2 (cm) B ogokbISh BEER KELS 2%
Table-4. Coefficients for Discharge-Driving Head Relation
_— Cofficients
Envelope W“* . n B Remarks
Material ) T
Cement Tile 1.07 214.78%X107°
Gravel Short Cement Tile 1.55 1.26X © _
Corrugated Tube 1.22 3,39X n=1, 225
P.V.C. Cement Tile 1.30 32.36X n
Wool Short Cement Tile 1.15 26.30X #
Mat Corrugated Tube 1.06 10,47% »
Rice Bran 1.27 9.12 n
None Gravel 1.76 2.09
100 v )]
90t O : Cement Tile + Gravel
804 (1 © Short Cement Tile+Grave!
70 A Corrugated Tube+-Gravel / J/ /, ,/j
o X ! Cement Tile+Mat / // 4 ,/ / //
' 4V ea 7’
50 V4 /

® I Rice Bran

it 8 : Short Cement Tile+Gravel
A ;Corrugated Tube+GraveI£ j {
0=

)4
A

®: Gravel e . /é
z . // /2;/ / /.9 .
L] JX Ny / |
TN /T A /
v
1050 60 .70 80 90 100 200 ‘ 300 400 500 1000 2000 3000
Q (mi/sec/m)

Fig. 9. Discharge Driving Head Relations for Various Drains

Re : BERWAIL BHE 3HITRA A MALEH

(sec/m)

Up : 78 FHEEM 2XTRAA Y HAKLR
(sec/m)

S ez W FEIERY MR@m) |

& FiFste #&%9 HokiR(Drain boundary)s] 7R
£ S A% R HEdAD R@ 2 @)% #
B3t SfmeEs MAKEES WRS TFrasknd
2I =2 g,

qA (2K AR ¢ 39 FWigol logs Fidtd
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POKRETH: bAge] T WAL (58 HTHKE BEWRY Jokekae)

log Ah=log B+ log g+ RRIRTE))
2 5o 4hsl ¢ & FHEHRS plot 31wl EHfRe] &
¢ + A,

Figl 9. & = #Fele. {8 4he FHEY A% @
W2 @9 FozuH KEY FEEAA BEEAKL
£ W e ERAC

Fig. 9. o et SEKRS REEL Rkitd BE
§710] Table-4. o]},

Table-4. & 29 z»9 {E: HEZ A —ESH
Be RAFAL o EREY A9 D=1 25524
SD=0,18% LXKy Fi5fEel 7t FEL Y F
3 Qdrd, BY 72 1.26X107°~214.78X107% Alo]d]
A @3, B 3ol HEMLE oY BEEkE JAH
BB WA € A9 BERTESE o4 #@Eot
g =xd AP kmﬁﬁ(mmensmnal Analysis)ej
A8 g ¢ vk,

BREE A2 #HES € KEY AT TR
MrE s SEBESS BEd 2y Table. 5 8} v},

Table-5. Significant Variables for Dimensional
Analysis of Flow through Drain En-

velopes
Variables Dimen-
Specification; Discription sion
Flow q; Discharge per Unit Length s
of Drain /T
Fluid K; Envelope Coductivity [ L/T

Geometry |D; Outside Diameter of Drain| L
Lt; Distance between Gaps
; Envelope Thickness

d; Depth in Tile

4h; Driving Head

w; Gap Width

ot
| anl o o o

BlEe #Ese gt 2 SMKOTREY B
2 JdEbd 5 g
KD 4n ¢ w d Lt
—=f ( D> D D D ) -(5)
= (5)°ﬂ/‘1 w, &, = 2R AH —Fstz de 2

xire) BE A E Pz 4495 A2 R ()
& o4
_Ii_ =, ( dh_ ._LDt_> ..................... )
oz @?{Vﬂ% + a9,
% O o gz 2

9
3 T
(7; <
MY
4h5
D 4 N,
3 ¥
2N N
2 t -
(O : Cement Tile+Gravel
A ¢ Short Cement Tile+Gravel
1 T LITTIr T
107¢ 20 30 40 50607080901073 xpy 20 30 40
Q
. . KD 4dh
Fig. 10. Relation between and o

kel plot &7 o] Fig 1001;}
Fig. 10,614 *-2-of D el & EMRERT R

2¢ & 4 god wmxa
KD dh \™
=)

9 Rez urw & 3w,

Table-6. & (N FHE eme HE, BEY Aol
o},
Table-6. Coofficient of Egquatiou (7)
—_—_ Coefficient '
52‘;:11‘?;’1 / Tilé‘s\\‘ m 1 C Remarks.
Cement Tile| —0,932] 3. 913><10‘3%=7 14
Gravel op oriCement It
Tile —0.658 3.999x10™* T):3- 57

\

qst 4re) BIGRE BAR3 37 fAgtd (& K@)
o B Fez #AINE KA

:< ED N® v )
qc
oA¢ B B
dh= D(% = o e eee s (9)
@), @HAA
B= D(_KCQ_ .............................. (10)
”=“rli ....................................... (11)

9¢ ¢ + 9

Bain 2 D0 afEE HES wuE
R o] Table. 70]t},

Table-7. o A HE v}t 7Fo]
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Teble-7. Comparison of Coefficient B and n with

KD\, 1
D(—c—->m—and — -
/p | n [—% B ’D<~KCL)%
\
7.4 L07 L 07] 214.78X 10" 214. 69X 10™
3.57 155  1.52 1.26X10183.20X10°

~—1 pop(ED \:
= m’B~D( c /=

d¢ FERT 4 Aol EEH ATE WEHT B4 b
ot giflel = Hg@EEe] MR- o KB Be WEM
o BB, BE, RECY EmEdE ¢ s
22 v o8t fkE 9 e 7 A oF HEE
Q ##me L4 ATk @A RE G BEY K
Aol dahe] RS PkigRe Alltte HFHoEE
HEE & gtz 2.

By XL 29 kst B 22E —KERA B
%7t A @ete] FEuk K RS HWERS X

nl o,
W

o0

" =

Table-8. Values of Re for Various Drains
\\\‘\“\‘\“f o f:ons\tant Head Full Half Full
Envelope ™. - _  Tile Head o
welope oy tle Head | gy [PartlyFull Mean | Full [Partly Full] Mean
) Cement Tile 0,290 0.310 0. 300 0,280 0. 300 0.290
Gravel Short Cement Tile 0. 048] 0. 050 0. 049 0. 035 0.041 0.038
Corrugated Tube 0.018 b3 0.018 0.015 %k 0.015
P.V.C. | Cement Tile 0.160 0. 170% 0.170 0.140 0, 150! 0.150
Wool Short Cement Tile 0.062 0. 078, 0. 070 0,057 0. 069 0. 063
Mat Corrugated Tube | o.021 0.014 0.018  0.014  0.016 0.015
Rice Bran i 0.056 E S 0. 056 0. 046 0.049 0.048
None Gravel 0. 150 0. 160\ 0.160 0.110 0.120 0.120
B 212 gt HA gAL, w84 o] 4% XA2D)E
o A
(3L W . Rc=_q"_. ceerenienennenn (16)
Rc_i_sUR:_ ................................. 12

f
& ERY A% BEE Bylz REHII A2 S
o] ARtk =% k= HIKET ZF=FA
Z7H7) A& RS BATZ Ad= v KHR
S} FRIEA KBS 2=z 20w RADE WAL ¢
29 =EFRES HEIFE Koz Ho Uz BF

7/ A Rex Hekik(Drain Boundary)s] & %
2 EHEelY o]AL —@Y WiEEMezA 83T
e z 2ol BHMANLLR HATH =& EHHEC
o, w2t Refis mEE BEd mAEBRE=SZ £
& 3 olZe] zw RHES FEkikgkel A Xd
3 o@d ¢ Qon Refiizt Fowl RBEEY POk

Table=9 Values of —1;—1— for Various Drains
~——_ ————_ Consant Head Full Half Fall
e [
; Tiles 1L Head
Materials ~ - ~— | Full PartlyFulli Mean Full PartlyFulll Mean
Cement Tile 0.73 0.79 0.76 0,66 0. 69| 0.68
Gravel Short Cement Tile 0.70 0,69 0,70 0.59 0.64 0. 62
Corrugated Tube 0.70 E 0. 70“| 0.51 *‘ 0,51
PV.C Cement Tile 0. 61 0,63 0.62 0. 54 0. 57 0. 56
Wool Short Cement Tile 0,68 0,70 0,69 0.61 0,67 0,64
Mat Corrugated Tube 0.57 0.52 0.55 0,30 0.31 0.31
Rice Bran 0.80 % 0.80 0.70 0.68 0.69
None | Gravel 0, 84 0.83 0.84 0,76} 0.75 0.76
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Table-10. Comparison of Drainage Performance of Various Drains
= —_— Specification .

Y P Discharge % Re h . Performance
}W\Tﬂes\\ q(mi/sec/m) (sec/m) g Ratio ' Evaluation
Materials .+ -

* | Cement. Tile 104 0. 300 0.72 | Bad

Gravel Short- Cement Tile 636 0.044 0.66 Good

Corrugated Tube 1,472 0.017 0,61 | Excellent
P.V.C. Cement Tile 177 0,160 0.59 Bad
Wool Short Cement Tile 432 0,067 0.67 Good
Mat - Corrugated Tube 1,165 0,017 0,31 Excellent

Rice Bran 610 0, 052 0.75 Good
None

Gravel . 249 0.140 0.80 | Bad
sk Average Value,

L EHI e AEEE 444, = AYEEYE & 5 o

Lt. T8 REES| HEkiEsE WE

AT BEEY PoKERES St Ho N E M—
g KEEZER EETAA FEBEEZ $99 HHEE
& JESA 2 KNS RSz zA AgEd

o] Bl WKz ATE WHEY ISkl Higel
fA]—3te] oF ek, :

0 HEozAE fEdA #wmEe e RADE
EEFRSE Akl

= g Al %ﬁgiﬂ% MABLKFAS HE%
AKFRe] A —% 5 9

A e HRiEel AL olv] &8 mERE
tetd mgket,

Table, 8. & £HiEE) A& Re fHY HEER) .
Re 9] 3] Lol At 429 & 2W =z FHAHAH.

Table. 8. o q &£FIEES MABMNE s 24
Sy 2 #kErF) Fullgl 3587 Halt Fullgl 3558
2ok %Ik, REAR KHlsE Partly Fullql 7
$o mAEH F7 & BEE HAF2 ek oF
3 BELS HEEEY PokEfETE ERTALE o
g e A2 g,

AZHE A HAEREE ADEEC] 450,30
A B 0,044, 2T 2 %%%OI 0.01724 F&
B MAER 3 FeE 5y #HA FER
9] Hekigtel EFsdz 2¢ 4 A

NEE A= AdEgY AR £50.16
LA o] 0,067, =8z FE&o] 001724 94
FE2EY AR HF B2,

BE BERY B BERelel WALl 1
Ao ppEe F8%, 23 7tF KAEH € BE

WA st BEMEI PRE 2y AdEE
9 AL A2EEd wARHC HegFEsst 23 &
Amlzge Kot 23z FE5EL ALWEY 5
NEHS HERB HmAERS 2.

olg) g BRE =W F ®mEMH #F FRA X
s}ef,

GARERES] FAETC T 0,052, ARRHE K
ABHL 0, 1428 FARHES HmAEF ¥4 A%
a8z 2 g EANEEY RARRES ¥tz

Afegrcds 3R FEELGE g, 434 &
A8 PokiEggel EFIV & shit $A9 EEREE
A e A%E NE #27 A FHY &Es o
2o dolgRoz qAEE $AY ¥4, oJdqune
FoKES Bibe} MK FAED A RBT R
AlgEsHer,

Table-9.

=y

ARUE AF o hr FEREA
HEEY Jfez 22 VHE?&’E«I AEE 94 ZLHE
£3 nAET, it FEEE RIEES Sk
o mENmE F3ES Pk 14 EFNT
3 % 99

WA GRES S ® Wi 2 AMER
A4 ARRE>NERE, GANESE] A$e A2
wE~NEME 29 FEEY A$E A2WE>
e HEo. Aoz Ho HEMMAE FRAL £
B 514 e,

GARES] Lt 0.69~0.80 ARMIEE 0,76~
0.8424 FAWES Hokihol ERTE B Fx

& AEEE AR 1S SRR

Al 2B <A
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2.
BLE 487 sige 2 RBIERINIKIEES HiketY
£ 0% @A AT o] Table-10. ojd,

&1 IR HikHAES HEkEly] A8td sy RiE
g FEustd B3 KEEN FETAA RS 4
IKEERES) HAES EREEHRL 599 LB A.
o7 #F@RE TP IS5 Fd

1, BREY A% B—T KEER ST ek
gl 7Hd B2 BEYE BREMY BEd HRgel F
FEOAT. dgez Berde GAWNER T HE
A= Ege] 7FA Aghet,

FARES] FrmELe
Pl

2, HrtiES BEkEEdE RN 2 AE)Y MW
B Fardtdz gEA Qeon K HoRdA K29
i —EEE 2957 Rz By En 4E =
2o BERS PIKHERE AlEERe s (FHT ¢ deA
REE BERI7 AAgtd XUk FRstg ey

AARFRS FRwELT &

CRE U #Re 9 A

2Hg5. 284 RO
Ree fikitts 2169 & it 2 + 9o,

3. WA WASEHROMS Mkl o0 piEe 4
REEBES U R REHS BEA WS 35
Bl 714 @F%n gl @ANEE, A4E BK
1%,

AL AR WAEHLY 4o HASH
58 2o gk A2ud EEGn @ANEE
9 Hokitggs o e,

& il el BHES HEKESES HKT BE
ERIES A% RS MWE] MRl 330 A
EFN L g2 EANER, A9=% JHe T,

SAAAE FARES AREELT HKiike] B
Fooh.

5. WEMAZ FokiEaE) w14t BRE 42 42
B ERO uA S EBEANE 2 MR SR o
4 e W7 LEn REFRS o ok B4,

6. LLEY BRET AT K e EET oE
o WG A2 Y EE WEG FEBY FKMEE
o b EHRT sk,

ST |

ARERES
= giisto}

o HEMNAELE 29 e |

2th,

HARF

HiFEBEK

Biame TRk KOBE

Bl BAKS} Bl e BE
PURRHIS T K

.‘“:“9’!\’3“

AR BTHA 7tz 3 KEel K2 B

olH 3 el £ # AEE BE BEE =2 HE

FEA

|

RRASLDI-HO Kiljtgst

BELREE MRABMLE S HRRSREEERe HT

EREE 9 REMEZ ol % HAEE

KBER G SRAREY fEE Bod BEEY) T& HfEY BES BEGT 2% 1HEN
o= WS BAYE BHMATERC] o Fo Aok o
AEERIEAE T RATRHEL 49 EEY Aoz

"
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