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Abstract

The Phayao Lake is not only a part of the Ing River, which flows into the Maekong Basin,
but also the 55" international watershed. The Phayao Lake wetland is a semi-closed ecosystem
surrounded by agricultural lands where most people grow rice in a traditional way. There are
several on-going projects to improve the water quality of the Phayao Lake. In this research, we
investigated not only the water quality but also the physical prosperities of submerged paddy
soils surrounding the lake. The situation of the non-point source paddy fields near the Phayao
Lake was elucidated. Most paddy fields have no irrigation and drainage system. The farmers
thus rely on surface drainage. The paddy fields consist of very thin and weak layer of soil
surface overlying a sand layer. Ponding water and groundwater in the paddy fields are
contaminated by chemicals or some inorganics. The contaminated water infiltrates through soil
layers to the groundwater and seepage water, which finally flow into the lake. After flooding, the
amount of contaminants into the lake does not dilute because the paddy soils have low
hydraulic conductivity, less than 10-4 cm sec-1.

The modeled paddy fields which imitated the fields near Phayao Lake wetland were
constructed in order to study the physical properties and the movement of soluble elements that
possibly affect the vulnerability of the lake. The model was made of a large PVC column (40 cm
in diameter, 100 cm in height). The model was designed to reproduce the properties of each
soil layer in the ill-drained paddy field which showed closed system percolation. The study of
the pressure head profile of the soil in our model showed a positive pressure for every soil layer.
The redox potential (Eh) at the soil surface was in the “redox” state but every layer downward
was in the “reduction” state. The reduction state highly affected the solubility of numerous
elements and thus the movement of these elements to subsoil layer. Fe was found to dissolve in
underground water around 5-30 mg/L and nitrate was > 1.0 mg/L. In contrast, pH and electronic

conductivity (EC) were higher than those of the standard values set for surface water.

Keyword: Paddy field model/ Submerged paddy soils/ Removal of soluble elements/
Phayao Lake/ Wetland
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FLUNEUNNA UINFBINITNANARTNIGI4ATU AEATIANNABINITUY AzBETENINN 20 - 30

[

HaAmAY/AY (Koga, 1992) Bndaniisas luduauilsyinn High percolation ayliuanandnags

ndnlutuAulsziy Low perc olation  @amsaageulsaInnsdAANERTINITUNINT NI

(infiltration rate) U3unautin? vatuaeldluiofusenisaiuiusindnaonasansaenan Ins

£3

A A . o o e 1o o A Ada
LATANHA Infiltrometer (ﬂmzﬂ??llﬂq?@@quwqquﬂimﬂﬁwqmﬂq, 2551) WAANUTULINNUNNH

8m31ANFIaINIITNgU AU azlduuinlui (bentonite) viFausAwMtEaNauNesls T avdan
Tuntsguinludununararugudnsausasnisun lunun lduazidunsianunslglaiu

a a ol v
NITINBATULLLRUNTUBRNAY

1 v
a

winAnduAU (soil profiled) TuitununviandsuariszAutinliinuluszausee a1unsn
wLNTURALIBIRANUN (stratified paddy filed) LATANHULNNTIAABUNTBIUN (water movement)
luaniaz@uma(saturated hydraulic conductivity) TAg8NENaL8Y WINAWAINA (air entry

pressure)  IMENUNALUITUANNT ORI UUFUNEN ALV AATUIANT TN AR89 EARY BINATe

'
v oa A

ﬂi’ﬂ\‘l@’]ﬂ'ﬁﬂLﬁ’ﬂ@ﬁﬂWi‘ﬁ‘ZLMﬂLL@Z‘V]O’]@Wﬂﬁ'ﬂ\iﬁ‘iﬁh’]ﬂﬁqiuﬁuﬁu’]mu LW@m’qu‘Kuﬁu"ldemmmﬁﬂ

' v
a a o o o o

ALt tesderumanssndeaynIARuutes N ldduaudainuasands Aeldunulonsau

v 1%
o v

FuAUlF  TONIU LATTUAUAIUATN HN1TLARAUNUDIUIAINANULIUAFIUANIAAAA LII6L

u

' 1
=

a1 ANuMINEIuEUARNATLANNsn A uTITasi luAuTY luusedual (negative pressure) 7
¥ Qi 9; o o dl «zi 901 :j/ a 9;/ 901 dlzj/ a dld @ a

azdnunERNLa NN aeuN et lutunusas lutuss Ll InaNduRAunH LA RLINA
[~3 4 k% o Adl % ndl 9; a A a é’ a

ianazsinsldusssuainiagelunazidnliumunasstinlufy wrafuillafuneanuainiAazunsn
Win1Age (low negative) usiatinslafimuansnasasnisanseauin lfauAuladaudnaasnig
ARdNzdnefy d9ludufuunginisantalenduauatanudn luutiidnautuaianugn1si

1 o A =) 1 a =3 I a A ?.'/

wANF9AUAS sruung ladseNuLLLTakay scuunNs AT NeNWLU LA WFaeNanLRadea

svunlufnun s
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NS IuaTN[IY
j Q; :I/ =8 1 :// a a 1 ¢ﬂl =] 1 o ff/
SR luuTiRuTn Az sunsnausuad ) uduiony uazsa i dausinulldedu
a W ! = =< Y a Y Az A ) =<
Fuduans Teannsiagusnuluduiafieiu Srauunisluai Bandissuunig nag sy
v
Uauazszuuniglvaguenunuuils Inadaounuiasasalili
1) szuunIFatNNLwLLTle
TuAnunindalaeialdazflussuunisvagncsnuuwuuila (closed system percolation)

a v

A FuRun lddnsunsaasenAgiunn Jerduinliau Sefuaudiuataianisvionds naslia

gasinag luszuuila (USIDRE,  2003) wee tludumuiudnisndeunlvaauniuduwyuly

b

AN1TAWNANITDNFAIA81UN (saturated flow) ANAUTUUUGRLTUAN IneAATLas LN TWAY

k1l

(soil water pressure) FAluuan (positive pressure) WATATANNENNANGTIN (total potential)

geiu Anananinaresaninnisivadusiugesinluduiu fanudnlussuunisivaduriuuuy
[ v

T AwsaRueINAE (air entry pressure) ANkastasnIwaAuLn AW e N A lda i

. . o 4% ye X, v Yo - d

WNTNRIBAINTRIRNA (air void) W le uananniAnusasuinluAnluan nniseaaui

22917 TUAN I AUBN AN Lmzﬁizﬁwmﬁﬂﬁﬁum Az fuul AN L AUAINANURITUAUAN

fofu sanamalls NN 2-7 (model-B) FuanAuses N LAY Azt dunan i ANannaw
e luseAutuAunanaalyl

1
=l

i v v A P H a o 2 5 = v
AMNNNANINTILNAUNTITIANRUNUBRIUN slumqu@mmmmmmmmmmmw‘lumsﬁﬂm

a

189A1 (permeability) Inanaaauan NIt ILazAIBILUIAdNL 32 ENT (hydraulic

conductivity: K) AMNN7284 Darcy’ s Law favuenlgiduiuiinineaeuiitviess wanannil

Iumumummmwuuumﬂmeﬁmmmmuﬂm ’NVW‘]_I’JI’] "]ﬁ/ﬂﬁl fand (oxidation-reduction

potential: Eh) {A1A1 (< -300 mV) mumuuummmq 3ANU (reduced soil condition) wazAZH

AnAnagandanauiteszazina s tarinlumn (NN 2-7)  sBazANdNdueandiau (DO) A
y N . o , 4 X
A mummmmfmmﬂmmnﬂ?mmmmmaﬂ (Fe [ll] w7a ferrous oxide) m\m

1

(Pongpattanasiri , 2005)  N&wsRREILANTEN WA (electric conductivity: EC) NHAgs0
2) sxuung WadnlnuuLLe
A = 1 a . ZJ/ a v 1 dil dl
Aa sruunsluatsusinuuwuuiEle (open system percolation) lufuRuAUANITRINUN

wnAnanIanszaLtn lAuIuA AuluduansainiAauisaunsndsuasinnszanagdunuls

©

o

NG99 (air  penetration  hole)  laailuseAuan AL TN AL TR
(Tokunaga and Sasaki, 1990) uazin lutuALiuIn1sAAaUN AT NRNRTUALA NBNF A28
a ndld

v v
(unsaturated flow) muiumumumuu mmmmmﬂmﬂgﬂwmﬂm Luﬂ\i@’mﬁ]uﬂuﬂ s Wy

Autfuaziiansinadarinuuunle LL@:ﬁumumu@'Nvmfgd'zgaﬂdﬁizﬁumlmmu Aifianisluaas
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tinurain luRuuLEle TnanTAwsasuin luAWTUAINGLIFULIIINNNA Sasaki (1994) LAy
Adichi and Sasaki (1999) 1$An® Pressure head profile a¥ Percolation pattern TAIgIN1ID
o > o a a o ° Ry | e a o
NnANdn lasanesunele Asuanaly nan - 2-3 TuuuuaaanRNIsuUaTuAULaZH Air

ZJ/ a 2 1 Aﬂl ZJ/ a a [ 9; va cl cﬁl 1 :j/ o 90’
penetration hole Tudunuauarsndutununse (L3) wardse AU IFAWAT WL TRdeti

3 =

AzdlAusssutNasLsA AU U TuAAnN LN autsRudulonsau (L) AasdiAusaiuaedin

TuRUANgITIUEaE"| (positive pressure percolation: P,) @vag/luaninzszuunisaguniuuwLy

'
1 a A £

auazAtusasuzesirluaudulalonsu (L)  avdes) GudAdeuasan (negative pressure

v 1
a %

. 1 o Aa =K o 1 = 7 1 .
percolation: P, uay P,) auatlusziufinauau DeduRuiuans d9azdang lidnen air entry
= 1 ?:/ a v a =] 1 a 9
pressure (P, WaY P,,) aziuasadunuliminluaniczszuunisluadudiuuuuis andeya
AINA19 Sasaki (1992) lAdszRngnimeaesluiuudiaesinisutisfunuuulisunauann

AuRtNIFaLlaINT Yamazaki, (1958) WAy Sasaki (1994) 1AR3998aUANLIALAa9UN 1AL

1
a 1 o '

W19 negative pressure NHANANNGILINAULIFIANA DY -2 EURLNAT TIAIAMNFANANLTIN

1 v v
o a a o

luduil 40~60 cm H,0 fazsndduiafuLazduAY 70~100 cm H,0 Aluaniazhudusinsae
¥ , N Y X 4 A Y e o ¥ 4 :
11 (saturated soil) (Pongpattanasiri, 2005) NIRNTTLAADUNTDILN IUALIHAZ AR UNAN AN

pouseAngdaang il NsneAnesanen (Hillel, 1998)

Percolation pattern
P, T T
] p, — P, Positive

ki \ P Closed syst
percolati Lol
P
/ i TPE 2> s

Air ” |iss

penetration |22 L3 's° Open system
hole  |%%%5as2s] percolation
2 -]

/
i1
[
&%,
L)

*c%a? 0.0 5%
Cogratge
oo ol

0 090%%0 s,
Qoo °
o 00 oG ad

0°

s90
-

“al H

percolation
_If,
-“P‘J

Py air entry praasure\ 1

of i - th layer Closed system
X _Y __ _y _percolation
+ 0 -

1
[}

o

L

)

.
8 0o
0

05%0
b3
0
BT
#8508

]

=

NN 2-3 Pressure head profile WaE percolation pattern Tuluyanaeetun

(Sasaki, 1999)
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1
[ %

nsngageuluan wiununaneusiduiuiulauaziinnisunsnduaesainimainung

v %
o o 1%

FUAUAIUANVDINUNAUUNNRNTTIUN A9UdAall AN 2-4  FINANEATIANTETANUIAINTIHN Y

a

AW Tokunaga and Sasaki (1990) l#figatinudn Soil air pressure NANTDTANEDIZUIN
o 1 o a a ;i’ QIIQ 1 dll =) I 1
wsasuLssannAgussAuluAY uartFionataulasesiunauul (detilannil) wugn An

w39t LA UA LAY LI A UL NN A TASNTUAUAIUANNAT AN a9t AoeLae Soil

]
=

matrix ArAINIAlWIENINTRAU (Mmacro pores) NiTanFAagn auan HeilisesuaInAludumu

£y %Lﬁmmﬂﬂ?{@uﬁmmﬁwqﬂmmf;zmﬁm%umuLLuuﬂm_gmﬁm%umuu,uuLﬂm ANNTRY
AANARY NN 2-3 LAZNTN 2-4 B4 Sasaki et al. (2002) lddmauasifuetnamuuianislo
wrulnavesdsymalne Tnanisiusaetnafuesnedsedin (undisturbed soil sampling) 11
FLALFANURIUENARAY (soil profile) lUNsagnUAAT (14 T, x14 T, x 6 TH.) NAIAINNIIAL
Radnaude ienisamageudnEsuULYetesde LA (sol macropore) Fospaad X-Ray
stereo radiography ImeR3uea Tokunaga (1995) WL TR AU TIRAAINN 2B

¥y a o

WaRuwazaIna NN (EuAA1) auasiee A liiinlaseai1emu (soil-forming  process)

ANANENTLITWL N ANTULWTRTRIaNIU (5-10 @H.) HIUIATENdne 0.1 D9 1.0 RaANAT
al g 1 a v 1 % ?/ U 1 il/ a v 1 1 a 1 1

warddaadngluautesndnluseaudulslanu douluduausiuananuIfUsunsesdnaunn

P40 UHAINNNIAIATALNTNHIUIA 1.5 HAAWAT T981ANAAINNITAF19T991927N3IN

A a dl
WaTUAR Y
6 5 4 3 2 1
Levee lu S
Y J. Drainage
O = TT==I= = channel
- 1 - = Plow layer Yy =] 20cm
~ lowsol
Banking ’ 27 /
area / Cutting area 72 em 25¢m [5
cm . .
) © Air hole
Soil road V/ Subsoil -— : Airinvasion route
Ul . Air stand to measure
soil air pressure

1 1 v
a a

DN 2-4 NIFUNINTNUBIBINIARINHI ARG AUTUA1TBINUNABLIN NN 199913

(Tokunaga and Sasaki, 1990)
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Undisturbed alluvial soil at 45-50 cm depths

AN 2-5 18999 IUAUNIAAAINNNT B U FNURLT ARULAL I NN

Tulnsead19m (Sasaki, 2002)

AUUDURY
N19MIIAEBLIBY Pongpattanasiri (2005) WUI1UUNNAL (soil temperature) Tudu

Tansounazdulslansouasliiu Tudasnansdugnuugiisuuuazgandisiuans doulugomen

LU RATULUATAININEIUANN FuLilasaInfuduasauisniniiuaufaulaandn
tgl/ ! aa = ' a = 1
wanaIniaaanLdguugiaAuluszuunisinaguiuuuuila (CSP)  wazszuunislnaduniyg
a ?.’/ a 1 o d’ :j/ a dld =K 1 a =l £ dl a
wuule (OSP) duiladuuansaiy Seluduauninisluaturunuudladazuun dungungd
Auludusne dugeludoadusiazaindlugaananedu wazgungiazgendnludeanauduia
A dll % a dl 1 [ dl 1 Z’/ a dld
NANAL lHaIAINNsazaN LAz szU g AN FauluannAunuaNsaiy Gepadn luduiuninis
TadusuuiudlnguunIngeiuuaranasntngmadaiu (nn - 2-6) LNAAINaINIANEININ
WNFWAZNIAINFBUANTRIBNNA (Soil aeration) b6 WAZANNNIIANIUEY Kohnke (1968) NaN9
F1AHFRUANNTTBID YN AR UIUN A NUANFANNAY Aunuiuaziaunguy Faaay 50 avll

ANNFRUANNIENAMNINAUNINTUBNAFAEUN (0.25 cal/g waz 0.75 cal/g ANA6L)
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50

40 +

30 +

Temperature €C)

X ~ \5\5
~X A<
20+ xS R
10 +
0 L L L L L L L L L L L L L L L I}
0:00 4:00 8:00 12:00 16:00 20:00 time

- —o0— X —o0—
Air Temp Upper-CSP  Upper-OSP  Lower-CSP  Lower-OSP

A 2-6 gruninuansneiuluduny aesnisluaguinuluLitia(open system percolations:

OSP) uarln (closed system percolations: CSP) TuNuNNITNEAT ( Pongpattanasiri, 2005)

asazanelumAuy
dl dl a |+ ] ]
nsllasuanIngInnazans (soluble element) TuAnannslddaainamisigmnge
Y o~ A v o = Y a w = L o
1 Anangadesiuszuunislvagusinuludufudon G9 Pongpattanasiri (2006) léfsaaauans)
v
FN97] AINN197411A Downward water ImeiA3ue9 Sasaki et al. (1998) lufuRusne 18938013
Tagniiuuuulle wazszuunisluaducirunuiiila wudnluinmanduduaeasis NH,-N
:J/ a 4 Z// ?:/ = L v a o A 1 = 1 o
waz PO,-P Tuduiusmuuueeis 2 uuy dulunlinlnainesiu Ae Tudaaisn aunagamas
189NN ARE LA NITNTUIBIE1 A TIARatIuAzana TuNTUAY witFN MA NN U895
NO,N  HiBuNtuge (Fuh 24 danizunaaeq) Tuszuunisiadudiuuuuile wazazanas
v !
InAALANAUTI89IIAITZUL (NN 2- 8) T9ABAARBNNLINANIINAABITEY Pongpattanasiri
(2006) Rgaiirluduiuudeanmslddelulanauasiludnafifainfasfadengnisal
Denitrification mﬂ@ﬂuﬁwﬂmmm (nitrate)  naneilusig luinsiaulugilfing us e
sruunsatueuiuueasiifinan 616 NOAN  ARMAENIN T9aziiaNaRsenIs
wanyAnTnaaetig
v Y [~3 dl 1a z’x 1 A . 2+
AINHNLINTUURIGIRLUAN (Fe) A ymmmﬂmm@mmumq A® Ferrous oxide (Fe™) 'l
a ZI/ ] =2 1 a = 1 =2 1 a
AutuFN9 2099z0uN3 IadNEukuLTnasllTNI A nng sz UL e EN i uuLiEle
o o r—‘i =2 1 a o 4 <3 QI d?
(qavie;, 2550) duitiasluszuunisuadudiuuuutlanldssmmdnazanadinunau (N 2-7)

1 v v
ANNTzeIzInaNdan luduazinAgN122 Reductive



Soil [rressied Pressure head distribution Eh distribution DO diswibution| EC distribution Fe
(em) (V) fmg/L) (M my P
20 30 40 o 300 OO 0 24 68 020 40 B0 80 100 %y, 5 T
L1 R B B LI ] ? [ | N L PP
A e YK -
& 1 B O 9 -
o *y v e} / - _ ~
£ |- T - 5 PeVoud J . )
An | &0 e o oa  ®a .4 e a
£ - O -
- 8 - .a 30-
A .‘@ (7Y Ch Ol -
a -
: ¢ o * .}
| \
a - o - so i
-n A0 P &
00 — o
A @ 4a -“o Ag a
|:=I.I.‘.I 76 -
bl P [ X=] LOa L
B0 | 20 o a0-4
0~ . O - Y -

O: 24" day of Model-A, A: 80" day of Model-A, @: 24™ day of Model-B, A:80" day of Model-B

NN 2-7 Y3 pressure head Eh DO EC ua2 Fe Iu?:uumﬂm%whmmulﬂm(Model-A)

wazuuuila(Model-B) luluiaa (Pongpattanasiri, 2006)

NH+-N NO=N POY-P K Ca
(g /L) (mg 1y (mgsL) g/ L) (mg/1)

w15 20 s 05 1.0 15 | o =" - 010 2 30 10 50
[ S N .l 1 1 L acd 3

p/w/,:n e LN {l@\\\
Md Sl
f Y

A

|
3}

O: 24™ day of Model-A, A: 80" day of Model-A, @: 24™ day of Model-B, A:80™ day of Model-B

nN2-8 15070 NH,-N, NO,-N, PO,-P, K uaz Ca Tuszuunisinadudiuuuinila(Model-A)

wazuuuila(Model-B) luluiaa (Pongpattanasiri, 2006)

a?wﬁ*uﬂ??mmmﬁﬂmmm%w (K) WAL WAALTEEN (Ca) TunuINInunaideuaziingnIn
994 quick action of fertilizer application Mnl¥iEN s R uszLLNTIATNNULLLIT AAEg
! = I~ o X ~ H
n39uuNs eI IBLLLTA WAEATLE LA TUNUIULENUE 6 INUNAITRINTDITNABI T
:l/ 1 = ZJ/ =S 1 a 1 =]
Huanas douilfunusinuaaiontiu luszuunisluatuduunuilaazgendiszuunisluady

duuuntle SeasduiusiuiBunnsnianuazen EC
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AAUNIE I UAY
AINNNIANEIT4 Koseki et al. (1999) wudran1aznismatuiiuluduRuse 1e

TudupuunfiinaseniaasaALinreqauved avldiiumetnemuluduiuse] anuuLdiaes

v v
o A a o

Aﬂl % tg = a ZJ/ a ?:/ 1 tﬂla 2
Naf191ul 3 4u Ae Audulonsu Audulslonsau wazauduans lnefnusuuuaziduszuunisg
=] 1 a a :l/ 1 i’/ [~ =] 1 a dil v
Tnatndnunuuile wazAutuarsduaziiuszuunisivadusdusuuils uazuananidldaanuuy
nnnaaaslivg 2 szun i Antmasasildlouazldldiladon (1w 2-9) wazainniaiiu
AL NAWNA NN N ALNUAZILIANUIRILLATIEE (bacteria counting) WLIF1RTUIUNAIINTE
viable bacteria TuALNLALAa8 19NN NLLLANae97 U LN T naTNE WU LT a luduAuAuLw
duazlndiassiusendnauuuanaasildile uazlilddy  wsiluduhusiuana wudiazianuau
a a o = 1 a ai 1+ 1 1 +H i’/ agl/ ZI/ a 1% 1
LA FRaguULANaessLUNg InaaNE kUL Elan ldlannnanadldils Aenludumusuang
PDIULLAABITzUILINT IadNEuiLUTe 19 2 wuy (Mdilouasladldile) azianuauiunaiFags
1 o =] 1 a :// 1 o = ¥ Y a v
NIUULA188932UUNNT AT ULUUTIA 919 2 LUy Wui aannanisAnsndesiungaiilsidn

sruunngadneuluduRuuniuinasaaungaune g

x 105/mL
5

30

25

(ONONONCY ONORONCY) D@® 0O
open system open system with- closed system closed system with-
with fertilizers out fertilizers with fertilizers out fertilizers

(@: plow layer, @:. plowsole, ® and @: subsail layer)

AW2-9 SnnnuuuAfFeianue luduRnss A1 (Koseki, 1999)

ﬂ')']l]a?’]ﬁﬁyﬂ@q?:ﬁUﬁqiﬁauLLﬂgﬂ’]??:Uqﬂmﬂqauﬁﬁ@qﬂqﬁ‘ﬂﬁrn_l@Né’m?qﬂ’]ﬁ‘iﬂ@%ﬂﬂiqu
¥ Y a A A4 da Y o =< ' RPN :
m@ﬂuqiumuﬁuﬂﬂ\?wumquN@ﬂqwuqﬁlﬂ LL@:??::‘UUﬂ"I?llﬁﬂsﬁllNf]usluLL‘U‘]_llﬂ"]\'i"'l NUNARNBANNT
- ~ - o a a 9 =< - =
Lﬂ@ﬂuLLﬂ@\mNmN @qm‘ﬂ.ﬂ“ll LL@&'ﬁ@ququﬂﬁ‘:ﬂf]ﬂﬁ‘ﬂﬂQ’ﬂ@uW?ﬁﬂumum')ﬂ sﬁﬂ@\j&l@lﬂ]ﬂﬂiﬂ\jﬂ\?

AN NAARa N TUNT LA THARART

2-10



a o i

a a £
JNUAARNLNEIURY

4918 wazan (2549) AN AmantANIARNANdNunnseiuasun lansauuas

q

o o/

Tadlaneau  luiunguaidanisinemsnnanedsdlsann dandnenlelu Wesnzud Usema
Aﬂl [ vaa | ‘if tﬂla o . ¥ ] % o a a =
iy AuantRAuduNunAUAznawiuaN (Alluvial plane) Indusin dneuzAuilumumitn
X Aa A o o a o = P o X o . .
(LIC) wazdaun3edngga 15.8 nw/nlaniu wardinisigndnawugiuiiied (Yueakari, Japonica)
gogaanistinanlaaldsnilgndng (Direct sowing) wianldilauaslanlfiilulagasnuuuazais
1 (N:PK;  8:12:8) piuinganaentg waznisiiunananineldinrasingadie dwmiunggnis
:l/ a dgj dla [ % % v = A QI Z]/ 1
wnzdgniuluginianunidaazanisadgndialiiiesggnes Ae Budgnacusingny
WOHNAN, N199TLNEUIe lateannanegg (Mid-summer drainage) FNANNINGIANUAL
« 4 ‘.
WALNERmaalan iUy
T - Y odd vy
Ausaeg1ain luuazUT s U NuNN INeATIadauAMAINYY 111 d1iiens
v 1 v v
watlsznu, i luwlasinaiednssauasudsuasuaasaglumn (Solid suspension: SS), H1ann
N12321N8tN IR AULAZHNANARBITELNEYN
ngnusaetnnlual Inansmnsanass Open Lysimeter (NN 2-10) aslulanu
Tnasau-ginniil bentonite MM3AEN13104 Sasaki et al. (2000) teilaariun1ssaNmI2891N
a 1 e | . :j/ a 2’/ dl A 6 1 dl
1swunaesglninl waznaes Open Lysimeter tiuldRnsiapsasiiauazginanisne ienma
AsaNTANIAR LAz an ANt luAuLaziieiufaetnain lwAuNITAUsne faanaanudo
o a a = o =X H a ¥
gisiag) (819 60 uRmsuay @ 2.5 WURWAT) T9aIN1I0AILANSRIINIsANUN TuRAUsaY
usasned1ede) Ineldinsesalutiu 5 Nadane/3 dalue Nszdu 5, 10, 20, 30 waz 45
a a a dl 1 tzll o U . dl e =
IUANAS AINHaAY 39U TdnsaannaInufia (Sasaki et al., 1998) \iangIaRMANTTANIGLAN

N1 l1mu



X Y= = (5em)
Plow layer [:: llnlg
o—— — (10cm)
Plowsole — (20em)
] Sampling fil
Ak for lgltlnsgoluﬂt;:l
(30cm)

Temperature
sensor

(4Sem)

NN 2-10 N13FAFNA8Y Open Lysimeter uazgunsndlulsimu

nMsAnEANTANAUNIAATWluLAATTURY (Pressure head profile) WLANHALTIAY

[« 1 e 1 r:id o 90! 2’/ a 1 dl 1 o
dlumuan (Positive pressure) lutaanfnisdasniaaasuunlovazlidlonsn deausaniuay

' ¥ ¥ 1 1
v A A o

INNATIUANNANNANTDIAL AT NIZAUAINEAN 5 LTUALNAT Aa 0-12 [HURLNAST NIzAUANNEN
10 WURLNAT A 10-23 WIURANAT NIZAUAINAN 20 IURLNATAD 15-26 LHUFANAT NILFLAIIN
=& a = a 1 o % ya dl dl
AN 28  LEURLNATAR 20-30  LEURALNAT WATTAUNN A ALIaIuRlangau (asdszann 30
LIURLNES) Busesuargand i lidlonsu (1easilszunns 47 wuRwmg) Useannd 17 eusiwens
| ' @ | aa ¥ . X o & va @
wsiaeinglsAnnlugaaniinislatineannansg (Mid-summer drainage) szAutinliRuiazanas
A v % §gva o @ ' g Y X .,
wnuazunldlonsuseautn lfaufazanassaniiandrunninislonsau wazsoamnilan
wrAuazlfusEAunaneiuAal (Negative pressure) hazAtusamwluundldlonsauiazdsy
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a a dl a a ﬁ’/ 1A a =X A o a dl %

HaawmAT 1aRe 170.35 HaANATAILARaUNg AANTuDAauiu AN AR AL TN MY
16.80 Hadawns warszaunn lundunsiwudnlwheunsngiAniszAuungagn pe 223
IUALNAT TIFDAARDIAULTNI NN ULAZ I ALLNA A AP LALA AU UL WN AR 148.62

IUALNAT LAAUSUINANNIZALILUNAGARS 104.88 LURLNAS
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3 2 %2 2 %8 838 388 2 & 8 %
T8 e g e 2 2 5 5 ¥ & ¢ 04 ———————————month
—e— P-Upland —=—P-Lowland —a— P-Flood —x— DP-Discharge Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
(n3NgAHENIMNETINTANE181,2008)
B.

A
e ¥ ava o 5 o ¥osa A mwa a
wanaue): syavthliauniduay () wunede szauin ey lARAuaun

seputh Aumduuan (+) wanels seavih Auigendtseauionulugaeggely

2N 2-18 32autn1AAU (A.) waziFunnuinelull 2551 d9udanwien (B.)

901 va a o nzll o =3 a d’l dld 1 dl 1 dl
@mmwuﬂmmuumm‘a‘miﬂﬁﬁmmumﬁmm 150 LSEURLNET ‘l{]ﬂWl&VlNﬁ’WLﬂ@ﬂ@\‘iﬂQ’m
aendlu 774.42 'y

SLALANNAN 200 LHUANAT Ineannz P-Lowland waz DP-Discharge HANLa

TAFTINUG /TUFLNAT LAY 503.96 THIATTINUAEILALNAT A0UNTLAUAINNAN 200 WEURLNAT &

ANaatily 704.06 TulABNuA/ATURINAT LAY 421.85 TulAsTiuuA/ATuRiNng Tudanay

= o @ 4 A A , X a S A o =
ﬂﬁ'ﬂ{]qﬂNﬂﬂﬂuﬂf]ﬂuLﬂusﬂ')QVINﬂqQQ@lﬂ Lu@qqqﬂiquQUﬁqu@ﬂﬂsﬁL@u@‘:ﬁ@qﬂiuuqﬂﬂ"]ﬁn@\(l

nlileaauazasurinldnAIN1 91 MANAg9TW a1 mesEALIANAN 150 URNAT HAINIT

1N IWANgenINsEALAINEN 200 AR LA
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1250

1000 1000
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250

uSicm
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pSicm
~
3
E .
s

250

7-Jul
21-Jul A
4-Aug 1
18-Aug
1-Sep 1
15-Sep
29-Sep
13-Oct
27-Oct
10-Nov
24-Nov 7
7-Jul
21-Jul 7
4-Aug 7
18-Aug
1-Sep
10-Nov
24-Nov 7

—e—P-Upland  —s=—P-Lowland  —a—P-Flood = —x—DP-Discharge

EC 200 cm

—e—P-UPland  —=—P-Lowland =~ —a—P-Flood = —x—DP-Discharge

EC 150 cm

AN 2-19 A8 AN TN A RUATLFALANNAN 150 LAY 200 EURLNAT
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1FunueandiauaranslutinazaiuasfusiuANANAINRAY (NN 2-20) AILFLIANN

kTl

AN 150 FUANAT HARALLENNUaaNTIRLAraNs TUINNINNINATLFALANNAN 200 cm Tngl P-
Flood luiunfniAaaaunign Aa 3.97 mg/L 989a981ABP-Lowland, P-Uplanduay DP-

Discharge T4NAN 3.74, 3.46UA% 2.62 mg/L AMNAAL d9uNTZALAINNAN 200 cm 1134 P-

Lowland HANNNTIgA Aa 3.87 mg/L $89a9NIABP-Flood, P-Uplanduias DP-Discharge 4

a

AN

3.86, 3.32 UAY 2.56 mg/L MNAAL UanaINUNLIN DP-Discharge AsZALAIMNNANTIG 2 JAN

[
1 a

v dl il/ dsj dl a o 1 [ a a o dl
UBLNGA mum@Lumu’]mnmmmmﬂmqLﬂummmwmmmmm@uj

Date Date

mg/L

O =N Wh O N
mg/L

O =~ N W s oo N

7-Jul
21-Jul
4-Aug
18-Aug 1
1-Sep
15-Sep
29-Sep
13-Oct
27-Oct
10-Nov
24-Nov
8-Dec
7-Jul
21-Jul A
4-Aug
18-Aug
1-Sep
15-Sep
29-Sep
13-Oct
27-Oct
10-Nov -
24-Nov
8-Dec

——P-Upland  —=—P-Lowland ~—a—P-Flood = —x—DP-Discharge —e—P-Upland —=—P-Lowland —a—P-Flood —x—DP-Discharge

DO 150 cm DO 200 cm

AW 2-20 Funnaandiauazans lUunnIsfuAINan 150 Lay 200 EURINAT

ANANMLTINNTAAN (NN 2-21)ATLALAIINAN 200 cm HAGAY pH NN AseL

v ¥ o1 v

ADNNAN 150 cm TBNTTAUAINANTIY 2 WLF1 P-Lowland HANLAEEEY pH HINTI4A $D98IHN
& . o o a o = a P
A8 DP-Discharge, P-Upland uaz P-Flood mnanau Inaszfuaauan 150 cm dAaaniiu
6.80, 6.55, 6.32 Uaz 6.27 luanziiAauan 200 cm - HAtedelu 6.98, 6.87, 6.65 uaz6.31
wudn e ginuiAesTdIReuNINIANTING AR LR AR 6.63 Tennd1Tendan g
W1 18R 5.66 T9A1 pH AINaReg lunininsguaunmtLIaaienIsinEes

10 10

9 9
8 8
7 7
X
6 6 ]
5 5
Date Date

4 . 4 i

= = o =2 [% o a B ° > > o 5 = = =] a <% =% ° ° 2 2 o

3223838968 2 28 32322 88 89 3 2 2 8

N - T 2 8 2 § o I SR © Q‘ 2 8 2 F @
—e—P-Upland —=—P-Lowland —a—P-Flood = —x—DP-Dischrage —e—P-Upland —=—P-Lowland —a—P-Flood —<— DP-Discharge
pH 200 cm

pH 150 cm

AN 2-21 ANAHLTUNIARANINTZALAINAN 150 LAY 200 LEURLNAT
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nnsmsaagauLBunadaveuiin A (AN9719 2-1 LATNIN 2-22) 22AUAINAN 150
LA 200 cm ANnFAL Buaes K luitud DP-Discharge ﬁmmﬂﬁ'zﬁm AR 4.696 mg/L
9898931 P-Upland, P-Lowland W&z P-Flood 1A13.898, 3.053 Waz2.449 mg/L FadAuandnin
WWAuUnR (2.0 mg/L) P-Lowland Hi3uneu Fe mnﬁzﬁmimﬂﬁmmﬁﬂ 6.569 mg/L 789a9N1AB
DP-Discharge, P-upland la¥ P-Flood fAade 4.270, 3.853 Uaz2.473 mg/L ANNANAL
dwdeafuiunn Cd 7 P-Lowland SiSunmunnniigalnafanieds 0.192 mg/l se9aenie
DP-Discharge, P-upland L&z P-Flood flﬂ"nﬁalﬂ 0.118, 0.179 uax0.143 mg/L U3u1au Pb P-
Upland HuSsnmunnniian Ae 0.830 sasadunia P-Lowland, P-Flood wazDP-Discharge e
0.804, 0.764 LAz 0.702 mg/L Fatanaiflimanzdn g P-Upland #n1sldijaiaiianuauuinag
yin s BNy andeluinBunamnn LL@xﬁﬁhﬂdﬁmmmgmmwﬁﬂﬁ 151104 Cu wWuan
P-Flood ﬁmmﬂﬁ'@m AB 0.268 mg/L 789a4N1AR P-Lowland, P-UplandiazDP-Discharge {An

0.244, 0.238 4A£0.227 mg/L Beag nmusininsgauannninsimm

MA15749 2-1 15N nlanzuiin lutin

Sampling point Value (mg/L)
Fe* Cu* K

P-Upland: water surface 3.286 0.133 2.263
150 cm 5.137 0.134 3.441

200 cm 3.137 0.341 5.989
P-Lowland: water surface 8.330 0.253 5.477
150 cm 5.738 0.229 2.005

200 cm 5.721 0.249 1.677

P-Flood: water surface 1.804 0.327 4.012
150 cm 2.551 0.330 1.947

200 cm 3.064 0.139 1.387
DP-Discharge: water surface 2.661 0.208 4.286
150 cm 4.022 0.110 5.156

200 cm 6.127 0.362 4.646

*mmﬁmm‘mmur@uu@ﬁw (The standard norms proposed by the Pollution Control Department of
Thailand)
N msgui s : Ccu (S1)

N IR UIR9A: Cu (S0.1) uay Fe (S0.5)
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NTAANINATIRADLAIANTANINILNINTIAU LTU NARBUAIINAINITD IUNIT 1A
RE AR (hydraulic conductivity), AN (soil hardness), AMNUIWILIIN (bulk density),

AINNWIUTIN (total porosity), soil three phase WAZAINTY (water content)

N1SANEIAMNANTANINIENINUDIA: ANNNITAAAINATIARDLNUNA AULFL T

23 d‘ I~ dall alla = %; o %; | | o [
niunzienzadununauuniirdauazinvianlugwggmnzgn TneaniandmAniesuntanIn
TB9AY (N33 2-2) HBUNANIINIU WLFIAR HAINTY 21.56 % AIINMLILUEIIN 1.17 glem’
PN 53.91% &9 soil three phase WUdHAIWTDY 28944 46.80% TBIUAT 21.43 % UAY

BNA 32.48 % LATANAMNLINURIAY (soil hardness) FAMNLIIANIUAINAIAUANNAN U

=S

FURUUATHAIGIgANIZALAINGAN 21- 35 cm aInHaAWENHAag U9 2500 — 3000 kg\em”

o

LEULREALAIANAUMLUNR AT 1.4 - 1.6 g/om’ Bageigaduriu andayadnesiu wudn

a A o o o !

ANANLIITBIAUN AMNAN AU TUAT A NI LRz lFan TuseAuAINNEan 86 — 100 cm

' '
o =

ANINMWUUUNAIANGAT 1-1.2 glom’ aduaTiANANLdvTesRuiAtanasetTuga9 0 - 500

q

v
| a o

kg/cm® viatianaliiaannannludun 86 — 100 cm luduRunddunsaagfaaamnliianiu
MuLLanAd luaueseAlANan 16 - 20 cm/s AANAMNNguIINAgadNa AN liady
| o | \ 5 5 , o = A ! =

udnasagTugag 10° - 10° cm/s dauluseAuAINANEW AN L9IANNTULATNNT AT
faae/lutdag 30 -40 % uaz 10° - 10" cm/s Aua1AL wazluszAuALINAN 86 -100 cm HA

AYTNNIUIINGIGA T 40 -50 % Vin AN s lnaduduiAEagn A 107 - 10° cm/s

AT 22 AnaNTEMNAuNEn wansAuliiNgi P-Flood

Depth Wc pd Pt Soil three phase Total

(em) (%) (glem’) (g/cm’)  Solid (%) Liquid (%)  Air (%)  Porosity (%)

0-5 21.56 1.17 1.36 46.80 21.43 32.48 53.91
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kg.cm3 %

0 500 1000 1500 2000 2500 3000 3500 0 10 20 30 40 50
N\ Y surface
'1:' flood
gz mmmmmm e mte
T Plow layer
0-15 a x
B Highest porosity Y4
[ N N,
& 1 Plow sole a
[ 16-20 X -
| Smallest L
: permeability RS
| T 21-35 g’ x
I Upper :
subsoil i
_ . claylayer 36-55 o X
o 9
> .
B 8 e \
» £ Lower 5
% subsoil 56-80 _,ﬂ X
g clay & sand layer
gley layer 86-100 o x
(illuvial layer)

1 12 14 16 18 2 - 102 3 404 105 106
Foundation of paddy field 107 102 103 10* 105 10

on a high ground water level g.cm3 Avg. Ksy, (cm/s)
e —O—  S0il hardness --0-- Hydraulic conductivity
=&~ Bulk density (pd) —s< Total porosity

NN 2-22 ADUANTANINNIENINTBIAY

o o o

N1IANENAMUANTRN NN BN INLBIAUN LI AURANNIUNH A NANT LS TUAINg T1A

v
= o

BN UADIUNTINTIATAI NN LI LUUT N AR AN INNNNNEAINABINUN AUUIITUN FURUSAUNNT

v v
a a o o

atuayuuaznsunInszatsaansgnIslutenszuntnioauiuin ey FugmunintnFmu
WU3AN EC uaz DO wlasuulaimussduaauaniiiuau uaz EC, DO way pH Henaglu
inauiNmsg AN liRuNensinERs YN0l K, Fe , Cd waz Pb HAMNANNGIHIRT§I
At ERY dau Cu HAnegluinaininsgiugnininiiilsiau aannisnsizsigaininsn s
a0 A o - o g, A & PR - v
AuluiunnsneRILTRUNIUnsenTInan st duileuasgun liaun1anianssusy
NN9INEATNBIAAINANIENLILETANIAAMININUNEIAY ATHLKBAZIzULNT9 I uNNg
wnnszanNatsgNunguIIn3 uneLen

Anaind uazAny (2552) Anmnisulasundasgunintininauluniunzien (guiius
T29) nfunzieniaugeainszautiimnzalaaiafe 386.40 Lwes Jiideh 1,28315 (20.53 m1379
a I~ | 901 a 1 = a 901 dl £% 1 =
Alawns (Huuaaisssnaifeglananaides inaintifluaniaindioesineis a1e Hifunn

Wedntlar 29.40 Augnunarfiuns niunziefuunasinndansau s nunnisineasuay

a9 N1l ﬁmmmwa’mmﬁmmﬁﬂf’ﬁmqmimwmiLL@:ﬁf]@fmﬁ@ﬂﬁum"mj Tnaaeniu

pg ¥

AaAnL it
1

dld 1 ] |%/ a :j/ 9°, ! |90/ dl o =
‘WtLEI’W]QJ‘]Jﬁ‘%@J ’]ﬂQU@NﬂW?ﬂ@ﬂHQLLNuWﬂ\‘] mnuuuwﬂmm@ummhw ALNBLTENUB

2-25



JwdaFuen il lutuiisinaaiiannaiandi %@'ﬂmaﬁi@@mmwﬁﬂuﬂﬁ”mwumLmz
wginaufisIia N unziendndan Uszneufunisgaaenniiunzeninldiianissunay
?:uuﬁmﬂn%uw:mmuﬁqﬁﬂﬁﬁmﬂ’mﬂ?ﬁuuﬂmmmmmwﬁﬁ ROEIVB)HARINADAUAITL
ANAAT TUNN9R mmumm@mu@mqwﬁqﬂqﬁuﬂ%mmﬁqmzm Lﬁmﬂmmfsm\wjmﬁ”ﬂmmuaa
malaringn samafufhetiainieuas 1 A% AusiAeuNnIAN 2552 SaAauaanAN 2552
ImeA8494 (grab samples) Aae119m Polyethylene ﬁ*ﬂmﬁﬁ@‘mmﬁ 4 3ATaldud AT

DO, EC pH, BOD waz SS lagil qauiusfiatng 4 qa (1w 2-23) leun

D

1
a a

dl IS dl ' ' d’l dl 24
AN 1 UILIUNUNITLTANADTEUINNUNNITINBATLAZNITUNZLLNAN 1 (Ph1)

D

e i A o
AN 2 LFIUNNNTTANADIEUI WA UNNTNHATUASNTIUNELENAAT 2 (Ph2)
d s da o o
A9 3 LTIUNANITYARBNNITUNLIEI9AT 1 (Ph3)

qa7 4 LBUNRNNIYAABNNIIUNELNAAT 2 (Ph4)

q q

" (Ph4)
_‘:iPh3)

(Ph2)

NN 2-23 NITUNZLELAZYALALFBENS

=2 a %’ ] A ' a a
A nsAnELFaleandiauazats Lt TugmAeuunN I ANNLANLEIAL Ph1 uazLiFion
Ph2 fenlndiAenriu A 6.2 uaz 6.5 HaANFNaAAT 151904 Ph3  wazti3iond Pha HeAntasndn
A ] 1 a a [ a dl v [ a dl go’ 2]
e oglu199 4.2 uaz 4.3 Nadniuseans TaenndesiuFunueendiaunazats lutinlundu
weien meumE e 1 2552TnaAudiduuarimundszasinannsian aniulEuineaniay

! v

@:mﬂiufmmmmluﬂiqmumﬁuﬁfﬁqLuwﬂﬂuéaLﬂumqqq@@@uiuﬁqaLﬁﬂuLuwﬂﬂuu?Lqm Ph3
uazLRans Ph4 flengn Ae 2.9 uax 2.7 ﬁaaﬂ'?miﬂamﬁaﬁﬁiﬂé’l‘f]ﬂd’]mmﬁm@mmwﬁﬂu
unsatiAaAY (4 DaAnsuseang) LL@fzmﬂ?mmfa@ﬂ%L@u@zmﬂuﬁwuﬁu%ﬂuﬁwq@clu ne
UunmeendiauarangluiiazBugeiususiiieuioueuiaieunatny veilnudnluien

NINGIAN L3004 Ph3 uazLdions Ph4 Hilfunueeniiauaraielutinanasaglugos 3.9 uay 3.5
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= e N = s = = ) , a a o o a
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NN 2-24 TN ueanTauasane b
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NNINANTREUNNNTUSHANANGA Aa 5 uazaziipngeludasneumEauduneungEnIAn Ty
A a =2 A [ o v a o A 1 1 | A 1
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annsAneAnn It lugguisiazggelunudn Avpnuungasig (pH) TudasgaFeu
Andnlutaengeluusacinelsfinuannintinluis 2 godeeglunuaiuinggau Aanasialain
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AINIAINIATFIUBLNIN PFunnieendiauazaieluin (DO) TudaegguasaziiAtAeudnemn
Tnaianizudiani Ph3  uay Phd HAIAINGINIA9FU wazaziaaulugaengeluasdAninng,

a =

INEUTINIATFU Bannuseseendiauiqau o Faenslunnsdendurtaanshuin (BOD) wudhil
ATNANNANANNIATTIURABATTEIIAINTA1993 TALLANZLFTINNL Ph3 waz Phd HAngedd 13.10
WAy 13.82 Naaniuseans wiA1 BOD @mmﬂwﬁqqq@ﬂu%@ﬁmmﬁmmmnﬂ?mmﬁﬂsluﬁl
dnszau lunS s fiianisidearsdsandsn A1 BOD Asanas ¥ A1 BOD lu
131904 Ph1 waz Ph2 dAilu 4.74 uaz 4.85 Jadniuseans dauiision Ph3 uay Pha dailu
9.09 ua% 9.35 Haaniuredns Punnaeudaouans luin (SS) Wudn luTnQUAILTIINL Ph1
waz Ph2 fafipnaglunmuaiunmnsgiuustdions Ph3  uaz Ph4 HAMNINNT NI iNIRATEIY ail
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ED s fiusinatinainAszsAu 150 cm.

AW 3-4 e lunnsfusaasininlumu

naiuseeslunpauNeANE AMANTAN NN TWTDIAL ADNITWEIRIABLAZTN
I6A 9N 6 7 (NN 3-5) Al
X 4 o
1. NUANINIFNEAT (1INTIL)
NUNNINFNHATABULIL (WITRaUIATE)

ANUALU LN BN

PN

a o a e , v
NunNInsneRsLUUauna (Tugetlasmgs)

¥ 1 i
a

m:wmfa‘mL%@mﬁifaiwdwﬁuﬁﬂW?Lm:rmu@:ﬂﬁimw:Lm A% 1 (AZNIU

R T

ATWIURATANFADIENINNUNNITNHATUAZNIIUNELEN 407 2 (AT 1)

AN 3-5 AALALAIDENNTBINITANEINIAAWNN



2.2 ms'a'anLu_n.lLLmﬂizﬁujiuLﬂa‘ﬁ'uﬁummﬁ'auq?‘q

¥ v
o

1) a1nnnsdsanulunufun (conventional paddy field): UFIRONUNTHUNNI UNELEN

v
%

(4291, 2008 : 25-29) #9annnInmageLtuALL TnautmudRuanunsoutedunuld 3 4u wodn
Fududl 130 20 [wURMAT U 2 80 35 URWAT LaztUT 3 An 45 ITURRT AnEaAY daud
szdupNEN 60 uRwms adlidluduRuiuns uazdunss Seulgmantdan aedn
Burisadsn (OM: Organics Matters) Winfiu 4-5 1lafifus wasElr AUt I RUANANAYAY 35-40
VIURLNAT (42978 WATATLE, 2008 : 12-14) Foiluntmmaaesnssiitsaielung esiaeaumn
Tuannmiiauasa (stratified paddy field models : ill-drained paddy field) ol large-column
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=

Ao

a ZJ/ QII = a a o [ 4 ya Aﬂltal o v 90/
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(saturated soil) UssaRUANILNAL 5 HURNAT uazArLANANIIIULLTaNTURALIWTNAA

a o oA = a a = a
AUFUN 2 HAuuwn 15 mukins ussaauaslinay 5 wuswng

AuduR 3 AANLT 10 lummNeAs Ussqauathinas 5 lwumwues

NINLFUN 1 HANUUN 20 LIURNAT Ussananaasliliiay 5 wuhmeas Wumaaiuiunng
UI995U

N9EFUN 2 HANINIUY 20 LIURLNAT UTIanneadliias 5 uRwAg duRaeiuiunig
U999AU
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30 . 50 mm Q Pondine
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Upper Sand
200 mm subsoil Pd 1% glem?
X
3 SA-II
Lower Sand
200 mm subsoil od 14 glem?
448 e

NN 3-6 gﬂmeJm Stratified Paddy Field Model
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n soil -1l Y soil -1l Y soil - 11
m_ soil- Il soil -1l soil -1 |/
n Sand layer | Sand layer | v Sand layer | '
v Sand layer Il Sand layer Il Sand layer Il
ML gravel gravel gravel
control ground-pipe mid drainage
L ponding ponding ponding
1 soil -1 soil -1 soil -1
n soil - 11 Y soil -1 Y soil -1
m soil - 11l soil -1l ] soil -1l
n Sand layer | Sand layer | Sand layer | g
v Sand layer Il Sand layer Il Sand layer I
Y gravel gravel Zravel
high percolation minimum-till open system percolation
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round veater level control
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b

R399 1 LAY 2
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e 1 1.47 glem’ 45 cm ANNRAL
nsetud 2 1.47 glem’ 65 cm ANHIAU
Fuiing - 85 cm ANNIAL
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3. LATRINDLASNITATIARAL

1) NMTATIRAALANULATLAZNNLNINURIFL (soil physical and chemical properties)

o

. AAnsEaand (oxidation-reduction potential: Eh)

Do ¢ o

TunnsmsagaumAngsnand aznilaan1sRnsd Eh electrode MNAulNLAA

v v 1
o a o A

TUFaL s AUURITUALAIL A FeAUAWTUN 1 Tusrey 5 LAy 10 WURLNAT AINHIAL, TLAUAUTUN

b

Tuseely 20 Uay 30 IEURLIAT AINREIAY, FLAURALTUR 3 Tussey 40 LAY 45 WURINAT AINRAY, T8AU
N91eduN 1 Tuszely 45 LAY 55 IURLNAT ATRIAY LAZILAUNTLTUN 2 Tsvey 70 LAy 75 [URINAT

ANR2AL wazld Eh meter 1un19m9adn iNanIagaLanInzaandmty — 3609 Tutumulusesiy

o

fin97] Baazvinnaivdeyanndu

u q

s
o a o

s ANANAAINAL LA (water pressure head)

TunnsmsaagaudrAnaauiulusu sinldlaantsfinssgiUneninzand

Barometer WNAUTea (Nw 3-9) TastidinaidiudanefRnsadniuluma ezl filter wuLLRenf

(% v
o a A o o

U filter A UL WAL Faszdumivinnnafina filter dnALTeA 5 6 szdussil Ae i
AL, sefURuTUR 1 luszes 10 [IRIRS AINHIALY, seFLRL R 2 Tuste 25 [TRIRg AMNHIAY,
seFURUTUR 3 Tustes 40 WURAS ANNHIAL, sefmINetuT 1 Tuszey 50 URAMAT AR Uaz
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ANNAINHNA L LA AT WA
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™~ “1
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ponding
soil -1
soil -1l é
soil- 1l t 2
=y
Sand layer | i
Sand layer I
W

NN 3-9 NNTAAGN Barometer MNALTNAA
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NN 3-9 NNTAAFN Barometer MNALTNAA

« AnAMNAINN90 N5 N TN (hydraulic conductivity)

= ]

NN7AAEALAINAINITD TN TN NN Taeinnsld Soil core manaslil

a

TULFRUNLARN 91N AY TUsLFU 0-5 LEWAWAT AINRAAY WaTAaN AL mini disc hydraulic 11

o

ANNAUBNFINAFNTANAULITULAN Fandnlunisnmadal Ae azdnannatiunlu mini disc

1 1
¥ a
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g.In — + S
Kh = D D
29 L hc

v
* ARTIAVULRIANNARINITUN (water requirement rate)
o [ k% 90’ d’j dl o 901 dl 9 =]
NI1TIABRTIAINNFABDINTTUN m@qwuwmuuw'aﬂqﬂﬂmq AzUANDY

ANANNI9D luNNTINaTNRIW (percolation rate) Bavnavgiianuls Tn1eIRLENIeNNY

4 o <

anadannni1stinun il Fuagsiudng Tne g NN ANz g Ly way A9 dnn vl uaas
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« ANANLINTD9A L (Soil hardness)
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% 2 o o %/ b4 o o o 13 dl A dl = 1 .
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El u q
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« AN3EN RN (electric conductivity)
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« FUaNIaTaELUAN
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M 1 1.40 x 10
M 2 4.03x10™
S iz M 3 1.38x 10"
VTNITUANINDN V4 230 % 10_03
M5 1.07 x 10
M 6 7.42x 10
M 1 1.43x 10"
M 2 5.91x 10
n&alunioon M 3 1.34x10%
2 Flad M 4 2.01x 10™
M5 1.15%x 10"
M 6 4.61x10%
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M 2 6.41x 10"
wauRURY M 3 8.62x 10"
2 e M 4 1.85x 10
M5 2.52x10™
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Y Y ' 1
8n31n2UA0IN5111 (water requirements rate) Aauaaaluai13 e 4-3 vesiunduinieilgn
9 = = ] . g/ I dy a 9
917 vendaanuansnlums lvaduru (percolation rate) veuhmsgitioaula uagkavens
[ 1 9 A o 9 3/ A a A 9
asaeunuNlurAuggmslgn Tuea 6 UonT1ANNABINISIININGA Ao 10.187 Tadwas/iu
=Y 9 oy 9 A a A [ [] 9 =
wazTuaa 1 19a31ANABINITIIBEGA 1D 4.316 UAAINA/TY $IU1IUANNDGIgA 1uAa 6 1
Y Y
8031A1NABINITIININGA AD 26.806 Haamas/iu uaz luaa 4 Toasianudesnsiiiosga Ao
v Y
8.562 fladawas/Mu $1t15ueenasn Tuaa 5 idasiAnudesnsiunnga fie 15.700 laawas/
o = 9 g‘ 9 A a A o ] o 9
U az Tuaa 1 U9AT1ANUABINITINUDEEA AD 9.656 NaAAT/IU AL NKMAIU1INADN THIA
v Y
3 fisasianudsamsihmnga fle 17.345 Nadwas/iu uaz Tuaa 1 1oasinnudesmstiniosga
A a A Y] d! 1 9 1 9 = 9 3’ 1 1 d’
A9 5.885 UadmuA /I FIHNIIUANNDFIZALALFII1I09NABDNNNT 1H1IUINN BB U YBINT

RERITE

Y
Y 1 9 o .
M1919 4-3 UFEAIDNITITIUVDIANNADINITU (wWater requirement rate: mm/day)

Tunaazgsvesmsilgning

%333

Auggmsilgnang IIIWANNOFIYA Fnisuoenaen #asIvenAN
Taaa

M1 4.316 10.997 9.656 5.885
M2 777 9.741 12.202 8.259
M 3 4.398 9.051 15.131 17.345
M 4 6.448 8.562 14.982 11.506
M5 5.100 10.850 15.700 8.118
M6 10.187 26.806 15.270 8.491

1 1< a [ g} [ 1 1 1

MIANYIAIANULIDIAUHAINT Tviheen (11319 4-4) 10 Tumaludui 1 nudisnny

[ a ] ] < a 9 o 3’ [ 1 A A

nvavesdulunnTuaa iaunsadannuuisvesdula vannlunih 2 Ju nuddululuaeadian
< a A dg‘ A ' ' a [ J a

ANUUAIVDIANNTY Tasiia1ed 1119 8.11-219.92 Alansw/gnuiansuamas gagaluluea 5

[ A

sosaaiiuluaa 3 Twea 4 Twaa 2 Tuaa 6 az Tuea 1 0A156.99 44.04 17.08 12.58 Lo

a @ J a o w [ 2’ [ 1A A 1 < '

8.11 Alanfw/gninaniruamas awday vaeonluii 4 Ju wuhauluTuealisinnuudaeg
] a @ J a o

T3 56.99-493.56 Alaniwgnuansumueas gagaluluaa 5 sesaswiluluea 3 Tuwaa 4

Tuea 1 Twaa 6 uaz Tuea 2 1A1426.30 174.60 96.35 87.57 uaz 56.99 nlaniu/gnunas



ipuRas iy ndnluihe wudaululuaaiidanuudsedlusis 219.92-906.05
Alanfugnuiadudues gagaluluea 3 sesawniluluaa 5 Twaa 4 Tuea 2 Twaa 1uag
Tuiaa 6 1A1837.38 318.45 295.98 237.08 ag 219.92 A lan5u/gnunanisuduas aud ey

wdanlnire wuhanluTuaaiisnnuuieeglugae 237.08-1,257.61  Alanfu/gnuins
iudes gegaluluaa 3 sesaanuduluma 5 Tuaa 2 Tuaa 4 Tuea 1 uaz Tuiea 6 A1 957.34
572.23 368.46 31845 uay237.08 nlaniu/gnuiaiisuAmns mud ey &l 16 S
wud AuluTumaiimanuudseqlusae 382.44-1,37026  Alansu/gnuianuamas gegalu
Tuaa 3 soaawuiiuTuea 5 Tuea 2 Tuiaa 4 Tuea 1 uag Tuiaa 6 3if1 1064.50 774.71 458.64

396.31 LAz 382.44 n lanSu/gmNARisuRILAs AWAINY

1 < a '
A1519 4-4 LAAIMANNLYUBIAY (kg/cm’) vouaay Tuaa

svazm v wadlni waalni waalni il il
Tusirdunsn

Tuna 2 4 u 6 8 16 1
M1 0.00 8.11 96.35 237.08 318.45 396.31
M2 0.00 17.08 56.99 295.98 572.23 774.71
M3 0.00 56.99 426.30 906.05 1257.61 1370.26
M4 0.00 44.04 174.60 318.45 368.46 458.64
M5 0.00 219.92 493.56 837.38 957.34 1064.50
M6 0.00 12.58 87.57 219.92 237.08 382.44
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m3nsrniaguygiaululuaa (319 4-5 wuhludeudsiay guugimasluluaaey
Tu91426.80-27.34  osruraifoa uazqangigegaluluaa 1 lufeufussuguvgimasly
Tuaaogludae 25.65-26.53 esrnisaiiod gungiqegaluluaa 1 ifeuqanu gungimasly
Tunaoglugae 25.35-25.95 esrusaided qegaluluaa 1 deoungadnmen gamgimdeluluaa
odlug1422.30-23.46  paruwaiFed uazgangigegaluluma 1 Reusunaw eungimdely
Tunaedlugae 10.60-21.61 esrisaiied aungiqeaalulume 1 tazidounnsiay gagiimde
TuTuaaoglugia 19.04-20.24 esrusaiae gungigegaluluea 1 dmsuguvgiomaniely

Tsa5ou nunguugimasaasariggmalgndniszanm 16 -32 esruvaifoa

v [ 9 v
M9 4-5 naasgagiimasluTsusou waz Tumai 1, 4, 5 uaz 6 Tuguaui 1-3 (°c)

Tugrudou FIMAN-UNIIAN

<
o aamnnaw Nueney AanY gAY ATRRLHY UNIIAN
Taaa
M1 27.34 26.53 25.95 23.36 21.61 20.24
M4 26.80 26.01 25.35 22.39 19.60 19.04
M5 27.22 26.42 25.50 22.46 19.81 19.30
M6 26.96 25.65 25.38 22.30 19.71 19.16
T5350u 30.50 30.00 29.50 26.00 24.00 24.50
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nnramsAnEuaeendnuazaeii (DO: mg/HAWTAINITI 4-5 TUFINOU-1AINT
laile vouiAY wuheneumsldileTuaa 2 fSmnageiiqe fie 832 mgi sesaun’dud
Tuaa 6 4 3 5 waz 1 1A18.25 8.20 8.17 8.15 1az7.89 mg/l muaay saeldifewuinTuaa 3 §
Unaigafiqe fio 8.42 mg/ soaaau1dun Tuaa 2 5 1 4 1Az fif1 8.20 7.69 8.42 7.88 11ax7.59
mg/l Iy Frendaldile 1 Su nudluea 6 Ysinugaiiga fie 8.67 mg/l sesaun’dun Tuaa
12 4 5 uag3 1A18.55 8.52 8.33 8.26 tay 7.79 mg/l awuday wasldadls 3 Tu wudluea 3 1
USmmgaiiea e 8.66 mg/ s09aen1un Tuiaa 6 5 2 1 11az 4 §iA1 8.50 8.42 8.37 8.33 1128.00
mg/l gy vidaldie 5 5u wuiTumea 6 HUSuagediqa fe 12.01 mg/ sesaaun 1dun Tuma 1
325 uaz4 1A19.98 9.85 9.74 9.44 1az9.21 mg/l awaay nasldile 6 Ju wunluea 1 0
USmmgaiiea Ao 8.11 mg/ s09aau1&un Tuina 2.3 4 6 uag 5 fif 7.92 7.88 7.86 7.68 Az 7.51
mg/l amddy naslddls 10 Su wud luea 2 TSinaqeiiga fie 8.94 mg/isesaan1dun Tuaa 4
513 uaz6 UA18.77 8.56 7.79 7.72ua26.40 mg/l awaiy nadldile 17 Ju wunluea 5 1
USinaigqaiiga e 11.86 mg/ seaawn1&ud Tuma 6 3 12 waz 4 fish 10.56 10.51 9.98 92610z
8.94 mg/l MuAAD tazFndalails 28 Tu wud Tuea 4 TSinuqeiiga fe 7.96 mg/l sda
18u Tuaa 1 uaz2 Fafidunisu 7.92

VINHAMSANHIADY ALAAIA151 4-6 Tugeneu-riainsldife vouhmAY wudwarey

A1 v A

msldfleTuea 1 Hargeiiga Ao 7.91 sesasunlaun Tuaa 6 s 7.39 Tumad uaz2 laumnune

N

7.26 Tuaa 3 Tif1 7.17 uaz Tuaa 5 Ta1 7.00 sy $aldflenuiluaa 6 argaiiga Ao 7.6
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[

sosaaulaun Twea 2 4 5 1 uazd a1 7.39 7.31 7.25 7.22 uaz 7.10 awday viasldile 1 3

=

v
1 = 1

wuTuea 6 Hargeiiqa fie 7.66 sosau ldun Tuaa 2 4 3 1iA1 7.32 7.23 7.21 uaz Tumaniiai
pIIIRULazA g Ao Tuaa 1uazs Taslia 7.14 sevasldile 3 Su wunluea 6 lagafiga
o 7.91 sosasm’laun Tuaa 4 5 2 §if17.56 7.51 7.50 uaz lueaniimfieynmiutazdinga Ao

Tuma 11ag3 Taslinn 7.30 $nasldile 5 Tu wuluea 6 laigeige Ao 8.83 so9auldun

U Q
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Tuaa 52 4 1 1az3 UA1 7.67 7.66 7.59 7.49 1az7.66 audiay ¥vaaldile 6 Ju wuiluea 6 1
mgaiiqa e 8.54 sosaun1dun Tuaa 4 12 5 uaz 3 TiA1 7.66 7.56 7.51 7.43 1a27.22 MUY
Frandalails 10 Su nuTuaa 4 Seqeiiga fie 9.04 sesaun1dud Tuaa 6 15 3 waz2 fis 8.41
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a6 A 7.75 7.70 107,61 mua1a
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fimeglurae 381 — 1,490 lulasdwudrsudmas Taslmgagaluluaa 6 sosaamuiluluaa 3
Tuaa 1 Twaa 5 Twiaa 2 wag Tuea 4 IA1529 465 447 388 uag 381 lulasBmudisuduns
awaddy naaldijonds 1 Ju wui eeglugae 506 - 1,780 lulasHwudrvudmas Tasiisgega
Tulwea 6 509aeuuiduluaa 1 Tuea 5 Tuea 3 Twaa 2 uaz Tuea 4 181647 640 574 523
uaz 506 luTasFmudisuduag amuaiau vasldilonda 3 fu wud Inegluge 431- 1,410 Tu
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390 384 uaz 364 lulnsBuuaisuans muday uazvasldils 28 Ju wud Ineglusie 553 -
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Y
M523 4-8 uarastlSuna lumsa lu'lasii wazuenTudle Tugrneu-ndamsldie veuhrdnu

szezIa Tuiaa Twasa (mg/)  Nulase (mgn) wenTauiie(mg/l)
M 1 0.27 0.081 3.15
M2 0.18 0.063 19.62
L M3 0.18 0.027 11.07
nouldiy
M 4 0.18 0.018 13.92
M5 0.27 0.324 4.68
M 6 0.36 0.036 14.4
M 1 0.36 0.036 13.77
M 2 0.27 0.072 10.62
. . M 3 0.27 0.054 11.25
vaaldile 3 Ju
M 4 0.27 0.063 8.28
M5 0.27 0.045 19.89
M 6 0.54 0.153 11.97
M 1 0.36 2.313 7.74
M 2 0.27 1.820 3.96
o M3 0.27 1,040 6.12
vasldife 5 u
M 4 0.27 9.972 4.32
M5 0.27 1.512 2.70
M 6 0.63 2.088 3.96

Y H
o Aa A 1 =

panmsanysua lumsalugisneumsldijeveuihmaunuiiluaa 4-8 JuSinmgeiiga

q

A9 0.36 mg/l 50983 1AL Tauaa 1 waz Tuea 5 TAuNAY Ao 0.27 mg/l uazlauaa 2 3 waz4 fim
mfufe 0.18 mg/l Usuna lulasinuiTwea 5 ﬁﬂ?mmqqﬁqﬂ 79 0.324 mg/ 30909 ldun
Tuaa 1 2 6 3 uaz4 Ja10.081 0.063 0.036 0.027 1az0.018 mg/l MuaAU wazlsumuen Tute
wunTwaa 2 HU5ua 19.62 mg/l se9asun 1dun Tuaa 6 4 35 1 waz1 1A 14.4 13.92 11.07 4.68

1823.15 mg/l MUAIAY

=

Y
namsaneTunalulasilugrmdslddo 3 Su veuhmdauwuiluea 6 Td5mageige

L)

A0 0.54 mg/ sesaan’laun Tuaa1 Ta10.36 wazlumai 2 3 4 waz5 Nawmdude 0.27 mg/l
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= =)

awdray Usualulasinuii Tuea 6 fiUSumgeiiga e 0.153 mg/l sosaanldunTuna 243 5
1az 6 41 0.072 0.063 0.054 0.045 11820.036 mg/l Mu&1a U azdSuawen Tutewu luea 5 U
Usnaigafiqafe19.89 mg/l sesaau1dun Tuaa 1 6 3 2 wagd fis 13.77 11.97 11.25 10.62 uag
8.28 mg/l MUY

=

mamsanelsua luasnlugsuaslade 5 u vouhAumuNTuna 6 TSinagaiiga
A0 0.63 mg/l 5990911 1AuA Tauaa 2 Hf1 0.36 mg/l wazTuwaa 2 3 4 waz 5 UAundude 0.27 mg/l
Uinarlu lasinui Tuaa 4 SuSinaqeiiaa fe 9.972 mg/ sesaanl@unTuaa 16 2 5 uaz3 fim
2.313 2.088 1.820 1.512 uaz1.040 mg/l mua1ay uazilsmnameyTutenunluaa 1 HU3uaga
figa fio 7.74 mg/l seaaam1Aun Tuaa 34 2 6 uas5 fim 6.12 4.32 TasTuma 2 waz6 Hewiiy

A9 3.96 11a22.70 mg/l MUEAL

2) m3fnEIgauMWInIuaY
msanegunihluay Tuluweadha Tudou nsngiaw 2551 e unsiawn 2552 lama
= [ dy
MIANYI A9l
= a a A g’ :j a A [
nnmsanySnaesndnuiazaglni (DO) veuih luay ReUNINYIAN AAAINITI
4-9 TasulsFuawiu 3 ¥u vazdunite 2 $u wohluaudui 1 Tuea 5 A1 DO gefiga fe 7.72
mg/l 5890911 aun Tuea 3 2 6 4 uagt UA17.19 6.88 6.34 5.73 1az4.89 mg/l AUFUN 2 Wy
Taaa 1 §iA1 DO gaiga fio 7.56 mg/l s09au laun Tuiaa 6 4 2 5 uag 6 if1 7.55 6.96 6.81 6.70
1az7.55 mg/l MwaRy Ausun 3 wu Twea 4 31 DO gahge Av 7.50 mg/ s09a3n lAun
Tuea 6 5 1 3 waz 2 U1 7.41 7.25 6.91 6.59 118a26.27 mg/l Mmua1ay Ysumeengaunazarelu
111 (DO) voIns1wFU 1 WuNTwaa 6 A1 DO geiiga Av 7.22 mg/l so9aewdun Tuaa 4 3 5 1
ez 2 1A17.55 6.96 6.81 6.70 UAL7.55 mg/l MUAAY LAZNIIeFYU 2 WU Tuaa 3 A1 DO g9
Wige Ain 7.80 mg/l sesawldun Tuea 1 4 5 2 waze 1A16.85 6.01 5.82 5.14 wag 4.36 mg/l
AWAINY
= a a d' g} oy a A a [
namsfnylFnaesndaunazaisluii (DO) veriluan MeUFIHIAY AAAAINITI
4-10 TaoussFuamilu 3 Fu uagdunite 2 ¥u wuilududui 1 Tuea 5 a1 DO geiiga fiv 6.99
mg/l 5990911 aun Tuma 1 3 4 2 uae Uf16.32 5.56 5.34 5.13 1az4.07 mg/l AUFUN 2 WuN

Taiaa 6 Tif1 DO gaiiqa Ao 7.66 mg/l 5098 laun Tuaa 1 2 5 4 naz3 A1 2.63 7.20 7.11 6.39

Y ] ]
uaz 5.80 mg/l MWAIAY AuFUN 3 W Twaa 3 Uf1 DO gaNiga Av 7.60 mg/l s09aIN1 AU
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Tyaa 15 2 4 uay 6 A1 6.78 6.66 6.25 6.04 1z 4.19 mg/l awddy USinaeendnuiiazately
i (DO) voans ey 1 wuhluaa 1 S81 DO qqﬁq@ A9 6.24 mg/l 50383 1dun Tuaa 3 6 4 2
a5 T 5.96 5.88 5.40 537 11aZ3.56 mg/l MUAFL tazNTIEFY 2 W Tiaa 3 T DO qa
figano 7.25 mg/l sesaan1dud Twaa 5 6 2 1 uazd 1A16.84 6.41 5.57 5.44 uaz 4.86 mg/l

ANAINL

Y Y
M54 4-9 udalSinaeendauazarelinihweuhluau weunsngiay

v v
U U

Fuau (DO: mg/l) FuUNs1e (DO: mg/l)
Tuaa B 1 Bty 2 A 3 N3 1 N3 2

M 1 4.89 7.56 6.91 5.87 6.85
M2 6.88 6.81 6.27 5.64 514
M 3 7.19 5.23 6.59 6.73 7.80
M 4 5.73 6.96 7.50 6.80 6.01
M5 7.72 6.70 7.25 6.14 5.82
M 6 6.34 7.55 7.41 7.22 4.36

a a 3’ oy a A a
M9 4-10 waaslsuaeengavazatsluiive i luau wendainu

Pnaeendiouazarelini Banaeandwuazaelini
Taaa Tududy (mg/l) Tusunag (mg/l)
B 1 B 2 B 3 NSEFU 1 NSET 2
M 1 6.32 7.63 6.78 6.24 5.44
M 2 5.13 7.20 6.25 5.37 5.57
M 3 5.56 5.80 7.60 5.96 7.25
M 4 5.34 6.39 6.04 5.40 4.86
M5 6.99 7.11 6.66 3.56 6.84
M 6 4.07 7.66 4.19 5.88 6.41
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snmsAnsmlFnasendauiiazaetini (00) veuhludu eufumoy duaaalums
411 Taontaduduiu 3 $u nazdumse 2 $u wuiludusudt 1 Tuea 158 DO qefiqa e 6.22
mg/l 5e9aan’laun Tuea 2 3 4 6 wazs 3A15.53 5.28 5.13 4.18 ua3.72mg/l Audui 2 o
Tuiaa 2 fifh DO gafiqn fie 6.40 mg/l seaaeun 18ud Tuwa 3 5 1 6 uaz4 fis 6.05 5.29 5.28 4.65
1az3.52 mg/l MUANY fuduii 3 wudh Twea 3 Tid1 DO gafiqe An 6.35 mg/l sesaan’ldun

Tuiaa 2 16 4 uag 5 1.1 5.93 4.46 4.21 4.10 uag 3.87 mg/l MUa1AY

= A

v v Y
UFnaesngaunazarsluiii (DO) voansedu 1 wunluaa 1 A1 DO ganga Ao 6.56 mg/l

q

se9a9nlaun Tuea 2 3 5 6 uaz4 1A 6.02 5.80 4.77 3.72 11ag 3.44 mg/l MUSIAY LAZNI T 2

= A

wu1 Tuaa 3 3if1 DO geNgafe 5.90 mg/ 509831 1Aun Tuaa 16 5 4 uaz2 s 4.47 4.33 3.97

a

3.51ua 3.21 mg/l My

9 9
M9 4-11 uaastlsunaesnduazaisluihve i luau Lﬁauﬁumﬂu

Banaeendwuazaelini Banaeendwuazaelini
Tuaa Tusudy (mg/l) Tusunsg (mg/)
Bt 1 B 2 it 3 N5E5 1 N3 2
M 1 6.22 5.28 4.46 6.56 4.47
M2 5.53 6.40 5.93 6.02 3.21
M 3 5.28 6.05 6.35 5.80 5.90
M 4 5.13 3.52 4.10 3.44 3.51
M5 3.72 5.29 3.87 4.77 3.97
M 6 4.18 4.65 4.21 3.72 4.33

= 1 | J 09; a A @
NMSANEIAIANNTUNTA-A (pH) uﬂuﬂummmau NINHIAY ALFTAIAITN 4-12 Iﬂ&l
] :/l a I :/I Qal’ 3 1 a 3 A A A A
!L“lJ\?Gb"Llﬂ‘L!L‘]Ju 3 FU UAZFUNTY 2 YU Wmﬂu@uﬂvum 1 Tuma 2 A pH q\i‘ﬂq@ A8 7.54 3930311

1aun Tua 3 6 1 5uaz4 Tif1 7.39 7.24 7.03 6.81 1a6.76 Audui 2 Wy Tuaa 4 a1 pH g9

]
=1

Naa Ao 7.28 399831 1dun Tuaa 6 2 1 5 11az3 1A 7.14 6.98 6.85 6.83 11a6.12 AMNEIY AUFY

a
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= A

13 Wy Twea 6 Tisn pH gaiiga Ao 7.63 sevaen laun Tuwa 4 2 5 3uaz1 §iA17.22 6.84 6.82

q

6.57 118z 6.56 MUAAL

Usamanuilunsa-aa (pH) iluduvemesy 1 wuhlumea 5 e pH qqﬁqﬂ Ao
7.34 509a9311aun 1A 2 6 1 3 1az4 if1 7.02 6.75 6.74 6.55 1Az 6.09 MUSIAU Uag NI
1 2 wuiTuiea 3 3if pH qefigade 7.56 sesaauldun Tuaa 5 2 4 1 uase fim 7.33 7.12 7.08

7.05 uag 7.04 auaial

1 IS 1 2’ a
A543 4-12 paasmanudunsa-ae (pH) W luauveudon N3NGIAY

Fudy Humse
Tuiaa B 1 B 2 Ay 3 N3 1 N5ETU 2
M 1 7.03 6.85 6.56 6.74 7.05
M2 7.54 6.98 6.84 7.02 712
M 3 7.39 6.12 6.57 6.55 7.56
M4 6.76 7.28 7.22 6.09 7.08
M5 6.81 6.83 6.82 7.34 7.33
M 6 7.24 7.14 7.63 6.75 7.04

= 1 I 1 g’ a A a [
NNMIANEIAANUTUNTA-AN (pH) luauvounon a9vIAy AUEAINITIN 4-13  Tag

= =

[ QsJI a I~ :JI us/' 3 1 a anI H 1
paFuAMdlY 3 Fu nazFunsie 2 Fu wunluaugun 1 Tuaa 3 Ua1 pH ganga Av 7.95 5990310

q

1aun Tua 6 2 1 5uaz4 Tifn 7.40 7.38 7.29 6.77 1az6.68 audui 2 wud Tuaa 1 A1 pH g9

Naa Ao 7.99 399031 1dun Tuaa 2 6 4 3 uags WA 7.57 7.34 7.30 6.96 6.34 MUEIAY AUFUN 3

a

v
= =)

wu Tuiaa 5 3if1 pH gaiiga Ao 8.36 s09aun laun Tuaa 2 4 3 1uaz6 A1 7.74 7.70 7.47 7.04

q

1a7.03 MNAIAY

a v I 1 09) a qaj T 1 1
Usmamanuilunsa-a (pH) i luduvesmsiesu 1 wonlwaa 5 A1 pH geiiga Ao

Q

Y

7.74 ‘immm‘l@’fuﬁ Tuiaa 2 634 uaz uA 7.36 7.21 7.10 6.72 11826.58 MUAIAU LASNT1OHU 2

~ =

wuTuaa 6 §iA1 pH geligade 7.65 soaawn ldun Tuaa 13 2 5 uaz4 fif 7.44 7.26 7.14 7.08

Q

1AL 6.72 MNa1AU
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1 S 1 4;” a a
M1319 4-13 waaemaNuilunsa-ad (pH) i luauvesdeu Feria

[
U

S . Q%ufu _ i FUNI Y i
AUYTYU 1 AUFY 2 AuTY 3 NIYTY 1 NIYFU 2
M 1 7.29 7.99 7.04 6.58 7.44
M2 7.38 7.57 7.74 7.36 714
M3 7.95 6.96 747 7.10 7.26
M 4 6.68 7.30 7.70 6.72 6.72
M5 6.77 6.34 8.36 7.74 7.08
M 6 7.40 7.34 7.03 7.21 7.65

=2 U [~ U g’ a =) [ [
NNMIANEIAIANNTUNTA-A (pH) W luAuveuAon NUEIIU ALEAINI519 4-14 Tag
] eaj/ a [ oij as.l‘ 0911 1 a 09/’ ~ A A A
uUFHAWY 3 ¥ tazFuns1e 2 $U Wy luaugun 1 Tuaa 1 U pH INGA A 7.97 39309U

18un Tuea 6 2 4 3uazs 1A 7.24 7.13 6.82 6.73 1826.72 AUFUN 2 WU Twaa 1 HA1 pH g

~ A

Naa Ao 8.10 5090911 1aun Tuaa 3 2 6 4 uaz5 A1 7.12 8.08 6.88 6.87 1Az 6.14 MUa 19U AU

Q

13 wu Twea 2 3if1 pH gaiige Av 8.08 509w ldun Tuaa 5 1 3 6 waz4 A1 7.53 7.22 7.12

)

6.88 11AZ6.87M1WA19 1

= A

a ' I 1 3’ a 3 1 1 {
Usunamanudunsa-a (pH) W luauvensieru 1 wunluea 2 I pH aINgGA No

q
Y

7.57 se9aanlaun Tuiea 1 3 6 4 uaz5 s 7.53 7.04 7.02 6.68 1ag6.41 AN AzNI 0% 2
wunluea 2 fifn pH gafigade 7.57 sesasun’laun Tuma 13 6 4 uazs A1 7.57 7.04 7.02 6.41

1ag 6.41 MuaaU

1 IS 1 3’ a @
M3 4-14 aaamanuunsa-ang (pH) uﬂuﬂummgﬁau NUIIU

FUAY FUNIEY
Taaa = 2 ~ 2 - 2 z z
AUTU 1 AUTYU 2 AUYTU 3 NYFU 1 NIYFU 2
M 1 7.97 8.10 7.22 7.65 7.53
M 2 713 7.34 8.08 7.49 7.57
M3 6.73 7.48 712 6.89 7.04
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M 4 6.82 7.10 6.87 6.40 6.68

M5 6.72 6.14 7.53 7.52 6.41

M 6 7.24 7.25 6.88 6.68 7.02

Pl F F
msanamsth lihwewiludu ideunsngiay duannisie 4-15 luau 3 du nagdu
= 1 a :JI d‘ = 1 1 a Aa o a =
N318 2 91nM3ANE1 WU Tuaudun 1 Uaredlugia 350-1,957 Laansu/ans gagalulunag 6 Ao
Aa Aa o a I~ A
1,957 Haansu/ans sodaauiluluaa 4 Tuaa 3 Tuaa 1 lawa 2 uag lawa 5 3a11,012 927
Y ]
909 560 tay 350 HaANSW/AAT MUMAD AUFUN 2 UAeglurie 831-2,280 Hadnsu/ans giga
I~ 1
TuTwaa 6 so9aauutlulwaa 2 Tuaa 5 Twaa 3 luwa 4 vagluea 1 UaA1 1,260 1,170 1,090
v v
900 1Ay 831 Uaansw/ans MuMAY uazAuFuN 3 Nmegluyie 637-908 Haansu/ans gagalu
I [
Tuea 2 segaanudluluma 5 Tuaa 1 Tuaa 3 Tuea 6 uag luaa 4 A1 834 825 773 726 uay
637 Haansu/ans ANAIAL
= a < :/l 3 g’ a 1 QEJI ~ = 1 [
msnuFunasigman lugunsie 2 suvesriludu wua nsesun 1 Uaregluyg 598-

(% a

430 fiaanfu/ans gageluTuea 6 sesasuniluTuea 2 Tuaa 5 Tuea 3 Tuaa 4 uaz  Tuaa 1

N

UA1804 776 702 668 tay 598 Naanin/ans MuaIAl N3ledui 2 Ueeglugia 218-310
fiadanswans gegaluluaa 4 sesasiuTuea 5 Tuea 1 Twaa 6 Tuea 3 uag Tuiea 2 Tin 246

243 241 234 uag 218 Haaniu/ans AuaIn

Y
M523 4-15 uaasmmsth imiluauveudou nsngiaw

amsiiih Tududy amsiilih usumse
Tanaa (us/cm) (us/cm)
B 1 A 2 B 3 N3 1 NSET 2

M 1 909 831 825 598 243
M2 560 1260 908 804 218
M 3 927 1090 773 702 234
M 4 1012 900 637 668 310
M5 350 1170 834 776 246
M 6 1957 2280 726 1430 241

4-17



msanmmmai Tihveai luay dou Fumay dananalumsn 4-16 Tudu 3 4 uazu
310 2 msAne wuh Tufuud naegluaie 503-2,320 Haansu/aas gagaluluma 6 Ao
2,320 Hadanswans seaanniiulueaa 3 Tuaa 2 Tuaa 1 Twaa 4 uag Tuea 5 081 1,215 887
804 584 Ay 503 Haandw/Aas MUY AuFui 2 uA10g U39 265-3,975 Naansu/ans gaga
TuTwea 6 so9aauiuTaa 3 Twaa 4 Tuaa 1 Twea 2 uazTuea 5 3A11,830 1,190 1,100
758 naz 265 fiaaniu/das AAIFL uazAudud 3 uaeglue 376-1,050 daansw/ans gegalu
Tuaa 2 seeaauduTuaa 5 Twaa 1 Tuaa 4 Twea 3 waz Tuea 6 381970 915 699 611 Lay
376 UaansN/AnT MUAIAY

msfnumnslugume 2 Suveailufiu wuh nredud 1 ua1ed 1119 635-3,400
fiadnsu/ans qagaluluaa 2 sesaanuduluea 6 Twaa 4 Twaa 5 Tuaa 1 uazluaa 3 Tim
1105 739 684 670 uaz 635 faaniuw/aas muddy naznsedud 2 uAogluge 228-412
Haaniwans geagaluluaa 4 sesaaniluluea 3 Tuaa 5 Tuaa 1 Tuaa 2 uaz Tuaa 6 3A1 340

U Q

325 284 271 uag 228 Yaaniu/ang auainy

9
A1519 4-16 uaaaamsrin Inih (EC:psiem) 1hluduveadon davau

amariInldh i ammsrilvlvh ”lwi’;’umm(ps/cm)
Taaa (us/cm)
B 1 A 2 Ay 3 N3 1 NIET 2
M 1 804 1100 915 670 284
M2 887 758 1050 3400 271
M3 1215 1830 611 635 340
M 4 584 1190 699 739 412
M5 503 265 970 684 325
M 6 2320 3975 376 1105 228

Y Y
msfnmamsin fveaihluay Weususieu auaadlumne 4-17 Tudau 3 $u uaz
3 =1 1 a 3 d’ = 1 1 a A [ a
FUNIIY 2 INMIANH WU TuAuFUN 1 UAeglurie 318-1,006 Uaaniuw/ans gagaluluna 6
A Aa o A I~ !
Ao 1,006 Uaansu/ans setaandluluaa 5 Tuwa 1 Tuaa 2 Tuea 3 uay Tuea 4 UA1710 574
Y v
391 390 uag 318 Faansw/ans muady AuFUN 2 UAteglueie 497-1,800 Haanin/ans gaga

4-18



TuTwea 4 sesaauiduluaa 1 Tuea 3 Tuea 6 Twaa 5uaz Twaa 2 3811,290 1,098 795
568 uaz 497 fiadniu@as mwddy Audui 3 ua1eg U 448-1,470 laaniu/ans gagalu
Taaa 1 sesaauuiuluaa 2 Tuaa 5 Tuaa 4 Twaa 3 uaz Tuiea 6 fiA1 1,160 1,130 659 516
Lag 448 Uaanin/ang MuaIAy
= a < o g S q a ' A L T

msnulFunasigman lugunsie 2 Fuveairluau wua nsesun 1 Uaregluye 661-
950 fiadansu/ans gegaluluaa 6 sosaanuiiuluea 5 Tuea 4 Twaa 3 Tuea 2 wag Tuiea 1 Tim
795 738 689 664 uaz 661 fiaAniu/ans MUEEY N30T 2 nAegluyig 415-598 Laansu/
ans qegaluTuen 2 Ao 598 fiaaniwans sesasuiluluma 5 Twaa 4 Tuwaa 3 Tuea 1 uaz

Tuea 6 A1 587 586 479 478 uay 415 Haaniw/ans Muaay

Y
A1519 4-17 uaaaamsyin I (EC:ps/em) Wi luduvesden e

amariInldh Jusadn ﬂ'mﬁﬁf'lwi?h1u‘§'uﬂi1ﬂ(ps/cm)
Taaa (us/cm)
Bt 1 G 2 B 3 NS 1 NIET 2
M 1 574 1,290 1,470 661 478
M 2 391 497 1,160 664 598
M 3 390 1,098 516 689 479
M 4 318 1,800 659 738 586
M5 710 568 1,130 795 587
M 6 1,006 795 448 950 415

Aa < g} a [ o a ng
msanelsnasiqmanvesiludu (Aaudain1sg 4-18) Tasimsaneludau 3 u uag
3 = 1 a qg/l d' = " 1 a A [ a
Tumsie 2 9u 9amsany1 nu Tuauduin 1 Uaedluee 0.12-5.64 Haanin/ans gagaluluaa
A A Aa o a I~ =
3 9 5.64 Yaaniu/ans sesaanutuluwaa 2 Tuaa 1 Tuwaa 5 luwaa 4 uag lywa 6 A1 5.26 5.12
Y v
4.90 4.80 1oy 0.12 Vaansw/ans MUEIAY AUFUN 2 Ua1ed g3 0.92-5.72 Taansu/ans gage
A A o A I~ !
TuTaaa 3 Ao 5.72 Haansw/aas sosasuutuluma 1 Tuea 5 Tuaa 4 Tuea 2 uaz Tuea 6 a0
Y v
544 526 4.68 4.36uay0.92 laaniu/ans auaay uazaAudun 3 Ua1edluag 0.46-5.94

a a o A Aa o oA [~
Naaniw/aas gagaluluaa 3 Av 5.94 Haansw/aas sesasnuiluluma 5 Tuaa 1 Tuaa 2 Tuea 4

uaz luea 6 ¥A15.52 5.48 5.36 4.86 18z 0.46 Haaniu/ans Muaay
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a <3 qu; osxl oy a v 09/1 { 1 1 1
msanlSinasigmanlusumsie 2 suveaihiluau wud needui 1 dareglusig 1.22-
Aa Aa o a A a Aa o a I

5.94 Naaniw/ans gagaluluma 2 Av 5.94 Taaniw/aas sesaauuilulea 5 Tuea 4 Tuaa 1
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Feluduau (mg/l) Fe lusunae (mg/l)
Taaa Bt 1 By 2 Butu 3 N3 1EF 1 N3IEF 2

M 1 512 5.44 5.48 5.34 542
M2 5.26 4.36 5.36 5.94 4.18
M3 5.64 572 5.94 4.62 554
M 4 4.80 4.68 4.86 5.38 4.30
M5 4.90 5.26 552 5.56 1.98
M 6 0.12 0.92 0.46 1.22 1.28
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YSanamieprian luildau (Fe”: mg/)

Taaa - -

Hueney damau qanu
M1 14.94 14.38 20.70
M 2 16.74 16.77 18.53
M 3 15.04 15.88 9.73
M 4 17.86 14.87 19.33
M5 17.08 16.01 15.46
M 6 16.64 18.19 10.81
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() (A3.) (Au/nD) (A3.)

M 1 21 165 13 34
M2 20 168 14 43
M3 22 157 16 40
M 4 20 165 11 51
M5 21 185 18 57
M6 21 163 17 51
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a a o o < 1

msfanulSuaranaaluluaadig @13193 4-21) Tasnsanynimiinuaadig wuai
3‘ o I 31 @ 1 ] I

minwant luluea 3 Trhwmiindenagaga fie 31.19  n5w/ne sesawwniuluma e Tuwa2
Tuaa1 Tuaas uazTuwa 4 Ao 28.66 27.56 23.69 22.63 tay 18.89 nsu/ne mudiey USua

a g = g’ o 3 9 9 1 A Aa t;y ] 3 9 4 A
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2.12 n5w/du sesasuuiluTuaa 3 Tuaa2 Tuead Tuaat uag Tueas Ao 2.06 1.97 1.91 1.90 tay
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a a Yy 9
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WaKan
Taaa Snan Banathmae
(M3%/no) (MSu/Au)
M 1 23.69 1.90
M2 27.56 1.97
M3 31.19 2.06
M 4 18.89 1.91
M5 22.62 1.48
M 6 28.66 2.12
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a < 1 1 ] ] a a a
noad tazuaalion 1nMsAnETuIBEMan nuNliaeglugae 225,57 - 419.65 taansu/ans U

v
1 o [

mgage Tuluaa 5 uazdgalulea 6 Usuamea Uawgluga0.125 - 0175 faaniu

~

v
o

ans uagaga Tuluaa 4 vazdigaluluaa 2 vazlsnaunaioy Umeglugia - 0.010 - 0.020

S 1

aansu/ans Iagage Tuluea 4 tazdgaluluea 1

Z)

M1519 4-22 naagtlsuamasvedlaveniinlusan (Fe, Cu, Cd: mg/) Tuuaaz Tuaa

YSunaundevealanzrinlusndn (mg/l)

Taaa
Fe Cu Cd
M 1 263.29 0.145 0.010
M2 288.52 0.125 0.020
M3 408.71 0.165 0.015
M 4 284.28 0.175 0.020
M5 419.65 0.140 0.015
M 6 22557 0.150 0.015

a @ 3 9 (% o a <]
miﬁﬂywﬂiummaﬂawwuﬂiumamn ANLLTANRIT N 4-23 Iﬂﬂ‘l/ﬂﬂ'liﬁﬂ'lel'lﬂih'lm Man
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IS Al IS Al 1

waaniw/ans Uagaga Tuluwea 5 uazdigaluluea 1 Usunaunaiion Naeglueie0.13 - 0.15

'
o IS 1

waansu/ans Uagega luluea 2 vazdrgaluluea 4 wazlsmnaesnd Uaegluyie 1.47 - 1.52

o

waansu/ans Uagage Tuluma 2 nazdigaluluea 3

M99 4-23 waalSuaundsveaTanzriinlumaad (Fe, Cu, Cd, Pb : mg/) Tuudaz Tuaa
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=) d' L% <1 Y
naundeveslarzniinlumaadn (mg/l)

Taaa

Fe Cu Cd Pb
M 1 0.58 0.05 0.14 151
M 2 0.54 0.07 0.15 1.52
M 3 0.52 0.07 0.14 1.47
M 4 0.52 0.07 0.13 1.48
M5 0.46 0.08 0.14 1.49
M 6 0.72 0.07 0.14 1.50
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1390981
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T Tumea e Targenige 526 TulasGuudrsudmas uazTuea 5 lmdifigane 279 lulns
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fn 8.00 mg/l A1 pH Tuaa 6 lAgaiiga Ao 7.91 uazTuwa 1 waz3 NUSuadingans 7.30 tagem

m3th TWihTuaa 6 Argaiiga 523 TuTasBuudisudmes vaz Tuaa 4 TUSuadingade 431 Tu

4 a
TATHUUANFUALNAT

=

¥agviaslaile 5 34 Tuaa 6 1151 DO qadiga Ao 12.01 mg/l wag Twaa 4 H3uud

9

Nigane 9.21 mg/l A1 pH Twea 6 UAgeiiga Ao 8.83 uaz luaa 3 NUSunadiigane 7.66 Laze
m3th IWih Tuea 6 Argeiiga 251 TuTasBuudisudmes uaz Tuaa 5 TUSuadiigade 206 Tu
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¥a9nadlaile 17 4 Tuea 5 150 DO gafiqa Ao 11.86 mg/l way Tuaa 4 Hi3uud

Q

figano 8.94 mg/l A1 pH Tuiaa 5 Lageiiqa Ae 8.85 uaz luaa 4 Hismmdingane 7.96uazm
m3th Wi Tuea 6 Argeiiae 595 TuTasdwudsudmas uaz Tuea 2 TdSmadiigane 364 lu
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fio Tuaa 2 3 wazd Faliauiiiude 0.18 mg/l Uswalulasiluaa 5 HSinugeiiqe Al 0.324

mg/l wazlwea 4 HU5uadige 0.018 mg/ uazlFunauenTuile Tuea 2 JiSmnugeiigane

19.62 mg/l oz Tuaa 1 VTuudiga 3.15 mg/l
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vaanaalaie 3 Yu USualulasi Tuaa 6 HSagaiga fie 0.54 mg/ Sunudviiga Ao
Tuea 2 3 4 nazs deliawminufe 0.27 mgl Uswnalulasiluaa 6 Hisunugeiiqe Al 0.153
mg/l az Tuaa 6 Hisuadiga 0.036 mg/l wazil/smamenTuiisTuaa 5 HilSuugangane19.89

mg/l g Tuaa 4 YSuadiga 8.28 mgll

A

yagviadlaie 5 v USunaluasnTuea 6 Hl5mageiige fie 0.63 mg/ sinadinga fe

Tuea 2 3 4 way 5 Faliaumiude 0.27 mg/ Usinalulasiluea 4 HUSnageniga fie 9.972
A (A ° Aa = A A ~ A

mo/l waz Tuaa 3 HU5umdiga 1.040 mg/l wazdSunamenTuiisTuea 1 Hismageiga Ae 7.74

mg/l ez Tuaa 5 T3uadiga 2.70 mg/)
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v l
o A

7.72 mg/l wazTuiaa 1 Uadifiga Av 4.89 mg/l AuFUN 2 Tuiaa 1 Uageiiga Av 7.56 mg/l Loy

[ ' k4 ] [
o A =

Tuiaa 6 Himdifiga 7.55 mg/l audui 3 Tuaa 4 lisrgeiiga Av 7.50 mg/l waz Tuaa 2 Hadinga

=

6.27 mg/l N318%U 1 Tuea 6 IA1geiiga Av 7.22 mg/l wag Tuaa 2 Imdfiga 7.55 mg/l 1agnse

Q

Y [ v 1
1 2 Tuiaa 3 Uargafiga Ao 7.80 mg/l taz Tuaa 6 Imdiga 4.36 mg/l

v
o A

1 [ J a os/' { J { 1
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9 ] ] v [ Y ]
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= A o A A
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v 1 9 [ v '
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U Q

Y H
a v A

figa 350 Wadnsw/ans Audun 2 Tuaa 6 argafiga Ao 2,280 Haaniw/ans wazTuaa 1 LA

U
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a = A1 o A

Nga 831 Uaaniu/ans Aurun 3 Tuma 2 UArgaiga 908 Naaniw/ans uazluea 4 UAINga
0

(333

U

e

i v
% a [

37 Haansu/ans neFun 1 Tuaa 6 Uarganga 1,43

q

[

Nadnsu/aas uaz Tuaa 1 Yadinga 598

»

]
1 ~ 1

4 H ] 1
Uaansu/ans taznstedun 2 Tuea 4 Uarganiga 310 Naansw/ans uazluaa 2 Uadinga 218

yaansu/ans

v Y Y v v
woudsiaulsuaeengnuiazaelutih (DO) Tasluausuin 1 Tuea 5 Uargafiga As

£

o
o A

6.99 mg/l uaz Tuaa 6 Uedifiga Ao 4.07 mg/l AuFUN 2 Tuaa 6 UArgfiga Ao 7.66 mg/l Loy

'
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v k4 v v
Tuiaa 3 imdifiga Ao 5.80 mg/l Autu 3 Twaa 3 UaArganga Av 7.60 mg/l uazTuaa 6 HA

o
o

Nige A 4.19 mg/l N1e%U 1 Tuaa 1 Iageiiqa fie 6.24 mg/l uaz luea 5 Adinga 3.56 mg/l

nazNnedu 2 Tuea 3 Imgeiiga Ao 7.25 mg/l wag Tuaa 4 Tad1iga 4.86 mg/
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9 v
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v [ 9 [ v
mg/l taz Tuaa 5 Badiige Av 3.72 mg/l Ausui 2 Tuaa 2 ageiiga e 6.40 mg/l waz Tuaa 4
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v ] v ]
uadiige o 3.52 mg/l Audu 3 Twaa 3 UaArgange Av 6.35 mg/l wazTuaa 5 Uadiiga Ao
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q q

'
= | Aa Aa o A A a o A

Tuaa 3 NlFaganga fe 5.94 Taansu/aas uaz Tuaa 6 NSuadinga Av 0.46 adniu/ans
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a < 3’ a a 1 [ 1
msAnySuasiaman veuhldau ludeudsmau-aainun linedluyie9.73 - 20.70
A Aa o A a a < A Aa o A
Haansw/aas Taelwdeudamayluea 6 HiSinaumangege Ae 18.19 Nadani/aas uazTuaa 1 1
a 3 o A a o oA Y a <
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A Aa o a A A <3 ¢; a Aa o a A a A
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AT NHANNSANENURILARETNLAR

AMANUIN A

A58 waneAANAANALILAY 209tAa 1 Tudaaken NINgIAN -INTIAN

Tuwna 1 | dRedu | Aududl 1 | dududl 2 | Aududi 3 | neadudl 1 | neredud 2
n.A.-08 2.9 16.6 5.1 24.3 15.6 30.2
4.m.-08 2.0 9.8 18.7 22.1 12.5 31.1
n.8e.-08 1.8 6.1 11.6 23.5 19.7 29.6
7.A.-08 04 5.6 12.7 20.9 26.5 39.3
W.21.-08 0.9 74 17.0 27.2 30.9 39.8
1.A.-08 1.4 6.1 12.4 21.0 26.1 38.2
4.A.-09 -3.2 -04 11.0 18.9 25.8 34.8

A58 waneAANAANALILAY 109tAA 2 Tudaakhen NINgIAN-INTIAN

Tuna 2 | dRedu | Aududi 1 | Pudud 2 | Aududi 3 | neadudl 1 | needudi 2
N.A.-08 1.9 14.4 10.4 23.5 10.9 22.2
4.A.-08 0.7 13.7 121 18.2 16.7 33.6
n.e.-08 1.1 12.6 17.2 14.7 14.4 29.1
;.A.-08 0.6 9.5 18.3 23.0 29.6 44.2
W.21.-08 0.5 8.5 17.8 23.6 28.2 41.6
1.A.-08 -2.9 8.2 17.7 19.2 15.4 29.9
4.A.-09 -4.2 6.7 9.8 -4.3 -8.8 12.6




M1519 uandA1AnAANALILAY 299luna 3 ludaaieu nsngIAN-NNIAN

Tuna 3 | tRedu | Aududl 1 | pududl 2 | Aududi 3 | neadudl 1 | neredud 2
n.A.-08 4.0 2.5 31.3 1.5 4.7 30.9
4.m.-08 1.7 2.0 23.3 6.7 18.7 33.1
n.e.-08 1.9 6.0 15.2 15.3 27.0 31.6
7.A.-08 0.6 9.2 17.2 21.7 25.7 41.3
W.21.-08 0.9 6.2 17.7 28.2 38.1 61.5
1.A.-08 -4.5 -1.8 10.2 19.6 31.2 53.8
4.A.-09 -11.8 -5.6 0.1 53 13.2 30.5

A58 waneAANAANALILAY 109TAA 4 Tudaakhen NINYIAN-RNTIAN

14

27
[

2
s

Tana 4 | WRonu | Audud 1 | Autudt 2 | Autudl 3 | nsedufl 1 | needudl 2
n.A.-08 04 12.8 25.3 1.7 55 10.4
4.A.-08 0.6 12.6 14.5 4.2 3.9 23.0
n.¢.-08 1.4 15.3 2.7 1.6 5.8 25.1
7.A.-08 04 9.2 154 -1.0 21.2 32.2
W.21.-08 0.4 7.3 121 9.5 -11.3 23.2
19.A.-08 1.0 7.2 10.0 4.3 2.8 24.3
H.A.-09 -3.4 0.1 3.4 -19.2 94 16.9

A58 uanIAANAANANIWAY 289lNAg 5 Tudaaheu nIngIAN-NNIIAN

Tana 5 | WRofu | Autud 1 | Autudl 2 | Autud 3 | nsedudl 1 | needud 2
n.m.-08 1.1 8.7 -1.3 10.8 5.7 5.1
4.A.-08 0.9 11.4 7.6 3.3 12.0 24.8
Nn.8.-08 14 10.4 5.8 11.9 11.0 23.5
7.A.-08 1.1 8.0 16.9 23.0 25.3 39.5
W.2.-08 0.7 4.7 15.9 25.0 28.5 43.0
19.A.-08 1.0 7.2 16.1 21.5 24.7 39.5
4.A.-09 -4.0 1.9 14.6 20.2 22.8 36.0




A58 waneAANAANNALILAY 2109tAA 6 Tudaahen NINgIAN-INTIAN

Tuna 6 | U | Audud 1 | Pudud 2 | Aududi 3 | neadudl 1 | neredud 2
n.A.-08 0.6 7.7 23.5 11.4 14 3.3
4.m.-08 0.6 11.2 12.3 8.8 14.4 28.3
n.e.-08 0.5 14.6 15.2 21.2 19.3 39.3
7.A.-08 1.3 14.2 20.5 22.6 27.8 43.2
W.21.-08 0.8 14.2 21.4 32.3 41.5 61.7
1.A.-08 1.9 15.3 21.0 28.3 34.4 52.4
4.A.-09 0.3 4.8 14.5 211 29.4 37.8
A9 megmmmu%uﬁummimm 1,4,5Ua2 6
LAY 4.A-08 | N.a-08 | A.A-08 | Wea-08 | 6.A-08 | N.A.-09
M1-ﬁu°%uﬁ71' 1 27.34641 | 26.53333 | 25.9463 | 23.35781 | 21.60954 | 20.2427
M4-ﬁu%w71l 1 26.53521 | 25.73604 | 25.12097 | 22.05028 | 19.34026 | 18.6293
M4-au°%w71' 2 | 26.76891 | 25.96354 | 25.31371 | 22.34889 | 19.51559 | 19.04205
M4-ﬁu%w’71l 3 | 27.09738 | 26.31701 25.6297 | 22.76563 | 19.94281 19.438
M5-au%uﬁ 1 26.52820 | 26.71897 | 25.56714 | 22.45896 | 19.87245 | 19.3106
M5-ﬁu°%m’71' 2 | 26.89327 | 26.17931 | 25.1752 | 22.23243 | 19.58306 | 19.13149
M5-’ﬁu%w’71' 3 | 27.22210 | 26.37007 | 25.74724 | 22.70097 | 19.96808 | 19.46469
M6-ﬁu°%m71l 1 26.58716 | 25.81472 | 25.06747 | 21.93789 | 19.38502 | 18.76975
M6-§u%w’71' 26.97418 | 26.11181 | 25.38797 | 22.31534 | 19.69691 19.2002
M6-ﬁu°%uﬁ 27.33221 | 25.02164 | 25.69402 | 22.66037 | 20.03835 | 19.52322
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M3 Llﬁﬂﬂﬂ’ﬂllﬂ?ﬂﬂlﬂﬁi?ﬁ%ﬁ'ﬂhlﬂﬁ 1

M1 ANNYNITN M1 ANNYNITN
no1-1 20.7 n2-1 20.5
no1-2 20.0 no2-2 20.5
no1-3 20.5 n02-3 22.0
no1-4 214 n02-4 21.2
no1-5 225 N02-5 23.1
no1-6 195 N02-6 21.6
no1-7 214 n02-7 215
no1-8 15.2 n02-8 23.0
no1-9 16.4 n92-9 19.4
191-10 15.0 192-10 143
no1-11 16.1 n92-11 174
n91-12 16.8 N92-12 12.2

192-13 16.0
M99 LLAAIANENIVE95 191 Taaa 2

M2 ANEIITN M2 ANNEITN
no1-1 235 N2-1 215
no1-2 20.0 N92-2 21.0
n01-3 20.3 n02-3 18.9
no1-4 21.2 no2-4 22.0
no1-5 20.1 n02-5 20.0
n01-6 24.3 n92-6 21.4
no1-7 22.0 no2-7 20.1
no1-8 22.7 n02-8 14.0
no1-9 20.5 n92-9 16.0

n91-10 175 n92-10 16.9
no1-11 15.2 n92-11 15.7
n91-12 145 192-12 18.4
n91-13 19.4 n92-13 177
no1-14 15.6 no2-14 16.0




M3 Llﬁﬂﬂﬂ’ﬂllﬂ?ﬂﬂlﬂﬁi?ﬁ%ﬁ'ﬂhlﬂﬁ 3
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Characterization of Non-Point-Sources Paddy Field near Phayao
Lake, Thailand

S. Pongpattanasiri, S. Choichi and K. Promma

Abstract— The Phayao Lake is not only a part of the Ing River, which flows into the Maekong Basin, but also the 55"
international watershed. The Phayao Lake wetland is a semi-closed ecosystem surrounded by agricultural lands where most
people grow rice in a traditional way. There are several on-going projects to improve the water quality of the Phayao Lake.
In this research, we investigated not only the water quality but also the physical prosperities of submerged paddy soils
surrounding the lake. The situation of the non-point source paddy fields near the Phayao Lake was elucidated. Most paddy
fields have no irrigation and drainage system. The farmers thus rely on surface drainage. The paddy fields consist of very
thin and weak layer of soil surface overlying a sand layer. Ponding water and groundwater in the paddy fields are
contaminated by chemicals or some inorganics. The contaminated water infiltrates through soil layers to the groundwater
and seepage water, which finally flow into the lake. After flooding, the amount of contaminants into the lake does not dilute
because the paddy soils have low hydraulic conductivity, less than 107 em sec”.

Keywords— Submerged paddy soils, Non-point source, Wetland, Phayao Lake, Thailand.

continuous inundation and the lower subsoil layer is
saturated during rice cultivation. The saturation results in
reducing condition due to poor draining or closed-system
percolation [4]. There are substantial evidences of
percolation effects on elevated concentrations of heavy
metals in the paddy soils and the underlying groundwater.

1. INTRODUCTION

The Phayao Lake (Kwan Phayao) is the largest wetland
(2,300 ha.) in upper Northern Thailand (19°10'N,
99°52'E) and is a part of the Maekong Basin (Fig. 1). It is
listed as an important wetland with ecological
significance at an international level in 2000 [1]. The lake
is invaluable to the people nearby regarding ecology,
economics, and society. The Phayao Lake is surrounded
by agricultural villages and mountains. There are about
3,000 ha of paddy field [2]. The Phayao Lake is 392
meter above sea level. The lake is 5 kilometer wide (Fig.
2). In the villages, most people grow rice for living using
a traditional way. The farming discharges wastewater
from several point sources into the lake. The wastewater
thus can contaminate the lake in 2 ways including direct
drainage from paddy fields (surface drainage) and water
leakage from the field (seepage). Subsequently, the
contamination may cause eutrophication and may affect
the state and diversity of life in the lake. In addition, the
lakeside is prone to repeated flooding because the paddy
fields are located in the buffer zone of the lake. The
flooding leads to a cycling of soluble contaminants
between the paddy fields and the lake [3]. Furthermore, in
Fig. 2, the direction of the river current, from the lake
(point A) to the Ing River (point B), may increase the
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contamination in the Ing River. In Thailand, the plow
layer of conventional paddy fields has undergone
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Fig.1 Map of Phayao Lake Located in Northern Thailand.

2. METHODOLOGY

Surface water and groundwater were collected from
paddy fields near the Phayao Lake (Fig. 2). Both soil
water and groundwater in paddy fields were investigated
during rice cultivation. Physical and chemical properties
of the water samples were measured. The oxidation-
reduction potential (Eh) was measured using an ORP
electrode (UC-702E), pH by a pH meter (Mettler Toledo
InLab 413 SGIP 67), dissolved oxygen (DO) by a DO



meter (Mettler Toledo InLab 605), and electrical
conductivity (EC) by an EC meter (CONSORT C532).
Concentrations of soluble elements such as Iron (Fe),
Cadmium (Cd), and Lead (Pb) were measured by fast
sequential atomic absorption spectrometry analysis
(Varian AA 240FS). Soil hardness of each horizontal
layer was measured using Yamanaka soil hardness meter
before rice cultivation. Moreover, soil profiles in paddy
field were sampled from surface up to one meter deep
(GPS:  X=587308, Y=2122581). The hydraulic
conductivity of soil was measured. Bulk density and soil
texture were examined from cores.
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Fig.2 Photograph of Showing Water Flow Direction and
the Location of Phayao Lake.

3. RESULT AND DISCUSSION

Soil property: The soil profile of the paddy fields near
Phayao Lake was investigated. As the top soil or plow
layer is only 10 cm depth which has the highest porosity
value (53.9%) and contains much of organics matters (4-
5%). Moreover, the soil density of plow layer was 1.17 g
cm” and the soil hardness (395 kg cm™) as well as the
rate of hydraulic conductivity (10 cm sec™) were also
very low as shown in Fig. 3. Therefore, the averaged
percolation rate of surface was less than 10 mm d™' (as the
lowest of percolation rate was only 1 mm d” while the
highest value was approximately 10 mm d™).

Soil Property: A soil profile is as follows:

1. Plow layer (10 cm thick). It has the highest porosity
(53.9%) and contains high organic matter (4-5%).
Moreover, the plow layer has soil density of 1.17 g cm”,
soil hardness of 395 kg cm™, and hydraulic conductivity
of 10* cm sec' (Fig. 3). Therefore, the averaged
percolation rate of surface water is less than 10 mm d'.
Note that the lowest percolation rate is 1 mm d”' while the
highest rate is 10 mm d'. Also, the plow layer after
plantation has decreasing hydraulic conductivity (10 -
10 cm sec™) and bulk density (>1 g cm™). Therefore,
infiltration and gas volume in the plow layer are low. In
the beginning of cultivation, Eh of water in the

submerged paddy fields was less than 300 mV in flood
condition, and then decreased to 100 - 0 mV in the middle
of cultivation.

2. Subsoil layer (31-55 cm deep). The subsoil has
porosity of 30-40 %, bulk density of 1.7-1.9 g cm”, and
hydraulic conductivity of 107-10™ cm sec™.

3. Plow-sole layer (between the top soil and the
subsoil layers). It shows the lowest hydraulic conductivity
and very low porosity. As a result, this layer has the
highest soil hardness (35-38 kg cm™) and the highest
bulk density (1.6-1.7 g cm™) (Fig. 3).

4. Bottom layer (below 55 cm deep). It is composed
of sands. This layer has very low bulk density (1.0-1.5 g
cm™) and soil hardness (2-10 kg cm™). It thus has th
highest hydraulic conductivity of 102 cm sec”.
According to the physical properties of soil layers, the
overall soils have low infiltration that will not decrease
the amount of contaminants migrating into the Phayao
Lake by overflow and diffusion in groundwater.
Therefore, well-drained paddy fields both vertically and
horizontally should be considered as a explanation of the
cause of groundwater contamination. Normal subsurface
drainage is ineffective because it helps diffuse
contaminants into the lake. A good agricultural practice is
not only done by a good irrigation system but also by a
good draining system [5]. We urge that effective draining
systems needs to be implemented in Thailand starting at
the demonstrated site near the Phayao Lake. To maximize
of rice yield, the water requirement (percolation and
evapotranspiration) rate should reach 15-25 mm d”,
which can be achieved by improving soil properties [6].
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Fig. 3 Photograph of Showing the Soil Physical (Hydraulic
Conductivity: Ks20, Soil Hardness Bulk Density: pd) of Soil
Profile in Paddy Field.

Water Quality:

Paddy fields near the Phayao Lake is lack of irrigation
systems. As a typical tropical climate, the rainy season

2



ranges from July to November. The rice can be cultivated
from middle July to early December. Heavy precipitation
occurs in August (150 mm d”' average) whereas no rain in
December (Fig. 4). Under paddy fields, the water table
was as high as 10-30 cm after heavy rainfall in
September. In the beginning period of cultivation, the
paddy fields are filled with ponding water. Hence, 20,000
ha of lands around the Phayao Lake are located in the
flood-prone areas.

Early in cultivation, suspended solids in water after soil
puddling were higher than the standard value for the
water used in agriculture (100 mg L) [7]. The height of
ponding water during the growing season was 5-20 cm
tall with an average of 10 cm. In the middle of
cultivation, heavy rainfall and flooding occurred.
Therefore, the ponding water flew into the Phayao Lake.
The pH of ponding water and groundwater was 6-8. The
DO of ponding water (3-6 mg L") was higher than the
groundwater (2-4 mg L'). The EC of ponding water
(<300 pS cm™) was lower than the groundwater (>300 uS
cm™). Fe in the ponding water (1-5 mg L) was lower
than the groundwater, which is above the standard value
(<0.5 mg L) [7]. Concentrations of heavy metals (Cd
and Pb) were also detected above 0.05 mg L™

Recently, toxic metals in small rivers, which flow into the
Phayao Lake, indicate high concentrations of Al, Cr, Mn,
and Fe in dry season [8]. Therefore, the water quality
should be monitored to determine levels of toxic metals.

4. CONCLUSIONS

Environmental regulation should be imposed on Thai
paddy fields, especially those near rivers and wetlands,
because of increasing water pollution. The water flows
from agricultural lands to the lake and hence carries
contaminants such as heavy metals and chemicals. The
agricultural chemicals used should be reduced.
Meanwhile, the utilization of manure should be increased
to reduce the chemicals in stagnant water. Furthermore,
the percolation pattern in soils becomes an important
subject for land improvement and environmental
management. A proper method to increase drainage or
soil permeability is to increase the percolation rates,
which also increase dissolved oxygen and absorption.
Additionally, the wastewater quality from agricultural
drainage and the groundwater quality should be
monitored. The reclaimation of paddy fields by
decreasing diffusible pollution should be conducted to

save the Phayao Lake wetland.
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Abstract

The Kwan Phayao wetland is currently surrounded by agricultural lands and local villages in which the people still
maintain their rural way of life. A survey had been conducted to monitor qualities of underground water in the area which is
likely to be contaminated with pollution during the growing season in the Northern Thailand where a level of underground
water is relatively high. According to the survey, a level of underground water underneath the paddy fields were as high as
30-50 cm. Sampling of underground water at 200 and 250 cm-depth showed the pH ~ 6-7, DO ~ 1-5 mg/L, EC ~ 200-600
puS/cm and a plant nutrient as K ~ 2-5 mg/L. Heavy metal such as Fe, Pb, Cd and Cu were around 2-7,0.3-1.5 and 0.05-0.2
mg/L and 0.13-0.4 mg/L, respectively. In comparison with the standard values of underground water, the physical qualities of
underground water in this study area became lower during the growing season whereas plant nutrient and heavy metal were

higher than the standard values and tend to remain at this level.

Keywords : groundwater quality; heavy metal; submerged area; wetland; Kwan Phayao Lake; Mekong Basin
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31 8 manmilunsamaiiszdunu@n 150 cm 1az 200 em

2137 8 fiszduAUEN 200 cm Heunde pH 1nnMfiszduANNEN 150 cm Wailfiszduanudnina 2 nuh
P-Lowland ﬁﬂluﬂ‘éﬂﬂlm pH mﬂﬁfjﬂ 509891170 DP-Discharge, P-Upland i8¢ P-Flood AN Iﬂﬂ‘ﬁ'ixﬁUﬂimﬁﬂ 150
em Saundoilu 6.80, 6.5, 6.32 uaz 6.27 luvaizfianudn 200 em Taunduniu 6.98, 6.87, 6.65 uaz 6.31 wuilugaagg
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Y

¢ o 4
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Sampling point Value (mg/L)
Fe* Cu* K
P-Upland: water surface 3.286 0.133 2.263
150 cm 5.137 0.134 3.441
200 cm 3.137 0.341 5.989
P-Lowland: water surface 8.330 0.253 5.477
150 cm 5.738 0.229 2.005
200 cm 5.721 0.249 1.677
P-Flood: water surface 1.804 0.327 4.012
150 cm 2.551 0.330 1.947
200 cm 3.064 0.139 1.387
DP-Discharge: water surface 2.661 0.208 4.286
150 cm 4.022 0.110 5.156
200 cm 6.127 0.362 4.646

*The standard norms proposed by the Pollution Control Department of Thailand (PCD)

Underground water stanrd : Cu (<1), Surface water : Cu (<0.1) and Fe (<0.5)
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Aa a 7] a aa) a 3 a A 1 @ o o ang*
FUNT VVTIAA H1HIN I“]f’é]"l] s v’ U973 Yuun' uag TUNY WIANAUAT
Chinnakorn Khajornjit1 Choichi Sasaki® Kitchakarn Promma’ Patatwee Pimma' and Sukthai Pongpattanasiri4*
Aa o A 6o w Aa o A ] A o
luﬁﬁﬂm‘:ﬂ@lﬁﬂHW AIUNIBINAINULAZTULIAADN WH1INYIQYULTAIT NELyT 56000

01138 MAdnInemans aunadenginig auzinuasmansiazinnmans wininndedlsen qiu

9101358 MAAINTNOINTFITNNALAL TGN ANINBATAAAT NNEINTFIINTANAE T ndow
UNINNGEUITAIT WrayTan 65000

“o10138 avunaTuTaBFaunadon duindrmdanuuazdunadon s IneIae AT WL 56000

"E-mail : sukthai _p@hotmail.com
o/ )
UNnaed

Y o A A g ye & Ay J o A = = wa aa @ A g
mitﬁNu‘Ulli]1a6QW‘u‘I/Iu1ﬂ1ﬂﬁﬂuwuﬂ°]gllu1ﬂ’31uwzlﬂ1 !,Wﬂﬁﬂ“lslmdﬂmTchJ‘UGWINWﬁﬂmmzmiLﬂa?JL!EHEJ

Y 1
Youssgazaetih ludminavdiwadencsizunaniumeien Taeld column vuialng) (dusigudnars 40 .. naz

v

' 9 '
3100 ¥.3.) ﬁi‘immﬂmﬁnﬁmaQﬁfs’uﬂumgmazﬁf?uﬁﬁiwuma“lwac?ummmuﬂﬂ (closed system percolation:

4

. . % 1 -4 [ { a 1 :z/ a 1 1 [ I
ill-drained paddy:ficld) Feanunnmsanedndanuaunnatu lutaas Tuay (pressure head profile) wuNuAwsIawily
9

\ Y g 2 A v A o oa A . a & 3 2 A
AN (positive pressure) NAFU AANAIAONG (Eh) luduau  wuhiszauiauszegluannzesndiadu dauduau

3 4
o W

2/’ a [l v @ 1 ] |<?/l a % J <}
muasmaduauszegluanzsandu Tagluanzsanduiuiinanomsazatens sigasgauladu danunsiquan
9 9
o l o a A 4 A ' < U U o a 1
axmﬂmagium“lumumarzmw 5-30 mg/L uax‘lumimm >1.0 mg/L gmmwmﬂummazmmﬁm'lﬂﬁwq&muﬂm

Y
MAITINAIAY

2 Y

o o o & A wa aa d o o s A A ' I A A g
AAIALY : LUUITADINUNU, ﬂﬂlﬁllﬂﬁﬂ'l\iwﬁﬂﬁ; ANYTIADNY; NITAADUNUDILTTIR,; NITUNSLYT; WUNYUUN

N15Us:gU591n15d0100a0UNHVT1dAS 0N 8 1 Suf 25-27 fuiay 2552



QQammu5mnssuﬁouama"auun'o Us:zinalng

o o 0 o o0 o0 o o o0 o o0 o0 o0 o o0 o0 o0 o o o

Abstract

The modeled paddy fields which imitated the fields near Phayao Lake wetland were constructed in order to study
the physical properties and the movement of soluble elements that possibly affect the vulnerability of the lake. The model was
made of a large PVC column (40 cm in diameter, 100 cm in height). The model was designed to reproduce the properties of
each soil layer in the ill-drained paddy field which showed closed system percolation. The study of the pressure head profile
of the soil in our model showed a positive pressure for every soil layer. The redox potential (Eh) at the soil surface was in the
“redox” state but every layer downward was in the “reduction” state. The reduction state highly affected the solubility of
numerous elements and thus the movement of these elements to subsoil layer. Fe was found to dissolve in underground water
around 5-30 mg/L and nitrate was > 1.0 mg/L. In contrast, pH and electronic conductivity (EC) were higher than those of the

standard values set for surface water.

Keywords : paddy field model; physical property; redox potential; removal of soluble elements; Phayao Lake; Wetland
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Abstract

The Kwan Phayao wetland is currently surrounded by agricultural lands and local villages in which the people still
maintain their rural way of life. A survey had been conducted to monitor qualities of surface water in the agriculture area
contact with Kwan Phayao 2 station and the dredge Kwan Phayao area 2 station. We study between January and October
2009. Sampling of surface water 1 time per month by grab samples and analyse DO EC pH BOD SS. The study showed DO
4-7 mg/L, EC 90-300 ps/cm, pH 5-7, SS 15-60 mg/L and BOD 3-19 mg/L.In comparison with the standard values of surface

water the area dredge Kwan Phayao became higher than the standard values and chang with the season.

Keywords : phayao lake; water qualities; surface water
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Monitoring in Submerged Paddy Field for Alternative Reclamation of
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A Case Study of Phayao Lake Wetland
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Abstract
The growth and development of cultures around the
Phayao Lake are very different. One side is a city
that discharges municipal wastewater from several
point sources into the Phayao Lake. The other side
is full of agricultural villages surrounded by
mountains. In the villages, most people grow rice
for living using a traditional way. The wastewater
from farming activities can contaminate the Phayao
Lake in 2 ways including direct drainage from
paddy field (surface drainage) and water leakage
from the field (seepage). Subsequently, the
contamination may cause eutrophication and affect
the state and the diversity of lives in the wetland.
Keywords: submerged paddy field, wetland,
Phayao Lake

Introduction

“Kwan Phayao” (Phayao Lake) is not only an
important international wetland but also the largest
wetland in upper Northern Thailand. It is a part of
the Ing River, the 55th international watershed,
which flows into Maekong Basins. The Phayao
Lake wetland is of a semi-closed ecosystem with a
shallow surface-water level. It is valuable to the
people nearby regarding ecology, economics, and
society. This increases the exploitation of the
resources in the wetland.

Material and Methods

The water and groundwater was collected from
paddy field of Phayao Lake (Figure 1). And
physical and chemical properties of water sample
were measured as pH value were measured by
pH/ORP meter. Dissolved oxygen was measured by
DO meter. Finally, electric conductivity (EC) was
measured by EC meter et al. The concentration of
soluble elements such as Iron (Fe), Cadmium (Cd)
and Lead (Pb) were measured by fast sequential
atomic absorption spectrometry analysis (Varian
AA 240FS).

Results and discussion
In early cultivation season, the level of suspended

solids (SS) after soil puddle was around 160-200
mg/L, which is higher than the standard value (100
mg/L) for water used in agriculture. The pH of
groundwater (6-8) was higher than that of the paddy
soil water (5-6). The dissolved oxygen (DO) of
groundwater was very low (1.5-3.0 mg/L). For the
water in paddy field and in the buffer zone of
Phayao Lake wetland, the typical DO was 3-5
mg/L. The electrical conductivity (EC) of
groundwater (300 — 600 puS/cm) was much higher
than that of the water in the paddy field (<300
uS/cm). However, the EC of water in the paddy
field increased (~300 uS/cm) in the puddling
period. The concentration of iron (Fe) in water in
the paddy field (>3 mg/L), over the standard value
for water quality guidance recommended for fresh
water animals (PCD, 2008), was higher than that in
the groundwater and the Phayao Lake. Also the
concentration of potassium (K) showed a similar
trend to Fe. Concentrations of heavy metals such as
cadmium (0.1-0.2 mg/L) and lead (~1 mg/L) in the
period of growing season decreased to 0.5-1 mg/L
for both metals in the later period. Moreover, the
soil density (1.5-1.6 g/cm®) and soil porosity (35-
40%) were high while water infiltration through
soil was low (107 cm/s). If the land is flooded, it is
easy for pollutants to diffuse into the Phayao Lake.

The water height in the paddy field (during
the growing season) was 5-20 cm with an average
of 12 cm (July.-Sept.). In Oct. to Nov. 2007, which
experienced heavy rain and flood, the maximum
water height was at 47 cm (35.9 cm average). The
level of water in the paddy field followed the water
level in the Phayao Lake. In Jul. to Sept. 2007, the
water stage in the Phayao Lake increased from 20
to 85 cm and in Oct. to Dec. 2007, to 100 — 140 cm.
The water stage in the lake decreased in Jan. 2008
(80 cm).

The groundwater levels underneath the
upper field was 50-80 cm deep and that below the
lower field was 40-50 cm deep. This means the
level of underground water underneath the lower
field is lower than that underneath the upper field
around 10-30 cm.
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Figure 1 The water and groundwater was collected from paddy field of Phayao Lake Wetland

Together with the data for the water level at the soil
surface, the results indicate that water tended to
flow from the agricultural area to Phayao Lake.
Hence, heavy metals, chemical substances and
sediment from the paddy field are possibly carried
to Phayao Lake. This will cause microorganisms in
water to demand more oxygen to decompose the
contaminant which come from the paddy field and
thus affect other livings in Phayao Lake. Besides,
the paddy fields near Phayao Lake has very thin
layer of soil surface (< 60 cm deep) with the layer
of sand lied beneath it. If there is a contamination
caused by chemical substances or some inorganic
materials, they will infiltrate through soil layers to
the underground water (which the level of water is
quite high).

Conclusions

Contaminants may migrate into the Phayao Lake.
According to the physical of soil layers as mention
above, the soil here has low infiltration ability and
it will not decrease the amount of contaminants
which will flow to Phayao Lake. The management
should start from creating the zone for agriculture.
The relationship between the agricultural land and
the possible usage must be created in the way that
enhance the usage economically and appropriate
with specific geographical features. The purpose of

this is to suit the usage to the state of the land and
to modify percolation potential of the paddy field.
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Figure 2. Alternative reclamation of paddy field
structure for decreasing diffuse of pollution to
Phayao Lake wetland.



Also the creation of the network of the areas to
store water and miniature sediments from the paddy
field located next to Phayao Lake will reduce the
contamination. Using local plants or artificial ponds
to absorb contaminants are also good options
(Figure 2).
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