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Abstract

This study was -performed in order to produce the basic data for the estima-
tion of water requirements for desalinization and developing prediction techniques -
of desalinization to be applicable in the beginning of tidal land reclamation, through
analyzing changes of the exchangeable sodium percentage during the desaliniza-
tion of reclaimed tidal lands.

In this study, the desalinization experiments were carried out by two water
management practices, namely, the leaching method by subsurface drainage and
the rinsing method by surface drainage, using 5 soil samples collected from 4
tidal land reclamation projects.

Regression equations were obtained in order to investigate the changes of
exchangeable sodium percentage during the desalinization of reclaimed tidal lands
and to estimate water requirements for desalinization.

The results obtained from this study were summarized as follows:

1. According to USDA Salinity Laboratory classification system of salt
affected soils, the reclaimed tidal land soils used in this study were saline-sodic
soils with the high electrical conductivity and the high exchangeable sodium
percentage.

2. With the increase of the water requirements for desalinization, the exchan-
geable sodium percentage was decreased with high degree of correlationships and
the desalinization effects were remarkable in both the leaching method and the
rinsing method.

3. In case of the leaching method, the exchangeable sodium percentage had
been reduced below the classification value of salt affected soils when the depth
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of water leached per unit depth of soil (Dwl/Ds) was 0.2 in the model

experiments and 0.3 in the lysimeter experiments, and the
showed a tendency to be much the same in each treatment.

4. In the model experiments by the rinsing method, the
percentage had been reduced below the classification value

desalinization effects

exchangeable sodium
of salt affected soils

when the depth of water applied per unit depth of soil (Dwa/Ds) was 2.5 in
both permeable soils and impermeable soils. In the lysimeter experiments by
the rinsing method, it was estimated that the exchangeable sodium percentage
could be reduced below the classification value of salt affected soils when the
depth of water applied per unit depth of soil would be 3.0 in permeable soils

and 4.5 in impermeable soils.

5. The leaching method has the merits of saving water requirements for
desalinization and the convenience of desalinization works in permeable soils,

but the demerit of a long period for desalinization. Also

desalinization works

would be next to impossible in impermeable soils through the leaching method.

On the other hand, the rinsing method has the advantage

of a short period for

desalinization regardless of permeability, but the desalinization of subsoil would
be difficult and the water requirements for desalinization would require 10 times

more than those of the leaching method.

.M B HrbstA et Qe HEA EgA 7}
$49FE EFEYY AFLE F7h7T
St Ndaiete] FRe 749S 18 WY YEFS 224 L ZMIE 4
Hoz #gsly] g W Ystow 9 glo] Ho] ZEALY 2 Asfagle] Hu
z7) 1Y% ZHAE A2 2AEA 3 gom, e wPY VEFL EFae B
3 AR5 r)E S A, 5940 = A aga BA% Qo) F4Ad 2 o
o HYEL 7)o A - EA Y F2 7AE Aoy deA Yok YuHow
FAPNEE FENT M E 2B A HeAdRREe TaEzde) AVALE
ABES bse & F e Adgde 4 T YEF FFe Folemstge] g
dol Fougy 83 H9A HAgty & T84 YEF B9Eg EUNSe pHE FA|
% 9lth o2 gaiNE Adubd g A a1 gon oF A/NAEE way JEF
A9l o]2g Agsty, A ZRNEH A% BES 9 pHE ARE 39 HAAELY 2
IRNELS 53 A9V 2 AGIARHS o deEYds BRatn by
HHstel HA Y ARe)ZrHe FET, SEvde Ezs] 19T A9 279
A&7 Ee Aestd Aizr) 1dT 7 S Ada] 93 AdYAL FYs) 98
HAo AARAL FHsE ol FH o AEYSL FETIPANE FPR A
Fyjoletn Hzhait o2 19%64 10957 AR “pAA A
Aoz 7HEAARFY n8H YERS 278 AL Be AT Sasin Yot

49



50 s2aful 4 H8H M1

graAsdE Aydiery] 7+¥ AR AlE
AT, EFAT F 2 hEAe Qutn B
= 1170 AF UA DA F 3068 EYA
A2t EYY o]3dd AHAE EY
S3 2R EQe S4E FEseH, B
3 2¥g 7129 AQARE EUR 39
5717 oz BRIV,

b
(T,

e
2]

EgAFAR A 2|
a9, 2Ry 2 EWIRA A7
3 ARFEY A7
o guny 24
2ATH, AGPEE AY

W4, FYREES AE W3 5o
i \
’\L‘

e
)
2 of

£ oo ol bk i
'
ol
)
o2l
ofN

&t
Pz e AGANES A tF 2olrl
E](Lysimeter) Al U%x]%;:'— AAstz, AdE A
2 A F ol A *}%ﬂ EA]EOHJr EH o] e

o}oq NETE zm]zsl
om, A w@ufé o]%—}oa AT e

59 93 ¥ FEAT, GRPREY, FURE
£o %A ws 2 AL, AYeEd
Qa3 % ALEFF B0l sl BTt

B =RoME BT AAT AU 23

2L

N@3 'gd s glo]AlnE AFAIHAA &
o ANFARE o)gdM AAYY 2 EAE
Z AAHAF AGE5FY Folel wWE 2
g4 JEF wiEgo WaE BAsty, ud
A UJEF #ELE J|FoR & AGEAE
AEsY ALz 195 HHAY AF
Hod AGETHE FASY ob FoH
ol AQUAL FHsr) A AQdSIIE S

50

ARared 712ARE AR Bk
AGNDE B2 AR Ege] AYLI
B A9RAE ANARE, 28Y YE
gung 9 pHY WIS FPHOR 1Y
of QA7EA oz B ARG AES
% AW 24 o) Tgsolor T Aol
o agt = BP0l Bob s rRoz

7 HIANEE SAELe MF

‘AR AGAESIE AR B AT
AR ZARRE FAAIAT FolM EF
o)statd Exo) 5714 EY £F Wil
g dEHY AHez AE ATFAFEL
2 S2), A% FAATHS), A7) FEAT)
Ag LEAFHSH T HAE Ak
AT 1A BEFE AY ZIANE R 2
AEE] AGAEY FAEFLE ARSI

L BAEYY EASH 24
1) Ecke] Eg3& EX
Jh £AYE QA
153554 (USDA) 9]
Core sample& AM&3te] $4WEE 3}
Pycnometera 0]-&-3 Zlgz:,izg

l.ﬂ ol



x| E¢o| MEMY F udH LHEE WFEE

=4

M

- : 51

[l

AN R, vFFEFAAY dERAel g A7

27 JA EAS
2) EY9 3y EA
7h gAY Fol &

acetate g 9t FEg FEA
dFo iy ¥FE A 784 Fold
FS wjojA] WA o] FS

AOAC-ASTM o] 93t ol
£ FAsom, 134 YEF FFE
Fol 2B gFo R ol Y YEF 9
2&E 739

th) A7|HE=(EC) B pH

ANACEA 2 pH-meterE AME3ld &
ANEZF T3FEYoTHE H/HEE 2

2. duf ZYARTR H 2olAlolE FG
AlEAIE

7h Ml 2EAREEA HE W A

) AEel AF AGMFe AHgsh] Ast
TAE M 7AT F A=F AFRE
£

Q0 L9 FMariotte reservoir) 9FE
A

12749 AIJ9(H73 66em, 2o

100cm)el 9248 F58E FAsAd<Fig.
> @z
2)

F o0kel HEus 4G B BAE A
EFY §2S W] AT ABAE 43
I

7Hel 7ol Fel e

X

R

3) A o3 HEANFRAEE 3 TS

51

5olz e & 049 dd6E 3z
A7 el A sk |

D AP AR 1229 2HAY
A A A (15cm X 120cm X 90cm[B X L X H])
2 Adsel AR

Plastic cylinder

Distilied water

Surface-soil

Sub-soil

Fiter paper
Plastic screen
~-Rubber stopper t

_Leachate
(a) Graduated cylinder t (b)Air et
Air ven
A0 7 tube
Supply tube —

aridtie
Reservolr

Ilil IYI IHI 1| I”

I‘II IYI IYI l]l l'l 1 -

(a) Cylinder for rinsing method

(b) Cylinder for leaching method

(Fig. 1> Arrangement of apparatus for
desalinization experiments
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(Table 1) Soil classification codes with soil textures and desalinization methods

Desalinization o . Leaching - Rinsing
ethod Rinsing method Leaching method method
Non-gypsum Gypsum Non-gypsum Non-gypsum
Soil Continuous | Intermittent cul
sample ponding | ponding Culvert | Non-culvert | Culvert | Non-culvert | Culvert | Non-culvert
S1RANC1 | SIRNI 1 | SILGC1 | S1LGN1 | SILNC1 | S1LNN1 SiLRCH S1LRN1
S1 S1RNC2 SIRNI2 | SILGC2 | SILGN2 | STLNC2 | SILNN2 | S1LRC2 | SiILAN2
S1RNC3 | S1RNI3 | SILGC3 [ SILGN3 | SILNC3 | S1LNN3 | S1LRC3 | S1LRN3
S2RNC1 S2RNI1 | S2LGC1 | S2LGN1 | S2LNC1 | S2LNN1 S2LRC1 S2LRN1
82 S2RNC2 | SZRNI2 | S2LGC2 | S2LGN2 | S2LNC2 | S2LNN2 | S2LRC2 | S2LRN2
S2RNC3 S2RNI3 | S2LGC3 | S2LGN3 | S2LNC3 | S2LNN3 SZLRCS S2LRN3
S3RNC1 S3RNI1 | S3LGC1 | S3LGN1 | S3LNCt | S3LNN1 S3LRC1 S3LRN1
S3 S3RNC2 | S3RNI2 | S3LGC2 | S3LGN2 | S3LNC2 | S3LNN2 | S3LRC2 | S3LRN2
S3RNC3 | S3RNI3 | S3LGC3 | S3LGN3 | S3LNC3 | S3LNN3 | S3LRC3 | S3LRAN3
S4RNC1 SARNI | SALGC1 | SALGN1 | SALNC1 | S4ALNN1 SALRCH S4LRN1
S4 S4RNC2 S4RNI2 | SALGC2 | SALGN2 | S4LNC2 | S4LNN2 | S4LRC2 | SA4LRN2
S4RNC3 S4RNI3 | SALGC3 | S4LGN3 | S4LNC3 | S4LNN3 S4LRC3 S4LRN3
S5RNC1 S5RNI1 | S5LGC1 | S5LGN1 | S5LNC1 | S5LNN1 S5LRCH S5LRN1
S5 S5RNC2 S5RNI2 | S5LGC2 | S5LGN2 | S5LNC2 | SBLNN2 | S5LRC2 | SGLRN2
SSANC3 | SBRNI3 | S5LGC3 | S5LGN3 | SSLNC3 | S5LNN3 | S5LRC3 | S5LRN3
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(Table 2) Physical properties of soil samples used in desalinization experiments

, Buk | Partie Saturation Mechanical Soil
sarsr?gle densi densntg Porosity | percentage composition (%) texture
(Mglm‘z) (Mg/m’) (%) (%) Sand Sitt Clay class
St 1.37 2.66 485 545 6.9 84.0 8.1 Si

{1.36) (2.64) {48.5) (60.5) .7 (86.2) (6.1) (Si)

s2 1.34 2.69 50.2 47.8 246 68.5 6.9 SiL
(1.35) (2.65) (49.1) (51.3) (25.4) (69.2) (5.4) (SiL)

3 1.36 2.67 491 40.7 18 51.0 72 SiL
(1.37) (2.66) (48.5) (42.9) (44.4) (50.7) (4.9) (SiL)

4 1.35 2.65 491 69.7 42 83.8 12.0 SiL.
(1.31) (2.65) (50.6) (68.5) (4.6) (81.3) (14.1) (SiL)

S5 1.35 2.64 48.9 64.3 16.3 721 11.6 SiL
(1.34) (2.63) (49.0) (63.4) (17.2) (71.3) (11.5) (SiL)

Upper data obtained from soil samples used in lysimeters (1999)
(Lower) data obtained from soil samples used in cylinders (1998)

54



x| Eetol AP

55

(Table 3) Chemical properties of soil samples used in desalinization experiments
Soil Exchangeable cation (cmolJkg) CEC ESP EC ’
sample {cmoldkg) (%) (dS/m) P
Ca Mg Na K
st 1.1 1.6 39 0.9 9.2 424 24.6 77
(1.2 (1.8) 4.1) 0.9 (9.9 (41.4) (26.1) (7.6)
1.0 1.8 44 1.1 9.6 458 27.3 7.8
(1.3) (1.9) (3.9 (1.1) 9.5) 41.1) (25.7) 7.7
11 1.8 41 1.1 9.5 43.2 257 77
(1.2 (1.8) (37 (1.0 9.2) (40.2) (25.0) (7.5)
s4 1.8 24 6.2 15 13.1 473 27.7 7.9
(1.3) (2.4) 6.7) (1.5) (14.49) (46.5) (31.2) (7.8)
S5 16 23 5.2 15 12.2 426 25.1 78
21 (2.2 (6.7 (1.8) (13.4) (42.5) (26.4) (7.8)
Upper data obtained from soil samples used in lysimeters (1999)
(Lower) data obtained from soil samples used in cylinders (1998)
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(Table 4) Water requirements for desalinization and exchangeable sodium percentage
I . i ESP (%) Regression equation
Desalinization rimental
Expe Soil texture and treatments Requurgment§ " X : DwiDs or Dwa/Ds
method method for desalinization | Measured | Estimated | ° ESP (%
value valie |V (%)
Permeable soil (Non-culvert) o5, G140
Impermeable soil (Non-culvert) | DwiDs=0.2 | 102~126 | 124 YF-12'=0 97;‘2
Model Gypsum (R=0972)
e " -0.4320
. Permeable soil (Non-culvert) ' 121-138 136 y=€;‘.1425x
Leaching Non-gypsum (R°=0.9805)
Permeable soil (Culvert) P
mefhod Permeable soil (Noncuver) | DwiDs=03 | 105-141 | 120 y=6.2237x
o (R2=0.9379)
Lysimeter ypsum
Permeable soil (Culvert) —5.5300¢°""%
Permeable soil (Non-culvert) ! 10.5~13.3 1.6 y ) X
Non-gypsum (R°=0.9521)
i - = -0.4106¢
Permeable soil (Non-culvert) Dwa/Ds=25 105-118 124 ¥ 32.486e
Model Non-gypsum (R"=0.9561)
Impermeable soil (Non-culvert) . N y=38.828¢ 008
Rinsing Non-gypsum 120~138 | 140 (R®=0.9640)
i . =, -0.3378x
method Permeable soil (Non-culvert) Dwa/Ds=30 147 y-4(3.6269
) Non-gypsum (R=0.9754)
Lysimeter I able soil (Non-culvert =40.079¢ "
mpermeable soil (Non-culvert) Dwa/Ds=45 140 % 0. e
Non-gypsum (R™=0.9577)
FARY AS AU 2ZZAPAAE e Fdol vstal 100) o4 o) Basie o
IEYO FFEFEFY RE A TN Aol g Ao guH)
FTHF4 DwaDs=25 ATNA dsiER el 2 A 3 AEGY EF
BR7IZA oz gadn T4 we  J1EA odz 2a® diid 2ed A9s
FrYITEFAN AGEAI} G2 2A e FF 2 2 B¢ g JEF AL sS
won, A% ol AnE AP ZAME FF F§eiA Aeshd <Table 4>914 B Hig}
FFEG| A Dwa/Ds=30, F4BHEF|A 2.
Dwa/Ds=45 A=Y W FHEL EFIE
A oletz Zad F Y& Aoz FAHUL v.Z E
Fridol dEd EdAA HEHd o
Adste Z9E Adesde Bt 5 9 A2y 2 SAR 9% AQNES AN
1 AGAYGE SolstA & F Aok ojFHol st AW 2 EAME Ad9AT Ad
PAIT A Gz AA a9 EF Fe S50 o wE WY JEF WEg
Aol B3 EddAMe Ade] A9 BIMe (ESP)9] ®istE EA43, Awxr] 31dw
stk wel gtk wael SAdel A AR gD AduAS FP) A
AP DIt Tl FEd EGE AddE718E Agsted 7IzA85E A
ofUgl FaAo]l B3t EYiME 7534 stazl, A& AwkgA @ BAAF A
B AEZY Ade] oHL APEFFo] A AT, Ad LEAT Y BHARSS
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