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This research study is a study of water quantity and water quality of 

Rajjaprabha dam's downstream. The purpose of this study is approach to water 

resource management policy of Phasang canal of Rajjaprabha Dam at Ban Ta Khun 

district Suratthani provinc;e, by studying water quantity - water quality and 

community collaboration in the management of water resources downstream. 

According to the result of this of study, the quantity of water released from 

Rajjaprabha Dam to Phasang canal is enough to meet the water demand of 

downstream community. The average quantity of water released from electricity 

generation is 158.76 MCM./y. whereas water demand of downstream community is 

4.35 MCM./y. In addition to the analyzed result of water balancing, there are 121.05 

MCM/y water volume left in the next 5 years (2016). and 120.01 MCM/y water 

volume left in the next 10 years (2021). To study water quality, water samples are 

collected for quality inspection in two season, rainy season ranged from January to 

February 2012 and summer season ranged March to May 2013For each season, water 

samples are collected four times, two of which are collected during water discharged 

from electricity generating. The other two are collected during no water discharged 

from electricity generation. The water sampling is taken from five different sample 

site. The samples were inspected and analyzed for both physical and chemical 

properties through seven parameter which are Aimbient temperaturee, Water 

temperaturee, pH, Turbidity, DO, BODs, Ammonia-Nitrogen, total solid, total 

dissolved solids, Fe
2

+ and Mn. Base on mentioned parameter, the quality of water 

samples are compared standard surface water quality. The comparison result show 

that quality of water from sampling sites 1 to 5 can be Classified as Class C. The 

result of the meeting and in-depth interviews with representatives of the community 
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expresses that water shortages is caused by effectiveness of communication 

between agencies of the dam and downstream communities together with, Lack of 

participation in water resources management between downstream community and 

the dam. In order to solve those causes of water shortage, water resource 

management under community participation should be established, such as setting 

up water resources conversation group, and creating activities to conserve Phasang 

canal. To support such conversation, the dam shall set up clearly activity plan of 

communication, and give opportunities to know water management to community. 

Also, the dam should give opportunities to downstream community to take part in 

decision making process on sustainable water resource management of Phasang 

canal. 
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~~L,tt.!;LU~,Q:.!;Lit1.~1b.!;LUI:-!Jfu~L~IlLt.~~ tt-B~~~fl.Qo 1 L~t.L~Ut-~Lit1.fuQ.Il. ~11 B~ 1.!;LU fl.t} 1 L~ 
' " ' 

,!;,LUfl. t ll.!;W,!;,~f'I,U1.!;LULl'\.!;LUt-Bil.fu~L~~ t t.Xtfl.Q 1B~L,tt~L,!;,M. 1 t~RU1.!;LUfl.L~t-@I:'L~ B~LM.tn ~~1 
" ' • • n. 

fl.t.~~Ll.fUIA.fl. t lb!A.~W~~t-~~~11 fl.~ULilll~ 11:'.!;. 11f1..!;11Lt.~~IA.~~fl.k-lb,(1ol:'~ n.~t-B~Ib~~,!;,~~11 ~Llf[!:lJ 
II I I I 

" ~ b " 
12!1A. 1 ~,!;,r,n,~~,!;,fl. tt-~ ffi~L~Lit1.ffiQ.fl.Qo 1 L ,ttn.~~11 ~Lil..!;LUfl.,(\~~Q.fl. t Llt1.ffiQ.M.LlJk! 

" " 

LniA.n. 0 

I IA.IA.n. 
!"" 

fu~L~rtL.e..~::~m.rcn~;1rtL.e..~ ~ ·~ 
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. ~ 

1.2.1 1J LEI'U1tlf11'"I~fln1TVIi'VUJ10"i1.h 

TI';i';ill"ll1~ (tl1"ll1~U.fli;'I1JLL"~,hvbll) rn';ii.Je:J~n\JLLi;'I~LLru"llll"'W'I!t'Vl1~tl1 u."~~~~e:J~ilrn';i..ij'~~1LL~u 
u.l.h.J'Vl~11J'Vl-r'l"lmmtl1"lle:J~r;llltl1L uuu.~ti-;i~£J~m1 (20-25 tl) LYle:J-;ie:J~-rt.Jm1lll~~ruL~t.J 1~ fl1';j . "' 

"ll£1 1£1 ~1"lle:J~Gl~ fill ll"~ lf'l';i~~n~ 1 uVJn 'l ~1u lli;'l~fl11.J ~hJ nt.J m ';i1 .u~~u m ';j1.J~Vl1 ';j..ij ~ m ';i 

'Vl1'1"l tnfl';itl';i';ill"ll1 ~ U.i;'I~'Vl-ri"l mn -;i~ 11..1~1..1 'l ~ L ~ £11-ile:J~ ~~~~ 1. Utill ti1'Vl1~Vl~e:Jillf'I'Vl1~ 1 ~Vlt.b £J 

t.J~1m(Jh~'l ~~ne:J 

~ 

1.2.2 n1"i~fln1"i'VIi'WU10"i1.h 

~1n u. ti1'1"l -;i~11"ll~1~1 un11..ij ~ n1 -;i'Vl-rw £J 1 n1tl1~1 n n -;i~ ll~i"l';i~ ';i1"ll~ 1-r~~ 

W';i~11"ll'Vl1u11\rie:J1u~ 17 ilu1flll w.f'l.2519 ru W';i~ihwun~~1"~1-;i 1 Vl~1ti fl11ll~e:Jti'VI~~-;h 
"' 

" ... Vlam11flilll1~e:J~iJtl1t.J~1flfl tl11-ff tl1Lvle:Jfl1-;ili"l1~1.Ji;'lfl I.W11d1"lil~e:J~~,j'U f1'1iJtl1flUe:J¥t1~ 
~ ~ ~ ~ 

n1hiiJtl1flUe:J~1lJ1~ 1lJffivJvhflUe:J~1~ LLIJiffivJ.Y:h 1lJiltl1fltie:J£J1lJ1~ ... " (~Vl1i;'l~fl';iWlJVI1l'Vlma£J, 
'U 'U 'U " ' 

2542) 1m~fl11ll~1fi'qJ1urn1..ij'~rn1'Vl-rwmm 

Dqj"ll1 "lli'qJ~U (2541) nr;l11'J1 rn1..ij'~rn1tl1 fie:J m~t.Jd.'l..!n1111i1~'l ~'111ll11-&' 
L Yle:Jfl1t.JfllJ1~t.Jt.Jtl11lJ"ll1~LL"~)~t.Jt.J LL Vlr;l~tl1~lJu~~~~1~~u ~1L VI ~Via n~~ 11 ~ ~e:J~il n11..ij ~ n11 • • • 
" 0 "" U1fle:J 

1) m11J 1lJwe:J~"lle:J~rn1m~~1£J"lle:J~tl11 u~1ut.l~lJ1Wlbi;'l~flrumw • 
2) fl11lliv~e:Ju"lle:J~1~t.Jt.J~~~.n~~1nan~ru~munt.l1~~~fi"lle:J~tl1 ~~il 

1.J1~ 1£J"lltJIJie:JlJU'I!t~ -rl"ll 61~1 U.i;1~')~()1.J1~~~fi'Vl1~61'~fllJ~U" 
' ' I 

'th~~1U~1U U.i;'l~fl11~~1Jie:J 

~Vl1i;'l~mrull'VI11'Vlma£J (2542) 1~~n'l!t1fl11..ij'~rn1'Vl-rwmmtl1"lle:J~t.l1~ 1. 'Vlf'l1 'Vl£1 
' 

~u 1~ £Jil m1n1V1u~ 1.1. u1f.1~ u."~"lle:Jt.J 1. "ll~fl111.J~Vl11..ij~ m1'Vl-rwmn1tl1 u 1£Jt.J1 £Jfl1-;i:ij'~m1 
'Vl-rwmmtl1 u."~lL~tilblJt.J'VlLYlmtJui.L U1'Vl1~rn1..ij'~rn1'Vl-rwmmtl1 H ~~-d 
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... 
1.2.3 bbe.J'U m.iu'VI nT~lij'V~m':i'VIi'vn.nn·:nh 

1 'Ufl11~~'U1~1.1tl1~1\l'1 ~eJ\l~fl11Vh Lbt:.J'ULLlJ'U'VI L ~vfl1'VI'U~ ~'VID~1~l1l{m~~ 
' I ' 

15m1~~fl11'VI-r'V'Immtl1~:J1.1tl'U'VI-r'V'Imm~'W~L~m.Uv\lv~1\lLU'U1~'U'U~vLtiv\lLL~~611.1~'U5n'U"llv\l 
~'U~'VIflLL'iA'l1'ULL~~~~1JtJ11~LLfl fl11~~V11tl1 (~~'U1LLVI~\ltl1) fl11~~~11LL~~fl111-ffLl1 fl11 

' ' 
v 11-rn,;LL Vl~\lJ1 fl11LLm "llDqjV11J1vb1.1 fl11LLm "llD'lJVI1~rum'V'IJ1 .,~., L ~f) 1 iL U'ULLt:.l'UVI~ fl'VI~eJ 
LLt:.l'ULLlJ'U'VI"lleJ\l~1.1Ll11'Ufl11~1Ltl'Ufl11L~mtl'Ufl11~~fl11'VI-r'V'Imfl1tJ1LL~~'VI-r'V'I~1fl1~'U~L~moUeJ\l 

' 
LL~~~~1'U LL~~ L ~vfl11~1 L tl'Um11 ~ L U'U 1 '\J1 'UVi~'VI1\l L~ ~1 tl'Uv ~1\l L U'U1~'U'Uth~flv'U~1 ~ 

1) LLt:.J'ULLlJ'U'VIfl11~~'U1 LL Vl~\ltJ1 ( ~~V11) fl11~~VhLLt:.J'ULLlJ'U'VI L~~1 tl'U 

fl11~~'U1LL~~~~VI1Ll11il1flLLVI~\l~1\l1 ~LVI1.11~~1.11~LLfl tl11'U'U11mfl1~ LLVI~\ltl1'U'U~'ULL~~LLVI~\l 
tl11~~1~'U L ~v LLm "llDqjVI1fi111.1L~eJ~~eJ'U"lleJ\l'th~"ll1"1l'U el'UL tiv\l1.111il1flfl11"111~LLfi~'Utl1 L ~vfl11 
~'IJL.nfi'U~L.nfl L~v'IJ1~ 1~"1l11LLnfl11Lfl~l111fl111.1 fl11t:.J~l1l'V'I~\l\l1'U 1 vJVh ~l11~1VIfl111.1 LL~~~'W11 'U 

~'U~~1.1tl1~~!3! fl~.f11'V'I1 'U fl11~~'U11~ 
' 

2) LLt:.J'ULLlJ'U'VIfl11~~~11LL~~ 1i'VI-r'V'Imfl1Ll1 ~~vl1LLt:.l'ULLlJ'U'VIL~mtl'Ufl11 

'U~V111fl11~~~11 LL~~ 1-ff'VI-r'V'Imm1 'ULL Vl~\ltJ1~1\l1 ~m 'ULL~~~'J~fl1~ l~~~~vl1 LLt:.l'U\l1'Ufl11 

~~~11tl1l1111.1~1~'Ufl111.1lii'1LU'U (fi111.1G'11~ru) "llv\lnlilfl111.1LL~~"Il1.1"1l'Um.ffJ'1 LLt:.l'U\l1'Ufl11~~fl11 
" ' 

v\lf'ifl1'1J1~"1!1"1l'U/VI~eJflf1!~fl111.1fl11~1.1tJ1 L ~eJ 1 ~L oU11.11~?f1'U~11.11 'Ufl11'U~VI11fl11~~~11Ll1LL~~ 
' 

il'l~fi1'V'Ifl11"111~ LLfi~'ULl1~~mfi~~'UL U'U'IJ1~li11v~'VIfl~1.1J11 'I.Jn~LL~\l L ~v 1 ~Lfi~m11.1~11.1ilv 1 'U m1 \.1 • , VI '\.1 

1-fftl1v~1\lU1~VI~~LL~~~flruFh 
'U' 

3) LLt:.l'U LLlJ'U'VIfl11v'U-rfl,;LL Vl~\ltl1 ~~vl1 LLt:.l'ULLlJ'U'VI L~ ~1 tl'Ufl11v'U-rfl,; 
' ' 

'IJ-r'U'IJ1\l LL~~'U1fii~LLVI~\ltJ1~~eJ~l1111.1ti111.1"1!1~~1~1JtJ1LL~~LLVI~\lLl1~-r~~~1\l111lJ1~~~.f11'V'I 
" \J '\J 'I cUa 

L~v1.1l 'VI11.1 ~\ll~~n111.1"1!1~ LL~~ l~~fl11fl1~vl1"lleJ\l1.l'U~~ L ~v 1 ~LL Vl~\ltl1~11.111fl1 otl\l1'U 1~'U1'ULL~~ 
' 

4) LLt:.J'U LLlJ'U'VIfl11 LLm "liD qjV11tl1vh1.1 ~ ~vl1 LLt:.J'ULLlJ'U'VI fl11 LLm "liD qj'VI1 

~'U~"Il1.l"ll'U LL~~~'U~ Lfl~l111fl111.1~1~-ru t:.J~ m~'VI'U :u 1 flD f11Vf1tlTvh1.1-rr\l'VI~v Lfi~v'VIfl.ti' ~ L U'U'IJ1~lii'1 
q oa: ' 

~1 ~ LLt:.l'U \l1/lfl1\l fl11~ L Vl1.11~ ~1.1 tl'U LL~ ~~Vlv\l~ LL~ ~~ .f11'V'I LL Vl~\ltl1 L ~v LLm "liD qj'VI11 ~'U 11 L 'VI1VI~v 
fl1~~ 1 ~VI1.1~ 1 'IJ l~~~fl~1~fi1'V'I~\l.niJ~1~l11{ ~fi1'V'I~'U 'IJ~1.11!1!tl11 VI~VI~1fl"lleJ\lLL~~~~1tl1LL~~tJ1 

'U 

I 
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vb:u-lJ~'IJ~L 1 ru~h~ 1 '11fl,!'U~~1 Lfl':i1~~vn15m':i LLm "1JU qj'Vl1~ L 'Vf:U1~?1:Utl'U?f.ll1Yl~'U~ ?l.fl1Yl~~fl:U 
LL~ ~e.J ~ fl ';i~'Vl'\J Ji'1'U~1~ 1 (91~ tl~'l'U~1~~'VJ'U LL~11 1~ LLe.J'U~1 L \l'U fl1':i1 'U LL~ ~ ~~'U~m:U~1 ~'\J 
fld1:U~1~qj 

5) LLe.J'ULL:iJ'U'Vlfl1':i LLm "1JUill'Vf1flW.ll1Yl,J1 ~~v\'1 LLe.J'ULL:iJ'IJ'Vlfl1':i LLm "1JUill'Vf1 
v ' v 

flW.ll1Yl,J1~ Ln~~'U 1 'U~:U,J1 Ji'1 mLe.J'U~1'U fl1':iLLm "1JUill'Vf1,J1LR:U,J1fl~mJ LLe.J'ULL:iJ'IJ'Vlfl1':iLLm "1JU ill'Vf1 
, , Cll " 

... ' 0 I ..::11 4 CV .c:::!1. 1.1 4 QJ I -..:::::. 

'U1 L 'U1 L?l E.J L 'U m:u 1 '11 fl fl1 ':ii"l w.J'U 1(911:Ufl11:U L '1 ':i ru"U €1~'\J 1'U L:U tl~ LL~ ~ fl1':i"1J E.J 1 E.J (911 (91 tJ LPI':i~~ fl'l 
v ~ 

" 1.2.4 LL Udfl~LL~:'tJ£JtJL "lJ{;lfl11tiiVI11t3'fln11\'J;'cwe,~1n11l1 

fl1':i~ ~ n1 ':i'Vl-ri"l m fl':i,J 1 fitJ m ':i~ '1 ~ ~1 L tl'U fl1':itJ ~ 1~ 1~€1 ~ 1~'Vftl~'Vf~tJ'Vfm E.J t1 ~ 1~ 
':i1:Utl'UL~E.Jdtl'\J'Vl-r'WE.J1m1 'U~:U,J1 L ~tl 1 ~ijfl1':i~~'Vf1,J1 (~w.J'U1LL 'Vf~~,J1) fl1';i~~?l':i':ifl1':i1 otl,J1 fl1';i 

' 
tl'U-rfl,;LL 'Vf~~,J1 (9l~tJ~'l'Ufl1':i LLtlUill'Vf1L~ E.J1 tl'U'Vl-ri"l E.J1mt111 'U'Vlfl~'U~"1Jtl~LL~~~~:U,J1 1~E.Jij , v , , 

Lth'Vf:U1m~m.h~1E.J"1l'U1'Ufl1':i~1':i~~1(91"1lmVJfl1 ~~1'U~~fl:U ~~fl'U ~(9ll LL~~oW"U "1~"1 1'Ufl1':i~w.J'U1 
LL 'Vf~~,J1'1~~ tJ~m'IJ~1 'IJ n'\Jfl1':itJ'U-rn~1 ~1ifl11:ut~~'U 1:W L U'U 1 'IJ1 'U LL 'IJ'\J~'U L 'IJ~ tJ~'Vf~t1v\'1m E.J ~~~ LflE.J 

'IJ ' 

" QIQ 0 

1.2.5 f!Wa:U'IJVI"ttil.:I'U1 

t11L U'U'Vl-ri"lmm~~1~ru"1ltJ~':i~'IJ'UtlnP1 '11fl~'U,J11.'i'IJ~nru'IJ1mL:Wt11 t111 'Vf~~1'U 
v 'IJ 

~'U~~1~1 1im':i1-tit11 L~tJ(9ltJ'IJ?I'UtJ~(9ltJfl1':i~1Lil'Uihm':i:w~1~1 "Um:u'U~~ m':i1-tl'IJ':i~ 1E.J"11U"1ltJ~ , ..... 

1) nnl-ffJwi1vnTi'liifJJf'JUfi::fJtf[nFJ ,J1~1 m 'UfJ'lfl';i':i:U.fl1E.J1 'U~tl~ 
' 'IJ 

m~E.J1i'VfmE.J1(9lt~'\.J';i~"'~fi' L"li'U t11n'U m'\J in~1~ m':iv11fl-r1 m':ivl1fl11:u?t~m~ LL~~m':in1~~~~ 
' 

'IJ~Q~ eJ'm1m':i1it11~~1:W~tJmL'll'UtJ'U l!n~'UtJ~n'IJU'l~E.J~'U1 ~L~E.J1oUtJ~an'Vf~1E.JtJ~1~ L"li'U "Utl~ 
LL~~fl11:U'Vf'U 1 LL 'll'U"U tl~"U:u"U'U ~1'U~ LPI';i~~n'l LL~~-u~ E.Jfl1 1:u L u'U tJ ~ ?!.n11~ Ji'1'U?I"111i1'1J 1~ LL~~ m ';j 

, dJI d.8 \J q 

'U~'Vf1':i~1'U'IJ':i~'IJ1 (?t:UViYl~ ~h'U5':i1\l"11~ LL~~flW~, 2553) sg~fld1:U~mfl1':i,J1L~tlfl1':itJ'IJ1.nfl 
' 

'IJ~1.nfl L U'Ufl11:U~tJ~fl1':i,J1 L ~tJfl1':itJ'IJ1.nfl 'IJ~1.nfl"Um'IJ':i~"111m~~'Vf:u~ ~~~m~E.J€1~1 'UL "11(91 LritJ~ 
' 'IJ 

LL~~'U tlfl L "1J (91 Lri tl~ sg~'l~1ifl11:U~ tl~ fl1 ':i1 .g,J 1~ LL(9l fl~ 1~tl'U 1~ E.J 1Ji'~1 LL 'U fleJ (91 ':i1 fl1':i1 otl,J1"1Jtl~ 
'IJ':i~"111mm:U~fl~W~"li:U"li'U fitJ L'V1Pl'U1~'Ufl';i L'VlPI'U1~L1itJ~ L'V1Pl'U1~\?l1'1J~ 'UtlflL"1J(9lL'VlPI'U1~ LL~~ 

' 
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fi1'jtJ flfl'je:J.:JVJ e:J.:J~'U'j'l.J Lb 'IJ'UoW L~~ (m.:~ L 'VI'Vil.J'V!1'Ufl'jbbfl~ Li1m~'VI En) m'jfi11'U1rub Ylm.J~ 1'1tl1'l.J'j~'l.J1 " . 
1~CJihnrusfim'j1iJ1 bbG't~.:J~.:Jm'j1.:J~ 1-1 

fl1~1.:1~ 1-1 Lnrusfim'j1itl1LYle:Jm'je:JtJb.nfl 'IJ~L.flfl • 
0 .., ct ,f d elfl~1fl1~1-liJ1 (~fl~/fl'U/1'1..1) i'l1fi\J'VI ~'U'VI 

1 b 'VI~'IJ16't'Ufl'j 250 

2 
.. 

200 b'VI~'IJ16'tbl.Je:J.:J 

3 
0 

120 b'VI~'IJ16'11'11'1J6't 

4 'Ue:Jflb"'JI'lb 'VI~'IJ16't 50 

5 m 'j'l.J flfl'j e:~.:~VI e:~.:~ ~'1..1 'j'l.J LL 'IJ'UoW L~~ 
" 400 

( m.:~L 'VI'Vil.J'V!1'Ufl'jbbfi~~'VI tn) • 
" 

Q.,IC::t, ~ 4 Q,J ~.J c:ot 4 

- FlruG'tl.J'IJI'l"'le:J.:J'U1'VI1.:Jm CJ.fl1'V'l Fle:J 6'1 n~ru~"'JeJ.:J'U1'VIG't11J1'jf:ll.JeJ.:J b 'V!'U'Vf'je:J • 
~l.J~G't1~m'j1~tJ~l.J1ru~.:~tJ'Ub~eJ'Ub 'V!~TOv'h 1~1bJ6't~ LaCJ~'IJn irn1 m~L tJ~CJ'IJ b ViCJ'IJ ~11J11'l'jjl1'U ~1.:~ 1 
~.:~i1wtbmLI'lfl~1.:Jn'U1tJ ~n~ru~'VI1.:Jfi1CJ.fl1'V'l 1~Lbn "'le:J.:Jbb~.:Jbb"'l1'Ufle:JCJ Fl111J"ll'U ~ fl~'U 'jli't Lbfl~ • 
e:Jfii'V!.fliJ . " 

- Flfi!G'tl.J'U~'VI1.:Jbfli1 ~e:J eJ.:J~U'j~fleJ'IJ"'leJ.:JLL ~Li11'1 LL6't~G't1'j'Lfli1~e:JI:JL 'UtlTv'h . . " 
1 ~FlruG'tl.JU~"'leJ.:Jtl1L tJ~CJ'U 1 tJ 1 'ULL 'V!~.:~tl1'1J1.:J LL'V!~.:Je:JT'il'Vi'IJ'"i1J1i1Fl111J 1G'IG't~m~'l.J'j1~"il1flfl~'U ~e:~ • 
ij~ fl~fii~'VI1.:J fl11:J .fl1'V'l~&i LL~hJ1~'V!l.J11:Jfl111J11tl1~'U"il ~i1Fl111J L 'V!l.J1~G'tiJ'~~ ~'l111J1'1J~b.fl Fl1~ 
b 'Vi'j1~m"ili1 Lb ~u11'l'V!~e:~"'1'j Lfli1~ L tl'U'W~fl ~6'1 1CJtJ'Ue:~ ~ FlruG'tl.Ju~'VI1.:~ Lfli1G't11J1'jt~1 Lfl'j1~~'VI11m~ CJ . " . 
1~m'j'VI1.:1Lfli1 G't1'jb'Vf~Tdm"ili1"W~ 'V!~e:~ 13Ji1-w~iil~ 

1) G't1'j~i1~6't~elflfi!.fl1'V'ltl1 G't1'j'L'Vf~1-d't&_Jij~6't~e:JG't"'J.fl1'V'l LL~tl1i1 • • 
" " ' .0::::.. .c:::lil I 0 I ..r:::~t. 0 c:::tt. QJ' I 1.0:::::. V ..:II 

Lfl'Ul.J11'J'j~1'U"il~l.J~fll'le:Jflru.fl1'V'l"'le:J.:J'U1 L'll'U 'jli't'1l11'1"1le:J.:J'U1 flfi'U fl1'jfl~meJ'U'VIeJ Lfl~l'l~m'U 'Vf'je:J ... . 
2) "'1 'j~ L u'U -w~~ e:~~.:~i1:S11'1 fl1'j Ln ~"' 1 'joW~I'l11J LL VI~ .:~J 1 

Li'j'jl.J'1l1~1'111JUfl~bn~;'U 1~tJeJI:Jl.J1fl L'li'U G't1'j'Lfli1'l.J'j1'1J~I'l'j'Vi'1lLbfi~I:J1~1 LLl.Jfl-:1 G't1'j bfi'V!~'V!Ufl1~Lbtl 
" 

G't1'j'Vf~ (As) 1'1lm1 'U~ ( CN) l'l~A-1 (Pb) 'l.J'je:J'VI (Hg) bLFl~Li1CJl.J ( Cd) b'I!Lm oUI:.ll.J (Se) b U'U9i''U 
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3) l"lW?f~'U1i'VI1\l~h'U~hmV'I ~€! ~1'U'J'U~'lii"fi11JlL~fl 61 ~€J1Pl~€J~ 
' I " 

1 'Utl1 ~G11~fliLLi;i~ii~H'l~€J?f"IJf11V'I"IJ€J\l~'U~~L~~\Jl-:i\l1~LLfl bl"l~vJ€J{~LL'UI"lViL~~ LLi;i~~~i;i bl"l~W€1{~ 
·~ . . 

LL 'UI"lViL~~ ~1flfl1'aG11-:i1~"1l€J\lm~€J'U1~~ (254 7) V'I'Ul1tl11 'U't.h~ L'V1~1 vm 1~~?f-:i'IJiHlruvn~1'U . "' 

LL 'U l"lVi L~~~1fl fll1~1'Ufl1~f11V'I LLi;i~ Ll"lii LL 'U l"lVi L~ ~1 'U fl~~YJ~i;i bl"l~'rJ€J{~~G11~ru 1~ LLfl BL1"11i;i . "' 

(Escherichia coli, E-coli) ~\ln€1 1 ~Lfi~ 1 ':il"lL~~1tl'U'V11\lL~'U€J1'VI1-:iLLi;i~?f1~1-:i~'Vl'UI"l11~~€J'U 1~~\l hi 

?f1~1-:i~n1~~1~~15fl1-:i~~\Jl1~ufl~~'J1u 

2) nnl-5Jwf1vnntn'l1vrJ 1~iifl1-:i1-tltl1~1~'UL~€Jfl1-:iLfl~\Jl':im':i~€J~1\l 
fl11\l"IJ11\l (?f~ViV'I~ ~1'U5-:iTU"IJ~ LLi;i~l"lW~, 2553) 1"111~~€J\lfl1-:itl1L~€Jfl1-:iLfl~\Jl':i ~~;'U€J~tl'U 

" 
?ff11V'IfllJ €11 fl1~ LLl;i ~-u ~~~~ L~ ~'JoU €1\l B'U1~ LLn 'IJ~~1 ru~'U e) (Jl ';i1 f11 ':il"l1 ~ ';j~ L 'VI~"IJ€1\l~"IJ 

" 
(evapotanspiration) eJ\Jl-:i1fl11~~"1J€J\l~'U LLi;i~~fl~W~?f~U~"IJ€1\l~'Uffi m 'Ufl1-:i L V'11~U~fl 1~~ii 
~fl~ru~m1~61~-w'Ufi~~~iic.Ji;i~€JI"l11~~€J\lfl1-:iJ1"1l€J\l~"IJ m~"/Ji;iU1~'V11'U (2547) LL?f~\lm1~ 
~€J\lfl111 iJ1"1J€J\l.fl11"1~1\l1 "IJ€1\lU-:i~L 'Vl~ ~\l£11'U 1 'VIqjL U'UI"l11~~€J\lfl1-:iJ1"1J€J\lf111"1Lfl~(Jl';j 1 'UtJ V'l. ~-
2536 2539 LLi;i~ 2549 ~\l\Jll':i1\lVi 1-2 

V'l.~.2536 V'l.~.2539 V'l.~.2549 V'l.~.2536 V'l.~.2539 V'l.~.2549 

" I 0 .. 

~~'U1f111"1L'VI'U€J 10,655 1,408 2,792 8,764 13,065 141 

36,137 45,613 47,336 1,965 2,179 3,089 

" ~~'111fl11"1 

1Jl~i''U€J€Jfl 6,389 8,409 11,814 961 1,003 2,637 .. .. 
L~W\lL'VI'Ue:J 

4,314 4,761 5,935 750 591 756 

5,933 6,282 9,345 939 1,132 3,286 

61,507 75,720 87,495 4,756 6,313 12,560 

" Vi~1 : ~~LLUi;i\l~1~1flm~'V11'V'I~1m'l11, 2547 



7 

nT~ 1 ithua\1~"111~\.I~'Ua ~n'U"IJU~'lla\I~"IJbb~~1~fJ~n11 b '<il~ru b9i'U 1111 1~ m.J n9i bb~TVi"lli1 m1 1 i 
~ ~ 

J11JafJ~~~ b~m~:wb ~1~tJ~ n bb~~'<il~b ~:w~'Ub~afJ 1 '<il'Um~vi'\l:w1n~~ b~a~"IJblil~qJb9i'U 1111 b~:w~aa n . . ., 
~anaamJmb~~'<il~~afJ1 ~~~\lbiia~~bbtlbb~~fi'l1~fJ~bd~1bn'UbnfJ1 (51~~~ ~\IGi:W'I.JqJ, 2549) ~'~ .. 
1'1111\I'VI 1-3 

.. 
'VI 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 
. 

.,; .. 
"IJa~"IJ 

"' "" t:nb'llfJ'J 

~'U'l.l~1~ 
., 
aafJ 

"' fi~'U1 

t1~nm1 
. 

'U'J'U 1?11\11 

"' ~nm~'ll11 

"' "" ~nm~b'llm 

"' "'"" ~n'U\I'<il'U • 
~~n~1\11 

~m~m 

~n'VIm 

bbl'l\lnd1 

"' bbl'l\111'\J 

-rr11 1 ~~'V!11'U 

bbl'l\11:W 

'!( 
1.2.6 flWI'l1'WU1 

" . ., 
mfJ'<il1n1'UtJ~nfi'I1'Ubn'Ub~m (1'U) 

tJ~:w1rut1TVi1 "11 . ~ (~n'U1fllflb:W1'11/t ~) 
~ 

60-90 300-400 

45-55 1,400 

50-75 1,200-2,000 

40-60 350 

50-75 400 

40-60 300-500 

45-80 450 

55-75 350 

30-35 200 

70-90 500-850 

90-120 350 

120-180 333 

30-40 350 

80-120 400 

70-85 500 

75-120 470 

'U an '<il 1 ntJ~:w1 ru J 1 ~1 ~ 'U fl ru.n1~J 1 fii1 fi'J 1:w611 ~ qJ ~an 11 b '<il ~ qJ b 9i 'U 1111 'll m~"IJ'V!~a 
m1 1 itl1 b ~a~tJ1.nfi'U~1.nfl'lla\1~1111 b~fJ\1~1\11 J1m m 'Un11bmtl111m1'l.l11flllil1nG111bfli1bb~~ b~a 
hfl~b tJ'UeJ''Um1fJ~a~"IJ fi'U 'V!~a~l'l1~n'U~"Ilb'V!~1,r'U 1~mo~1~J1~1i1~ern~n'U 1 'UG1~ lhtl1i1 

G111bfli1tJ~tJ'U m'<il~\l~~m~'VI'U~a~'U1~ (Gi:wVi~~ ~1'U511U"IJ~ bb~~flru~. 2553) ~\lflru~m1:wm1 
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i:~LL'J~~m.JLLvl-:1'1!1~ (2537) ~.:Jhltl1'VI'U~tl':i~Lfi'VILL'Vf~.:Jtl11~mL?f~.:J~1tJ~~L~l!:.J~ ~.:1~1~1.:1~ 1-4 

LI.~~:W1~~~1'Ufltufi1V'Itl11 'ULL Vf~.:Jtl1~1~'U ~.:1m~1.:1~ 1-5 ~.:~d ... ' 

. ... 
~1"a1-:!Vi 1-4 :W1~~~1'Ufltufi1V'I'I..h~1~'U ... ... 

1~LLtl LL'Vf~.:Jtl1~fltu.fi1V'Itl1i:J&'f.fi1V'I~1:W5~~:W'l!1~1~m.J~11illiJ1fltl1~.:JiiJ1flfililm~:W'VIfl 
' ' 

th~Lfi'VILL~~?f1:W1~m U'U'th~ 1t~'l!UL~a 

( 1) m~a't.l1.nflLL~~u~1.nfl1~t~l9i'a.:~e.h'Um~~hL~a 1 ~fl~1:w't.ln~na'U 
' . ... 

(2) fl1~'1Jtl1tl~'U5~1:W5~~:W'1!1~'1JB.:J~.:Ji:J~1~~~~'UY!'U~1'U ' ... 

't.l~~Lfi'VI~ 2 1~LLtl LL'Vf~.:Jtl1ffi~1'utl1~.:Jiil1flfililm~:W'U1.:JU~~Lfi'VI LL~~&'f1:W1~mU'U't.l~~ 1t~'11UL~B 
( 1) fl1~a't.l1.nflLL~~'U~1flfl1~tJI9i'B.:J~1'Ufl1~~1L~B 1 ~fl~1:WUfl~LL~~~1'Um~'U1'Ufl1~ 

' 
't.l1'u't.l~.:Jfltufi1V'Itl1vi'11 't.lna'U 

' ' 
(2) fl1~B'U1'fl,;~~1tl1 

' 
(3) fl1~'th~:W.:J 

" ... 
(4) fl1~'J1tJtl1LL~~fh:f1'V11.:Jt11 

tb~Lfi'VI~ 3 1~LLtl LL'Vf~.:Jtl1ffi~1'utl1~.:Jiil1flfililm~:W'U1.:1U~~Lfi'VI LL~~&'f1:W1~mU'U't.l~~ 1t~'11UL~B 
( 1) fl1~a't.J1flflLL~~'U~1flfl1~tJ\9la-:~~1'Ufl1~~1L~B 1 ~flm:W't.Jfl~LL~~~1'Um~'U1'Url1~ 

' 

tb~Lfi'VI~ 4 1~LLtl LL'Vf~.:Jtl1m~1'utl1~.:Jiil1flfililm~:w'U1-:!U~~Lfi'VI LL~~&'f1:W1~mU'U't.l~~ 1t~'11UL~B 
( 1) fl1~e:J't.J1flflLL~~'U~1flfl1~ tJI9ie:J.:J~1'Ufl1~~1 L ~B 1 ~fl~ 1:WUfl~ LL~~~1'U m~'U'J'U fl1~ 

' 
't.l1'u't.l ~ .:~ fl rum V'ltl1 L U'U~ L !if~tle:J'U 

' ' 



I 

' 

1.~ f1~'1.JLL~~'S~ 

(Colour,Odour 

and Taste) 

2. tJW'VI.IliJ 
' "IJ 

(Temperature) 

3.m1:WLU'I.Jm~L~~~ 

~1.:1 (pH) 

4.e:Je:Jn'BL"'ii'I.J~~m8 

(DO{ 

5.ffie:J~ (BOD) 

(Total Coliform 

Bacteria) 

fltl~ bfl~'tJe:Ji:w 

(Fecal Coliform 

Bate ria) 

8.1'1.JL\ll'S\ll (N03)b'I.J 

'VI'U181'1.J11ll'SL"'ii'I.J 

9.L~tl:Wb:Wd:18 

(NH 3)b'I.J'VI'Lh8 

1'1.Jb\ll'SL"'ii'I.J 

:wn./~. P20 

:wn./~. P80 

P80 

100 :IJ~. 

P80 

100 :IJ~. 

:wn./~. 

:wn./~. 

fl 0 2/ I 

~ n N 'fl n 1 'VI 'IHUHUHl , 111 n 1'H~ 'I.H ... . 
th:: uwlf'ltull1'W'IJ,,1lln11li'lh::lv,nl • 

1 2 

5' 

5' 

5-9 

6.0 

1.5 

5,000 

3 

5' 

5' 

5-9 

4.0 

2.0 

20,00 

0 

1,000 4,000 

5.0 

0.5 

4 5 

5' 

5' 

5-9 

2.0 

4.0 

9 

(Thermometer) 1~ 

Lfl~e:J-:~1~m1:WLU'I.Jm~ 

u ~ ~ \>i 1.:1 '1J t1 .:1 J 1 ( pH 

meter)l'l1 :w 1 5 '\111 fl1 

U'I.J'I.J Electrometric 

Azide Modification 

Azide Modification~ 

e:JW'VI.Ilii 20 tl-:11"11 
' "IJ 

L'!!m;8~LU'I.JL1~1 5 i''I.J 

~~~e:Jn'I.J 

Multiple Tube 

Fermentation 

-Technique 

Multiple Tube 

Fermentation 

Technique 

Cadmium Reduction 

Distillation 

Nesslerization 



10.Vlum=t 

(Phenols) 

11.'VIv.:IU~.:~ (Cu) 

12.iil'lLii~ (Ni ) 

l.Jf)./~. 

l.Jf)./~. 

l.Jf)./~. 

13.LLl.J.:if11UG'I (Mn) l.Jn./~. 

l.Jf)./~. 

15.LLI'l~Lii~l.J (Cd) l.Jf)./~. 

16.LI'l'Hii ~ lJ 'll ij ~ 

L H f) '11111 L ~ 'U '1'1 l.Jf)./~. 

(Cr6+) 

18.\J~v'VI~.:!VIl.l~ 
(Total Hg) 

19.?11~VI'I& (As) 

l.Jf)./~. 

l.Jf)./~. 

1 2 1 3 1 4 

0.005 

0.1 

0.1 

1.0 

1.0 

0.005* 

0.05** 

0.05 

0.05 

0.002 

0.01 

5 

10 

Distillation,4-

Amino antipyrene 

Atomic Absorption 

-Direct Aspiration 

Atomic Absorption 

-Direct Aspiration 

Atomic Absorption 

-Direct Aspiration 

Atomic Absorption 

-Direct Aspiration 

Atomic Absorption 

-Direct Aspiration 

Atomic Absorption 

-f?irect Aspiration 

Atomic Absorption 

-Direct Aspiration 

Atomic 

Absorption-Cold 

Vapour Technique 

Atomic Absorption 

-Direct Aspiration 
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fh • 0 2/ 
!Jl1lln1'HLti~ Lnru~n1'1111HlflHI~ ...... " • 

IVQI r11 ll1::!.l!\'I~Wm'W~1"1lln111<ti:U1::lt~~:ll' 
13n1'11Jl'11~aau 

~'ti'Uf1Wf11'W'U1 '1111.i1V \'11~ • ; 

I I aii;j 1 2 3 4 5 

20.1'llm1 'IJI'i Pyridine-
:un./~. - 5 0.005 -

(Cyanide) Barbituric Acid 

21. ti':ulY'IJ".mv-rr'l~ 

(Radioactivity) 

-~lr'I~Lbel~Vh 
b'UI'lLI'leJ Gas-

- 5 -
L~~~~- 0.1 Chromatography 

(Alpha) 

-~1r'I~LU"1(Beta) 
1.0 

22.G'Il~th~"~~'1!LL~:: 
" 

<v < .. 
G'lm'1l'l..l~ 

' " 
Viiil'l~eJ~'IJ'vi.:J'V!:u~ Gas-

:un./~. - 5 0.05 -

(Total Chromatography 

Organochlorine 

Pesticides) 

23.~~Vi (DDT) 
1:u11'l~ Gas-

- 5 1.0 -
nr:u/~. Chromatography 

24.DLeJ'1l'lf'1lil~LLeJ~ 1:u11'l~ Gas-
- 5 0.02 -

~1 (Alpha-BHC) nr:u/~. Chromatography 

1:u11'l~ Gas-
25.~~~~'1..1 (Dieldrin) - 5 0.1 -

nr:u/~. ... . Chromatography 

26.~~~~'1..1 (Aldrin) 
1:u1m Gas-

- 5 0.1 -
nr:u;~. Chromatography 

27.L~n.J" ll'l~ eJ1 LL~:: 

L~U"11'l~eJ€h.leJfl1'lli'i 
1:u1m Gas-

(Heptachor & - 5 0.2 -
nr:u/~. Chromatography 

Heptachlorepoxid 

e) 

1:u11'l~ 1~G'I1:U1~~"~1~~u1~"1:u Gas-
28.LeJ'IJ~~'IJ (Endrin) - 5 d 0 

-
nr:u/~. 

..... 
15f11~"~1~G'Iel'U'Vlf11'VI'IJ~ Chromatograph 



Vla.J1f.!L'V!(1) : 

o'i'ia.J'lf1~ bbii'l::bbvt~~,h.h::b.n'VI~ s1lJn1vt'U\ilfh 

21 fi1 DO bU'Ubnru't1a.J1\il'ifj1'U~1?11il .. ' 
o b tl'U 1 tlma.Jo'i'ia.J'lf1 ~ 

5 'flfU'VI.fliJ'!Jfl~,jT'il::tiJfl~ tlJ?I~n-J1flfUVI.fliJ\il1a.Jo'i'ia.J'lf1~bfi'U 3 fl~1'11b'lfii'l b;fJ?I 
'I 'U '\1 'I \1 

* J1~ilm1a.Jm::~1~1'U~ti'!Jfl~ CaC03 tlJifi'Un-l1 100 ilii'l~n-ra.J~fl~\il'i 
** J1~ilfl11a.Jm::~1~ 1 'U~ti'!Jm CaC03 1fi'Un-l1 100 ilii'l~n-ra.J~fl~\il'i 
oc fl~l'11b'lfii'lb;fJ?I 

P 20 fl1itlfl·h~'U1'VIl;l~ 20 "il1mll'U1'U~1fl~1~J1~~'V!a.J\il~itlUa.J1\il'i1"il?lflUfl~1~~m~fl~ 
P 80 fl1itlfl{b~'U1YI~~ 80 "il1mh'U1'U~1€J~1~,j1~~'V!a.J\il~btlUa.J1\il'i1"il?I€JUfl~1~~m~€J~ 
a.Jn./ii'!. ilii'l~n-ra.J~fl~\il'i 

12 

MPN bBa.J.Vl.iB'U vt~€1 Most Probable Number 

1iim'ilil'i1"il?I€JUiU'U1tilil1a.J1iim'ia.J1\il'ifj1'U~1vt-rum'i1ifl'i1::l1J1biii'I::J1b~fJ Standard Methods for Examination of .. 
Water and Wastewater ;~ APHA : American Public Health Association ,AWWA : American Water Works 

Association iiii'l:: WPCF : Water Pollution Control Federation '!J€J~?Ivt-r~ma.J~m ~1a.Jn'Utl1vt'U\il 

!II ' 

1.2. 7 Lf"'~.:Jn1~-w'WJ'U1bb'VIgt.:J'll1b ;it~u'i'eueuth::ll1 

L~el'IJ~'ll'1lth~m ?1.;'1~U(;)~'U~1th•1~el·!l'V'I~LL?I~ ~U1'UL~tJTVlm'U ~.L"ll1~~ eJ.U1'U 

m"ll'U ~.?l':i1~n1u1i! LU'UL~eJ'Ui;'U~~LLf1'U~'UL'Vli!tJ1 ?!~ 95 L~m rn1~tJ1161'UL~eJ'U 761 L~~':i 11 
Ill It dJ 'U 

L~eJ'UU(;)~'UoVeJ~L"111Bf1 6 LLvl~ eJ~'\J'Uru~i1tJ"1JeJ~LLlJJ1 1 LLvl~ LL~~ru~"1111"1leJ~LLlJJ1 5 LLvl~ B1-!JLtl'\J 

J1 i1r111~~ 5,639 £K1'U~f1'\J1PlflL~~':i ~'U~B1~Ln'\JJ1 185 m':i1~fi1~L~~':i tl~~1ruJ11'Vl~L-ff1a1~ 
' 'U 

L\l~tJ:u~~ 3,os7 rK1'U~f1'\J1PlflL~~';j 11~1 'V'Jvh ~~eJ~'\J'Uru~"1J11"1JeJ~LLlJJ1L U'U81f11':if1eJ'Un~~L?I~~ 
'U 'U 

L'Vl~f1~(;)~~Lf1~el~r:.J~~1'V'Jvh Lfl~el~~~ 80,000 fl1~1~~ liJ1'U1'U 3 Lfl~m ':i1~fll~~r:.J~~ 240,000 

fi1~1~~1 ~V'I~~~1'U 1 'V'JvhLu~tJtl~~tl':i~~1ru 554 £K1'Ufl1~1'~~i11~~m'U 1n 1 'V'Jvh ~~eJ~'\J'Uru~i1tJ 
'U 

"1JeJ~LblJJ1vi1~~1n1 ';j~1'V'Jvhth~~1ru 1oo L~~';j vl1'VltJ1~~~V'I~~1 'V'Jvh~1n1 ';j~1 'V'Jvh~1tJ ?11tJ~~1 'V'Jvh 

"1J'U1(;) 230 fi1~1~~ 1~~':i~1tJ~~?Imi!1'V'JvhLL':i~~~~':i1~!)1ti1i! ':i~tJ~'Vl1~ 50 fl1m~~':i LL~~"1J'U1(;) 

115 fi1~1~~ 1~~':il")hJ~~?Imi! 1 'V'JvhLL ':i~?l~~~~1':i~tJ~'Vl1~ 82 fil~ L~m L ~el'U~'1l'1l'l.h~.fl1L~~ 
'U 'U 

V'I.Pl. 2530 

V'l':i~'\J1'Vl?I~L~~V'I':i~L~1eJ~~1V'I.;'eJ~~1tJ ?I~L~~V'I':i~L'VlV'I~~'U':i1'1l?l(;)1i ?ltJ1~'\J':i~':i1'1lf1~1TI~ L?l~~ 
'U ' ' 

V'l':i~':i1'1l~1LU'ULU(;)L~eJ'U~'1l'1l'l.h~.fl1 LL~~ h~1 'V'JvhV'I~~J1 L~eJ1'UV'Ii5~ 30 tl'UtJ1tJ'U V'I.Pl. 2530 (f11':i 
' 

1 'V'Jvh~1tJt:-J~~LLvl~'l.h~L 'Vll"11 'VltJ, 2553) 



Lft~LIA.N .. IA. ~~UI ~ 1'5 I 

rtL~LP,~LUI:'B~I1Ll~f1.,1;JL!A 1~ t LP,~Ln.~~~~~~l Cl/\.Jn) a)ntj .JaMOl ~~11 a!\.Jn) Cl)ntj .Jaddn 
n n 

1:-L~I/1,~~~ BL p.n.~ ~~~ t LP,f1.~1 1:-L ~n, t LP,~ Lfi.~~~LU 11~ n.t..~I1L~ L ~M. ( ~ n n n 

_p.t-~ ~t-L~L_rn.~1t-L~t-Bfl.L_r~B~fl.~LUysruumr,pH~rtii1,L~~ (a!\.Jn) a1ntJ 8U!le.Jado) 

' . LP,~B~fl.~LUI1~n.e..~ysruum~,E-t ~~1 11~ n.e..~~~,,~~l<!~~ll~LI1LI<! Lp.n.~1t-L~L~, ~~~~, U1ruLI1~fl.~~,, 
n n o 

n,IA,n~Lp.ruLI1~fl.rl.,I;JI11<!~LI1111, 1 ~~1mM.t-~~ 1l1LP,mLI1~fl.!J M.Llf£1A.~~~fl.!JI:-L r Bfl. t ftQ-1~ tflm t ~Lrtfl. n o n 

LP,f1.~1t-L~rt t LP,~LU~~~LUrt~11t-Lt..~t (£~~Z) ~lA. tleltA. 1 ~~[l.t-yt m~~~~L~L~~ t ~LU 
n n 

LP,r1.W1 t-L!!ft l Lp.tLU~]ltLK~m.Luysnm1 '17 
"' "' 

· '"(£"17~Z '~tA.tleltA.1~~[l.t-ytm~~~~L~L~~t~LU) ft~/11·n.~ rtL~ "1799"0 B~IA l1Lft~ 
• • /11"f1.~ 0 ~ fi.,I;JL!A 1L~!J Llf~~fl.ll.ll.kftB~1~L~LP,L~t-Bfl.~~I11<!LRUk~~11~Lfl~n, ~Lflfl.BB~ 1LP,~LUI:'B~ 

I fl I 1$ 
l1o 

11Ll~rtLI:'~ LWL~ l~11 .~BBM.t-~ ~ 1 LP,~L~Lp.ruLI1~fl.l1~1<!1 ~ t..p.~~Llf~~fl.ll.ll.kftB~ 1 UL~L~~ tl<!11 ~W 
n n o 

~~~B~ 1 ~Ln.~~t-B~rtQ-1 L~l1L~rt~Lp.ruLI1~fl.l1~1<!1~ t..p.~~Llf~~fl.ll.ll.kftB~1 UL~L~~ ti<!11~W 
I I I fl ,. I 

~~~B~1~Ln.~~t-B~rtQ-1L~~L~rt~L_rruLI1~[l.t-~ f.!L~L_rfmULfl.l:'\2ft~L.r~L~rtL~rtt 11~1L_rn~U~~ 
' . ~~11 LP,L~I:'Bfl.M.Llfi<!~~I11<!LRUk 11~W~~RU1~LU ~Lfl~n. ~Lflfl.BLP,~LUI:'B~I1Ll~t-~~1!JftB~1 

n " o 

U L~ L .r~L n.~~~ LU B~ ~~!J~L Lf~~ fl.ll.ll.k rtB~ 1 ~ L~ ~ 1:-L~rtL~L,rE-t ~LU 1:-B ~11Ll~ 

~t-L~nL~nlL!\~ltLUt-B~rtL~~~~B~'€ 
"' 

(£~~z 'rtLIA.~~[l.~ll.11W) 11~LlftlJftB!emt ~~111Yle!Lf1.U~rtL~ £v"LZ 

~~L~L!ALP,ruLI1~fl.!J~~11 11~diuWrtB!em t ~~111Yle!LfbU~rtL~ 99"BL"17 ~~l1ULI1L!ALP,mLI1~fl. I fl I fl 

!JI:-~ ~~myle!Lfi.U~rtL~ gg·~9£'Z B~ f.!~B~~rt~Lp.ruL11~fl.!J Z~~z f.!L~~~fl. ~t~LlfLP,~LJA~n. o n n 

~~11L~IA.~UIA.G~rt~t-Bfl.t-1<!11~M.t-B~~LP,L~L!ALP,mLI1~[l.~rtB~I1l~n.t..~~LUUL~~~:;m (£~~z '11L~~I:'I<! 
" n 

l1o • • 

~£ot:1-~ee~) ~~111Yle!Lf1.U~rtL~ 6"17"17 fi.,I;JL!A m~Lp.ruL11~fl.!JI:-~11~L~~nB!emt ~l<!l1ULI1rt~L!\ruLI1~fl. fl I I fl 

!JI:-~ ~~111Yle!Lf1.U~rtL~ £"B10'Z n~Lp.ruLI1~[l. 11~Lft!JftB!emt ~~111Yle!Lf1.U~rtL~ 6"17""17 ~~m o n o 

L r\ 1\ b 

~l<!t-I<!~111,1~~L~~~!J~~11 11~LlftlJftB!emt ~~111Yle!Lf1.U~rtL~ go·z ~~m~I<!L~~111,1~~L~~~ 11~LlftlJ 
• l1o • 

ftB!emt %£Z"6B ~~m~l<!t-!<!~IA.~I1~rt~I1Ll~!J~~11 11~Lft!JftB!emt %B~"£B ~~m~I<!L~~IA.~I1~ I fl I I 

" 1\ 1\ lt 
rt~I1Ll~ 11~Lft!JftB!emt i<!~~mlML!elt-B ~6-L£ ~~m~l<!l:-i<![!Lf111,ruB~~11 11~LWI1ftB!emt l<!~~mPs1 

" 0 

b 1\ b " ".. r\ 
Lleli:'B B6"0Z ~~m~I<!L~[!l.flll,ruB!J £~~z f.!L~~~fl. Llf~~fl.ll.ll.kftB~1 L~IA.~UIA.B-~B~~I<!~I1B~n.~1 

• • • ~LU U L~ ~ ~m~~IA.I1i<!L111,11UL~~tt-~~1 U ~n,~~~l11<!~11~~11 ~lA. t t..L~rtL~~~~BQ.I/1, 1 1:-~~1 UBBrt~~~l11<!~11 

11~U LM~M.£1A.~f1.k~tt-~l1n~ng. mBk~fl. 1 l1~~11n.n. 11 M.Llfi<!!J t!-LQ}URL~~~~I/1,1:'~ o o n 
• • • n. 

LaiA.~UIA.B::~,,LaiA.~rtan.ljB~rtB~ ·z 

n 
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2) Ldm~~'UJ1~.:~n-,h Upper Rule Curve hh~'U1fJJ1L~lJ~h.t~TU 
Ll"l~eNtl1Lil~1'Y'Ivh L~eJI"11'Uf)l.I1~1~~'UeJ~~1~~'U Upper Rule Curve 

I II II 1 

3) LijeJ1~~'U'U1~.:JG'I.:J~h.!L~e:JfJ 61 ~'IRI.:Jfl';h Flood Control Rule Curve 
" I " 

1~1~'U1fJJ1L~lJ~'I.l e.l1'1.1 Spillway L~eJI"11'UfllJ1~~'U1~eJ~~1~~'U Flood Control Rule Curve 

4) 1'1.lmru~1~~'UJ1~1fl'h Lower Rule Curve 1~V'lfl1fl1lJ~~fl11 
tJ~e:JfJJ11 ~U€1 fj~.:Jfl111"111lJ9i'eJ.:Jfl11U n&i L ~e:J-rm~11~~'UJ1 hn ~~1lJ1flfl111~~'U Ln'Utlfl~1G'I~ • 

5) 511~~'UJ1~1n'J11~~'U~1"'~ ~~ 1~h~'U1fJJ1e:Je:Jfl~1mh.:~Ln'UJ1 • 
eJ1.:JLnuJ1~1.:J 61 ~ n'Y'It:-.~. ~LL~-ru~~"lle:J'IJ ~~ijfl11~fl'I~1L~e:JtJ-rutJ1.:~ Rule Curve 

I " ' 

1 ~ L V!lJ1~G'IlJtl'UG'I fl1V'le:J lJl LL~~ e:J'Vl fll'Vl fJ1 G'l fl1V'l LL 1 ~~e:JlJ~1.:! 61 11lJ~.:JI"111lJ9i' €1.:1 fl111-ffJ1~ijfl11 
, , ct I 

L tJ~ fJ'I.lLL U~.:J L ~€1 1 ~fl11'1J'ivt11~~fl11J1"1JeJ.:JLL~~~eJ1.:JLn'UJ1 ijl"111lJL V!lJ1~G'IlJLL~~G'IeJ~I"l"'eJ.:Jtl'IJ 

G'lfl1V'l LL 1~"'e:JlJ~ L tJ~ fJ'IJLL U~.:J 1 tJ vh 1 ~fl111 offJ11 'l.leJ1.:! Ln'UJ1ijtJ1~~'Vl5.fl1V'llJ1fl~'l.l 

5. m-s~flfl'UL~\J~mnl1~1m~v'l.l 
1 '1.1 fl11~~~'1.lhtJ~ e:JflJ 11 'l.lu~~'IJ'I.l~.:JI"l.:~1 in11~~~'l.lh~1ntJ1~G'!u m1ru"Ue:J.:J • 

L ..ij 1V!U 1~~-ru ~ ~"!! e:J'U 1~ flij'Jl'l f'l'l.h~G'!.:J ~VI" fl L ~e:J 1 ~l'l e:J'IJ G'f'l.le:J.:!\"11 1lJ 9i' €1.:! fl111 -ffJ1.n1 fJ 19i'.Umi'1 n~ • 
~1.:11 ~.:~dtJ'ilJ1ruJ1vh~tl~e:Jfl~~n1vt'l.l~~1n.Um;J~~.:~1~n~11lJ1LL"'1eU1.:J9i''l.l ~e:J 1"111lJ9i'eJ.:~m1J1 
G'lfl1V'l9i''l.l'Vl'l.l LL~~1~LDfJ'Ufl11~1LU'I.l.:J1'1.l fl11tl~e:JfJJ111flitl~TI,;·~~tl1vt'l.l~~'l.lrleJ'I.l tl'ilJ1f'l.l~U~e:JfJ • 
~1G'I~~~9i'e:J.:JL vhn'UI"111lJ9i'e:J.:Jm1J1vh m ~€1'1.111 flitl~1~ L~flvh 1 tl LL"'1tl'ilJ1 ruJ1~tl~eJ fj~ ~G'I.:Jfl11 . " 
1"111lJ9i'eJ.:Jfl11J1~1'1.1Vl1fJ L~€1'1.1 ~.:J.Q'L~€1 1 ~G'I1lJ11f'll'leJ'IJG'f'Ue:J.:J~eJ1"111lJ9i'eJ.:Jfl111 'Ufl111!-J~l'l1 'Y'Ivh 

1~fl LuV'l1~eJ~1.:~~.:~ 1 'U"!i1.:~n~e.J'I.l LL~vt1ne:Jfl 1 'U"!i1.:~"1l1~ LLI"l~'UJ1 m1tl~ eJ fJJ1n~~ hlG'11lJ11f'lG'I'I.l eJ.:~~eJ 
"I" " 

1"111lJ9i'eJ.:Jfl11J1 L ~e:Jt:-J~l'l1 'Y'Ivh 1~l'l1lJLLt:-J'I.ln~~ijfl11tJ-ru L tJ~fJ'ULLI!-J'Ufl111!-J~l'l1 'Y'Ivh 51fl11tl~e:JfJJ1 
hlG'11lJ11f'll'leJ'UG'I'I.lml"111lJ9i'eJ.:~m1J1Vf1fJL~eJ'I.l1~'Uitl~1~d n~~tl~e:JfJJ11~lJ1flfl111"111lJ9i'eJ.:~m1 
1 'l.litl~1~i1~ 1 tl fl11tl~e:JfJJ1)1fl1'ULL~~)1fli1LlJ.:Jtl1V!'I.l~ L~fJ)tl LL 'U'IJ"lleJ.:!I"l11lJ~eJ~ fl1)V'l".:J.:J1'1.1~1~ 

" tl1~lJ1rum111LL~~m1lJG'I1lJ11f'l1 'l.lfl1)1!-J~l'l"1Je:J.:~ 11.:~1 'Y'Ivh~'U 1 1~flvh1 tlm1lJ9i'eJ.:~m1V'l".:~.:~1'U 
1 'U"!i1.:JG'I~itJ ~1~~~~1fl111 'U"!i1.:Ji''I.!Vh.:J1'U LL~~I"111lJ9i'e:J.:Jfl11V'l".:J.:J1'U 1 'l.l"li1.:! L 1~1 L~'U~~G'I.:JG'I~ 1 'U . " . 
"li1.:!L1~1 1 'J'U (~.:JG'I11~ "ll11G'Ie:J1~, 2542) LLG'I~.:J~.:Jfl1V'l~ 1-1 



bU1'VIlJ1EJf11'S 

4 
b'llti1.J 

1) f11'S'\.h~'ll1 

nilmf1 
~ 

bU1'VIlJ1EJfl1'je.J~lil ei'lil11n11 m11J~t~~n11 

1~vh'Vi.r~J1 t'IIJ1 1~vh'Vi.r~J1 

1111'\.J 1~ biltJJ11 mH'li'1 

'il1f1'!i'ti;J~eJtltJ'VI<i'~ 

ll1'W~ 1-1 1~bDf.I'U1firn1lurn1~1btl'U'11'U"l.leNL~eJ'U (Kositsakulchai et al., 1999) 

15 

rn1~fl~1il ty'V11'VI-r'Vlm mtl1"l.le.J'Ith~b 'VIP11 'VIf.l iirn1~n~11~ f.I~~1'Ul.J1 1 'U'V1~1f.I~'U~~..:~~1'U 
m1~~e.J'Irn11otl'J11~~'U m1~~e.J..:~rn11otl'J1~1~'U 11~1'\.Jfi..:~eJ~m~'VI'IJ"lleJ'Ifl~·1~~1'1b~eJ'U~eJ~~eJ 

'VI-r'Vlf.l1mJ1 ~..:~db~e.J1~bi'i~m1~bb'U'd'VI1'1rn1bbm"lln11~WJ'U1~~?t11J1 ;;i..:~li'\.J1~b~'U~'l11?t'U1'U 

th~?t'U rn1ru"l.Je.J'II'l'Ube.J'I1 'Ufl11~~~'U h ~~l"i''U 'VI~~e.J'~ n11 bbm "l.IUru'V11flru.n1'VlJ1~iifi1 b 'VI~n?t..:~ 
~ ' ~ 

1~f.l1-ti1?t~e.J'\.Jmru~'VI11~41f.l1 'U~11'1'\.J1~~11'U 2) n11~~rn1tl1e.J'\.J1.nfi'U~1.nfl1 'U1~~'1J"ll~"ll'Ui1 , , 'I , 

~'U~1'U'OJ1n?t.n1'Vluru'V!1J1e.J'\.J1.nfl 'IJ~1.nfl ~bbl'ln~1..:~n'U "ll~"ll'U;s..:~ bn~rn1~~1~'1J'IJ'I.J1~'\.J1m"ll11~ f.! 
~ v , , ~ 

1 -tl'.fJililtyty11 'Ufl11~~rn1tl1~'\.J1.nfi'IJ~1.nfl1 'U'\.J1~b~'U~1..:~ ~..:~d rn1'\.J-r'U'\.J~..:~flru.n1'VlJ1 rn1~~rn1 
bb'VI~'I~'UJ1 ilty'VI1fl111 m Ylvh ilty'V11'\.J~mruJ1 uty'VI1fl11b~'Uvie.J~..:~J1 uty'VI1m1~b ~'d"lle.J..:~J1 
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i:l f1JV11bb ~ ..:~m~ bb 'VInozre:ml11 Ub~uvia Uf1JV11m~'l11~..:J-rm~1'limJ bb61llJ bb~~i:lf1JV11n1~'U~VI1~~~m~ 
1~ tJ 1 Ubb~~~"lllJ"llLJiiVln~~ n1~~~m~.niii:Jn1ru1 ;fi'ua~ n'UI'l11l.Jb ill bb ~..:Jn1~~'1lJm'llJ bb~~~'11lJ~1lJ~~ 

ll '\J ID~ ClJ \J q 

"l.la..:J"lllJ"lJLJ~1LJ f11~'UT\.!n1~ b~tJLJ~~1n bb 'VI~..:J~'11lJ~fl1 tJLJaf1"1JlJ"lJLJ 3) n1~~LJ'VI1 LL V1~..:1tl1 hi~LJL ~a 
q '\1 'tl , 

m ~a't.J1.n ~'U ~1.n~ 1~ tJ m~ri 1 tJ'VIa~a..:~ f1 ~'11lJ~~1 n ~'th'VI1..:J!311~LJ 1"ll1'1 ~1..:1't.J ~~ L 'V1!31 LL~~111~'11lJ~ 
'I \1 '\J '\J 

~f1um~~LJVI1 LL VI~..:Jtl1~'1 tJ 1~~1lJ bL~~~ f1 bLtl'JlJ1"1h tJ L 'VI~a"lllJ"lJLJLb~~'U~~~~ L~a~~aLJ"1.11~ LL~~LJ 
'U ' ' 

LL VI~..:Jtl1 ia~~*~~1f1n1~~f1~1~..:J'VIlJ~1~1111 't.J~ n1~LLtJ f1 LLtJ~i:J f1JV11'VI1..:1~1LJ L 'VI~ij~~r:\'1~f1! 1 Un1~ 
ria~~1..:1't.J~~'t.J1.n L "1.11~:6'1 L uu~a..:~ 1 offa..:~f1~'11lJ~lJ1aan LL 'U'U~WJLJ1 L ULJLL 'U'U LL 't.J~LJLb~:i15m~ 1 um~ 

'U 'U 

Ua..:JnLJ~'JlJ~..:J LLfi1 "1.1Uf1j'V11r:\'1VI-r'ULJ~~'t.J1.fJ L "1.111 LJLL vl..:J~LJ 1 

ri..:~~~~~ "1.11'1~~m~ Lb~~~ru~ (2544) 1~vhm~~n~1LLLJ'1LJ1tJ'U1tJf11~~~m~J1 

r:1'1VI-ru't.J~~L'V1!311 'VItJ Lb LJ'1'V11..:J~'t.J~D'~nua~1 um~~~m~"ll~'t.J~~'VI1LJ ~a 'W~1~unJ1~1 VI~ L i1bL~~ 
1'VI~aan~1m~'U'U ~..:JbLLJ'1'V11..:Jd~~v111'1XLii~m~~~~~~'VI-r~mmJ1a~1..:Jii't.J~~~'VIfi.n1~~~w:h..:~erloff 

'U 

J1~1tJnu ii 215 ~a 15m~~'VI~..:J m~1-ffl11~~m~ "rhtl1" 1~tJ1'!XerloffJ1ii~'1u1um~-ru~~"lla'U 
'U 

1 LJ~LJ'VILJ 1 um~~~m~ m~~1L'Dum~ LL~~~LJ'VILJ'V11..:J~..:J~lJ~Lii~~LJ 1~tJn1~L~w·htl11 uam1~ 
' ' 

L'VIlJ1~~lJ 15m~~~a..:~ m~ 1-ffn~ 1n"lla..:J~~1~ 1~tJv11m~~a"1.11tJ~'VI51 um~1offJ1 n~ 1n"lla..:J~~1~J1 
~~ Lii~ 1~n ~mdaa't.J ~..:~f1"1Ja..:~J 1iill1 nn·:ha't.J'V11LJ"llmtl1 LL~~ ~ a..:~ii m~n1VILJ~~'VI5"1.1a..:~tl111 a ~1..:~ 

' ' 

't.J~lJ1~~J1 iif1!j'VIlJ1tJLL~~.[a,Jf1jf1j1i~a..:J-r'U iiLL LJ'J'V11..:J 1 Uf11~LLtlUf1JV11~'11lJ-lJ~LLcJ..:J iiLL LJ'1'VI1..:J 1 U 

m~~ ~ ~~~J1 Ld aa't.J 'VI1uJ 1ua tJ'VI~am n Liiu 1 LJ1~ a ~1..:~ L~l.Ja .n1 ~ ii~'11lJ~ a~~~a..:~nu1w.Ju5~~lJ ' . 

LL~ ~"l.luu 5~~ll L utJlJ't.J ~~ L ~ru"ll a..:~Vf a..:~~u LL~ ~'VI·tb t1..:~1u ~a..:~iim 1l1~1l11~{1~..:J ~u La..:~ 1~ r:1'1V1-ru 

't.J~~b 'V1!311 'VItJ.u'mhn~ 1 um~~a"1.11tJ~'VI~m~1-ffJ1 ~a 1~~..:~~~1..:J"l.la..:~~~'U'U"ll~'t.J~~'VI1LJ ~mD'u'VI1..:J 
~..:J~lJ~~~lJ1-ru'VIu1ffium~~~m~L~mnum~1au'VI~a~a"1.11tJ~'VI51um~1-ff~1~!JVIl11tJtl1 LL~~~ 
r:\'1~ru't.J~~ L 'V1!311 'VItJ iJ..:J 1lJ~'UUill'VI1f11~"1.11~ bb~~utl1a~1..:J~UbL ~..:JLb~~~a b ~a..:J 

v v ' 

~lJ"ll1tJ 'W~'VI51n!31~ (2549) 1~v11m~~n~11'111lJY1..:~~ah"lla..:JLn~mm~am~ 
' 

~~'U1tJtl1"1.1a..:JL~au-r"lJ"ll't.J~~fl1 1~tJ~n~1~1u't.J~lJ1rutl1 ~1u~ru.n1~J1 ~1un~1m~~~'U1tJtl1 
' 

~1u~'11lJ~lJ'Wu5nu"/lll"llu ~1um~'t.J~~"ll1~ll~u5m~~~'U1tJtl1 Lb~~~1u~u 1 e..~~m~~n~1~u·:h 
1~tJfl1~~'1lJbn~mmiim1lJY1..:~~ah1u~..:~ 6 ~1UatJ1u~~~uuatJ ~1nm~1b~~1~~oU'alJ~"l.la..:J 

'U 'U 

Ln~mm1u~u~~hu~~~~LL~..:J bL~~~1'U~L"1.11~..:J Lda~~btlurh~atJ~~"l.la..:Jn~lJ~'Ja~1..:J~'U-h 
' 

't.J~~~um~rum~vl1m~Ln~~~bL~~'t.J~~~um~rum~1offJ1~1m~au 10 tJ~u1't.J ~atJ~~ 94.4 iim~ 
~'Utl1lJ1nn-J1 4 off'11ll..:~~a1u ~atJ~~ 95.1 "li1..:~n~1~ ~a..:~m~J1l11nii 2 "li1..:~ ~m1~1 10.01-
" 
14.00 LJ. ~atJ~~ 55.2 LL~~L'1~1 06.00-18.00 U. ~atJ~~ 42.0 Lf1~~~mii~1tJ1~~-r'JL~aLJ 5,000-
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9,999 'U1'Vl~m~e:l'U ~e:m"~ 69.2 bbm~ 1 'U.fl1yj'f1lJbf1~~·H11ii~11l.J'W.:JyjeJ h~Bfl111~'U1mhtJB.:J 
b~B'U-r"!l"!l'th~m'ti'mJ'Vlf1~1'U 

' 
a.ii'I!'Uvi" bbG'I.:J'th~bG'I~~ bb"~~ru~ (2555) 1~vhrn1Pin~1 rn1'\.J1~~n~1-tl~~1vr.U1 

~'U 1 'U rn1~ ~~1lJ m11i1G'Ie:J'U ~ru.fi1'V'j~.:J bb 1 ~~ BlJ'Vl1.:JJ1'U ~b 1 ru mJ J1'V'jlJ~1.:J ~.:Jvr1~G'111~fl{ tnu 
q q q dJ 

0 Q ~ Q.l I t:::f I odil .C:::. ..::!il ~ 

mb'U'Ufl11bf1'Umm.n.:~ 12 ~~~n~1 1~'Vf11.:Jb~B'UG'I.:J'Vf1~lJ 2553-b~eJ'U'V'j'J~.fl1~lJ 2554 ~~~n~1 

"~ ~~.:~ VJf11 3 b~B'U 'V'j'lJ~~1vr'ti'1~'U~.:J'VflJ~ 21 a'UI'i''U 67 1.:1~ 2,515 ~1 ~~1vr'ti'1~'U~U11f1!J 
ci1'U1'Vf~B~L'U1.:J~ Atyidae, Tipulidae,- Gerridae Chironomidae, Oligochaete;, Baetidae 

bb"~ Veliidae ~.:JbD'Uf1~lJ~ii~11lJ'Vl'U'Vl1'U~Bfl11U'Ub~B'U"IJB.:JG'111lJ"~~ 'V'j'lJlJ1f11 'Uiil~ Plf1~1~btl'U 
' ' 

bb'Vf"'.:l"/llJ"Il'UbiiB.:~ "1Jru~~fl11U11f1!)"1JB.:J61~1vr'ti' 1~'U1 'Uf1~lJ Heptageniidae, Ephemeridae, 

Caenidae, Perlidae, Gomphidae, Macromiidae, Naucoridae bb"~ Ecnomidae iim1lJ 

'Vl'U'Vl1'UtJ mJ!Pl arn1b u~ ~'Ubb u".:~~ru.n1'V'jJ1 'V'j'lJlJ1n1 'Uiil~m'U~lJ ~.:~b tl'Uiil~~hi'-r'Ua'Vl5'V'j"liJ1n 
q q 'I q 

b '\.J~~'U b Vi~'U n'Umm:o1'Ubb vr"' .:~J1~1~'U G'11lJ11~U1~ blJ'U~f.l.l.fi1'V'jJ11~ ~" b "li'Ub~ ~1tl'U rn11 i~~1 
"' ' 

vr'ti'1~'U ~.:~~ru.n1'V'j"1JeJ.:~ bb vr~.:~J1,!'Uiil~ bb~n~1.:~ti''U 1 u :ff'Ua~ n'U~ n~ru~rn11 iu1~ 1~"1l'111i11f1~'Um 'U ' ~ 

Michael E. McCLain (2012) 1~vhrn1Pin~1b~B.:J fl11oW~'U1G'IlJ~"'Vl-r'V'jmmJ1 
' 

bb"~~.:Jbb'J~~ BlJB ~1.:~ ~.:~ ~'U 1 'U bbBi"J~rn: f111'Vl'U'Vl1'U~" rn11~ ~~1G'1~ bb"~ rn1'\.J1~ ~ n~1 i fl11oW~'U1 
' ' 

B~1.:! ~.:~ ~'U1 'UU1~ b 'Vl~ bbBW~f11,f'U:ff'U B ~ tl'U f1111 i bb vr"'.:~J11 'U'V11'\.J~ b ~l.l:ff'U 1~ ~U11~1i11 n f111 
~ 

"li1~b'Vf~B1~'U'U'Ub1~~b~BlJ".:JB~1.:Jiiu~~1fltlj~.:JiJ.:Jbtl'Uci1'U~1fltlj~BfJf.l.l.fl1yj~~I')"IJB.:!lJ'4~~af1~1~ 

~.:~db tl'Um1lJVl1'Vl1 ~ B~1.:JlJ1f11 'UU1~ b 'Vl~ bbBW~fl1 b ti B.:!lil1f1iim1lJ'Vf"1 nvr" 1 ~"1JB.:!"li1.:J b 1"1 bb"~ 
"1im11.:~a ~1.:JlJ1n1 'Ubb vr~.:~J1~iia~ bb"~.Umhn~"1Ja.:~'\.J~lJ1ruJ1~.:~vrlJ~~iia ~'1 'UeJ~11ci1'U~ii~'U~ n 

~ ~ 

'\Ja ~lJ1f1"1JB.:J'Vl1ud ~11lJVl1'Vl1 ~,f'Ub tl'Uci1'UU1~f1B'U"IJB.:J b tl1'VflJ1 ~~~B.:! fl11~1'Vf-r'U fl111 otl'J1~ 
b ~lJ:ff'Ubb"~~11lJ b ~.:J~b'U 1 'Uf111fl'U'Vf1filil f111lJ f111oW~'U1'Vl1.:1 f111b~'U 1 'U'U1'U1"1!1~ f111oW~'U1B ~1.:1 
G'llJ~"~1~m1lJG'11lJ11~ 1 'Ufl11-rn~1G'I.fi1'V'jbb'J~~BlJ 11,!'U~a.:~m1 1. ~11lJb .U1 h"!JB.:Jb"''Ubb tl.:~b "IJ~~ 

' 
n1vr'U~ 1~~.nilmm~"1Jm'Vl1'\.J bb"~rn1Pin~1~1'UJ11 'UUiilliiU'Ubb"~ 1 'UB'U1~~ 2. rn1'\.J1~ blJ'Ufl11 

~ ' 
f11~1i11V~11 'U~1'UU~lJ1f.l.lbb"~ B1fl1~"1JB.:Jfl111 otl'J1~-.J1 b D'U~Iil~~eJ.:Jyj'lJ tl'U b tl1'VflJ1V 1 'Ufl11oW~'U1 
bb"~ 3. ~11lJb oU'1 hm1lJ~a.:~rn1J11 'UG'I.fi1'V'j bb 1~~BlJ"IJB.:J1~'U'Utin~u~ii~"m~'Vl'U ~.:~btl'UG'Im'U~ 
1 'UUiilliiU'U"IJ eJ.:J'V'j1 m!'Ubb"~~"~~ 1lJlJ1~ii~n V.f11Vj"1JeJ.:Jf1111iJ1~b ~lJ:ff'U ~1.Uad1~Pin~1 

' 



---------------------- --
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oW~'U1 a ~1\l ~\l ~'U 1 'U"llru~~l1a ~l.l1m.nt:J~ EJ\l~ ~~ a\lmH~I:J'U~ 1~w ~11l.l L •ih h'VI1\li'VIt:J1 P11?11W~LLG'I~ v v v 

L 'VI~ 1 'U Lfl ~,r'U hJm~~~~~Tn~ L tl'Urn~-ff~"ll11\l1 'U rn~-w~'U1a~1\l~\l ~'U'U'U'VI1'1Jd 
Mi-Hyun Park et al, (2009) 1~vl1fl1~~fl'I~1L~a\l 'UL!:J1J11:Jfl1~'1J~\J'IJ~\l"lW.fl1'V'4 

th 'U'VIL~I:J'Um~~1nrn~v11L~'Ufl1~1Pl1l.loUm?I'Ua"llm'V'4~~~1·tf'UqJqJ1iL~mJ1?1~m~ 1 'U Los Angeles, 

California rn~1~-rl'l1~~'1J~~?I\ll"1 L ~a?l~1\lfl1~~~~l.l'VI'UL ~a~~~·tbml1a'l1 'Ufl1~vl11Pl1l.l the Total 
' ' 

Maximum Daily Load requirement mt:J1~ the federal Clean Water Act m~1~"lru.fl1'V'4 

"lla\lJ 1~ 1 n n 1~~~~l.l'VI'U~1'U m~i' ~~1 niP! ~1?11~'\ll-d' J'Ul1m 1l.l"il1 L tl'UL ~a\l~1 n Liia~-d'l1 ~11:! 1~hJ 
' 

L~ I:J\l'V'4a 1 'Ufl1~~~'Vl1L~1\ln1'~1 'Vlll 61 1Pl1l.l'VI'U'VI1''V'4 ~"lla\lLiia\l.fl fl11L~l.l~'Ufl11tl~l.l,j'U~a\l1i~~LL 'U'U I , v 

L~I:J\loU1\ll.l1na~1\ll.l1n (21 'U3 "lla\lfl11L 'Vl11Pl) ~\l,j'U?I1'511W"ll'U~~~a\lflnin~\l11m11~~l.l'VI'U~\l 
v v ' 

?lm-d'i1~11l.l"il1 L U'Ubbfl~i1'1J1~~'VI5.n 1'V'4 fl11~ mr~~11:J.f11~1'VI1\l'V'4fl~ n11l.J,r'U'IJ~~ na'U ~11:! 1~1\lfl11 
1 'Ufl11in"ll1'U~1n?l1'511ru"ll'U 11l.l 1 'IJ5'l11Pl~'IJ1~?1\li"1~1'U~f!'IJ1~ Lt:J"llU'Vlfi11:J 1 Lvh ~\lJ'Um!4m~1lJ 
~ a\lfl11~fl n111~~~1l.ltl'U111 L?I'U a Lm \lfl11~U1~ n a'U~11:J fl11?1~1\l?I1'U?I1'511W~ fl111i?I'U1l.l 

L1\l L~I:J'U~1'Vl1''Urn1m'U~l.IJ1 LLfl~fl11'U11~J11~~'U 1 'Vlll LLfl~fl11 LL 'VI'U~fi1'U~ a~1fl~11:J ~1'V!'IJ1~;l.l 
' ' 

La'lni1111:J fl11~1~'U~11l.l~1~qJLLfl~~11l.li~11l.l"111'U1 qj'VI1\l L 'VI~~~~~\l~'U 1 'U m~LL?I~\lm1l.IL tl'U 

L 'VI \PI L tl'U~fl1 'U rn1'1J1'utl1\l~ru.n1'V'4J1~tl1~\l ~\lfl11~n~1~~\l-rl'L U'Ufl11~n~1 L~I:J1 n'U fl11vl1 L ~'U\l1'U 
' ' ' 

"lla\lLm\lrn1"lla\l'V'41~11"1lUqJqJ1i 1~*Lth1'1J~~1~'Um1l.l~1~qJ~LLIPln~Jh\ln'Ua~1\ll1~nt:J.n1'V'4~1'Vl1''U 

fl11U1''UU~\l~\ltla?l~1\l1 'ULiia\lm~~~~'U L~I:Ja\ll4 mmlJ~a\l fl11~fl n111Lbfi~'Vl'll11:J\l1'U"lla\l Liia\l Lbfl~ 
~11l.l~1~qj"lla\ln1~'U1'Un111 'U?I1'511W"ll'U1 'U L~1\l?l~1\la~1\l~~ L "11'\JL ~a~~~1lJlj'!~U1~?1\ll"1~ 

~ ~'V'4fl1~ L~ I:J1 tl'U fl111~~l.J'VI'Ubbfl ~~11l.l1''U ~ ~"lla'U 1 'U fl11~1 L ~'U\l1'U~?I1l.J11fl'll11 'IJ~ fl11"ll~~m1l.l 
q v 

Mohammad A. H. Bhuiyan et al., (2010) 1~vl1fl11~n~1L~a\l fl11U1~Li3'U 

"lW.f11'V'4J1~1~'U 1 'U.f11~nfl1\l"lla\l'IJ 1~ L 'VIP1U\l~fl1 L 'VIP11i rn1i Lm1~-H'Vlfi11:J~1 bL 'IJ1 n11~n~1-d'1~ 
~ m~n b~ m n'U m~'U1'U fl11'VI1\l'511l.l"ll1~ Lbfl ~ m~'U1'U rn11 'U m1 L f\ ~ Lbfl ~-w ~ 'U 1"ll a \ll.l'U~~~lj iJ'VI5'V'4 fl 

' 
L~ 1:!1 n'U~ru.n1'V'4"lla\lJ1~1~'U 1 'U~1'U nf\1\l"lla\lu\l nf!1L 'VIPlL~I:J m11 iL 'VI~~~'VI1\l?!Ci~'Vlfi11:J~1 bL 'IJ1 

' 
fl11Pin~11~bL?I~\lh~\~'U11"lla\lbL~\lLb"ll1'Uf!ai:J~\l'Vll.l~ (TSS) "lJa\lLb~\l~fl~fi11:JJ1~\l'Vll.l~ (TDS) 

~11l.l"li'U m1t111 'V'IY11 (EC) aan~lb~'U~fl~fl1t:JJ1 (DO) 'IJ~l.l1ruaan«ilb~'U~~~'U'VI~~~a\lm11m 'U 
' ' 

fl11~at:J?Ifi11:J?I1~iJ'U'VI~I:J1 'UJ1 (BOD), 'IJ~l.l1ruaan~b~'U~H1 'Ufl11aan~1~'111 'Ufl11?1fi11:J 

?111iJ'U'VI~~~11:J?I11L~ffi~t:J1i?l11fl~fi11:J (COD) NO 3 -, SO~-, CL-, PO;- bbfi~U~l.l1W'!~'U'VI~~,j'U 

?l\ln11l.l11Pl~;i1'U"lla\lU\lnf!1b'VIP1 R-mode CA oroup ~\l'Vll.l~ 10 'U~b1ru ~~l.l~1a~1\l1'Umll.l~ 
\J d.fl :::> .. .. 
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~~~\J'lJtJ-:jlH't.fl11~'l!tJ-:j'IJ~ ~ 1fU~-:jVIlJ~ R-mode CA 1~~1 ~~ ~'t.ll1 ~ Vl~-:jvi'1 hJ ('lieN ~~mn n 

tJ~6'11VIf11~lJ, ~1f1f111~f1'M~1~Lfl~~1f1'lllJ'li'U) ~1VI'Y'U TSS, EC, fl11lJ"li'U, tJU.!VI.fllJ, COD, PO 
4

3-, 
, q , , \.1 

so~-~"~ Lfl~h'-ltJ1lJ 1'U~~~1'~~ (FC) m~iLR11~~G11'Uth~ntJu~~1~t\JVI~tJu~:5'CJ~~1~ty 1~~1LL'Uf1 

u~:5'CJVI~n 5 u~:5'CJ~ L~ CJ1-iltJ-:j~1VI"Yu lm-:j£1~1-:j-iltJlJ" ~~tJfiu1 CJfl11lJVI" 1f1VI611 CJ'lJt)-:j'lf~-iltJlJ" 
~ , ~ 

88.3% ~LVI~-:j1'Um1 Ln~ ~"~wl?llu1'lltJ-:jlJ'U"M~ ( 'lJtJ-:j L~CJ~1ntJ~£11VIm1lJ, ~1nm1 ~n"MmLLfl~~1n . , , 
'lllJ'li'U) ~LC'l~~VI~-:j'VJ1-:jfi)1lJ'll1~ (f111tl~ ~"lf1~'lJt)-:j~'U, ~tJf11if~fl~1'll~'li1'U'Vl~ ~C'l) ~VIC'llf1VIC'l1CJ'l!t)-:j~ld , -

LL tl1'VJ1-:jflfU.fl1Yl'l!tJ-:j,j11~f:lf1"1)1 ~L 'Uf1L~CJf111iLfl11~~G11'UtJ1~f1tJ'U~~1~ru -:j1'Ui:5' CJ ~ Vl~1;lf:lf1 L ~t)';h 
't \J IV '\J 

~~ 1-i!LU'U~1'Uoii'tllJfl~1VI'Yum~~f1"M11 'Utl'U1fl~ 1'U1~'U'U T urag River ~1lJ 1 tJ~~f111~~L~-:jG1ty~ f1'MW 

1 'Uf111~~~'Uh L~CJ1tl'Uf111tltlf1 LLU'Uf111G1lJ~1tJ~1-:j ~LC'l~ 1 tJ1L~fltJC'l 1 'Uf111iLfl~1~~~ L VllJ1~6'1lJ , 

Ramesh Prasad Bhatt et ol., (2011) 1~vhm1~f1'M1L~tJ-:j t.lflf11~'Vl'Uflfl.!.fl1Yl , 
,l11'Uf111~1~U'Uf111Lfl1-:jf1111'Y'lvh'rl~-:jJ11'U~lJJ1 Bhotekoshi el1L.fltJ Sindhulpalchowk 1 'U 

tJ1~L'VlfllL 'Utl1C'l -:j1'Ui:5'CJd~ U'Uf111~f1'M1t.IC'lf11~'Vl'U~-:j ~Ld~~t)lJ';j~CJ~ ~ 1fllf111~11~£1t)'UU 1998 ~LC'l~ 

201 o ~~m tJ~CJu ~ViCJunum1~f1"M1t-~flm~'Vl'U~~tJu 1995 ~-:j'rl'IJ':h "li1-:j'lJtJ-:j'rl111lJL~tJ1Rru.n1Yl,Y1 , 

'VJ1-:jf11CJ.fl1Yl ~fllJ~Cl~ ~ 'UflVl L~CJlJfl11lJ ~L~f1~1-:j~1f1U 1995 1~CJ)~VIl1-:jf11)~f1'M1t.IC'lf11~'Vl'U 

~-:j~~1~~tJl-11'Uu 1998 ~L"~ 2010 ~-:jf11~~n"M1~~tJu 1995 Yl'Ul1LRi'l'Y'ltJ{lJ~~VIl-l~ijtJ~lJ1ru'll'U1~ 
1VIruvi'11~~n~m1l-l"li'U£1~~Lfl~lJrh BOD ~1 ~tllJ11'U"Ii1-:j1~CJ~~1fl1f111tltJ6'1~1-:jU 1998 W'Ul1 lJ£111 

~ , ~ 

~ 'll1'UC'l t) CJ~'Vll 1 ~ ~fl~fl11lJ"Il'Ufl ~fl-:j ~~Cl~lJ f111tJ 'Y 'UtJ )-:j flfU.fl1W,j 11 'UW111lJ ~~ tJ{'VJ1-:j ~fllJ ~LC'l~'VJ1-:j 
' ' ' 

61hmwf1'U q LW11~lJf111fl1'UfllJ~fl~U'UVif1tJU.!VI.fllJ~L.WlJ~'Ufl~fl-:j'lJtJ~~'UJ1~'U~-:jtJfllCJ,j1 pH ~U'U I , , ,_, 
II t.l IJ ' 

f11~lJ1f1:U'U t)t)f16/lL~'UC'l~fllCJti1 tJ~1~VIl1-:j 7.50 LLC'l~ 8.50 mg/l11lJVl-:jflUJ.fl1W'l!tJ-:j~i)'U'Vl~~Vl~ 

lJ1f1 f111~f1'M1U 2010 W'Ul1 J1LRlJ (CaC03 "li1-:jrhLO~CJ'l!tJ-:j 5-72 mg/l}pH LU'Uf1fl1-:j LO~CJ 

7.98 ± 0.85 f111'1111'Y'lvh, TDS, L~fl~1tJtJtJ'U~~1~ty LL~f1~1~tl'U\PL'Uf)~e..I'U ~U.!VI.fJlJ~O~CJ~-:j~'U rh 

fl11lJL U'Uf1fll-:jlJf111~.WlJ~'U rh LO~CJ'lJtJ-:jf111'1111'Y'l~1'l!tJ-:jVhCJJ111-:j 1'Y'l~1iJ~ 'U1L UlJ~fl~fl-:j1 'U'U~L 1ru 

~'UJ1'lJt)-:j 11-:j 1w~11 wum1lJ"li'U£1-:j~ ~~t)'U LLC'l~fl11lJ"li'U~1~vh CJ,y1'lJt)-:j 11-:j 1 wvh ~"~"~"-:j ~~t)CJ q 
q \.1 , I 

1'U£1mu5'U 1 LLfl~1'Uu 2010 ~~wu'l1iirh Do ~-:jn11u 1995 ~"~ 1998 'UtJn~1nd wu11 ii 

lJC'l~'M'lJt)-:j 1Ra'Y'ltJ1lJ ~n~~'U 1 'U'Vln£1mu~ ~nu ~1t)~1-:j ~-:j ~b£1~-:j 1 ~ b ~'U11J1~1n ~LllJ1 hJ L VllJ1~6'1lJ 
' 

~1VI'Y'Uf1111otl-:j1'U.fl1 CJ 1 'UtJ1~ L 'Vlfll ~ titJ-:j~1f1W'U f111tJ~tJ CJflfl tJ-:j ~~ CJ~1 f1fl'Y1 b ~tl'UL .WlJ~'U f111fl'UW'U 

fl#-:jm~ ~u~ Lt.ICJl1f111~1 ~ U'Uf111Lf11-:jf11)1~ ~ .wlJt.lflf)';i~'Vl'U 1 'ULLllJ1 ~b"~lJ1~1f11'1'U11L 'Vl1 t.Jflm~'Vl'U 
~~f\~ 1 'U"!i1-:jf111tltl6'1~1-:jiJ~ 1lJ1~"1i1CJlJ1f11'Uf111'Yf1"M1~lJflfU.fl1WJ1 l 'ULLlJJ11 ~ ~VIlJ1~6'1lJ~1VI'Y'Uf111 , 

1-tl-:j1'Um CJ 1 'UtJ1~ ~ 'Vlfll 
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Walter K. Dodds et al., (2007) 1~vhm1Pim~1L~a\l ~'VlfiV'Irt~'Utl1~ij~a 
rHUfl1V'ItJ 1'Vh tJtJ 1 ~\11~vhm1Pl m~1 ~'VlfiV'Irt"lJa\I~'U~'U'IJ -:sL 1 ru~\1 LL1itJ1 LLrt ~~'U~'U'IJ-:s L 1 ru~1JtJ1 • • 
~\I'V!1J ~~1 off L \J'U 'IJ'Vl'IJ 1 'Vl L~ m tl'IJ tJ-:s1J1 fil"ll a \1 ~ 1u111 'U ~1'U 1:111 Lflij"ll a\ltJ 1 ~1 ~'U LLrt ~tJ1 ~ Lil'U m 11J 

'V!rt1n'V!rt1tJ1'U~'U~1'Ufl111J611l~'U5L'V!~1.Q ~1ltl1~\l 68 'IJ-:snru1'U 4 1~~'1J 3 "lla\1 U.S. EPA • 
ecoreoions 1'U Kansas 'Vl1\lt'l~l'Uaan,!'U1~f:lm~amtl'U'U-:sL1ruPimn ~'U~'Ufl1a'Uflrt1J'IJ-:snru~\l 

~ v • 

LL1JtJ 1 LLrt~ n11loff~'U~'U'IJ-:s L 1 ru~1JtJ1,!'U 1~f:lfi'V!1tJ-:s1J1fil ~1'V!~'IJ~1JtJ1~\I'V!1J ~ LLrt ~~1~'1J 1~ tJ • v • 

StrahLer order n11l Lfl11~~ LL 'IJ'IJ f:l~f:la tJV'I'VIflru 1~ tJ m11 offm11il1 LL 'U n~'U~'Ufl1a'Ufl~1J'IJ-:s L 1 ru~ \1 v v • 

LL1ltl1 L tl'U~1 LL tJ1~1:11~ 1 'Um1afi'IJ1tlfl111J'V!rt1n'V!rt1tJ1 'U'IJ-:sL 1ru~\I'V!1J~ 1 'UD'<il~tl~1'Ui:l11 Lflij.Q 

1~mOV'I1~a~1\l~\lfl111JLi1li'U 1 'U11'11L'<ii'U~\I'V!1J~ (41 %), 1 t.!LI'11'Vl (61 %) LLrt~vJai:tvJa~l:l (63%) 

n111 off~t.~~t.!'IJ-:s L 1fii~1Jtl1~\I'V!1J~,!t.! afi'IJ1 tlfl111J'V!rt1 n'V!rt1tl~ija~'lJatJ L ~ tl\1 L~ n'lJa tJ LL~ n111 off • v 

~t~ ~'U 'IJ -:s L 1 ru~ \1 LL1itl 1 LLrt ~~t~ ~t~ 'IJ-:s L 1 ru~ 1Jtl 1,! t~ij m 11J 611J~'U 5n'U a~ 1\11J 1 n~\1 tJ 1 n ~ '<il ~ LLtJ n • 
(:..) rt m~'Vl'IJ"ll a\IV'I1 mJ'U ~1 LL tJ 1~1t.!i:l11 Lflij"ll a\ltJ 1~ L tJ t.! ~1 a~ 1\11 t.! n11 L i1 ~\I 1'111Jtl 1,!'U611J~t.! 5 tlt.! 

a~ 1'11n~"8~1J1n~l:l ~n'IJ~t.!~t.!'IJ-:sL 1 ru~\1 LL1ltl1~~ ~ n'IJ~1u11~ L~ n~1:1~ ( a'U~'IJ LL 1n) "1Ja\1~1Jtl1'VI~a • • • 
~t.!~'Um m t.!~1Jtl1~\I'V!1J~ ~1 tl'IJ-:s L 1 ru~\1 LL1itl1'V11t.!tl1"1Ja\I'IJ -:sL 1fil~1 a ~1\1~ Ll:lt.!aV'I~\11 t.! n11~ LL ..ij'\1~ • 
.Ua m tlt~tJ-:s1J 1 ru"ll a \I~ 1u11~ L ~1J~'U L tlt~~'l111:lt.! 1'<il L .Ut~a ~1\1 ~\l'"h (:..Jrt m~'Vl'IJ"lla\l~t~J 1,!t.1 L -lJ'U 

'VI~mnt~LL~';h ru "1Jru~~~1u11"ll'U1~ L~m 'VI~1d11JijLL t~11tJ1J~'<il~ijm11 'V!rt fl111J611J~t~5~\I'VI1J~,!'U 
- 0 

1n ~ L~ tJ\1 nt~1 t.1 n~1J~t~~tl L 1 ~11 ~\1~1 ~ L ~t~11~t.!~t~~1 off a ~1\llil1 L V'l1 ~,jt.!L~ tJ1i a \I n'IJ fl111J • 
'V!rt1 n'V!rt1 tl"lla\ltl11J1fi~l:l~ 1 t.!n11'1J -:sL 1fi1~1Jtl1 n11r1't.!V!1 L 'V!~1.Q'1~ LLi:l~\11 ~ L ~'UrJ1l5n11fl1'1Jfl1J • • • 

2. L ~aPim~nDqj'V!1 LLrt~ LL t.!1'Vl1\lfl1'V!t.!~t.! 1tJ'IJ1tl n11'1J-:s'V!11~ ~ n11'Vl~V'I m mtJ11 ~L ~ tl\IV'Ia 

~afl111J~eJ\In11tl1"1Ja\l"!l1J"!lt.!Vl1tlL~atJLLrt~L~tl\IV'Ia~an11(:..J~I'Jn1~LLi:t1vJvh • 
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~~fl1'WI-r~tJ1mJ1b~eJf\11~~111m:m6'11vJVh EJeJ'U'Vl~~ 10 tJ ~~bb~ tJ ~.Pl. 2544 - tJ ~.Pl. 2554 

bb~ ~Pi m~1m11otl'J 1"1leJ~"ll1J"ll'UVJ1 t1J1~1~-ru~~ m~vl'u 1~ tJ~'Vl1~ 13.5 n1m1JI111 ~1nVf1 t1J1 
' 

bb6'1~ '<ii'1'U1'U 9 'Vll.JD1'U '<ii'1'U1'U 892 fl-r'Jb~eJ'U '<ii'1'U1'U'lh~"111m 3,387 fi'U 'lh~"111"1l'UlJl1U~b"1l1~~ 
'IJ 

'<ii'1'U1'U 5 'Vll-1D1'U '<ii'1'U1'U 1,576 fl-r'Jb~eJ'U '<ii'1'U1'U'lh~"ll1m 4,353 fi'U 111J~~~'U'l.h~"111m 7,740 
'IJ 

fi'U 2,468 fl-r'Jb~eJ'U bb~~~'U~'Vl1~fl11bn'l~I1111'Ub"1ll11eJ1b.f1eJD1'U1111"1l'U 'lh~fleJU~'Jtl l'i'1u~~':i~bb6'1~ 
' 

'<iJ1'U'J'U 18,5371~ lJl1U~b"1J1~~ '<iJ1'U'J'U 12,9551~ ':i'Jl.J~~~'U 31,492 1~ b~m..h~fleJUfl11 
LJ-rub LJ~ tJ'U'U LtJU1 tJfl1':i~~fl1':i'Vl-r~ mmJ1 bb~~fl11U~'Vl1':i~~m':iJ1"1leJ~b ~eJ'U-r"ll"ll'lJ1~.n1 

~~111m~ bb6'11 vJvhtl'ufi111J~mm1J 1"1leJ~"111J"ll'UVJ1 t1J1 b ~m111J11~~1J6'11JeJ~ b ~ eJ'Vl1 bb 'U1'Vl1~ m1~~ 
' 

11~'ULtJU1tlfl11~~fl11'Vl-r~mmJ1 bb~~fl11U~'Vl11~~fl11J1 bb6'1~~~~.n1~~ 1-2 ~~.Q' 
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'!JB:I.J(;H'If1~1 
" 

- U~:I.J1 UJ\l1 ~ 1 ~ 111 ~ 
' 

1-H~~l'lm:m~1vh~1 

- f111:UiifB~f11'~~1 .. 
L'l"lBf1T~Lf1~l91'S 

" - f111:UiifB~f11'S1oH~1 

L~Bf11'SBULflfl 
' 

U~Lflfl 

-'S~I1l:I.J~:I.JB~ 

- m-sij6'11tJ 

~1:1.J'!JB~'!J:U'!JtJ 
' 

! 
"' 

- u~:u1ruJ1m-H~~l91 

m~LL~1~vh 

f11'SLf1~l91'S 

- tl~:U1UJJ1~1VI-s'U 
fl-r1L~BtJ 

- m-su~VI1'S~I1lf11'S'Vl-r'l"lmm~1 

- m-s~111m-slii'1tJtl~:u1ruJ1 
"' - f11'S~I1lf11'S~1tJflt1J[I1'\"l~1 

' 

' " .dl ~ Q.l Q.l 0 

b 'We.J f111'U1'H11':il~f111'Vl1'W tJ1 f11'U1 
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...; 
U'VI'VI 2 

m11~ ~ L~a~ n11~m~Tt.fhn ruJ1 bb~~rHUfl1'V'1J1Y11 ~ b "ilm.J -r"ll"ll'lh~ fl1 b ~a m1u 'i'Vl11 
' ~~m1V1-r'V'ImmJ1 Ltl'Uf1111~m:a~filrummL~~'IJ'i:w1ru 1~~1~Lbtl~m1~m~naamtl'U 6 ~1'U ~a 

' 
1) ~fl'l31oUa:w~'IJ1~"1!1m 1~~~fl'l31oUa:wmt11'1JLL~~m11iJ1'llm"ll:w"ll'U~m~~a~ cu \1 • \1 

2 ~~ci'1tl1fil~a~'V'I~bb61~ 
2) ~n'I31'1J'i:w1rutl1~~1'Uf1111~'1J1~J1b ~am1~~(;lm~ LL611 vJvh 

3) ~fl'I31Bm1m11'Vl~'lla~J1 (Flow rate) bb~~'IJ'i:w1rutl1 
4) ~fl'l31fil11:Wb'Vi~~'V'Iabb~~f111'll1~bbfil~'UJ1 (61:W~~tl1) 

' ... ... 
5) ~fl'l31filt1.1fl1'V'IU1'lJa~LLl.hJ1fil~a~'V'I~LL61~ Lb~~ 

' 
6) LL'U1VI1~f111~~f111VI-r'V'ImmJ1'lJa~LLl.JJ1fil~m'V'I~Lb61~ 1~~"/l:W"Il'Uii~1'U~1:W 

f1111 ~ ~fil#~.flij1 (;) t:1U1~ 61~ fii' L ~avn Lb 'U1VI1~ f111~~ f111VI-r'V'I ~ 1 mJ1'<il 1 fl fil~a~'V'I~ bb61~:W11 otl 
' 

L~am11itl1'lla~"ll:w"ll'U 1~mfil~a~iia.ffim'Um1~fl'l311~~ fil#~d fia m1~fl'l31oU'a:w~~'U~1'U'lla~ 
' v ~ 

"/l:W"Il'U f111VI~~ a~1 'U~a~'IJ{l'\J&im11VI ~1P1161(;11 (Experimental) m11 otlbb 'IJ'IJ61:Wfl1'13rubb'U'IJ M~ 
11"11~61~1~ (Semi-Structure Questionnaire) f11161~bfl(;l (Observation) f111~111'<il (Survey) f111 

61'UVI'U1fl~:W (In depth Structure) bb~~m11 otlbb 'U'U61aum:wm1:w~~'V'Ia 1'<il~ii~af1111~'1J1~J1b ~a 
m1~~(;lm~LL611vJ~1 (mfil~'U1fl 1"1) 1~~1i11~~~La~~ ~~~a1ud 

'IJ1~"1!1m~~fl'I311'Ufil#~d ~fl'l31'<il1fl"ll:W"Il'U~m~~aci 2 ci'1tl1fil~a~'V'I~Lb61~ ;~~~ 2 "ll:W"Il'U 
" \1 \J , 

a~"l 'U~'U~~tl1'<i11flf1111~'1J1~J1L~af111~~(;lf11~bL611 vJ~11 'Vl~~1'Ubb~~ 1~-r'U~'t'ln1~VI'IJ 1~~(;11~ 1~~ 
v 

~u R''UoU'a:w~'<il1fl'Vl'll1 ~~1'Ub 'lJ(;lf111'1J nfil1a~'llm"!l:w"ll'UJ'U., b ~a~n'l31oU'a:w~ ~1~., ~~.fl cu , I cu I 

- ~fl'l31'<ii'1'U1'UU1~"1!1f11 bb~~'<i\'1'U1'Ufil-r1b~a'U 'lJa~"!l:W"Il'UI'l1'1J~b'll1~~ '<il1f1bVIPl'U1~ 
' 0 ll d 0 1.1 Q.ICV t{q 

(;11'1J~'IJ1'UL"Ilm'Vlm'U mLfla'U1'U(;l1"/l'U '<il~'Vl1~~11'13!]1u1'U 

- ~fl'l31'<ii'1'U1'U'IJ1~"1!1m LL~~'<ii'1'U1'Ufil-r1L~a'U 'lla~"!l:W"Il'UI'l1'1J~b'll1~~ '<il1fla~rim1 
' Q. I 0 0 ll Q.IQ.J tfci 

'IJ1'Vl11611'Um'Ufl'V'I~bb61~ B1bfla'IJ1'U(;l1"/l'U '<il~'Vl1~~11'13!)1u1'U 

L~aU1oUal.J~:W1U1~biJ'U'Vl1fih~1~1 ~~.n 

1) m1'1J1~LiJ'UJ11i~1'Ua'IJ1flfil u'i1flfil 
' 

- ~111'<iloUa:w~'<ii'1'U1'U'IJ1~"1!1fl1'lla~"ll:w"ll'U 1 'U~'U~LM~1num11iJ1L ~a 
v ' 

f111a'IJ1flfil u'i1fll"l1'ULL~~~fil-r1L~a'U 1~~ii'<ii'1'U1'U 'IJ1~"1!1fl1~~~'U 7,740 fil'U fil-r1L~a'U~~~'U 
' 

2,468 fil-r1L~a'U 
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- 1"11'U'lUJ'V!1fl1fl-:J~"lla-:J'lJ~~1runT~ 1 iJ1L ~mnJ1.nfl 'U~L.nfl~a'lJ1~"1l1n":i 
' 

'V!~-:Jfl'U 1~ fJ 1 i.Ua~~lii'1'U'l'UU 1~"111 mflrutl'UeJ~11 m11 iJ1~1n.Ua~~ m11 iJ1~~ -:J"lla-:J'lJ":i~"111 m 1 'U 
'U 'U 'U 

~'U~ ~1n<U'a~~lii'1'U'l'UU1~"111mtl vu'1.2552 ~lii'1'U'l'UU1~"1l1fi":i~-:Ji'U 7,740 fl'U rh'V!'U~1~ 
'U 

U1~"111n":i'V!~-!!fl'U~m11-tiJ1L~am":ia'lJ1.nfl 'U~L.nfl ~a 120 ~~1/l'U/fl'U (Lnrueiim11iJ1L~am1 
' 

a'lJ1.nfl 'U~L.nfl~1n~mU'U~11~'UL'VI~'VIf'V'IfJ1n1J1LL~~m1Ln~~1, 2553) 
' 

2) n11U":i~Li1'U'lJ~~1ruJ11otl~1'Un11Lfi~~":i 
- ~-:J~'U~vJ1m":iG111'l~<U'a~~m":i'lJ~n-rl"ll1'U~'U~ l'i'1'U~L"ll1~-:JLL~~I'i'Tu~ 

'U 'U 

'Vi~LL~-!1 L~fJ~1fin11G1~.n1~uJ~U1"11~"1l'ULL~~~'U~'UoUa~~~1nG11,rn-!11'ULfi~~":iel1L.f1a'IJ1'U~1"ll'U 
\1 q \J • 

~-:J'V!'l~~11~fl151oU ~-:J"Il~"ll'U~-:Jn~1'l~m11iJ1~1'Un11Ln~~11'U 4 n~~ ~a ~1'ULn~~":im-:J'V'1111 
"' dJ " C! 

'lJ1~~ Ln~~":i~'l'Ue.J~ 1ir LL~~-rl"ll~n~'l'Ufl-r'l 

- ~n~1eJ~11n111iJ1"lla-:J-rl"llLL~~~"Il'W~ L"li'U fJ1-:J'V'I111 'lJ1~~ Ln~~":i~'l'U 
e.J~1ir LL~~oW"Il~n~'l'Ufl-r'l 1~mJ1-:Ja-:Jm1~~a-:Jm":i'lJ~~1ruJ1"lla-:JoW"Il~1nG11,rn-:J1'U~w.J'U1f1UJ.t11'V'I 
~'U~1Ln~~":i tJ 2553 

1) m1Ln'U<U'a~mdm~'U 
'U 

~n~1<U'a~mtJa-:J~'UL~mn'U m1'<il~m":i'VI-r'V'ImmJ1L~am":ie.J~~m~LL~1vJvh 1~fJ 
'U 

~'U"li''U<U'a~~~1n<U'a~~~i1~~1mLe.J'Un'lJ":i~~'VIfi.n1'V'I L~a'U-r"ll"11U":i~.n1 ":i'l'U":i'l~~i1~"1i'a~~J1 10 tJ 
'U 'U 'U 

rja'U'V!~-!1 ~-!ILL~ tJ 'V'I.~. 2544-2553 L~a~n~1<U'a~~~1'U~1-:J1 ~-:Jd 
- ~n~1'lJ~~1ruJ11'V!~L<U'1eh-:JLn'UJ11~fJ~'U~'U~1n~i1~'lJ~~1ru.J11'V!~L<U'1 

eh-:J ~LLe.J'Un'lJ":i~~'VIfim'V'I1~u'U'VinH 10 tlfJa'U'V!~-:J 
- ~n~1'lJ~~1ruJ1~1~'U1m~am":ie.J~~n":i~LL~1vJVl11~fJ~'U~'U~1n~i1~ 

u~~1ruJ1m 'V!~~1'ULfl~a-:Je.J~~m~LL~1 vJvh ~LLe.J'Un'lJ":i~~'VIfi.n1'V'I1~u'UVin H 10 tlfJa'U'V!~-!1 
- ~n~1U~~1ruJ1~'U'VI'U~1-!!Ln'UJ1L~a'U-r"ll"llU":i~.f111'U"!i'l-:Jfl~LL"'-!I LL~~ 

' •I" 

q~e.J'U 1~fJ~'U~'U~1n~i1~1~~'UJ1~a~"l'U~1-:J1'Uq~m~,!'U 1 ~LLe.J'Un'lJ":i~~'VIfim'V'I1~u'UVin H 10 tJ 
rja'U'V!~-:J ~n~'U~'lfJ'lJ~~1ruJ1~1~~~L~a'U~1~11{1~~1~'U1fJJ11~ 1~fJ~~~1m11"11'U1ru ~-:J~~m1 

' 'U 

(2.1) 

- ~n~1fl'l1~L~fJ-:J'V'Ia"lla-:J'lJ~~1ruJ1~'U'VI'U~1-!!Ln'UJ1L~a'Uf"ll"llU1~.n1~~ 
' 

~an111~'U1fJJ1L ~an11e.J~~n":i~ 1 vJvh 

- ~n~1fl'l1~L~fJ-:J'V'Ia"llm'lJ~~1ruJ1~1~'U1fJL~am":ie.J~~n":i~LL~1vJvh~~ 
~afl'l1~~a-:Jfi11JTvhfJL~a'Uf"ll"llU":i~.f11 
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v v 

2.3 m111WU1bb~~e1~'i1n1'iL'VI~'tleJ.:Jth (Flow rate) 

- 1"1'1'U'"ltueJI'l~1flT~1'VI(;l"1JeJ\nJ1 1'11l.l~'U~:u~Pim~1f'lru.fl1vnJ1 .Jr~ 5 :u~Pim~n L~eJPim~n 
' ' ' eJI'l~1fl1~1 'VI(;l"1JeJ~J1 LL(;l~U~l.l1tl.lf'l11l.l~el~fl1~J11 'ULLI'i(;l~"il~ 1~a1otlG'II'l~l"i'1'U'"Jtu Manning . ' " 

Formula dJ'U1fim~m~1i'VI~m"'~~~1'U (Principle of energy) 1'Um~'\J~~l.J'"J(;l'VI1~1f'l11l.!L~1Ltl~E.J 
"1JeJ~~1J1 1~a"il~~ eJ~ 1 i"li'eJlJ(;l'VI~eJ1~f'l11lJ(;l1~~'U"1leJ~~1J11'11l.l~1J1L ~eJ1 iL tl'U~1'\J~~l.l1ru"1JeJ~ 

" 
f'l11lJ(;l1~~'U"1JelW1~~~1'U ~~G'Il.lfl1~ (2.2) LL(;l~ (2.3) 

v 

n 

R 

A 

f'l11l.JL~'"JL\l~E.J LlJ1'11/1'UTVl 
~ v 

~1~l.l'\J~~~~5f'l11l.l"1l~"1l~~"1leJ~~eJ~u1 
' 

I v q IS"d I 1" ' A = f'l1~f!ll.J"IJ(;lf!11G'II'l1~'VI1f'l1 ~"il1flf'l1- Ll.JI'l~ 
p 

P = f'l11l.!E.J11L~'U"1lel'IJLUE.Jfl Ll.ll'l~ 
" s = m1l.l(;l1~~'U~1u1 

U(;l~I"\'1'U'"l ru'VI1eJI'l~1 m~ 1 'Vf(;l"1JeJ~J1"il1 fl 
Q =A. V 

v v 

2.4 fl1111b wa.:~cwmb~~m'i'tl1~bbfl~'Uu1 <a11~~u1) 
' 

(2.2) 

(2.3) 

1) Pifl'l-J1G'IlJ~(;l"1JeJ~J1 10 tJ ~el'U'VI~~ ('W.f!l. 2544-2554) LL(;l~1'UeJ'U1f'll'l"1h~ 5 tJ ('W.f!l. 
' 

2560) LL(;l~·~h~ 10 tJ ('W.f!1.2565) L~e:J'VI1LL'U1~1~fl1~-.ij~fl1~~1''WE.l1fl1J'i'1~E.J1off'\J~~1E.J"IJU"il1fl 
IUlJ1f'l(;le:J~'W~LLG'I~ 1 'Ue:J'U1f'll'l 

2) vhm~l"i'TtnruG'IlJ~(;lJ1 fle:J 1vl"il1fle.J(;ll'i1~~~'VI'J1~ '\J~l.l1ruJ1~ L ~e:J'U1'"1J"IJU~~.fl1~~'1J1 E.J 
' 

L~ele.J~I'lfl1~LLG'IhJvh tl'IJU~l.l1ruf'l11l.l~e:J~fl1~1-ffJ11'Un"ilfl1~l.ll'i1~1 ~~ijG'Il.lfl1~ ~~.Q' 

WB 

WB (Water Balance) 

Ws (Water Surface) 

ld (Identification Demand) 

lrd (Identification runoff demand) 

= 

= 

Ws-ld-lrd (2.2) 

" 3 
G'll.J~(;l'l11 (m /year) 

'\J~l.l1ruJ1~1~'U (J1~~~'1J1m~mn~e.J~I'l 
m~LLG'I1wvh) (m3

/year) 

f'l11l.l~e:J~fl1~J1~'\J1.flf'l-'IJ~1.flf'l (m 
3 
/year) 
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- fl1'U1~VITLf'h.nruJ11 m 'UeJ'U1fW11~~~~1';in.i1Jl1~ 1~\1eJ'U 1 "tl~·:a•ieJ 1 ud 

- 1~~~1';in.l1f11';ib ~l.l~'U"tleJ-:J~'U~f11';ibn~l'l';i~-:Jdb ~eJ~'U~ 'l ljeJ~,r'U 
b 'tJ~ ~'Ubb 'tJ,Nfi b Vi~-:Jbb9i"llil~"tleJ-:JoW"I!~'tJG'i n b vh,!'U bb9i~'U~n1';ibn~l'l';i 1~1~L ~l.l~'U 

" 
- ~~1';iru1m';ib~l.l~'U"tJm'tJ';j~"lf1m1~~a1-:~B-:~-ileJ11G'i 'tJ';j~"lf1m~1n~1tJG'i 

" 
b"111~-:~ bbG'1~~1tJG'i'V'l';i~bb~-:~ a1bflmJ1'Ul'11"11'U ~-:~vrr~~';i1~n1u1i11~~~~1';it:U1b1eJ'U1"11 ~-:~d 

' ' ':.I 

- fl1'U1n.lbb 'U1 1 til.ln1';ib~l.l~'U"tlm'tJ';j~"lf1m1 'U"1i1-:~tl 2544-2554 

1~~1Tin1';ifl1'U1ru 1~ ~ 1-tl'~l.lm';ib ~11 b~'U 1~-:~ bb tJtJ~nn1~-:~ (Power) ~1'Vl-rtJm';i'V'lmmrum';ib ~l.l~'U 
"tleJ-:J'tJ';j~"lf1m1'U"li1-:~ 5 tJ (Y-l.l'l. 2555) bbG'1~"1i1-:~ 10 tJ (Y-l.P1.2565) 

il il 

2.5 f1Wil1'W1.h"llv.:la1U1fl~ti.:I'W~LL~.:I 
' 

1) ~m'U~vl1n1';i~n~1 bbG'i~~n~ru~'Vl1-:Jm~m'V'lvf1 1'tJ"tJeJ-:J~'U~~~~n~n 
' 

~'U~~n~1bU'UflG'ieJ-:J~1"111"11mbb~J1'V'll.lm-:~ ;-:~lj9i''UJ1111~1mh-:~LntJJ1b~eJ'U-r"ll"lf'tJ';j~f11 ';j~tJ1~ 
' 

e.l1'Ubfl~eJ-:~~~l'lm~LL~hi.Yh fl';jeJtJflG'il.l~'U~ 2 ~1tJG'1 "tJeJ-:~a1bflmJ1'Ul'11"11'U ~-:~'Vl1~~';i1~n1u1i1 ~eJ " .. " ~ 
~1tJG'ib"tl1~-:~ bbG'i~~1tJG'i'V'l~bb~-:~ ;-:~ci'1J1f1G'iel-:I'V'l~bb~-:~ ljm111~111'1G'ieJ~ci'1J1 13.5 nLG'ibl.Jl'J';j n1'Vl'U~ 
~~~n~11'1G'ieJ~ci'1J1 5 ~~~n~11~~lj'Vl~mnrusnm';in1'Vl'U~~~~n~1ml.l~n~ru~"tJeJ-:~n~m';il.ln1';i 
' ' ' 
';j~tJ1~J1b~eJm';i~~l'lm~Lb~1 'V'Ivh bbG'i~ 1 'U~~~n~19i'mL tl'U~'Jbb'Vl'U~~~n~1~~m';j 1-tl'tJ';j~ 1~"11'11~1n 

' ' 
~~'U ;-:Jbb9iG'i~~~~~n~ru~m';i 1-tl'tJ';j~ 1~"11'11~~'U9i1-:~ 'l tl'U \J';i~neJtJ~1~ ~'U~UG'i1~vleJ';j~tJ1~J1 b~eJ 
m';i~~l'lm~LL~1 'V'Ivh ~'U~theJ'U-rn~ ~'U~bb 'Vl~-:J"IIl.l"II'U ~'U~bb'Vl~-:J"IIl.l"II'ULLG'i~1';ibn~l'l';i bbG'i~~'U~ 

' ' ' 
~~tJ';j';j~tJJ1flG'ieJ-:JI'lnbbG'i~flG'ieJ-:Jbb~-:J 1~~~'U~~vl1n1';i~n~1fl';jeJtJflG'il.l~'U~';i~'Vl"h-:~G'i~~~~~ 08° 
' ' " 
53'7.50" N bbG'i~ 08°53'9.63" N tltJG'ieJ-:1~~~ 98°49' 03.3" E bbG'i~ 98°51' 36.2" E ;-:~1~ 

" 
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< "" 
lil.~~1~!)~6TU 

~1tl1fl~eJ\l'V'l~bb?l\l ?l~'V'l1'U'V'l~bb?l\lb~mJ-r"ll"llth~m ~.b"tl1~\l eJ.U1'Um"tJ'U 
' t( q ..:::'11 I d ~ 

lil.?l~1W"'~Li1'U l.l~MJ~Vt1\llil1nlil~Vl 1 b'U'U~~CJ~Vl1\l 2 bl.lm 
' ':.I ' .., 

0 0 Q.l CI.J QJ 1.1 ( q 

~1'U1fl~eJ\l'V'l~bb?l\l 1~b"tl1'V'l\l ~.b"tl1'V'l\l eJ.tn'U1m"tJ'U lil.?l~1~fl~Li1'U 
' ' ':.I 

d I d ~ 
l.l~~CJ~Vt1\llil1nlil~Vl 2 b'iJ'U~~CJ~Vl1\l 3 bl.lm 

' .., 
00 IJ (.Q 

~1'U1fl~el\l'V'l~bb?l\l ?l~'V'l1'U'V'l~bb?l\l ~-'Y'l~bb?l\l el.'\J1'U1~1"tl'U lil.?l~1~fl~61'U 
' ' ':.I 

q I d d: 

l.l~~CJ~Vt1\llil1nlil~Vl 3 b'li'U~~CJ~Vl1\l 5 bl.lm 
' .., 

bb:l.h11'V'll.J~1\l lil~'\J~~Iil'\Jfl~el\ll"lnbb~~fl~el\lbb?l\l ~-~'UCJ'd'U el.'V'l'Ul.J 
' ' 

lil.?l~1~fl{u1i1 ih~CJ~'Y11\llil1nlil~~ 3 bU'U~~CJ~Vl1\l 5 bl.l~~ 
' ':.I ' 



t-~,,~~n. t L~tvt v,m~W~~~~LLJG~ ,LP,~Ln.~~~LU~ftl ~rull. (t-) t-~,,~~n. t 

L~tvtvm~W~~~~LLJG~,LP,~Ln.~~~rull. (~) n.f':)~~~t L~tvtvm~W~~~~LLIG~, LP,~Ln.~~ 
UlJ~ftl~rull. (fl.) n.f':)~lm1 L~tvtl~,,~W~~~~LUG~,LP,~Ln.~~~rull. (LI) t}~Q}6RL~~-I!- , " 

' ' n.ll.L~n.L_Q."G t-~Lil.r~ LLJ~~rtll.R.kn.G~,LP,~Ln.~~G[A t-~,,~M.t-G~~LP,L~ 1 ~LRlJl't~l!-z-z ~M.LLJ I /'1 /'1 I I 

(t-) (~) 

(fl.) (U) 

' LLJ~~rtll.R.kn.G~ ,L~tvt tt-~ J»n.~n.Q ,~~,, LQ.~n.~n.Q ,pLRlJl't~l!-t-~t-G~t-~ 

~G,CblJ~,t-~~ ,t-].L!\~~1!-LP,~Ln.~~~LLI~[tprull.~~,, LILrtt-~ ,,LP,~,,~Wt-Gil.t.~ HtLt.~ LP,~Ln.~~~rull. 
II 1'1 1'1 1'1 

LP,t-Gil.~ltl.l~LlJt-Gil.~ruRU~ LI~,~Ln.ll.~t.W~~~,,Wt}ltl. m~n.Q ,~ruRU~ rtr}~t-~,,~n.GU~~n.Q ,~~!!-

" 
LP,t-G~n.~ ~~m 0£ ruLrt~~rt LP,L~t-Gil.t-L,¥LJI1Lt.~ :3 "£"£0,6"!7086 N O~LL~o80 ~1!~ ( z;-z; ~ II II II 1 

M.LLJ) L~tvt l~,, ~W ~~~t-G~~mL~~Itl.l LP,LJLI!-t-~lti.LP,~Ln.~~~~~rt~lJl~Gt}LRlJl't~~ I f1 1'1 /'1 

n.LgdjRL~~-1!- ,.,. , 
' . n.ll.L~n.L_Q."G t-~Lil.r~ LLJ~~rtll.R.kn.G~,LP,~Ln.~~G[A t-~,,~M.t-G~~LP,L~ t ~LA.U~WI!: I II n I 

gz; 
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~~flm~1~ 2 ~1tl1fl"e:J~'V'l::!bb~~ ~::!'V'l1tJ'V'l::!bb~~b~m.l~"ll"I!D~::!m ~J~.b"ll1~~ e:J.thtJm"lltJ . ' 
' ... 

-;u . ~~1'13!)~51tJ 

-;u~~n'l31de:J~1n~~tJ~tl1e:JtJ~n~ (.n1'V'l~ 2-3) ~~::!~tJtl1 13 blJIJI~ -;u1n 
' ., ' 

~::!~tJtlTVl::!b"D1tJn"1~ ~n~ 08°57'7.52" N 98°49 '03.4" E fl11lJnl1~"lle:J~~1tl1 D~::!lJ1ru 46 

blJm ~tJY1mtl1-;u::!iMJtJ~J~::!ne:JtJ~bb~~ ~n'l3ru::!btltJ~tJb'VItitnbb"::!ijm1~"lltJ1~b~n ~n'l3ru::!"l!e:J~m~ 
1 Vl""lle:J~tl1 "l!ru::!~::!tJ1EJtl1 fl11lJb ~1"lle:J~m::!bb~tl1bb ~~lJ1n bb"::!"l!ru::! hJijm~~::!tJ1EJtl1 -;u::!ijJ,-u~ 
b~EJ~b~mJe:JEJ ~~~e:J~~.:~~~~n'l31dbtltJ~tJ~tl1 e:J'4~n~"lle:J~~'VlmtJbbvi.:~"ll1&ib"ll1~n ~mr~~~1'13!J~mii 

(n) 

(fl) 

flTW~ 2-3 -;u~~n'l31~ 2 ~1tl1fi"e:J~'V'l::!bb~~ vim::!tJ1EJtl1b~e:JtJ~"Il"I!D~::!.fl1 ~J~.b"ll1~-:J e:J.tJ1tJm"lltJ ' . 
-;u.~~1'13!J~u1i1 (n) "l!ru::!~::!tJ1EJtl1b~e:Jm~t:-J~~J~m::!bb~1'V'Jvh 1tJ~~e.JtJ ("ll) "l!~bJijm~ 
~::!mEJJ, b~e:Jm~t:-J~~J~m::!bb~1'V'Jvh 1t.~~~e.JtJ (fl) "ll~~~~,b~e:J~~~J~m::!bb~1'V'Jvh 
1 tJ~~bb~.:~ ( .:~) "llru::! hJijm~~::!mEJtl1b~e:Jm~t:-J~~J~m::!bb~1 'V'Jvh 1 tJ~~bb~~ 



30 

~~~m~n~ 3 ~1tl1fl~e:J.:JW~bb~.:J 1'l91b'll1~.:J (?l.b'll1~.:J e:J:thu1m'1J'U :u.~'j1~fl{5'1U 
' " q d.J 

"il~~f1~1-:ul91de:J~1n~bbV!~.:J'1Jl.l"1l'U (.n1w~ 2-4) ~'j~~utlTth~l.l1ru 14 bl.lm :u1n 
" " \J 'I 

'j~~utlTV1~b~U1'Uf1~1.:! Vlnl91 08°56'9.85" N 98°49'36.3" E fl11l.lf111.:J'1Je:J.:J~1tl1 U'j~l.J1ru 44 

bl.J(?l'j ~'UVle:J.:Jtl1-:u~:Wb U'U~~ne:J'U~bbl91.:J~Ul.l ~n~ru~b U'Um1l91'1J'U1l91 b~ n f11'j 1 V!~'lle:J.:Jtl1 '1Jru~'j~'lJ1tJ 
J1 m1l.l b ~1'1Je:J.:Jm~bb~tl1bb 'j.:Jl.J1f1 bb~~'llru~ 1lJ:Wf11'j'j~LJ1tJtl1 :u~:WJ1<U'.:Jb .WtJ.:Jb~f1'\Je:JtJ ~.:J~e:J.:J~.:J:Ul91 

(n) ('lJ) 

(fl) ( .:!) 

' ' " 
.n1wVi 2-4 :Ul91~n~TVi 3 ~1l11fl~e:J.:JW~bbr;1.:J 1'l91b'll1~.:J (?l.b'll1~.:J e:J.U1'U1m'll'U :u.~'j1~n{51u 

" " " d.J 
(n) '1J~'j~tJtl1b ~ eJ m 'j [;J ~ (?1 n 'j ~ bbr;11 vHh 1'U~e.J'U ('ll) '1J ru ~ 1lJ :W n1 'j 'j ~ u 1 tJ J1 

b~e:Jf11'j[;J~(?lf)'j~bb~1 'VJvh 1 'U~~~'U (fl) '1J ru ~ 'j ~ 'U 1 tJ tl1 b ~ 1) f11 'j [;J ~ (?1 f1 'j ~ bb r;11 yJ .Yh 
1 'U~~bb~.:J ( .:J) 'lJru~ hJ:Wm'j'j~'lJ1tJtl1b~e:Jf11'j[;J~(?lm~bbr;11 vJ.Yh 1 'U~~bb~.:J 

' 



~~11~bn, t L~tv\l~11~W~~t':l~LU@.~ 1L[b~Ln.~~~LU~[tprull. (~) 

~~11~brtt L~tv\l~11~~U~~t':lUUB~1Lpntn.-.~ (1.1) ~~~lmt L~tv\l~11~~U~~t':l 
~LU@.~1 L~LM~~LU~rtl~ll. (fl.) rt~~bn{ L~tv\l~11~W~~t':l~LU@.~1L[b~Ln.n~rull. (U) 

I f1; I 1'1 
~ b b b 

nL9~vf'I.L~~·~ rtll.L~LrtLn.·B ~~11~M;~ ~~11~tv\rtLtv\~~ ~~11~tv\~B~l.!LrtL~ 17 V.Lf'I.U~~~ S-Z IA.M.Llf ~ Jl 1'1 o o It' 1P f:;7 
" . . 

(~) (1.1) 

(fl.) (U) 

n~n~; 1 ~l ~t':lnr-~ 

' ' L~Ltv\~L~rtl~ ~ l,tfrt l n.BU~~rt~~ ~~f'I.U1 ~LUL!'\~rtQ.rtQ.~~VI. 11 ~n,~n,l;} 1~Lf'I.U~~~~~~@.~~X\ ~@.~U~1 
I I I 1'1 f1; I f'l 

ULrt~~ 11Lrt~11~W~Bil.l~ 111Lll.l Lrt~Ln.~~~rull.Lrt 
.: ~ ~ .: 

~~ ~ 1 ~£-L[b~~~ L[b~Ln.~~~LU~[tprull.~~11 
... ... 

~@.fl.~VI. l~LU U~1~Lrtll.~lWrtB1!1b~t':lW~vt. m~ rtl;}1~fllf'I.U~ ~~11~rt@.U~~rtl;} 1~~~L[b~Bk\rt~ ~~111 
... ... 

2:17 fULrt~~rt L[bL~~@.fl.~L~UrtLll.l :3 "£"117 ,OS' 086 N u09"17, S'S' 080 ~1J~ ~L~UrtLrtm~V.L,ttn.~~~ 
... ... b (\ b b 

UL~ ~~111171 fULrt~~rtL,ttn.~~~~ (S'-Z: ~tv\Llf) rtQ.IbQ.~~V\.11~UtrB~~~Lf'I.U~~~ 

~Lg}(jf'I.L~~·~ ~~L~Lrt~~·@. ~~11~tv\·~ ~~11~tv\rtLtv\~~ ~~11;tv\~B~l.IL[bL~ 17 l1L40l.U~~~ ... . 

1£ 
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l\l~fim~n~ 5 bb~.hhv~l.JWJ-!1 :U~'U~~:U'UA6'lB-!!I"lflbb6'l~A~HNbb?l-!! ~-~'UtJTU B.'V'l'Ul.l :U.?I~1~f1{u1t1 
'I 1:! " " 6..1 

:U~Pln~1:u~-db'\J'U:U~'U~~:U'U"IJB-!!bb~tl1 2 ?lltJ ~B bb~tl1A6'lB-:JI"ln bb6'l~bb~tl1AJ;1B-:J 
' ' ' 

'V'l~bb?l-!!l.ll~ll.lbU'Ubb~tll'V'll.l~'N (m'V'l~ 2-6) ~n~ 08°53'9.63" N 98°51 '36.2" E Alll.lnll-!1 
' 

"IJB-:JiA'1tl1 'lh~mru 53 ~l.l~~ ~'UVlB-:JtlT'il~JJ tlB'Uml~"IJ'U1~b~flbU'U~1'Ul'Ul.l1n m~1V16'l"IJB-!!tl1 
"IJru~~~'UltJtll m1l.lb~l"llmm~bb?ltl11~riBmb~-:J ~-:J?IB-:J~-:J:u~Pin~1-d'bu'U~'U~~1~:Wm~bn~m bb~ 

' 
ii~'UWtlnA6'll.l 

' 

(n) ( "IJ) 

(A) 

. ' "' 
11 1'WVi 2-6 :u~Pin~TVi s iA'TU1A6'lB-:J'V'l~bb?I-:J ?I~'V'll'U'V'l~ bb?l-!1 ~ . 'V'l~ bb?l-!1 B. D1'U1~1"1l'U :u. ?1~1~f1{u1t1 

" " , d.J 

(n) "IJru~~~'UltJtllb~Bm~~~~m~bb?!hJYh 1'U~~e.J'U ("ll) "IJ~bJ:Wm~~~1t1tl1 b~Bm~ 
~~~m~bb?~1vJvh 1'U~~e.J'U (A) ~~tJtl1b~Bm~~~~n~~bb?~1vJ.Yh 1'U~~bb~-:J 
( -:J) "llru~ 1~:Wm~~~u1tJtl1b~Bm~~~~m~bb?~1 vJvh 1 'U~~bb~-:J 
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- fl11~mnf)UJ.fl1'W'oiJ1f1bL~-hi1P~~m'W~LL£1.:J 1~CJfl11~lJ\011'J'oiJ 1 'U~~m~e..hm~~~~ 
~a'U ~~~~ 4 1"1~.:~ ~a ~~~'W L'W"Ih.:JL~a'U'W~~.fl11"llJ(i.:~L~awr'W'J11"llJ LL~~~~~a'U 1'W"li'J.:~L~a'U 
lJf1111"llJ(i.:~L~a'U'W~~.fl11"llJ 1~mLU.:!fl11Ln'U~'Jaci1.:JL'U~~~'U 4 1"1~.:1 ~a "1Jru~iifl111~'U1CJti1L~a 
fl11t:J~\Olf11~LL£1hh~1 2 1"1~.:1 LL~~1~iifl11L&i'ULI"l~a.:JL~at:J~\Olf11~LL£11vlvh 2 1"1~.:1 LL~~~~~a'U 4 1"1~.:1 
~a "1JW~iifl111~'U1CJti1L~afl11t:J~\Olf11~LL£11 vJvh 2 1"1~.:1 LL~~"IJUJ~ 1~iiL&i'ULI"l~m1~'U1CJti1L~at:J~\01 
f11~LL£11vJvh 2 1"1~.:1 

... " ..:::.. ~ 0 ..::::10 oCl f' 0 

- fl11'JLI"l11~V!I"lfL.I.fl1'W'U1Vl1.:1fl1CJ.fl1'WLL~~LI"llJ Vl1fl11\011'J'oiJ'JLI"l11~V!I"lfL.I.fl1'W'U1 
' ' " " ~.:!Vl1.:!~1'Ufl1CJ.fl1'W LL~~LI"lii (APHA-AWWA-WEF, 2005) ~.:! 5 'oiJ~~fl~1 LLvl~~'oiJ~Ln'U~'Jaci1.:1 

' ' 
lJ11LI"l11~~L'W~m'\.Jiju~fl111VlCJ1f'!1£1\011 'U~,;'Vl 'l11~!)1tnu L'UL'Je.JL1"11 '<i\'1n~ b~CJ15 APHA 

.,1 
AWWA WEF (2005) \01111.:!Vl 2-1 

~1LLtl'i 

~ru'VlJ;]iJ (Temperature) 

1'1112-1~'1..1 (Turbidity) 

oCto , ~ 
mJn'llL'il'l..l~~m~b'l..l'l..l1 (DO; 

Dissolved oxygen) 

ffie:J~ BOD (Biochemical 

oxygen demand) 

'!Je:l.:JLL ~.:J~.:J'Vl2J{;l ~ uJ1 

(Total solids) 
:; 

?11'SLL'!J1'1..1~€l~'VI.:I'Vl2J{;] 

(Total dissolved solid 

L'Vl~fl (Fe) 

Direct Measurement 

Spectrophotometer 

pH-meter 

Membrane Electrode Method 

Azide modification of iodometric 

method 

Standard Method 2540C: Dried at 

103-105 oc 
Standard Method 2540D: Dried at 

180 oc 

Colorimetric method, 

Photometric method 

Thermometer 
' ®) ~'1..1 DR 2000 (Hach 

pH-meter 
' ® 

'S'I..I pH 540 GLP (VVTW ) 

DO meter 

~'1..1 senSion5 (Hach ®) 
' 

UV-visible 

Spectrophptometer 

~'1..1 Cary-l 00 (Varian®) 
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~1U'lh 
...... ... ff ..; ... 01 

1llfl1':i1Lfl':i1::'VI Lfl':ieH111e:J1fl 

1'lJhr~vi-1'lJLI'l'SL~'lJ 
UV-visible 

Colorimetric method, 

(Nitrite-Nitrogen) Photometric method 
Spectrophptometer 

~'lJ Cary-l 00 (Varian®) 
' .. UV-visible 

LL:U-:1 f11 'lJ" Colorimetric method, 
Spectrophptometer 

(Manganese) Photometric method 
i'lJ Cary-l 00 (Varian®) 

3) fi1';i~hfl';i1~-H-D'mJ(;l'V11.:1~{\~ 
'U 

- 'Vf1~1Lu~E.J"llEJ.:IflrumYI.J1mE.J.nTw LL(;l~Lflil ~.:~ 5 :v~flimn1t~n~m(;1L~mnt~ 
It , ul \1 

bb(;1~~1-:l{)~fi1(;1L~E.J1-tl Descriptive Statistics 

- L tJ~E.J'IJ L ViE.J'IJ~1 Lu~E.JflrumYI~.:~ Lbd~~mJ'V11.:~ mE.J.n1YI LL(;l~ Lflil nu~1111\Jl';i;j1LJ ' ~ 

flrumYI.J11 L.!LL 'Vf~.:~.J1~1~L.! 1'1111'\.J';i~ ml'l~ m~'Vl';i1-:I'Vl-rYimmu';i';i11"1l1~ LL(;l~~.:ILL 1~~ a11 (253 7) • 

II II 

2. 6 bb 'IJ1'V11 -301-:i~ fl fl1':i'Vl~VW1 n':ilJ1"lle:J-3 LL3.hh flfle:J-3'W ::bLiH 1flt1'tf11"lJ'IJihb'IJi111 

1) ~El'\Jfl111fl1111.W.:~Yia h fl1';i';i~'\J1 E.J.J1"1JEJ.:! L ~at~-r"ll"llU';i~.fl1 fl1';i1vJVhe:l1E.J ~~ 1'1 LL vi.:~ 
'\J';i~ L 'V11'11 'V1 E.J ~..:~ L tJt~m';i 1 iLL '\J'\J~EJ'\J t:n11l~';i~~'\Jfl1111.W..:~Yia h 1 L.!~1L.!flru.n1YI.J1 tJ~111ru.J1 f11';j • 
U';i~"ll1~11~L.!tib~EJ'Ifi1';i';i~'\J1E.J.J1 bb(;1~~1L.!~L.!~ L"liL.! fi1';i'\J';i';ib'V11~'VlflilE.J fi1';i'\J';i';ib'V11IlE.Jbb~'l LDL.!~L.! 
L Ylm DL.!LL L.!1'V11.:!1 ~L ~at~-r"ll"llU';i~m fi1';i 1 vJVhe:l1E.J~~I'l LL vi..:~'\J';i~ L 'V11'11 'V1 E.J 1 L.!f11';i-.5'~m';i'V1-rYimm.J1 

- '\J';i~"ll1m~flim~n1 L.!fl~.:~d flin'l!t1:V1flfl~11fl-r1L~EJL.!~a~m~E.Ja~ 2 ~..:1~11 
• 'U 'U 

II 
IO .c!l 0 Q.l 0 0 il Q.l Q.l d' .Q 

bb11L.!1fl(;1EJ.:IYI~bb~.:l flEJ 'q11"1lL.!I'l1'\Jm"ll1YI.:I bb{;1~\Jl1'\J(;1YI~bb~.:l EJ1b.flEJ'\J1L.!I'll"!JL.! lil.:I'Vf1~~';i1'l!t!)';ili1L.! 

lil'1t~1L.! 2,468 fl-r1 L~at~ ( oDEJ11(;11i\' 1L.!1L.!U';i~"ll1m:v1 m 'V11'1'\J1{;1 "'1'\JmJ1t~L ~ E.J1'Vf.(;11t~LL(;l~EJ.:~r1m';i 
'U 

'\J~'Vf1';i~1L.!~1'\J{;1YI~bb~.:l, 2552) 

- fl~11~1EJ~1.:1 fhVIL.!~fl~11~1EJ~1'1fl~11fl-r1b~EJ'I.J~EJ~EJ1~E.JEJ~ 2 ~.:1~11 
Ill , " \1 \1 ... 

10 .dJ 0 Q.l 0 0 1.1 Q.l QJ d' q 

bb11L.!1fl(;lmYI~bb~.:l flEJ 'q11"1lL.!\Jl1'\J{;lb"lJ1YI.:I bb(;1~1'11'\J(;1YI~bb~.:l EJ1b.flEJ'\J1L.!I'l1"!JL.! lil.:I'Vf1~~';i11!t!J':ili1L.! 

Iii' 1L.!1L.! 2, 468 fl-r1 b ~ElL.! 1~ E.J 1-tl~ 1'1 ';i 1 L.! fl1 ';i n1'VfL.! ~"lJL.! 1 ~ ~ 1 a~ 1-:llil1 fl fl1 ';i fl1L.! 1 ru 1'111115"1J EJ'I 
'U 

Yamane' ('4t1Jli';i';i11 fi:vtJ~~1'\J~~'Vl~, 2549) ~.:1~11fi1';i~ 3.1 
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N 
3.1 n = ---=-

l+Ne2 

"" L1le:J n = "ii'1'U'd'U~'de:J~1.:1 
N = "ii'1'U'd'Uth~"111m 
e = fl1fld11JelV~~mV~Iil1f1"iJ1'U'd'U~'de:J~1.:1 (l 'U~ffiotlVlVI?fe:J'U 

~';i~~'Ufl'111JL~mY'U~mJ~~ 95 ~e:J 1 ~ijfld11JelV1~~1V~1~~mJ~~ 0.05 flTV!'UVI"ii'1'U'd'UU';i~"1!1f11 
~d €1~1.:1~1 m 'Uf11';j~f1~1fl~.:~d) LV!Vf11';i'V'hf11';jf11~1il1Vf1~1J~'de:J~1-:!LVI Vrl1'U'dfil~'d V?f\Jl';j Yamane 

' v 

LLG'lVI.:I~.:I\Jl1';i1-:!Vi 2.2 

d ,., 
'Uil'VI2JU1'U 

1 

2 

i1 II o cu 

U1'U'VI'U1~~ 1911Um'll1V'l'l 3 

4 

5 

6 

7 

8 

.., 0 c:o\: 0 

U1'UU1'l'U1Lf.I'U 1911\Jf!V'l~LL?I'l 9 

li!1'U1'Ufl~1L'iil'U 

(f'I~1L'iil'U) 

213 

63 

487 

531 

282 

187 

47 

64 

102 

135 

155 

49 

48 

105 

2,468 

li!1'U1'U~1ilfh~ 

(f'I~1L'iil'U) 

139 

54 

220 

228 

165 

127 

42 

55 

81 

101 

112 

41 

43 

83 

1,491 

9 

4 

15 

15 

11 

9 

3 

4 

5 

7 

8 

3 

3 

6 

100 

~.:~t!'U "ii'1'U'd'U~'de:J~1-:~mm'Um';i~f1~1fl~.:~dbvhnu 1,5oo fl~'db~e:J'U 1V~vv11m';im~lil1vlil1nm';i 
rl1'U'dfii~LbG'lVI.:J1 'U\Jl1';i1.:1~ 2.2 

Lfl~e:J.:~i1e:J~1 m 'Uf11';ibn'U';i'd'U';i'd1J"Iie:J1l~ ~.:~u';i~f1e:J'U~'dv 3 £'f1'U b~e:J 
v 
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flTu~ 1 L~v1nuoffm.J~~'U;nu"1la.:~mi~Tt.h~tl1 ~.:~~1:5'v1~ 
~ ~ ~ ~ 

L~Bmul'l1~-ffm.J~~LU'UU~:5'v~L~V1-iiB.:J ~.:~1~LLn ~'JLL'I.h~~':i~ 'th~nB'U~'Jfl mv n11~m~n B1;gl'l 
\) ' 

~1'U1'U~111~fl 1 'Ufl':ifl'Ufl-r'J ':i1fl L~~m~B'U("1JB.:Jfl':ifl'Ufl-r1) LL~~L"lJ(;l~'U~~mJm~V 
\) 

fl1'U~ 2 L~f!dtl'U':i~~'Ufl1111~.:Jl'!Bh"1JB.:J~fl~fl1~fl 2 ~.:1~11 
\) \) 

LLlJJ1fl~fl.:Jl'l~ LL~.:J ~1'U~ L "1J1~.:1 LL~~~1'U~l'l~ LL~.:Jel1 L.flfl1J1'U(;l1"1J'U :5'.:~'Vf1~~':i1~fl1ti1'U 1~ LLrl 
' ' ';,.1 

~ru.n1Y~~1 'l.f~111ru~1 fl1':i'l.h~"ll1~11~'Ulj LL~~~1'U~'U 1 Ltl'Url1m11 LL 'U'U111m1~1'U'th~111ru~1 
(Rating Scale) m11ifi"llm~LfH'VI (Likert Type) (~'VI~ 1nm':i':iru, 2551) 

1 c:l .c::...::.:.W:d cu~d ~.J 
fl1'U'VI 3 fld111fl~fl~ L 'Vf'ULfl fl'J fl'U'U1'VI111~1 flfl n1':i':i~'U1fl'U1 L 'riB 

m':i~~(;lfl':i~LL~1'V'Jvh L~a'U-r"ll"ll'th~.n11~vii~n~ru~f11m11'1Jmmtl~ 
- m':i1Lfl':i1~~-ua~mL~~~~&Jm i 

-lLfl':i1~~-ffB11~~'U~1'U"1Jfl.:J~fl1~flfl~ 2 ~.:1~11LLlJ~1fl~fl.:Jl'l~ 
\1 ~ \1 \J 

0 V o 0 II Q.J Q.J ff .c:lll I d II 

LL~.:J 1'11'Um"1l1l'I.:J LL~~(;l1'U~l'I~LL~.:J fl1L.flfl'U1'UI'l1"1J'U ~.:J'Vf1~~':i1~fl':i'Q1'U~1flfl1fl1111mL~~':iflfl~~ 
' ' ';,.1 

- lLfl':i1~~':i~~'Ufld111~.:Jl'IBh"1JB.:J~ ~fl1~flfl~ 2 ~.:!~1ILLlJJ1 
\) \) \) 

0 Q.J 0 0 1/ QJ' CV ff Cll II I 4 

fl~fl.:Jl'I~LL~.:J 1'11'U~L"1J1l'I.:J LL~~(;l1'U~l'I~LL~.:J fl1L.flfl'U1'U(;l1~'U ~.:J'Vf1~~':i1~!)':i'51'U ~1flfl1L\l~fl 

- I d 
(X) ~1'UL'Ufl.:JL'U'U111m~1'U (SO.) ... 

2) n1 ':i':i1'U':i111-ffB11~~ 1fl fl1':i~11.fl1~ruflci11~1 LL 'VI 'Urn otl~ 1 LL~ ~'Vf'l.h fl.:J1'U~~ LL~ -ru ~ ~"llfl'U 
\J • \J \J 

m11iJ1"1JB.:J"q1l"ll'U 1~v 
' ... ' II II I .c:!il II .dl II oCII cv q, Cl.l 

- fl'U fl'J 1 L fl fl~1 ':i(;ll.:J 1 L l'l fl'VI':i1'U"1Jfl~~ L 'U fl.:! (;l'U Lfl fl'J fl'U fl1 ':i'U':i'Vf1 ':i~ ~ fl1 ':i 
... ... 

'VI-rl'lv 1 m'I11"1JB.:J~ 1'111 fl~ mY~~ LL~ .:~ 

- ~.:J~'U~"q11"ll'UL ~fl'Vf1fi.:JUqj'Vf1~ Lfi~<ff'U 1 'U~1'U~1.:1 1 LL~~-r'U'~.:Jfl1111fi~ L ~'U~1fl 
nci 11'\.J ':i ~"1!1 fl':i ~1 B ~1.:1 L ~ B'Vf1 LL 'U1'VI1.:! fl1 ':i LLm "IJU ru 'Vf1~ Ln~<ff'U ~1 11 tl'U ':i~'Vf'i 1.:!"1!11"ll'Um,~-r'U 

• tJ • \1 
Ql J,l I I 

~~fl':i~'VI'U 'Vf1'Vf'U1"q11"ll'U LL~~'Vf'U1fl.:J1'U(;l1.:!1 

- vl1m1~11.n1~ru'1~m 'I!'U m1~11m~ru~.:~ Lfl':i.:J~~1.:~ LL~1'11i~a11~111iLm1~~'Vf1 
\) 

3) nci11LD1'Vf111mL~~m~-ffa11~~?11~ru 
, \J \1 Cll 

n1':i~fl~1fl~.:J-d'1~v11m':i~11~1B~1.:J LL 'U'U~1 L l'I1~L ~1~~.:1 (Purposive Sample) 

L ~B'Vf1nci11~1B~1.:~~ii~n~ru~(;l111~n1'Vf'U~ fia ~~1~-ru~~fl':i~'VI'U 1~v (;l':i.:J 'Uflfl~~iir11111~~1'U 
, \J • \J 

m':i:5'~n1':i'VI-rl'lmfl':i~1 Ltl'U~'U LL~~ 1~v11n1':i~11~1B~1.:JLL uum~~1v1 'U~'U~~~n~1 1~mL '1.1.:~ 
' 

aamtl'U 2L6!l'U 1'Ll~'U~ 2 ~1'U~ L~BLU'Uflci11~1LL'VI'U1'Ufl1':i~11.fl1~rufi.:~-ffa11~~1'U~1.:!., 
' v I 

':i1fl~~LBV~~.:JLL~~.:J 1 'U(;l1':i1.:!~ 2.3 

- ~1LL'VI'U~1fl~U1"ll11"ll'U1'ULL~~~'VflJU1'U ~1'U1'U 15 fl'U 
\) ' \) 
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1. 

2. 'U1fJ511l.l't;1t1J -rnl.l1fl 

3. 

4. 
cv~ ..:::.J. 

'U1fJl.J'U1fl~ Lfl(;l'U?fV15 •• 
5. 

6. 

7. 

8. 'U1fJl.J1'U~ vr~'U'd'U 

9. 

10. ·~ cf 'U1m?I'U'V! 'Ut:U{;lfl 
'"' 

~ '" ,.J 
~ b'V!qj'U1'U V!lJVl 4 

11. 
"' .. ~ 

'U1fJ'd"ll1'UV11 l.Jfl~1 12. 

13. 

14. 

15. 

16. 

17. 

18. 

4) Lfl~miie:l'vflmwn'W1~fl 
- fl1161'-:!Lfl(;lfl11ru (Observation) L~fJ 1 otlL Vlfl'Wflfl1161'-:!Lfl(;)L~~(;l~-:J fl1161'-:!Lfl(;l LL 'U'U 

ii~'d'U~'dl.l (participant observation) L~fJ0~f11~LoU1 hJii~1'U~1l.l1 'Wnlilm1l.l"lleWIJl.l"ll'U L"li'U fl11 

'I.J1 ~'IJ lJ 'I.J1 ~ liJ 1 L~ e:J 'U LL {;1 ~ 'I.J1 ~ liJ 1 tJ LL {;1 ~ fl1161'-:J L fl (;) LL 'U 'U1l.Jij ~1 'U ~ 1 lJ (non-participant 

observation) ~~fl~11mim161'-:!Lfl(;l(;l(;le:J~L 'J{;l1~e:J~1 'U"lll.l"ll'U LL~1l-l'1 ~m, ~oUe:Jl.J(;l~~Tl1fl1~-:Jt;1fl 
\J \J q \1 \1 \.1 \.1 

61.::~ Lfl(;)Yl(j&im1l.l 'V!~mh1fl!Jfl11ru~1-:~ ~ 1~fJ* LU'U61-:~ Lfl(;l5-:J?I.tl1Ylvi'1 1 '\.J"lle:J-:Jfl111 -tl'tl11il1fl" LLl-itl1 

fl(;le:J.:!Yl~ LL?I-:1 fld1l.l61'l.lfr'Ufi"lle:J-:J?Il.J1"!ifl1 'U"lll.J"ll'U 1 'UL~e:J.:Ifl11ri1 fJVle:J~fl11l.l~ fl11e:J~~'dl.Jtl'U(;l(;le:J~Iil'U 
' 'IJ 'IJ 

fld1l.l61'l.l~'Ufin'UV!'I11 fJ-:11'U L ~e:J'U -r"ll"ll'\.J 1~.tl1L~ fJvl1 fl1161'-:J Lfl(;l fl11ru ~-:ILL~ L~e:J'U Ll.l~1 fJ'U 2555 -

L~e:J'Ui5'U'd1fll.J 2555 

- fl1161'l.lm~ruLtl'Um161'l.lm~ruLL'U'U~-:J Lfl1-:J?I~1-:J (Semi-Structured Interview) 

1~flfl11fl1'V!'U~'\.J1~L~'U~~fl~1fl1'1-:~'"' LL{;l~Ltl'Uiil1ml.lLL'U'U'\.J"1fJ LU~ L ~e:J 1 ~m, ~oUe:Jl.J(;l 1~LL"m '\.J~ fl'U 
I " " 

tl'Uefl~fJ L~e:J1m~oUe:Jl.J(;l1'UL"!i-:J~fll.J1fl~-:I~'U 
'IJ 'IJ 
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- 1Lfl~1~t-1"li'm.J~"i11nm~G1l.lm~ru LL~~m~G1-:~Lnl?l ~.:~"li'e:Jl.l~m~l.l11 'Um~Pin~1i~t~ 
~ ~ 

L:U.:~fltufl1'Vl 1~t~vhm~1Lfl~1~t-1"li'e:Jl.l~~1~"ii1nLLtJtJG1l.lfl1~ru LL~~th"li'e:Jl.l~~.:~mh1~1~"i11nm~ . ~ ~ 

G1l.lm~ruLL tJtJ ~.:~ Lfl~-:~~~1-:~l.!Tvhm~i Lfl~1~t-1'Vl~~ru'U1 L ~e:Jvn"li'a~~'IJ ~~ m~1~ t~ • 

5) 1Lfl11~t-1LL'U1'V11-:Jn1~~~m~'Vl-r'Vlmmtl1 "1.1e:J.:J"lll.l"ll'U~e:J~e:J1PW 2 ~.:J~l.!LLlJtl1fl~e:J.:J'Vl~ . ~ ~ 

LL~-:1 ~1tJ~L"1.11oW.:J LL~~~1tJ~'Vl~LL~.:IeJ1Lile:J1J1'U\?11"1.1'U ~.:J'VI1~~~1~1l'hiTU "1Je:J.:J~e:J~e:J1~tl 2 ~.:J~l.l 
• " dJ \f \f 

LLlJtl1fl~e:J.:J'Vl~LL~.:J ~1'-J~ L"1.11oW.:J LL~~~1tJ~'Vl~LL~.:Jel1 Lile:J1J1'UI?l1"1J'U ~.:J'VI1~~~1~11{u1i1L~tln1~ . . ";,..~ 

~~~l.lfl11l.l~~L ~'U L ~e:J'VI1 LL'U1'V11-:Jn1~~~m~Uqj'VI1~Lil~~'U ~.:J'Ylln1~~1tJ~1l.l"li'e:JlJ~~1.:! 1 'oil1n 

Le:Jn~1~ ijm~'IJ~~~nl?lLiL'Vlfli'lfiLL~'U~.:J~'UL~ (Tree Diagram) L~e:JLLtlnLLtl~~1ti~~L~tl~l?l1l.l 
'IJ~~L~'UUruV11~Pin~1 LL~~ L~'U e:J LL 'U1'V11-:In1~LLm "1.1Uru'VI1 LL~~vhm~1 Lfl11~t-1VI1"li'e:J~~'IJ1 'ULL~~~ 

~ ~ . 



d 
'U'VI'VI 3 

..ij'~nT':i'Vl~"tltnmtl1 b tl'Um11-.ij'tJ b "il-:~~rum"tl bb~~'lfhnru -:J1'U1-.ij v'iiHi'~ m~nil ruvn b~ m n'\J m1 1 itl1 • v 

"il1mb 'Vl~-:~J1~~e:~-:~"tl~bb"'-:~~i1~'UJ1l.J1"il1flm11~'\J1tltl1b ~e:~ m1e..~~ ~ m~ bb"'1 vJvh 1~v~m.n~-:~.Ue:~l.l~ 'U 

~b~tldoife:J-:Jtl'U"lll.l"ll'U bb~~b~tJ1ie:J-:Jtl'Uf111-.ij'~f111'Vl~"tltnn1tl1"1Je:J-:!b~e:J'U~"ll"IJ'lh~.fl1 oife:Jl.l~'ll~l.l1tutl1 
• 'U 

bb~~~1'U~OJ.fl1"tltl1 ~l.J1"il1flfi111~'\J1tJtl1b ~e:Jf111e.J~~ m~ bb"'1 vJvh"lle:J-:1 b ~e:J'U~"ll"IJ'll1~.fl1 b ~el 1 otlb tl'U 
• 

bb 'U'\J"'e:J'\Jtnl.lm1l.l~-:J"tle:J 1"il bb~~ fi11'Vl~fl e:~-:~ 1 'U~e:J-:~'ll~tl~ m11'Vl tJ1~1"'~1 ~-:Je.Jfl m1i..ij' v~-:~n~11 1~ 

bb't.J-:~e:~e:~mtl'U 6 ?i1'U 

Q.l Q.l ~ .::::111 

"il-:!'Vl1~'111~~1~1'U 

a1u~ 2 ie:Jl.lf!Vh 1 'll b~ tJ1 tl'Uf111-.ij'~ fi11'Vl~"tl tJ1 mtl1"1JEJ-:J b ~mJ ~"ll"ll'll 1~.n1 bbfl ~ 
'U 

m1l.l"'l.l~'U th~'Vl'J1-:~'ll~l.l1 ruJ1~ 1~'\.J 1 tJ b ~e:J f111e.J~ ~ n 1~ bb"' 1 vJ~ 1 n '\J ~1 1l.l ~ e:~-:~ n1 1J 1"ll e:J-:J~l.l"M'l.!Yl1 tJ 
tl1b~e:J'U~"ll"ll'll1~.fl1 

fl1'U~ 3 fl11~fl'l~n'll~l.l1tutl1bbfi~B~11fl11 1 'Vlfl"lle:J-:Jtl1 (Flow rate) ··· 

fl1'U~ 4 fl11~fl'l11m1l.lbiltJ-:~Vlmbfl~fl11"ll1~bb~~'UJ1 ("'l.l~f!tl1) • 
fl1'U~ 5 fl11~fi~1~1'U~ru.fl1"tlJ1"lle:J-:Jfi111~'\J1tJJ1b~e:Jf111e.J~~m~bb"'1vJ~1 

• 
b~e:J'U~"ll"ll'll1~.fl1 

a1u~ 6 m1~n~1ilqJ'Vl1 bbfl~bb'U1'V11-:~m1-.ij~n11'Vl~YltJ1m"lle:~-:~~1J1~~e:~-:~Yl~bb"'-:~ 1~v 
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"' "' "' 0 0 Clll/ 0 ~ .c:!il Q.l ~ ..::::11 cv..::::.. 

- G'I1'U1fiG'tm~~LL~.:Il.JI'l'UmL'UI'Pil1f1b'VI€lf1b"U1V!G'I.:Ifl11'1fi l.Jfi'"J1l.Jm1'VI.:J~'U 

th~l.J1UI 13.5 nLG'!Ll.JI'l~ 'l.J~l.J1ruJ11VIG'ILO~~tJG't~ 3,000 ~1'UG'IfiU1PlfiLl.JI'l~ ~'U~I'le:J'UU'Uihrn'l'Jru~ 
"U 

L"U1~-:Ji'U thl'le:J'UU'U e:J~L 'UL"UI'l -rn'l'JTWW5 G11'11thfiG't€l.:JLL~.:J l'l€l'U~1.:!"1Je:J-:!~1J1LU'U~'U~~1ULLG'I~tJ1 
"U "U ' 

L 'l.J~.:~i1~u~-ruJ1'tJ~~l.J1ru 1,435 1'11~1-:JfitG'!Ll.JI'l~ 1 V!G'I~1n~P!L V!'Ue:JG't.:J~~P!l~l.J1U1~~unu~1J1 
"U 

fiG'te:J.:~~n LU'ULL1iJ1~l.JI'l'N 1VIG'I1'l.JVJ1-:J 1'1~1uaam5~.:~1~ u~1~unumJJ1mtl ~ehL.na~uilu ~1'1..1 
' ' 

rl1 L.n mila.:~ ~.:~VI11'1~~1'l'Jf"l{ti1'U a a n~ei11 1 'VI ~~eJ11U1'UI'le:J'U ( ~1'Ufl11l.l1'1'VI~1PI1~1'1{ LLG'I~ . ~ ~ ~ ~ 

L'VIf!L'ULG'Iffi'ULLV!~.:Jvle:J.:JL~~1, 2553) LLG'I~'l.J~~nau1'l.J~1~"11l.J"11'U~€11~~€l~U~L1ruvY.:~ 2 tJ.:~ fia "11l.J"11'U 
' "U ' 

' 
- I911Um "1l1oW.:J V!~e:JL~~nana~1-:!V!U.:J';h "L 'VIPIU1G'II911UG'IU1'U 

L~~1V!G'I1'U" ~.:Je:J~L 'UL "1JI'lrl1 L.f1€JU1'UI'l1"1J'U ~.:JV!11'1~~1'l'Jf"l{51U €J~'VI1-:J~PII'l~1'UI'lnLU~.:JL~"1J€J.:J 
\1 • q dJ \J 

~.:~VI11'1~~1'l'J~{51U Ll'l~·vh-:~~1nPI1G'Ilnm.:~~.:~VI11'1~~1'l'J~{51U 'l.J~~l.J1ru 60 fitG'!Ll.JI'l~ 'IA1.:~~1n~11 
m~rl1L.f1€JU1'UI'l1"1J'U'l.J~~l.J1UJ 13 nLG'!Ll.JI'l~ n«u~vY.:!V!l.JI'J,j'1'U1'U 741,3 77 1j 11m~ Hf~~'UL ~€1 

' 
m~Ln'l'JI'l~ ,)1'1..11'1..1 13,0021 ~ 

- 1911UG'I~~ LL~-:1 e:J~L 'UL "1!1'1 f11~1'1 LLG'I«'U~"U€1-:!GhUn.:J1'Ue:J.:Jf"lf11~ 
"U "U 

u~V!1 ~~1'1..1 1911u G'l ~ ~~ LL~ .:~ rl1 L.n au 1'1..1 1'11"11'1..1 'IA1.:~~ 1 n ~1 eJ1 L.n a'l.J ~ ~l.J 1 ru 1 'l.J'VI1-:J~ PI L V!U a L iJu 
' 

~~~~'VI1-:J 5.5 nLG'!Ll.JI'l~ 'IA1.:!~1n~1Lila-:~~~1'l'I~i51U 'l.J~~l.J1UJ 80 fitG'!Ll.JI'l1 €11U11L"1JI'lLLG't~L"UI'l'Vh 

m~'l.Jnfl~€1.:1 n«u~vY.:JV!l.JI'l'l.J~~l.J1UJ 36.99 1'11~1-:lnLG'!Ll.JI'l~ i1L-d'a~vY.:!V!l.JI'l 23,118 1 ~ i1m~ lotl~~'U 
L~am~Ln'l'!m ,)1'1..11'1..1 15,929 H 

2) ~7U'I.h::"lf7n'i 

- 1911UG'IL"U1oW.:J 'l.J~~nau1'l.J~1~ 5 V!1lU1'U L"UI'l«u~vY.:~V!l.JI'lLU'U«'U~~I'l~~~ 
"U 

~€1-:Jm~ 1 'V'Jvh~1~~~1'1 LL '\A.:~'l.J~~L 'VIP11 'VI~ L :iJau-r"11"11olJ~~.f11 LLI9iG'I~VI1Jthui1,)1'U1W~~1n~LLI'Jfil9i1-:Jtl'U 
"U 

' 
~.:11'11~1-:!Vi 3-1 

' 
LLI'lnl9i1-:~nu ~.:11'11~1-:~Vi 3-2 

,I 



2 

3 

4 

" .,j 
'U1'LIL '11En'VI~1'U 5 

1 u1'U(;l1'1Ju 
' 

2 

3 

" 0 " 'U1'LI'U1.:J'LI1LEJ'LI 4 

5 

6 

7 

8 

9 

;i1'1.11'LIU,-::'t11n,

(fi'LI) 

533 

267 

530 

1,946 

1,077 

4,353 

;i1'L11'Liu,-::'t11m(fi'LI) 

777 

253 

318 

337 

549 

448 

174 

186 

345 

3,387 

0 "' .. ,,'LI1'Lifl,.1mi'LI 

(fli'1L'7eu) 

213 

63 

487 

531 

282 

1,576 

;i1'LI1'Lifli'1L7eu 

('VIa.:~fi1L7au> 

187 

47 

64 

102 

135 

155 

49 

48 

105 

892 

41 

2,243 

1,986 

2,180 

- 2,784 

3,762 

12,955 

3,790 

957 

1,560 

1,919 

4,255 

1,312 

634 

929 

3,181 

18,537 

3) .Uv:.mm1l-ifth 
'!/ " " 

- ~1'U~ ~"1!1~\l ~1'U~~"ll1-w\lilm~..ij'~n1':i'Vl1'vm1m'l11il1EJhJ"lllJ"ll'U fie:~ 1 -&''111 • 
e:~LJ1nfl 'U~bilfl ~1n'tJ~~'tJ1niJn1fl .ff:J 5 'V!dJU1'U 1~EJilm~~:Jviml1~uo;nm~e:~'W1'"ll"ll'tJ~~il1 ~1EJ 1 'tJ 

• '!/ '!/ 

EJ:J'V!dJu1'WtT'W 61 1~EJ'Vl1:J'tJ~~'tJ1niJn1fl ~ iJ'U~~ ~~~fi11 i~1EJ 1 ~~~n'Vl1\l ~ ~e:~'U1'"ll"ll'tJ~~n1 ~~~~LJ~~LJ1 
~ I " , 'U 

ni3fl1fl ~~EJ n ~n'U~1n"lllJ"ll'W\9l1lJlJ1\9l~1~"lle:J:J'tJ~~'tJ1niJn1fl c ~1n m~~lJfl1~ru'U1 EJ'V'l~iEJ ..ij'W'Vli ~ 'V'l"ll~ 
'!/ • '!/ 

'V'lum1'Wm~LJ~~~1~1'WiJi3il1fl eh~ne:~u1'Um"/l'W ..ij':J'VI1~'!~1~!Jitnu ~~e11''W~ 15 'V'lqPl~mEJ'W 
. 2555 ) ~\!(911~1\lVi 3-3 



lJ ~ QJ tf 

U1'1JL '!11L Vl'I•W'lVlf1'1~ 1 

2 

3 

4 

" d U1'1JL'llEn'VIm'IJ 5 

'i'J:IJ 

m3-nCUn1"5LoUth 

i'IOU1fltlUJP~V1'1J 

63.96 

32.04 

63.60 

233.52 

129.24 

522.36 

I " t' €l1.:JLnU'IJ1 

L ~eJu-r'll'll'th~m 
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m1'lh~·thnljmf1 
'U 

0 " eJ1L.f1eJU1'1J\J11'!l'IJ 
' 

~.:~VI1~~11~~{;:nu 

l>l1'1Jft'Vl1~LL~.:~ijm1~~fl11'Vl-rvw1mJ1 L~am1a'\.Jbfll"l 'U~bfll"l LLU.:J 
' 

aamtJ'U 2 c;1'J'U ~a c;1'J'U~a.:Jflfl11'1J~'Vf11c;1'J'U\Ol1'1Jft'Vl~LL~.:JL tJ'Uer~LLft LLft~ 1 Vl'Vfl.iU1'U,j''U., LtJ'Uer~ LLft cucu \1 I \1\1 

1~CJ 1 Vt"'l1'JU1'U~m~ CJa CJ "l 'U"'ll.l"'l'U 1~l.l1 L~ CJ fh 1-tl~ 1 CJ m1 1otiJ1 ~G11ir fl.:J1'Ua.:~fi fl11'1J~'Vf11c;11'UI>l1'1Jft 
'U ' 

'Vl~ LL~.:J c;1'J'U"'ll.l"'l'U~'V!l.iU1'UL tJ'Uer~ LLft m 'VftUU1'U :U~1'J'IJ1'Jl.l LL~TU1l.I1L~CJfh 1-ti~1CJ~G11iJ fl.:J1'U 
't \1 \1\J ~ lllJ I 

a.:Jflfl11'1J~'Vf116'f'J'U\Ol1'1Jf!L"li'Uf1'U LL'Vf~.:Jtl1~'1J"IJa.:J"'Jl.I"'J'U\Ol1'1Jft'Vl~LL~.:Jij 2 ?f'J'U ~a 'V!l.iVi 1 3 4 5 7 
' 'U 

8 LLft~ 9 1-ti'IJ1~'lh'Vf:l.lU1'U~l.I1:U1flJ1'1J1~1ft 'Vfl.i~ 2 LLft~ 6 ~'IJJ1:U1flLLl.iJ11"1fta.:J'Vll.lm.:J LLft~ 
\1 \1 \1 q 

LLl.iJ11"1fta.:J'Vl~ LL~.:Jc;1.:J~1'UL oU1c;11~'1J'IJ ma.:~JTth~'\.J1'V!l.iU1'ULL~'J LL:Ufl~1 CJ 1 '\.J ~.:J"'ll.I"'J'U ~.:Jl'l111.:!~ 3-4 

... . " 'Uil'III11U1'1J 
" 

1 

2 

3 

v ;- a 
U1'1JU1.:J'IJ1LEJ'IJ 4 

5 

6 

7 

8 

9 

'U 'U ' 

'tfi111CUn1"51<tiJ1 

t~n\J1flnL11""5/1u 
93.24 

30.36 

38.16 

40.44 

65.88 

53.76 

20.88 

22.32 

41.40 

406.44 

tJ1U1~1~ 

tJ1U1~1~ 

:; 
'IJ1U1~1~ 

tJ1U1~1~ 

tJ1U1~1~ 

n11'lh~th el.:Jfln11 

U~VI11?f1'1J~1U~V'l~ LLG'I.:J 
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bV!.Ua 1'11tJ~'V'I~bb~.:J ~.:~ihhu'd'UI'"I-r--n~a'U 155 1"1-r'db~B'U ih.h~"ll1m 448 P~'U 111~11"1-:J~~.:~n~11 

bb'IJ~-:~~11"111:w~a.:~m':iJ1b~am':ia'IJ1tm u~1.nP~1'U~'U~ ~~m':i~n~1'V'ItJ11 'IJ':i~"!l1m 1'U~'U~ilm':i • 
1otl'J1'1J':i~:w1ru 120 ~1'1':i/I'"I'U/1'U 'V!~a 0.12 ~ntJ1~tlb:WI'1':i/P~'U/1'U ~.:J~'U~':i'IJm':i1iJ1b~am':i " . 
a'IJ1.nP~ u~1.nP~ fia 53.76 ~ntJ1~nb:WI'1':i/1'U bb~~~1bO~fJ'IJ~:w1ruJ11ib~am':ia'IJ1riP~ u~1.nP~~a . " . 

... ' ' 
'V!~1n'V!~1fJ bb~~Vl"llbb~~~"lli1~ilm1:w~a.:~m':i111bbl'1n~1-:Jtl'U ~.:~m':i1-:JVi 3-5 ~.:~m':i~n~1eJI'1':i1n1':i 

1 iJ1"1J a.:~Vl"!l ~.:~ n~11 a 1.:1 a.:~'.\11 n.U a:w~ m 1:w~ a.:~ m':i'IJ~:w1 ruJ1"1J a.:~Vl"ll'.\1 1 nri1ir n-:~1'W ~ WJ'U 1P~ru.n 1'V'I " . 



·IJI1".i1~~ 3-5 bbi;'I\11-:Jf'1111J~mm~th1m-:~Yl"lfbb~~~"lfil111 bb~~am1m~1 iJ1b ~anT~bnmr~1 'Ubb~~~ 
~1'1J~~~a-:~m11 -tl'th~ 1~"llthnnJ1f'l~e:J-:J'V'j~bbi;'I-:J 

" " . 
~u;ftl\jnf1'!1 (l ~) 1.R2.11Mi1~fie~t~<\lmJ1flnt1u) 

Q .. 

:mJii~112Jfle~m: 
'!I'Uft'rl'!l 'U1'tJe~'rl'!l (\jn'U1fln/ 

H> 
Pl.b'tJ1\i~ 

Pl.b'tJ1 Pl.'rl::bbtN 'i12J 
Pl.'rl::bbfl~ 'i12J 

w~ 

lJ'If')WI 700 89 72 161 62,300 50,400 112,700 

EJ1-:Jyj1'l1 1lJyjUfld11Jiii'€i'lf11'i* 11,059 14,595 25,654 laJyjUf'1111Jiii'€1'1f11'i* 

VJb~EJ'IJ 700 87 0 87 60,900 0 60,900 

~eJ'If)€1'1 700 180 0 180 126,000 0 126,000 

~lJL€1 700 83 77 160 58,100 53,900 112,000 

&1~\Jl€1 701 37 70 107 25,937 49,070 75,007 

1J~yj~11 500 125 0 125 62,500 0 62,500 

.. 
700 42 76 118 29,400 53,200 82,600 VJb'iEJ'\J 

V1f1Vl€1'1 333 5 12 17 1,665 3,996 5,661 

I.I.\Jl'I~1'\J 400 6 20 26 2,400 8,000 10,400 

... 
500 8 15 lJ~L"!J€1 23 4,000 7,500 11,500 

V1m~EJ1 350 0 10 10 0 3,500 3,500 

yj~f) 675 0 5 5 0 3,375 3,375 

mi'1EJ 1aJyju 1'1111J lli'€1 'lf11'i* 10 50 60 laJyjU 1'1111J lli'€1'1 f11'i * 

lJ~'\.111 500 55 137 192 27,500 68,500 96,000 

~eJ'If)€1'1 700 0 723 723 0 506,ioo 506,100 

~1'1&11WI 700 7 57 64 4,900 39,900 44,800 

th~lJ 
1aJyju m 11J lilm f11'i* 1lJyjUf'1111Jili'€1'1f11'i* u 1,110 2,446 3,556 

thlJ'\J 

L-:!1~ 700 52 115 167 36,400 80,500 116,900 

'1!11LyjW~ 

'11111'\J 500 0 20 20 0 10,000 10,000 

~1~f1EJ11 400 0 14 14 0 5,600 5,600 

2553 

* 'VIl.JlEJL'VI\Jl 
' 

44 
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\JI1"a1~~ 3-5 bb{;1~.:Jfi111J~a.:~rn~thua.:~Vi"1!bb~~~"1l'W~ bb~~~l'l~1rn~1-tl'J1b~arn~bfl~l'l~1'Wbb~~~ 
~1'\J~~~mrn~1 offtl~~ 1tJ"1ltJiil1flJ1fl~a.:~'V'j~bb{;1.:J (~a) 

" " d ""u .. a') 
\R:u1ruJ1Y1.io~ 1-6 <~m.J1flnL:uP~-a/ 

'UO:IJ1'lf'I11:1JPI0~01'a V'I'U\'1 ~nV'I'tl -a 
1u> " . .. .. ':: .. 

'tl'UPIV'I'tl 'U1'ti0~V'I'tl 

<~nu1Ati/t ~> 

1Jl.L'111~.:! IJl.l'l~LL?I~ 'l'"ll.J 1Jl.L'111~.:! \Jl.l'l~LL?I-:1 'l'"ll.J 

.. 
500 0 5 5 0 2,500 2,500 l.J~L'11eJEJ11 

'\..11'\J 400 0 8 8 0 3,200 3,200 

vtl.l1n 'Wl'l'UI"'11l.ltii'mm'l'* 0 10 10 'Wl'l'UI'111l.Jtii'eJ.:!n1'l'* 

'l'"ll.J 12,955 18,537 31,492 502,002 949,241 1,451,243 
" 

bfl~l'l~' 2553 

* 'Vfll11:JL'VI\il 
' 

~~ rn~tl~~ biJ'UJ 11 off b ~a fl1 ~ bfl~l'l~fl111l vi1m~1 bfl~1~'VIL~ tJ 1 off-ffa11~ 
'U 

-51.:~a.:~lil1flfl111l~a.:~rn~tl~1J1ruJ1"l.la.:~Vi"1l:u1mhun.:~1'W~~'W1flru.fl1'V'j ~'W1'11bfl~m, 2553 ~~ • 
rn1~fl~1'V'j'IJ':h tl~111ruJ1~w"1l~a.:~1m'W~1'\J~b"ll1~.:~ fia 502,002 ~fl'U1f1Hlb1lm~a1 ~~a1'W bb~~ 

'U 

~1'\.J~'V'j~ bb(;1.:J fia 949,241 ~fl'IJ1fl1fl b1ll'l~~a 1 ~~a1'W ~'l1l~.:J~'W b tl'W~1'W'l'W 1,451,243 ~fl'IJ1fl1fl 
'U 'U 

b1lm~a1'W bb~~ 43,537,290 ~fl'IJ1fl1flb1ll'l~~m~a'U 43.53 ~1'W~fl'IJ1fllflb1ll'l1~m~a'U 
'U 'U 

2554 'V'j'IJ':h iirn11-tl'J1:u1flr;j1J1fl~a.:~'V'j~bb{;1.:Jb~arn1a'll1ilfl 'IJ~1ilfl b\J~tJ 0.00016 ~1'W~fl'U1flln 
• 'U 

ldl II ~,d d 1.1 6' ldl Q.J 

b1ll'l1l'lm~a'U bb~~'V'j'\Jfl'l11ll'la.:~rn1'W1b'V'jafl1~bfl~l'l1 b\J~tJ 43.53 ~1'W~fl'U1fllflb1ll'l~l'lm~a'U ~.:~ 

.,J 
1'1111.:J'Vl 3-6 

n;,n·mm1'l'1oUJ1 

~tfl.nl"' 'U~bi11"1 

Lmt\Jl'l'n'l''l'l.l 

'l'"ll.IU~l.l1rum'l' HJ1 

<"Tu au.l.I.M1mJ) 

'U 

\fil.J1Nn1"a1oUJ1 (tl1'U 1'1\J.:U./Lf'iO'U) 'a1:U\fil.J1Nn1"a1oUJ1 

'tl:U'tl'Ufi1\J1'lL'tl1oW~ 'tl:U'tl'Ufi1\J1'lV'I~LLit~ (tl1'U au.:u./Lfiou) 
' ' 

- 0.00016 0.00016 

15.06 28.47 43.53 

15.06 28.47 43.53 
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" ' 3.2 m'3~fln1'3'Wrvu.n n'3'1.htJe.:~ L ;'ienJi''tf'tft.h::.m 

\11flfl1~flifl~1fl1~~~fl1~'Vl-r'Vlt11mtl1LL~~tJ~1l1f:\Jfl1~~::'U1CJtl1Lyje:Jfl1~t:J~\9lm~LLr;11vJVh 
1~CJfl1~~\I~'U~flifl~1~'Ufl11\11fl Le:Jfl(;11~ L ..ij1'Vt,j'1~~-r'USj~'118'U ~1'U fl1~t:J~(9l m~ tLr;11 vlvh \11fl LLt:J'Ufl 

tJ~~~'Vl5.fl1'Vl L ~a'U-r'11'11U~~.fl1 fl1~ 1 vlvh~1Cit:J~\9l LL vi.:~tJ~~ L 'V11'11 'VlCJ 'Vl'U';h fl1~~~'U1 e~tl1 L vJam~t:J~\91 
m~LLr;11vlvh1 'ULL~~~l'U\l~~'Ue:J~tl'Ufl111l~e:J\Ifl1~'Vl"\I\11'U1 vlvh1 'UL1~1,j'U 'Vt1fl ru Ld~1,j'U iim11J 

" 
~a.:~ n1~'Vl"\I\11'U1 vJvh1J1n Ln'U n1"\l"lle:J\I'Vl"\I\11'Ufl111J~a'U\l ::t:.~~ (911~ 'Vl1\ll'lw1fl1'Ufl1J~~'U'U " . 
tl1"\11 vlvhLLvf\1'111~\l~LiJ'U~i.:~m~b m ~\11 vl~1'Vl"\ltl1 L~a'U-r'11'11U~~.fl1 L~'ULfl~e:J\IL vlat:.~~\9lm~ LLr;1b 'U 

" 
L 1m,j'UVJ'UVi L~e:J\I\11fl1 ~.:~1 vl~1L~a'U-r'11'11U~~.fl1 LiJ'U 1 ~\11 vl~1~t:J~\911 vl~1Lr;1~1J 1 ~tl'U~~'U'Ufl1~t:J~\9l 
1~1~L iJ'U~t:J~\9l'Vl"\I\11'U 1 vl~1'Vt"fl 'Ue:Jfl\11fld fl1~~~'U1Citl1"lle:J\IL ~a'U-r'11'11U~~.fl1 \l~~'Ue:J~tl'Ufl111J 

" " 
~a.:~m~tl1"lla.:~-q1l'1f'UVJ1CJtl11 'Umru~'U 1 L"li'U m~~~'U1e~tl1 L vlat:.~"n~'Utl1 L~l.J n1~~~'U1e~tl1L vla 

&'f\IL(;1~1JtJ~~L'Vlru~e:JCJm~'Vl\l LL~~tJ~~L 'VlruLL"lJ\IL~e:J'Vl1CI LiJ'U~'U fl1~~::'U1ml1 Lvlan\lm~1J~1\11 ,j'U 

'V11\I~tJ i'1,j~\11'U L ~a'U-r'1!'1!'lJ ~~.f\1\1 ~~tJ~l.l1 rutl1~ 'U'Vl'U.f\1 e~1 'UL ~a'U -r'1!'11'lJ~~.n1 1~ e~flin~1\11m~~'U 
\1 d.;J 'U " 

Rule Curve €in~1e1 (\11flfl1~i1l.fl1~ru 'U1CJ1~~~ 1~~ru~\9l~ "1i1.:~1vl~1~~~'U 9 fle:J\IL~'ULfl~e:J\1 

L~a'U-r'11'1!'lJ~~.fl1 L~e:Jl'U~ 10 fl1J.fl1~'U~ 2555) • 

3.2.1 -ifa1l~vi'11tJ"lla\IL~a'U-r'11'1!'lJ~~m 
" 
L~a'U-r'1!'1!'lJ~~.fl1 ii~1L~e:J'UU~~'U-cia.:~L"ll1"ll1~ 5 LLvf\1 eJ1\ILO'Utl1iifl111J\l 5,639 • 

~1'U~fl'U11'1rlL1lm ii~'U~'U~L1f:\JeJ1\ILO'Utl1 185 \911~1\lnL~Ll.J\911 ii~'UVi-r'Utl1L'VtcUe:JL~e:J'U 1,435 
" . 

\911~1\ln1m1l\9l~L~1J~1 L il'Ufl1~rle:Jr;1~1\l~\l LL~ L~e:J'Ufl1J.fl1~'U~ 2525 LL~1 Lr;1~\lb 'UL~e:J'Utl'UCI1CI'U 2530 • 



,.. 
Z:-£ ~MLIJ~~ f.~I11,Yiz!Lfl,U~rtL~ £L"66~ @~ ~~rtl3~1~~mLP,~Lrl.~f. 

' ' " 
f.LUruLrt~J1.~;:~11 f.~I11,Yiz!Lrl.U~rtL~ 98"Zt7£'~ ;:~n,@~m~m L~tJ.V~11~W~~I':lf.LUrt~tlJf.LrtL~ 

,.. "1. 
~Lp,ruLrt~J1. f.~rt1,Yiz!Lrl.U~rtL~ 0Z:"t7H @~ ;:~n,@~1~~m ~L~LEomlt1,tLP,ruLrt~fb~ ~~m~u~l~rtQ-1 
I II I 1'1 

I. • ,.. 
rtl!!Ll.fRuM-QrtMLl.frtU~Ul.;:~11 f.~rt1Uiz!Lrl.U~rtL~ )I l'b I )I 1'1 8~ "90£ ;:~n,13~m ~mLP,~Ln.;:f.f.LUruLrt~fb 

' ... 
~;:~11 f.~I11,Yiz!Lrl.U~rtL~ n "L08'~ ~~rtl3~1~~m L~tJ. t~11;:W~~I':lf.LUrt ~tlJf.LrtL~~Lp,ruLrt~fb 

' ' ... ,.. ,.. I. 
~ f.~I11,Yiz!Lrl.U~rtL~ 69"£1t7 @~ ;:~f1,@~1~~m ~L~LEomlt1,tLP,ruLrt~fb~ rtf":]~u~l~rtQ-1 rtl!!LWrt 

' ... 
rtl3~1 -rtl!!Ll.fRbMrtl3~1 L~n.M Ll.f;:f.f\.ll.ll.krt13~1 ~@~l!!m~1~@U MLL.fg1A,~;:f.fl.Urtl':l11UL~~rt13Eo 

,.. ,.. 
vssz-vv~z ·~z~· M f,1~L~It1,;:f. Llf;:f.f\.ll.ll.krt13~ 1Lp,n.~1~L~~n~n 1..~13~ Lp,ruLrt~fb~13n.~~mL~~rti3Eo 

I II I II I II I 

,.. 
UL~ L~rl.M Ll.f;:f.f\.ll.ll.krt13~ 1 LP,rl.~1~L~rt t LP,ruLrt~fbrtL~ ~rt13Eorttf.rl.lf.f.LUUL~ 

' ... ... 
• LlJ;:f.f\.ll.ll.krt13~1~@1l. rtiArt,tpLp,ruLrt~fl.LMLU n ' ... 

(~~~Z QrtMLL.frtU , ... 

0~ ~rt~l3~1 Ll+W3 <3)8009 UL~rt~n.~) Ll.f;:f.f\.ll.ll.krt13~1LP,rl.~1~L~rt~~1lL~~L~MLl.f t-£ l1M.l..l.f 
I I I fl ' 

Lv 
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-if eJ:u(;jtJ~:u1ruJ1~'j:::u1EJ b ~B f11'j~~ ~ n 'j::: bb(;11 '\"Jvh~\1 n~11 1-ii bbMl\l'lJ~mruJ 1 
\J 

\>l'U'Vl'U"l.IB\ID~:U1ruJ1fll;1B\I~:::bb(;1\l ~\lm~~ 3-3 
' 

1600.00 

1200.00 

800.00 

400.00 

0.00 

400.00 

300.00 

200.00 

:oo.oo 

0.00 

~ . A . n .¥1 . ij.A. UUJ. ¥I.A. itu. n .A. a.A. n .tt . lli.A . t't .tl . li .A. 

!J.fl. n l'l. n.fl. L~UJ. fl.fl. ~ .tl. n fl. ;!.fl. rl tl. 'i.fl. 1'1 tl. ri.fl . 
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'OJ1nm'V'l~ 3-2 bb(;1~.:~1 ~\ ih.J11lu·lh.:Jb~eJ'U'V'l~Pl~mm.H~ertmJ~1~'U b \Ju'li1.:~ 

tJm~~~e.Juvh 1 ~i1tJ~mruJ11 vm b oVTeJ1-:J~eJ~n1TtJ~~nruJ1~'j~'U1m~eJnTH·J~I'lm~ bb(;11 'V'Jvh ~.:~ 
tJ~~nruJ1~.:~mh1 hJ~.:~e.J~~eJn1'je.J~I'11 'V'Jvh bb~~~~~u~num'V'l~ 3-3 'OJ~b ~u11ii'11 nl'j'j~u1~J1 

b~eJn1'je.J~I'lm~bb(;11'\"Jvh~bv;~.:~'V'leJ~eJm1~~mm'jJ1b~eJm'jbn~mlii'1~b'liunu 

1~~vhm'jr\'1'U1t;Uelt'l'j1nl'jhm'tleJ.:JJ1 (Flow rate) 1umJJ1fl~eJ.:J'V'l~bb(;1-:J 'OJ1n(;11'1'j'tJeJ.:J Manning 
" 

Formula (bb{;1~-:J'j1~~~bB~~~.:Jfl1fle.J'W1n 'tl) 1~m~.:~ 5 'OJ~Pln~1 'V'l'Ufl11~n11.:~bu~mvhnu 61.38 
' t.l I I I.J 

b~m 'j~~ut11\J\'1(;1~bu~mvhnu 5.93 b~m 'j~~ut11(;1-:J(;1~bvhnu 8.09 b~l'l'j bb~~al'l'j1n1'jhm 
' " ' ' ' ..:::wl I Q.J ~ I .c11t. ..:::::.1 Q.l ..:::::.1 

bU~mvnnu 1,341.50 ~nml"lm~ml'lm'WTVl ~.:JI'll'j1-:J'Vl 3-7 
" 

e.J~n1'jPln~1tJ~~1ruJ1'tleJ.:J'OJ~Pin~1flru.n1'V'lJ1fl~eJ.:J'V'l~bb{;1-:J b~eJ~tJ~~1rum1~~e1.:1n1'jJ1 
' ' " 

bvhnu 1,516.64 ~n'U11"1nb~l'l'j~eJ1u1Vl b~~~ub~eJ.:J'OJ1ni1~1J1{;11'tJ11'Vl~~1(;1~'Vlu (Side Flow) 
" 

tJ~~1rum'j1'Vl~'tJeJ.:~J1~~~.:~1u'OJ~Pin~1~ 3 bvhnu 706.21 ~nu11"1nb~l'l'j~eJ1u1Vl bUeJ.:J'OJ1n 
' " 

u~ b 1 ru~.:~ n~11i1n1'j(;1'UJ1 b ~e1t111 tJe.J~I'l b \JuJ1tJ'j~Ul'tleJ.:! nl'jU'j~tJ1.niJ.n1fl eh b.flV'IJ11'11'tl'U 
" " ' 

I QJ ~ I .c11t. Cll 0 QJ 4 .::1/ CV 

bb~~ 5 b'Vl1nu 3,202.42 bb~~ 3,133.56 ~n'U1Plm~l'l'ji'1BJ'U1'Vl m~m~u ~.:J'OJ1nn1'jl"ln~1eJI'l'j1 
" 

m'j1 'Vl~'tleJ.:JJ11 'Ubb~~~'OJ~Pin~1 'V'l'Ul1elm1m'j1 'Vl~'tleJ.:JJ1iib v;~.:~'V'leJ~eJm'l~~eJ.:Jm'jJ1 bb(;1~.:~ 
' 

~ ' ~ .. ~ 
ei'm1nT'llVIfil 

'l~flm~1 
II o t' 'l::~u'lhlii1ij~ 'l::~uth~.:~~~ f'I11J.Jb'l1'!1e:l.:I'U1 

f'I11J.Jn11-ilfil1'U1 (m) " ' 
(m) (m) (m/s) (m

3
/s) 

1 29.28 7.84 9.84 17.7 648.70 

2 76.14 7.28 9.08 15.65 1,516.64 

3 67.68 6.04 7.54 11.42 706.21 

4 59.52 4.33 7.33 27.13 3,202.42 

5 74.30 4.16 6.66 23.31 3,133.56 



' - Community Consumption: 0.0016 m /s. 

- Agriculture Demand: 1.12 m'/s. 
-Community Consumption:0.0011 m'/s. 

-Agriculture Demand :1.89 m'!s. 

v 1 3 . v ~ .. - n- ~~ 
'VI1J1tlL'VIIl) Q = 1.llil'i1f11'i 'VI~ m Is ,Community Consumption = fi111J\ll1.l~f11'iU1L~1.l~u~i1~ \J'ilil~ . 

Agriculture Demand= m11Jili'1l~ rn'iJ1Lvl1l f11'iLn't!l\ll'i 

" ' 
ml~fl111l~ B\1 fl1'j"U1 L ~B fn'j"Lfl~m 

... 
3.4 FI1111L YJt~.:JVHHL~~fif11fl~tJ1 • 
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LLG1\I tl'\JU~1J1 (Ufl111l~B\I fl1'j 1 -tl'tl1lu n"ilf1<.i'j1J ~1\1., ~~ fl1'j~ fl~1'W'IJ11 G11Jfi~"1J B\ltl1iJ "il"ilU'U:W 
I ' ' 

L ~tJ\I'WB~ e:Jfl1'j1 otlU'j~ 1tJ'Ilth~\I'Vl1\l ~1'\.Jfl1'je:JtJ1.nfl 'IJ~1.nfl LL~~~1'ULfl~~~f1<.i'j1J L ~B\I"il1 fl~'U~ 
' 
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dJ'U 7,770 fl'U 1'U 5 tJ tJ~~"!l1f11L~1J 7,770fl'U tJ 2565 L~1J~'ULU'U 8,255 fl'U 1'U 10 tJ ~'I 
tJ~1J1u.nJ1ihV1~.:~wal9iam~ 1-fftJ~~ 1~"ll'l1-vY.:~'Vl1'1~1'Um~atJ1.nfl u~1.nfl LL~~Ln~IPl~f11~1J fia 6'11J~~ 

' ' 
J11'U"lil'l 5 U ('W.i3!. 2560) i1fi1Lu~~tJ~mruJ1fl'IL'VI~B 115.20 ~1'U~fi'U1!3lflL1J\Pl1/L~B'U LL~~ 

'U 

6'11J~~J1"1i1'1 10 U ('W.!3!.; 2565) ijtJ~1J1ruJ1fl'IL'VI~B 115.20 ~1'U~fi'U1!3lflL1JIPl~/L~B'U L~~'Vlln1~ 
' 'U 

6'1~tJfl1Lu~~tJ~1J1ruJ1fl'IL 'VI~B 1 'ULLI9i~~L~B'U L tJ~~'U LVi~utJ~1J1ruJ1fl'IL 'VI~B 1 'U"lil'l 5 U LL~~ 10 tJ . 
~1~~~La~~~.:~m~1.:~Vi 3-8 

\J tn2.11NJ1~'U'VJ'U (ih'U fl1L~~Vtn2.11NJ11-6 (ih'U ft\J.2J./L;'iou) tn2.11NJ1fHIL'VIfiil 

au.2.1./L;'iou) 
Ca1u au.2.1./L;'iou> ~ULnfl \J~Ulfl Ln't~I91'In'I'I2.1 

2555 158.76 0.00016 43.53 115.23 

2560 158.76 0.027 43.53 
115.20 

2565 158.76 0.029 43.53 115.20 

- 1~vhn':ifil1n1~L~1J"1JB'I~'U~Ln~\Pl':i -vY.:~d~'U~t!'U1 i1a~t!'ULtJ~~'ULLtJ~'IthV1~'1LLI9i 
"!1U~"1la.:JYi"!l~tJ~m vht!'U LLI9i~'Um1J 1~ L ~1J;ft''U 

'U 

v v 
dl 0 q ..::::1 10 0 II' 

c-J~n1~!3ln~1flfil.ll1'W'U1'Vl1'1n1~.ll1'W Lfl1J LL~~"!ll.ll1'W"1JB'ILL1J'U1fl~B'ILL6'1'1 B1L.lleJ'U1\Pl1"1J'U 
' ' 

,Y.:~'VI1~6'1~1~n4tnu Ltl'U~~~~Ll~119im~a.:~fl~aufl~1JIPl~a~-vY.:~u 1~~m~~1JIPl':iT'il1'Un~m~~'ULL~~ 
" dJ ~~ ~~ '"'I \J 

q~~a'U ~~~~ 4 fl~'l fia ~~~'U 1'U"lil'IL~B'U'W~~.n1fl1Jfi'IL~a'U5'Ul1fl1J LL~~~~~a'U 1'W"lil.:~L~B'U 
1Jn':i1fl1Jfi'IL~B'U'W~~.ll1fl1J L~mLD'In1':iLfl'U~lB~1'11'U~~~'U 4 fl~'l fia "1Jru~i1m~~~'U1~J1L~B 
n1~c-J~\Pln1~LL6'11vJvh 2 fl~'l LL~~1~i1m~L~'ULfl~B'IL~Bc-J~\Pln1~LL6'11vJvh 2 fl~'l LL~~~~~B'U 4 fl~'l 

fia "1Jru~i1m~~~'U1ml1L~Bn1':ic-J~\Pln':i~LL6'11vJvh 2 fl~'l LL~~"1Jru~1~i1L~'ULfl~B'I':i~'U1~J1L~Bc-J~\Pl 
n~~ LL6'11 vJvh 2 fl~'l 'Vl1'1eJ~1':il:U 1~ L -iJ1'vl1n1':i Lfl'U-iJB1J~ ~'li1'W1~1ii LIPleJ{LL~~c-J~n1':i1 Lfl':i1~~ 

'U 'U 
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" 
3.5.1 l"lfl.!fl1'W'I11~ll'Ufl1CJfl1'W 

' 
1) ~fl.!VIJJ:Umrnl'l (Air temperature)~fl.!VIJJ:Wmrnl'lb\l~CJ 1'W~~~'W 1'Wb~B 'W 

:wm1A:wi1~b~B'Wm..Jm~w5 2555 "!lru~~~fl1'j'j~'lJ1ml1b~Bfl1'j~~l'lm~bbl:11~vhbb~~"!lru~1lJ~ rn~ . . 
'j~'lJ1CJtl1b~B~~~'~m~bbl:11~~1 ~r11B~'j~Vf11~ 26.5-29.8 °C ijfi1b\l~mvhn'U 28.0 ±0.9 ° ( hw 

\J 

':il~~tl~1~~rl1Bfl.!VI.tliJl:1~l:1~ ~B ':il~~tl~1~ 1 (29.8°() 'W'U"!Jfl.!~~~fl1'j'j~'lJ1CJll1b~Bfl1'j~~ ~ 
, " " \1 " " 

m~bbl:11~~1 bb~~~1l:1~ :u~~n~1~ 5 (26.5°C) 'W'U"!lru~1lJ~rn'j'j~'lJ1CJtl1b~B~~~'~m~bbl:11~~ 1 
' ' .,1 

In'W'Vl 3-5 

30 

29 
11: .., 
u~ 28 i .... 
~ 
~ .... 

27 1 (""" 

11: 
"" (6) 

26 I 

25 

29.8 

2 3 4 

• 'Uru::r-~aPihHh 
28.8 • 'Uru::'Wr-~a"l'"vh 

5 

111'W~ 3-5 Bfl.!VI.tliJtl1fl11'lb\l~CJ1'Wn~~'U 1'Wb~B'W:Wm1A:Wi1~b~B'Utl:W.tl1~'Wfi 2555 "!Jfl.!~~~fl1'j 
'II '\J <>I '\J 't 

~~mCJtl1b ~Bfl1'j~~l'lm~bbl:11 ~~1bb~~"!lru~ 1lJ~fl1'j'j~'lJ1ml1b~B~~I'lm~bbl:11 ~~1 

24.2-29.0 °C ijfi1b\l~mvhn'U 26.9 ±1.7 °C 1~CJ:u~~n~1~~r11Bru'VI.tl:Ui:1~l:1~ ~B :u~~n~1 1 
'I , '\J '\J , , 

(29.0°C) 'W'U"!lru~~~fl1'j~~'U1CJtl1b~Brn~~~~'~m~bbl:11~~1 bb~~~1l:1~ :u~~n~1~ 4 (24.2°C) 'W'U 
' ' 



30 ~ 

29 -
~ 
:w 

Ol? 28 ~ -" 
(1:; 

l? r 27 ... 
-.;: ., 
Q 

26 ~ 

25 

29.0 28.9 

1 2 3 4 5 

• 'tlru~N~lilhh'h 

• 1~nnTI~a~hJ¥h 

.n1~~ 3-6 eJtuVI.nile:nml"lbU~~ 1'Ufl~bb~-:J 1'Ub~eJ'Ubll'I31~'Ui1-:JYlfl'l3fl1flll 2555 "lltu~Yiijm~ , ~ gl~ .. , 

~~'U1mJ1 b ~eJ m~e.J~I'lm~ bb~1 'VJ~1bbfl~"llru~ b,jij m~~~t.nmJ1 b ~eJe.J~I'l m~bb~1 vJvh 

2) ~t'UVI.fJlJtl1 (Water temperature) 

53 

eJtuV1.niltl1 btl~ ~1 'Ufl~t:J'U 1 'Ub~eJ'Ullm1fllli1-:J b~eJ'UnlJ.n1~'U~ 2555 "lltu~ijm~ 
'I \J <>I \J Ill 

~~'U1~J1 b ~eJm~e.J~I'lm~bb~1 'VJ~1bbfl~"llru~ hJijm~~~'U1 ~J1 b ~eJe.J~ 1'1 m~ bb~1 'VJ~1 ijfi1eJ~~~VIl1-:J 
\1 

26.0-27.4°C ijfi1bu~mvhnu 27.5 ±0.5 °C 1~~~~~n'l31~ijfi1eJtuVI.nil~-:J~~ ~eJ~~~n'l31~ 1 
.. , '\J '\J , 'I 

bbfl~ 4 (27.4° C) "1Jru~ijm~~~'\J1~tl1b~eJm~e.J~I'lm~bb~1 'VJ~1bbfl~"llru~ hJijm~~~'\J1~tl1b~eJe.J~I'l 

m~bb~1'VJ~1 Yl'\J"llru~ijm~~~'\J1~J1b~eJm~e.J~I'lm~bb~1vJ~1 bbf1~~1~~ ~~~f1'131~ 5 (26.0°C) , , 
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• 'llru~ ~>J~l>lll'Hh 

• 'W~n1';if.la!?lh·h'h 

26 

25 

1 2 3 4 5 

.n1'rl~ 3-7 Btu'V!.nihl1 bu~ tJ 1 'Ufl~~'U 1 'Ub~B'Ul.lm1f11J(i'.:~ b~B'Um.Jm~'U5 2555 'IJru:::i1rn~~:::'U1tJ 
'II 'U "1\J 'II 

tl1b ~Bfl1~~~1'lm:::bb?l1 ~vhbb"':::'IJru::: 11Ji1rn~~:::'U1tJtl1 b ~B~~I'lm::: bb?l1 ~Yh 

28.5° i1ri1bu~mvhnu 26.9 ±0.7 °C 1~tJ-:u~Pim~1~i1ri1Btu'VlfllJ?I.:~?I~ ~B -:u~Pim~1~ 3 (28.5°() 
1 , '\J \J " " 

-wu'IJru:::i1rn~~:::u1tJtl1b~m.J~I'lm:::bb?l1~vh bb"':::~1?1~ -:u~Pim~n~ 2 (26.6 °C) -wu'IJru:::11Ji1rn~ 
' ' 

3C 1 
29 

• 'llru~f.lavth·h~, 

• hJ~n1'H.J~ti!hh~1 28.5 
~ 
:n 

l i' 28 ... 
a; 
~ 
< 27 
~ ..,. 
Gl 

25 

1 2 3 4 5 

ll1'rl~ 3-8 Btu'VlfllJtl1bu~tJ 1 'Ufl~bb~.:~ 1 'Ub~B'Ub1.1~1tJ'U(i'.:~-wfl~.n1f11.1 2555 'IJru:::i1rn~~:::'U1tJtl1b~B 
" \J .. I \J VI 

rn~~~l'lm:::bb?l1 ~vh bb"':::'IJru::: 11Ji1rn~~:::u1tJtl1b ~B~~I'lm:::bb?l1 ~~1 
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3) rr;m.J~'U (Turbidity) 

fl11~~'U"tl€1 ·:~tl1btl~ v1 'Ufi\?I!:J'U 1 'Ub~€J'U~m1r1~~~b~€J'U n~.n1~wi 2555 "tJru~ii 
, .. , \1 " 

n1~~~'U1 vtl1 b ~€Jn1~t:-J~ l'ln~~ bb~1 vJ.W1 bb(l~"tlru~ hJiin1~~~u1vtl1b ~€Jt:-J~I'ln~~ bb~1 vJ.W1 iiri1€1~ 
\J 

~~vd1~~~V111~ 5.28-476.50 NTU iiri1bu~mvhn'U 71.71 ±143.56 NTU L~?~tJ:U~?~Pin~1~iiri1 
' 

fl11~~'U"tl€1~tl1~~~1?1 ~€1 lil~?~Pln~1 4 (476.50 NTU) "tJru~~ij~~U1tJtl1b~€1t:-J~I'lm~bb~1vJ.W1 bb(l~ 
" \I " " 

~1~1?1 :U~?~Pln~1~ 5 (5.28 NTU) ~u"tJru~1lJiim~~~mvtl1b~€Jt:-J~I'lm~bb~1vJ.W1 m~~ 3-9 
' ' 

>(0 
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0~ 300 
....... 
)~ 250 
c: 

4~ 200 
4;: 

150 

100 

50 

0 

1 

476 ·so • "iiru::t~alilhh-11 

• 'Wi:in1'malil1't~,~1 

2 3 4 5 

.fl1'W~ 3-9 m1~~'U"tlmtl1bU~tJ1'Un~?~!:J'U 1'Ub~€J'U~m1fl~~~b~€J'Un~m~'U5 2555 "tlru~iim~ 'I .. ,\1 , 

~~mvtl1b ~€Jm~t:-J~I'lm~ bb~1 vJ.W1bb(l~"tJru~ 1lJiim~~~mvtl1b ~€Jt:-J~I'l m~bb~1 vJvh 

m1~~'U"tl€J~J1btl~ v 1 'U'J~bb~~ 1 'Ub~€J'Ub~~1tJ'U~~~'J~.fl1fl~ 2555 "tlru~iim~ 
~~mvtl1b ~€Jm~t:-J~I'lm~ bb~1 vJoW1bb(l~"tJru~ 1lJiim~~~'l11 vtl1 b ~€Jt:-J~ l'lm~ bb~1 vJ.W1 iiri1€1 ~~~Vl11~ 

\J 

~€1 lil\?1Pln~1 5 (476.5 NTU) "tlru~~ij~~U1tJtl1b~€lt:-J~I'lm~bb~1vJ.W1 bb(l~~1~1?1 lil1?1Pln~1~ 5 (6.01 
' ' ' 

NTU) "tlru~ 1lJiim~~~'l11tJtl1b~€Jt:-J~I'lm~bb~1 vJ.W1 m~~ 3-10 
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.n1~~ 3-10 m1l.l~'U'1le:J.:Jtl1bu~tJ1 'U~~bb~.:J 1 'Ub~e:J'Ubl.l~1tJ'U~.:JY-l~~mfll.l 2555 '1Jru~:nm~~~'U1tJ 
J1 b ~e:Jm~t:-J~~m~ bbG1L vHh bb"'~'1lru~ hJ:nm~~~'U1tJtl1 b ~e:Jt:-J~~m~ bbG1L vHh 

m'V-l~ 3-10 'V-l'U':h1 'I.Jfi(;Jr.J'U Y-l'Ufl11l.l~'UG1-:J1 'U~(;]Pin~1~ 5 '1ltu~ hJ:nm~b~'Ubfl~e:J.:~~~'U1tJtl1b ~e:Jm~ '1;11\J , \J , 

t:-J~~m~bbG1lvHh ijfi1m1l.l~'I.JG1 .. m 1hn'U 476.50 NTU 1(;JtJfl11l.l~'U'1le:J.:~tl1ml.lu~~l.l'll1~'1l"El.:J 
' '\J ' 

th~b'Vl~L'VltJ:n~n(;l"EJ~~~vri1.:~ 25-75 NTU (bn~l.l, 2530) bb"'~1'U~(;]Pin~1~ s btl'U~(;l'U~~~'U'1lm 
'\J ' ' 

~ ~ 

'VI111~'U Vl.:JG11~~'U'Vl~~bb"'~G11~"ElU'U'Vl~~"'.:~G1mJ111 (Lehmen, Smith, 1991 bb"'~ Hellawell, 
'\J 

1978) ~.:~vh 1m 'U~~r.J'Uijfl1fld1l.J~'U~.:J 

4) m1l.lbtl'Um(;l-~1-:J'1l"EJ.:Jtl1 (pH) 

r111l.lbtl'Um(;l-~1-:Jbu~tJ 1 'I.Jfi(;Jr.J'U 1 'Ub~"El'Ul.lm1fll.l~.:Jb~"EJ'Unl.l.n1~'U~ 2555 '1Jru~:n 
"1'\J ' 



57 

8 l 7.40 

• flJOJ~~ftVIllh~1 

• l~iJnT-m~VIll·~\~1 

I c. 

' 

..., 
I 

-~ 6 

5 

2 3 4 5 

.n1-w~ 3-11 fl11lJl'iJ'Um~Hh,m;}~tJ1'Un~eJ'U 1'Ul~B'UlJfn1fllJn'll~B'UnlJm~wj 2555 ~m.~~lj 
"I" ' 

f)1';j';j~tJ1ml1l~Bm';i~~~m~llG'11vJvhll"~"llru~h1ljm';i';i~tJ1ml1l~B~~~m~bbG'11vJvh 

fl11lJl'iJ'Um~-~1'l bu~tJ 1 'Ufl~ llii''l1 'Ub~B'UllJ~1 tJ'Un'l'W q~mfllJ 2555 "~Jrud:j f11';j 

';j~tJ1tJtl1l ~Bm';i~~~m~ blG'11 vJvh ll"~"llru~ 1~ljf11';j';j~tJ1tJtl1 b~B~~ ~m~ bb~1 vJ.Yh ljy.h B ~ ';i~vd1'l 
6.65-7.38 ±0.24 1~tJlj:u~Pin~1~ljf'11m1lJl'iJ'Um~-~1'l"llB'ltl1~'l~~ AB :u~Pin~1~ 2 (7.38) 

'I 'U 'I , 

ll"~~1~~ :u~Pin~1~ 5 (6.65) "llru~ 1~ljm';i';i~'U1tJtl1l~B~~~m~ll~1vJvh m'W~ 3-12 
' ' 

• 'lJru~r-J~AhHh 
8 

• 'Wn rl1~~~~ hh11 

5 

2 3 4 5 

.n1w~ 3-12 fl11lJb'iJ'Um~-~1'llu~t.J 1 'Ufl~llii''l1 'Ub~B'UllJ~1tJ'Un'l'Wfl~mfllJ 2555 "llru~ljm';i 
';j~tJ1tJtl1l~Bm';i~~~m~ll~1vJ.Yhlb"~"llru~1~ljm';i';i~tJ1tJtl1l~B~~~m~ll~1vJvh 

f11';im::::u 1tJtll1"1JB'l f'11m1lJ l \J'Um~-~1-:J 'W'Ul1 f'11m1lJ l 'iJ'Um~~1'llj bl 'UlL iilJ 

m::::u1t1 1 tl~1lJflru~n~ru:::"lleJ'ln~m" ll":::n:um';jlJ"lJB'l"llB'lm';i 1-il'tJ';j~ 1tJ"llU:U1n~~'U ll"::: l~m VltJtJ 
' "I" 

ntJrl1lJ1~';i~1'Ufltufl1'Wtl11'Ull'Vl~'ltl1e41~'U m:::'Vl';i1'l'V11''1f'ltJ1f1';i5';i';ilJ"'J1~ll":::~'lbb1~-fi'BlJ 'if'l'Ul1 rl1 ... ' 
m111 l'iJ'Um~-~1'l1~ ln'UlJ1 m~1'U (r11111~';i~1'Ufltum'Wtl11 'U ll'Vl~'ltl1e41~'U 5-9) 

"" ... ' 
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" 3.5.2 flrumvrthv11~bflii , 

1) tl~mruvvn68b~'l..l(l~mt.J1'1..ltl1 (Dissolved oxygen, DO) 

tl~~.nruvvn68b ~'l..l"~mt.J 1 'l..ltl 1 bu~ t.1 1 'l..lfl~r.l'l..l 1 'l..lb~ v'l..l:w m1fi:wi1~ b~B'I..l~:wn1~w5 
2555 "Uru~iin1'~~~'U1 t.J~1 b ~B m ';j t:.~~ (Jim~ bb~ 1 vJvh bb(l~"Uru~ hJiim';i';i~'U1 t.1tl1 b ~ B t:.J~(Jlm~ bb~ 1 vJ.W1 

iir11v~';i~'vr;h~ 2.01-6.29 mg/l iir11bu~mvhn'U 5.09 ±0.70 mg/l 1~t.J~~~m~1~iif11tl~:w1ru 

Bvn68b~'l..l(l~(l1t.J1'Wtl1~~~~ fiv ~~~mn~ 4 (6.29 mg/l) ~'U"Uru~h]iim';i';i~'U1t.Jtl1b~Bt:.J~(Jl " , , 
m~bb~1vJ.W1 bb(l~~1~~ ~~~m~n~ 1 (2.01mg/l) ~'U"Uru~iim';i';i~'U1t.Jtl1b~Bm~t:.J~(Jlm~bb~1vJ.W1 , , 

... 
m~'Vl 3-13 

7 ., 

6 l 
~ 

5 
6: 

4 G<C 

' ~~ 3 c 
G<C 

2 «: 
G;:<; 

1 

0 

1 2 3 4 5 

n1V'4~ 3-13 tl~:w1ruvvn68b~'l..l"~mt.J 1'Wtl1bu~t.J 1'Wfl~r.l'l..l 1'1..lb~B'I..l:Wm1fl:wn~b~B'I..l~:wn1~'1..!6 2555 

"Uru~iim~';i~'U1t.Jtl1b~Bm';it:.J~(Jlm~bb~1vJ.W1bb(l~"llru~hjijm';i';i~'U1t.Jtl1b~Bt:.J~(Jlm~bb~1vJ~1 

tl~mruvvn68b~'W"~"1t.J 1 'l..ltl1 bu~t.J 1 'l..lfl~bb~~ 1 'l..lb~B'I..lb:W~1 t.J'Wn~~f!~m fl:w 2555 

"Uru~iim';i';i~'U1t.Jtl1 b ~Bm';it:.J~(Jlm~ bb~1 vJ.W1 bb(l~"Uru~ 1~iin1';i';i~'U1t.Jtl1 b~B ~~ ~m~ bb~1 vJ~1 iif11 

v~';i~vd1~ 2.15-5.55 mg/l iir11bu~mvhn'U 2.84 ±0.99 mg/l 1~t.J~~~n~1~iif'11tl~mru 

Bvn68b~'l..l(l~(l1t.J 1'Wtl1~~'1~ fiv ~~~n~1~ 5 (5.55 mg/l) bb(l~~1'1~ ~~~n~1~ 1 (2.15 mg/l) 

~'U'Ilru~1~iim';i';i~'U1t.Jtl1b~Bt:.J~(Jlm~bb~1vJ.W1 m~~ 3-13 
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7 

i c 
~~ 5 
6: 

Q(t; 4 ...... 
~~ 3 c: 
~tG 
(t; 2 Q;<; 

1 " r! 41 I 0 

\lVI br1 1.J Vi 100 'H1J 1 
c ' 

1 2 3 4 5 

.fl"''W~ 3-14 D~lJ1illBBfl6lJI.~tl(;l~fl1~1 t!tl1 1.0~~1 tl(j~ l.b~-:J 1 tii.~BtlblJ~1~tln~I.~Btl~(j~.fl1f'1lJ 
2555 'lJru~:nm~~~·t.n~tl1 1. ~Bm~~~t9lm~ ~.~,~1 'Wvh l.l.(;l~'lJru~ hJ:iJm~~~'ln~tl1 1. YiB~~t9lm~ ~.~,~1 'W~1 

~1flfl1~f'ifl~1 1,1,(;1~ I.D~~iJ I, Vi ~iJ D~lJ1tuBBfl"ll!.~tl(;1~(;11~ 1 t!tl11 tl(j~~tll,b(;l~(j~ 1,1,~~ 

~iJ·:h 1uq~~tl 'lJru~~:nm~~~iJ1~tl11.~B~~t9\m~~.~.~1'W~1 f11~1~~ ~~f'in~1~ 1 (2.01 mg/l) 

1 tl'lJill~~:iJfl1~~~iJ1 ~tl1 I. ~B fl1 ~~~t9\m~ 1.1.~1 '\"J~1 b ~B-:J ~1 fln~fl~~lJ~~iJ1~tl1 1.~ Bfl1~ ~~t9\ 
m~u~1'W~1'lJB-:JI.~Bu I.~Bu:iJm~nmniJtl1tl1~~~~iJtl1~~~~ 95 l,lJ(91~ ~.~.tJim~~~iJ1~tl11.~Bm~ " , 
~~t9\m~~.~.~1'W~1~tl~~iJ1~tl1~~~~iJ 62 ~-:Jm1lJ~fl'lJB-:Jtl11u~~~iJ~-:Jfl~TJ:iJ~(;1Yh1~tJ~mru 
BBfl"ll!.~tl(;1~(;11~tl1UB~ ~~~B~f'1~B~niJ~1tll~~'lJB~ Bf'l~~ f'111.:iJB-:J l.b(;l~f'1ru~ (2555) 1~f'in~1 
~n~ru~'Ub lf'l-BYlfllYlm'lJB~ I.I.Vl~~tl11 Vl(;l: mruf!in~1 1.tJ~~iJ 1. Vi~iJ~~w:h-:J 1. ~Btl-r'1l'1lD~~m I.~Bt!'lJt! , , 

~11..11,1,(;1~ ~.~Bt!BiJ(;1-rt9\u ~iJ·:h tJ~mruBBn"ll~.~u(;l~m ~tl1iJ~nruvh~tl1'lJB-:J ~, ~Bu-r'1l'1ltJ ~~ mB ~1 u , " 
~~~iJ~1 1.1.(;1~ A.H . Wiebe (1939) fl~Tr:h ~~~i.Jtl1~fl 30 l.lJt9\~~u1tJ ~~-~~~(;11~ f11tJ~mru 
BBfl"ll!.~tl(;1~(;11~tl1~1 l,b(;1~~1fl.fl1~~ 3-13 ~~61'-:JI.flt9\l.~tll1 D~lJ1tuBBfl"ll!.~tl(;1~(11~ 1 t!tl1 1.0~~ 1 tl 

q~ l.b~~ 1 tl'lJru~~:nm~~~iJ1~tl1 I.~Bfl1~~~t9lm~ l.b~1'W~1 1.1.(;1~ hJ:iJm~~~'1.J1~tl1 1. ~Bfl1~~~t9\ 
m~I.I.~1'\"J~1L~~~iJrl11.0~~'lJB~tJ~mruBBfl6lJI.~tl(;1~(;11~1t!tl1!.YhniJ 2.84 mg/l 1.1.(;1~~1fl.fl1~~ 
3-12 l.b(;l~ m~~ 3-13 ~i.Jl1 rl1D~lJ1tuBBfl"ll!.~t1(;1~fl1~1t!tl1~-:J~tlt911lJ~1~iJ l.b(;l~~i.Jrl1~-:J£1~ 

" " , 
1.lJt1 6.29 mg/l1u~~f'in~1~ 4 ~iJ'lJru~1lJ:iJm~~~iJ1~tl11.~B~~t9\m~I.I.~1'W~1~tl ~~-d'1.~B~~1n 
~~~~~~Vl11-:J~~f'in~1~ 3 l,b(;l~~~f'in~1~ 4 ~.tJu~u~~:iJm1lJm~-ffu£1~ :iJ~u1il'lJu1~1Vlru l,b(;l~:n 

'I 'I 'U .., 

~tl'lJtl1~ 1 Vlqjfl(;11~~1tl1f'1(;1B~~~ l.b~-:J ~.tJu:J1u1umn ~~~(;11 ~~.n~m~-w B n (illi.B~ u(;l~ -rn~1 (i\1 I.B-:J 

:iJ'lh~~Yl5.fl1~lJ1fl~\l~tl ~\l£1B~f'1~B\ltliJ Mann (1976) fl~1ll1 m~'WeJn(i\li.B\l 1~~:\J 

B\lf'1tJ~~flBiJY11\lfl1Wl1~ 1~1.1.n ~fl~ill~Yl1\lfl1~.fl1~'lJB-:JI.I.Vl~\ltl1 !."lit! Bill'VlillJ f'1J1lJ"lit! t9\~flBtl , " ' 
!.b'lJlt!(;lB~ ~ f'111lJfn~I.B~-:J r111m~l'lJB\ltl1 m~~f1Lfl\l'lJB\l~1tl1 !.b(;l~f'111lJ~fl'lJB-:J~1tl1 ~~ 
~1m ~f!-rn~1r1rum~tl11 ~n~iJ 1. .Uutl1r1rum~~~ , , 
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tJ~lJ1tuelelfl~L'i1\J"~"1tJ 1 tJtl1~1fll1lJ1\9l'H)1\J (rl1lJ1\9l';i~1\Jflru.fl1'Wtl11 \JLL'Vl~\ltl1e:h~tJ tJ':i~ Lfl'Vl~ 
"' "" ' 

3 LL"~tJ':i~Lfl'Vl~ 4 fl1tJ~lJ1tuelelfl~L'i1\J"~"1ml1 hJ~1fll1 4 LL"~ 2 mg/l) LL"~':i1tJ\l1\J'\J';i~~1tJ 
~1-Jn:5'~fl1':iflrum-wtl1 :0 2554 'l!eJ\lfl"eJ\l'WlJ~'J\l ijfi1Lu~tJ~~1fll1LL:Wtl1fl"eJ\l'WlJ~1\l (ri1tJ~mru , , ' 

~ ' 

tltlfl~L'i1\J"~mm.J1 4.2-7.6 mg/l rl1Lu~mvhn'U 5.3 mg/l) 

oxygen demand, BOD5) 

tJ~mrueJeJfl~ L'i1\J~~~\J'Vl~tJ1 ~ \Jfl1-;i~tltJ~mtJ~1':iB\J'Vl~ m tJtl1 Lu~ tJ 1 \J~~eJtJ 1 tJ 

L~eJ\JlJfl';i1fllJn\l L~eJ\JfllJ.fl1~\Jlj 2555 'l!ru~ijfl1':i';i~'U1tJtl1LvleJfl1':i t:J~ \9lfl';i~ LL~1 l'Jvh LL" ~'lltu~ 1lJij , 

fl1':i';i~'U1tJtl1LvleJt:..~~\9lfl';i~LL~1vJvh ijfi1eJ~':i~'Vll1\l 0.55-3.05 mg/l ijfi1Lu~m'Vhtl'U 1.42 ± 0.84 

mg/L 1~ tJ~~Pifl'\~1~ijfi1tJ~lJ 1 rueJeJ fl~ L 'i)\J~~~\J'Vl ~ m m \Jfl1 ':i ~el tJ~m tJ~1';iB\J'Vl~~~\l~~ 

~B ~~Pimn~ 5 (3.05 mg/L) LL"~~1~~ ~~Pim~n~ 1 (0.55 mg/L) 'l!ru~ 1:Wijfl1';i';i~'U1tJtl1 L vlBt:..~~ \91 

m~LL~1l'Jvh .fl1'W~ 3-15 

5 

4 
~ 

• 'l.lru::f.la~htth 
l s4 f'l1111Vl1;i1\J • L!"' = 1 • ., ... UJ~01';t-J~~ t'1l'i1 ...r································································································ 3.05 

6: 
!(t; 3 ........ . ~ 
c: 

2 ~(t; 
(t; 
!~ 

0 

1 3 4 5 

.n1-w~ 3-15 tJ~lJ1ruBBfl~L'i1tJ~~~tJ'Vl~m ~ tJfl1';j~eJ tJ~mtJ~1':iBtJ'Vl~m tJtl1 Lu~tJ 1 tJ~~eJtJ 1 tJL~BtJ 
1Jfl';i1fl1Jn\l L~eJ\Jfl1J.fl1~tJfi 2555 'l!ru~ij fl1';i':i~'U1 tJtl1 L Yl eJ fl1';i t:J~ \9lfl ':i~ LL~1 l'JVJ 1 LL" ~'l!ru~ 1lJij fl1';i , 
fl1':i':i~'U1tJtl1 L vleJt:..~~\9lfl';i~ LL~1 l'JVJ1 
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tJ1:w1t1.1elelflSlh"il'U~~~'U'V1~~1 m 'Ufl1'j~eJ ~~m~~1'jB'U'Vl~m 'UJ1 LU~~ 1 'U']~ LL~\1 1 'U 

L~el'UL:IJ'ij1 ~'U~\I'V'l']'ij.fl11"l:W 2555 "lltu~iJfl1'j'j~'lJ1 ~J1 L ~ eJfl1'je.J~~ m~ LL~1 yjyh LL~~"lltu~ hJiJ fl1'j 

'j~'lJ1~J1L~ele.J~~m~LL~1yjvh iJfi1eJ~'j~l-ri1\l 0.15-1.80mg/l iJfi1LU~mvhnu 0.60 ±0.51 mg/l 

hW"illil~ fl'lj1~ilfi1tl1:w1tuelel n6/3L "il'U~"il~'U'V1~~1 m 'U fl1'j~eJ ~~~ 1 ~~1'jB'U'Vl~~~\l~lil "illil~fl'lj1~ 5 
'I 'I '\J " " 

(1.80 mg/l) ~el LL~~~1~1il ~lil~fl'lj1~ 1 LL~~ 3 (0.15 mg/l) "lJtu~hJiJfl1'j'j~'lJ1~J1L~ele.J~~ 
m~LL~1yjvh .fl1'V'l~ 3-16 

5 , s4 fll1:W1~'l~1'U • -oru::~~111h·Hh 

4 ..............................................................................................• W~n1"J~aAlvh·11 

v-
e;: 

~ 3 
,ri 
•V" 1.80 
c: 
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.fl1'W~ 3-16 tl1:1J1tuelelfl613L"i!'U~~~'U'V1~~1 m 'Ufl1'j~eJ~~m~~1'jB'U'V1~~1 'UJ1 LU~ ~ 1 'U']~ LL~\1 1 'U 

L~el'UL:IJ'ij1~'U~\I'V'l']'lj.fl1fl:W 2555 "lltu~ilfl1'j'j~'lJ1~J1L~eJfl1'je.J~~m~ LL~1 yjyh LL~~"lltu~ hJiJfl1'j 

'j~u1~J1L~eJe..~~~m~u~1yjvh 

m~"il1mL~~iJLL 'U'Jl 1J:W~\I;fi''U1 'U "illil~fl'lj1~ 5 "lltu~~iJfl1'j'j~'lJ1~J1L ~eJfl1'je.J~~m~LL~1 yj·¥h LL~~ 
" ' 

"lltu~ hJiJfl1'j'j~'lJ1~J1 L ~elfl1'je.J~~fl'j~ LL~1 yjVl1 ~\I Lfl~ 1r:-J1fi1~~\l;ff'ULnlil~'U 1 'U'li1\lf1\ile.J'U LL~~ 
" "I" 

~1L '\II~:W1"il1flfl1'j'j~'lJ1~JTY1'\I"il1fln"iJm'j:IJLL~~LL'\II~ \I n1Li11il~1\161 ~\I'U1L 1tu"illil~fl'lj1~ 5 L U'U'U1 nru 
' I ' 

~t)'j~flel'Ur:1~ D1'UL~el'U 'll:W'Il'U b\I\11'Uel~~1'\llfl'j'j:IJJ1~1\I LL~~fl1WJel\IL~~1 ~\l?iLL'\II~\IJ1LL~~ 
' ' " 

~lilfl1'jfltum'V'lJ1 tJ'j~~1tJ 2554 l"l~el\I'V'l:Wiild\1 (l"i1tl1:w1tueleJfl613L"i!'U~"il~'U'V1~~1m'Um'j~eJ~~~1~ 
' ' ' 

~1'jB'U'V1~~1 'UJ1 0.2-4.4 mg./l) 

3) LLe:J11L11btAf.l - 1'UL\Jl'lblii'U (Ammonia-Nitrogen) 

fi1tJ1111tu LLel:Wl:WLU~ - 1'UlmL"il'U J1LU~~1'U']~e.J'U 1'UL~el'U:Wm11"l:W~\IL~el'U 
fl :W.fl1~'U 6 "lJ tu~iJ fl1 'j'j~'lJ1 ~J 1 L ~ eJ fl1 'je.J~~ m~ LL~1 yjVl1 LL~~"ll tu~ hJiJ fl1 'j'j~'lJ1 ~J 1 L ~ele.J~ ~ 
' 
m~LL~1yjYl1 ill"i1eJ~'j::'VI11\I 0.09-0.21mg/l ilfi1Lu~mvhnu 0.15 ±0.05 mg/l 11il~~lil~fl'lj1~il 
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flTU~lJ1ru bbf:llJblJbtlCJ - luhm~'U ~-:!~~ ~f:l ~~Plfl'l'11Vi 1bb~~ 5 (0.21 mg/l) bb~~~1~~ ~~ 

Plfl'l'J1~ 3 (0.09 mg/l) 'W'U"1Jru~:Wm~~~tnml1b~f)fl1~t:-1~11lm~bb?l1i'Jvhm-w~ 3-17 

1.0 ., 

t"" 

a:: ~o.s rhlJ11WHi1'U 4~ 
~~ 0.5 -!' ··· ......................................................................................... .. 
c 
q~ 0.21 0.21 0.20 
q~ 

0.0 

1 2 3 4 5 

.f11'V'I~ 3-17 flTU~lJ1tu bbf:llJblJbtlEJ- 1'Ubt1l~b~'U J1bu~CJ 1'Ut"]~~'U 1'Ub~f:l'UlJm1fllJ~-:!b~f:l'U 
fllJm~v6 25552555 "1!ru~:Wm~~~'U1EJJ1b ~f:lfl1~t:-~~11l m~ bb?l1 i'Jvh bb~~"llru~ hl:Wm~~~u1EJJ1 b ~f:l , 
t:-~~11lm~bb?l1i'Jvh 

fi TU ~ lJ 1 ru bb eJ lJ blJ b i1 CJ - 1 'U 1mb~ 'U J 1 b o ~ EJ 1 'U '1 ~ bb ~ -:J 1 'U b ~ eJ 'U b lJ 'l'J1 EJ 'U ~ -:J 

'Wt"]'l'l.fl1fllJ 2555 "1Jru~:Wm~~~u1EJJ1 b ~f:l m~t:-~~11l m~ bb?l1 vJvh bb~~"llru~ 1:U:W m~~~u1EJJ1 b ~f:lt:-~~11l 
m~bb?l1i'Jvh :Wfi1eJ~~~vd1-:J 0.21-0.28 mg/l :Wfi1bo~mvhnu 0.25 ±0.02 mg/l1~EJ~~Pin'l'11~:W 

flTU~lJ1ru bbf:llJblJbi1EJ - 1'Ubt1l~b~'U ~-:!~~ ~f:l ~V1Plfl'l'J1~ 5 (0.28 mg/l) bb~~~1~~ ~~Plfl'l'J1~ 2 

(0.22 mg/l) -wu"llru~ 1:U:Wm~~~'U1EJJ1b~f:lt:-~~11lm~bb?l1 i'Jvh mow~ 3-18 

l.C 1 

1 2 3 4 5 

.f11'V'I~ 3-18 fl1U~lJ1tu bbf:llJ blJb i1EJ - 1 'U bmb~'U J1bu~EJ 1 'Ut"]~bb~-:! 1 'Ub~f:l'UblJ'l'J1EJ'U~-:!'Wt"]'l'J.fl1fllJ 
2555 "1lru~:Wm~~~u1EJJ1b ~eJm~t:-~~11lm~bb?l1 i'Jvhbb~~"llru~ 1:U:Wm~~~u1EJJ1b ~f:lt:-~~ 11lm~bb?l1 i'Jvh 
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tJfin(;l~:WT'il1nm~.Vu~1CJ"1JB-:J:W'U"et6 ~~1 bbm~tlmnnm~bn"et~~ (Zahn and Grimm, 1993) bb(;l~ 
d.J\J " , 

b~mtJ~CJ'UbViCJ'U~'l bbv:w1:wb'i1CJ - 1'W1~Wil'l..l "1JB-:J"il~bnu~-;mci1-:Jbb~(;l~"il~ nu~1:W1~~~1'1..1i'ltum'V'l 
, , dJI , 

J11'1..1bb'VI~-:JJ1~1~'1..1 (~'lbbv:WL:Wb'[jCJ (NH3 )) 1'W'VIti'JCJ1'W1~~b"il'l..l 0.5 mg/l ~-!!~~~utJ~mru 

bbv:w 1:wb '[jCJ 1 'I..IJ'l;'l..lvcinuvru'VI.nii fl11:Wb U'l..lm~ -~1-:J bb(;l~fl11:wm~~1-:J"1lv-:JJ1 "il1nm~~~1"il1~~1 
" ' " 

tJ~:w'ltubbv:wh.Jb'\jCJ - 1'W1mb"il'l..l 1~'V'lu-h ~~bn'U~1vci1-:J b1(;11 bb(;l~')~n'l(;l lj~1'1..1vh1~~1 

bbv:w1:wb'\jCJ - 1'1..11mb"il'l..l ~-:J~~tJn~ 
" 

4) "1JB-!Ibb~-!I~-!IVI:W~1'UJ1 (Tota l solids) 

tJ~:W1tu"1JB-!! bb ~-!1~-:JVI:W~ 1 'UJ'l bO~ CJ1 'I.Jn~~'\..1 1 'l..lb~B'I..I:Wn~'li'l:W()-!1 b~v'Un:W.fl'l~'UIT 
01 " ' 

2555 "1Jru~ljm~~~mCJJ1b ~vm~t:-.~~~m~bb~1 vJvhbb(;1~"1Jru~ 1~ljn1~~~'U1CJJ1b ~Bt:-.~~~n~~ bb~1 vJV11 

lj~'lv~~~w:h-:J 43.50-94.50 mg/l lj~'lbo~mvhnu 58.20 ±14.56 mg/l 1~CJ~~~n"et1~lj~1 

tJ~:w1tu"1JB-:Jbb~-:J~-:JVI:W~1'UJ1~-:J~~ ~B ~~~n"et'l 5 (94.50 mg/l) bb(;l~~'l~~ ~~~n"et'l~ 1 (43.50 

mg/l) 'V'l'U"1ltu~ 1~ljm~~~'U1CJJ1b~Bt:-.~~~m~bb~1 vJV11 m'V'l~ 3-19 

15C 

~ .. 
a:: 1CC -1 

a~ 

~~ 
c a a;; 
a;; 5C 

a~ 

c 
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• 'llt\l:~ftVlhh~1 

94.50 • llJiJn,'jwaJ~hh~, 

5 

.fl1~~ 3-19 tJ~:W1tu"1JB-!!bb~-!!~-!!VI:W~ 1 'UJ1bO~CJ 1 '1..1')~~'1..1 1 'Ub~B'I..I:Wm'li'l:W(i-:Jb~B'U~:W.fl'l~'UIT 2555 

"1lru~ljm~~~mCJJ1 b ~vm~t:-.~~~m~bb~1 vJV11bb(;1~"1Jru~ 1~ljm~~~'U1CJJ1 b ~Bt:-.~~~m~bb~1 vJV11 

tJ~:W1tu"1JB-:Jbb~-!I~-!IVI:W~ 1 'UJ1b0~CJ 1 'l..l')~bb~-!1 1 'Ub~B'Ub:W"et'lCJ'U(i-:J'V'l')"et.fl'li'l:W 2555 

"1ltu~ljm~~~'U1CJJ1 b ~Bm~t:-.~~~ m~bb~1 'VJV11bb(;1~"1Jru~ 1~ljm~~~'U1CJJ1 b ~Bt:-.~~~ m~ bb~1 vJV11 lj~1 

v~~~w-.i1-:J 48.50-144.00 mgfllj~'lbo~mvhnu 67.35 ±27.65 mg/l 1~v~~~n"et1~lj~, 

tJ~:W1tu"1JB-:Jbb~-:J~-:JVI:W~1'WJ1~-:J~~ (144.00mo/l) ~B"il~~n"et'l 5 'V'l'U"1Jtu~1~ljm~~~'U1CJJ1b~v 
'\J " ;:, , 

t:-.~~~n~~bb~1vJV11bb(;1~~1~~ (48.50mg/l) ~~~n"et'l~ 3 'V'l'U"1ltu~ljn'l~~~'U1CJJ1b~Bn'l~t:-.~~~ 
m~bb~1vJV11m'V'l~ 3-20 
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.fl1't'4~ 3-20 tl~~1ru'lJe:J\lLL~\l~\lVI~~1'UJ11'U~~LL~\l 1'UL~e:J'UL~'l'}1~'U~\l'W~'l'}.fl1fl~ 2555 'lJru~ii 
n1'~'j"~'\J1~J1L~e:Jf11'j"t:.J~I'Im~LL611 vJvh LL(;'l~'lJru~ 1l.Jijn1'j"'j"~'\.m.JJ1L ~e:Jt:.J~I'Im~ LL611 vJvh 

rhtJ~~1ru'lJe:J\lLL~\l~\lVI~~1 'UJ1 iirh1l.JLLI'Inl'h\ln'U~1n LL~"il~Yl'I.J';J1ijLL'U1 1 if~61\l 
\J 

1 'U"il~~n'l'}1~ 5 'lJru~ 1l.Jiin1'j"'j"~'I.J1~J1L~e:Jt:.J~I'Im~LL611 vJvh'lJe:J\ln~e.J'U sfi\l"iJ~\?i'.:mci11LU'U"il~'lJe:J\lJ1 
" gl \1 " , ... 

QJ d II Q dtf o o 

fl(;'le:J\l61n~(;'l~fl(;'le:J\l~61\l~1'\.J'j"'j""iJ'I.Jn'U e:J1"il~t:.J(;'l~1"il1nn1'j"'lJ~(;'l1\l'lle:J\l611'j"e:J'U~'j"~IJI1~(;'11'U1fl{;'le:J\l61n 

LL(;'l~"iJ1nt:.J(;'ln1'j"~n'l'}1~1rhtl~~1ru'lJe:J\lLL~\l~\lVI~~1'UJ1vl11~L~'U11n"iJm'j"~n1'j"'j"~'I.J1~J1'lJe:J\lL~e:J'U 
1l.J~\lt:.J(;'l~e:J~1tJ~~1ru'lJe:J\lLL~\l~\lVI~~1'UJ1 an~\l ~1'U~~1ru'lJe:J\lLL~\l~\lVI~~1'UJ11Jl(;'le:J~~1J1fl(;'le:J\l 
Yl~LL61\l 1l.J61\l~~tl n&i"iJ1nJ1~1~'U~1 1 tJ 

\J 

5) 611'j"LL'lJ1'U(;'le:J~~\lVI~~1'UJ1~\lVI~~ (Total dissolved solids) 

'IH~1 ru611'j"LL'lJ1'U(;'l e:J ~~\lVI~~ 1 'UJ1 LO~ ~1 'U~~e.J'U 1 'U L~e:J'U~ m1 fl~~\l L~e:J'U 
n~m~'Ufi 2555 'lJru~iim'j"'j"~'I.J1~J,L~e:Jm'j"t:.J~~'~m~LL611vJ.YhLL(;'l~'lJru~1l.Jiirl1~'j"~'I.J1~J,L~e:Jt:.J~~'~ 
' 
m~LL611vJvh ij~1e:J~'j"~VI11\l 40.20-57.41 mg/l ij~1LO~mvhn'I.J 44.94 ±5.34 mg/l1~~~~~n'l'}1 

~ijtJ~~1fiJ{;11'j"LL'lJ1'U(;'le:J~~\lVI~~1'UJ161\l61~ Ae:J "il~~n'l'}15 (57.41 mo/l) LL(;'l~~161~ "il~~n'l'}1~ 2 
\1 , , :::> , , 

(40.20 mg/l) Yl'\.J'lJru~1l.Jiim'j"'j"~'\.J1~J,L~e:Jt:.J~I'Im~LL611vJ.W1 mY~~ 3-21 
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• vru::~~CJ hh~1 

• hiflm-;~JaAhh'h 

57.41 

5 

fl1'rl~ 3-21 tl~mru~T~bb"ll1'W(;1BtJ~\l'Vl:W~ 1 'Wtl1 bU~tJ 1 'W'J~~'W 1 'Wb~B'W:Wm1fl:WG\lb~B'W~:wmfr'W5 
2555 "1Jru~l1m·r:i~'U1tJtl1b ~Bfn'H.J~I?lm~ bb~1 'Wvh bb(;l~"llru~ hiiinT';i";i~'U1 tJtl1b~m.J~ l?lm~ bb~1 'WY11 

tl~mru~1";ibb "111'W(;1BtJ~\l'Vl:W~ 1 'Wtl11 'W'J~ bbiK\l 1 'Wb~B'Wb:W~1tJ'WG\l~')~m r1:w 2555 

"llru~l1 fn";j";j~'lJ 1 tJtl 1 b ~B m ";j e.J ~ l?lm~ bb~ 1 'WY11 bb(;l ~"llru~ hJl1 b~'W bfl~f)\j";i~'U 1 tJtl1 b ~ B e.J ~ 1?1 n ";i~ bb~ 1 'WY11 

l11"11B~";i~Vll1\l 40.83-71.90 mg/ll11"11bu~mvhn'U 46.50 ±9.46mg/l1~tJ~~~n~1~l1tJ~mru 

~1";ibb"ll1'U{;lf)tJ~\l'Vl:W~ 1 'Utl1~\l~~ fiB ~~~n~1 5 (71. 90 mg/l) ~'U"lltu~ hJl1 b~'Wbfl~f)\l";i~'U1tJtl1 
b~f)e.J~\?lfl";i~bb~1'WY11bb(;1~~1~~ ~~~n~1~ 4 (40.83 mo/l) ~'U"llru~l1fll";j";j~'lJ1tJtl1b~f)fll";je.J~\?l , , ::, 

m~bb~1'WY11 m~~ 3-21 
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fl1'rl~ 3-22 tl~mru~1";i bb"ll1'W(;1BtJ~\l'Vl:W~ 1 'Wtl1 bU~tJ 1 'W'J~ bbiK\l 1 'Wb~B'Wb:W~1tJ'WG\l~q~mfl:w 2555 

"llru~l1m";i";i~tntJtl1b~Bfn";ie.J~I?lm~bb~1'WY11bb(;1~"1Jru~hJl1m";i";i~'U1tJtl1b~Be.J~I?lm~bb~1'WY11 

~1nm~~ 3-20 bb(;l~ m~~ 3-21 1"11tl~:w1ru~1";ibb"ll1'W{;1BtJ~\l'Vl:W~1'Wtl1 ~\l 2 

n~m(;l ~'Ul1~\l1'W~~~n~1~ 5 "1Jru~1lll1m";i";i~'U1tJtl1b~Bm";ie.J~I?lm~bb~1'WY11 ~\l~~~\ln~11b'i'l'W Dl \J '\J 't 'I 
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"IJlJ"IJ'U LL~::: L~B L tJ~ EJ '\J L Vi EJ'\J rl'\J ~1ll 11'l'Hi1'U rH1J.fi1'V'ltl 1 ~1 ~'U ( m:::'Vl11 \l'Vl-rvw 1 mu11ll"IJ1 ~ LL~::: 
' ~ ' 
~\lLLd~~BlJ, 2537) 'l"l'IJ';h bJ'\"l'\Jn11fhV!'U~~1Lf1tuonlJ111l1~1'U ... 

6) LV!~n (Iron) 

tJ~l.J1n.!LV!~f1~:::mEJ 1 'Utl1LQ~EJ1 'U~~eJ'U 1 'UL~'El'Ullm1flllfi\IL~'El'U~ll.fi1~'Ut5 2555 

"1Jru:::iin111:::'U1E.Jtl1 L ~'Eln11e.J~I91 m:::LLG11 i'JYJ1LL~:::"1Jru::: hJiim11:::'U1 E.Jtl1 L ~Be.J~I91m::: LLG11 V'JYJ1 ii~1 

B~':i:::VI'h:J 0.44-0.93 mg/l ii~1Lo~mvhnu 0.65 ± 0.18 mg/lL~EJ~~Pimn~iitJ~ll1ruLvt~n 

~:::mEJ1'Utl1 Gi\lGi~ ~B \l~Plmn 5 (0.93 mo/l) LL~::: \l~Plmn~ 4 ~1Gi~ (0.44 mo/l) 'l"l'\J"1Jtu:::hJii 
\1 " , ::> , " ::> 

1.5 l 
If'> 

~~.0 
........ 

-~ c: 
~~.5 
lri 

0.0 
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• 'tltu::~aflhh~, 

• lil~ n1'ir-~a~lvh~1 

tJ~lJ1n.!LV!~f1~:::~1EJ1 'Utl11 'U~~LL~\1 1 'UL~'El'ULlJ~1EJ'Ufi\l'l"l~~.fl1fllJ 2555 "1Jru:::ii 

f1111:::'\J1 E.Jtl1 L ~Bf111e.J~I91m::: LLG11 V'JYJ1 LL~:::"1Jru::: hJiiL~'ULfl~'El\l1:::'\J1 E.Jtl1 L ~'Ele.J~\91 m::: LLG11 V'JYJ1 ii~1 
B~1:::vt11\l 0.42-1.00 mg/l ii~1Lo~mvhnu 0.74 ±0.18 mg/l1~EJ~~Pin~1~iitJ~lJ1ruLvt~n 

~:::mEJ1'Utl1 Gi\IGi~ ~B \l~Plf1~1~ 1 (1.00 mo/l) 'l"l'\J"1Jtu:::iin111:::'\J1E.Jtl1L~'Elf111e.J~I91m:::LLG11i'JYJ 1 
\1 , 'I ::> 

LL~::: ~1Gi~ \l~Plf1~1~ 2 (0.42 mo/l) 'l"l'\J"1Jtu:::1l.Jiif1111:::'\J1E.Jtl1L~Be.J~I91f11:::LLG11i'JYJ1 .fl1'\"l~ 3-24 
' ' :;, 
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f11'V~~ 3-24 tJ~lJ1tub'Vl~n~~mCJ1 'Utl11 'U~~bb~-:~ 1 'Ub~eJ'Ubll~1CJ'Ut'i-:J"W~~mflll 2555 "llrudjm'j 

'j~tnCJtl1 b ~eJf11'je..J~I'1m~ bb?l1 'VJ~1bb~~"llru~ hliim'j'j~'\J1CJtl1b ~eJe..J~\11 m~bb?l1 'VJ~1 

~-:~-dtJ~lJ1rum1lJb-1i'll~'U'1JeJ-:Jb 'Vl~n~'W'U 1 'U~'U~ bfl\9l"il1nf11'jnmnuJ11 'UB1-:J bnuJ1 

~iim11J~n 1 'U'U~b ltu~1'U~1-:~iieJeJn~b"il'U~~~1CJeJ ~ifeJCJ b ~eJ-:J"il1fl'U1-:J~l'Ut:ln~-:~ 1 tJ1-tll 'Uf11'j~eJCJ 
" " 

?lmCJ:film~ vi'-:~J'U?lml~~-:~ b U'Ubb 'U'U 1ll"l ieJeJn~ b"il'U (anaerobic) u1~~1-:~ I~D'j1 n!J1 'U'U~nrud"il-:~ 
eJCJ"l'U'j"Df:ln~~hs& (reduced form) b'Vl~n1tJ'j"D Fe

2
+ ~-:~~~mCJtl1 bb~b~eJiif11'j'j~'\J1CJtl1eJeJnllTVh 

\J '\J '\.1 '\.1 

1~ ~e:J1u'U"il~ii 'j~vi'u oo ffin~~ll~l b~eJ-:J"il1ntl1~ller?lnumm{illbb~~cr-:~1~-rueJeJn~b"il'Ub~llb~ll 
"il1flf11'j~-:J bfl'j1~~bb?l-:J'1JeJ-:J?l1'V!~1 CJvi'-:~J'U?lf11l ~ 1 'U'U~b 1 rue:Jl'U'U~-:1 b U'Ubb 'U'U 1 ieJeJ n~ b"il'U (aerobic) 

bb~~li11'1~eJCJ"l'Uu~nruv1-:~n~1l~-:JeJCJ"l'U'j"Df:lneJeJn~1\9ls& (oxidized form) ~eJ b'Vl~n1tJ'jtJ Fe(OHh 
, \I 'U 'll 'U '\J 

~-:~hJ~~mCJtl1 (Ahmad AR bb~~ Nye PH, 1990.) bb~l11'Ubnru"Yill1\11'j\i1'Ufltuf11'Wtl1e:Jl~'U"lleJ-:J 
6.1 ···" • 

m~'Vl'jl-:J'Vl-r'W CJ1 fl'ji)'j'jlJ'[J1~ hJ1~ tl1'Vl'U \91 bnru"Yill1 m\i1'U n \}) 1ll bb~'\1!1 nii b 'Ill~ ntJ'U b ~ eJ'UeJ CJ '1 'U bb 'Ill~ -:1 
~ " 

J1 nv'h 1 ~b tlt.~~t.h-r-:~bnCJ"iJ bbnerl iJ11~ bb~~'Vl1n'1Jll'1J'U~eJ-:~m'j'lJ11 tJ1 im'jtJ-rutJ'j-:~flrum'WJ1neJ'U 
\1 'I 'I 'I 

7 ) bbll-:Jf11i1?l (Mn) 

tJ~ll1tubbll-:~mi1?l1 t.~tl1bu~CJ 1 'U~~eJ'U 1 'Ub~eJ'Ullm1fllli'i-:~ b~eJ'U~llm~t.~ti 2555 

"llru~iim'j'j~'\J1CJtl1 b ~eJf11'je..J~I'1m~bb?l1 'VJ~1 bb~~"llru~ hJiim'j'j~'\J1CJtl1b~eJe..J~I'1 m~ bb?l1 'VJ~1 iifi1 

eJ~'j~'\lll1-:J 0.13-0.80 mg/l £1f11bu~mvhnu 0.25 ±0.21 mg/l1\91CJ~\9l~n~1~iitJ~lJ1tubbll-:~mi1?l 

1t.~tl1 ?l-:J?l\91 ~eJ "il\9l~n~1 5 (0.80 mg/l) "W'U'llru~iim'j'j~'\J1CJtl1b~eJm'je..J~I'1m~bb?l1'VJ~1 bb~~ 
" ' ' 

~1?1\91 "il\9l~f1~1~ 4 (0.13 mo/l) 'W'U"lltu~ hJiif11'j'j~'\J1CJtl1b~eJe..J~\11m~bb?l1'VJ~1 f11'W~ 3-25 ' ' :::, 
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$1 rl1~1WI1~1'U 
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• 'Uru::j:.Ja"'h~~1 

• 13Jijm-aN~illhh~1 

.n1w~ 3-25 'lJ~~1tuLL~'Ifl1U?I1 'Utl1LO~EJ1'UflW!e.J'U 1 'UL~eJ'U~fl11F1lltl'IL~eJ'Uflll.fl1~'UTI 2555 -urud1 
"I 'IJ ' 

fl111~'\J1tJtl1L ~e:Jfl11t:.J~Wifl1:m?l1 'VJoW1LL~~"lltu~ \lJiifl111~'\J1tJtl1L ~e:Jt:.J~Wifl1~LL?I1 'VJoW1 

'lJ~lJ1tuLLll'lfl1U?I1 'Utl1LO~ EJ 1 'Ut']~ LL~'I 1 'UL~eJ'ULll'l'J1 EJ'Utl'I'V'lt'j'l'Jil1F1ll 2555 -uru~ii 
fl111~'\J 1 tJtl 1 L ~ eJ fl11 t:.J ~WI fl1~ LL?I1 'VJoW 1 LL~ ~"1! tu~ 1l.Jii fl111 ~'\J1 tJtl 1 L ~ eJ t:.J~ 1'1 fl1~ LL?I1 'VJoW1 iifi1e:1 ~ 

'IJ 

1~VI11.:~ 0.12-0.66 mg/l iifi1Lo~mvhnu 0.21 ±0.16 mg/l1V1EJ~Vl~fl'l'J1~ii'lJ~mruLLmrni1?11'U 

tl1 ?I'I?!Vl (0.12 mo/l) ~eJ"ilV1~fl'l'J1 5 Yl'\J"lltu~1l.Jiirn11~'\J1tJtl1L~e:Jt:.J~I'lfl1~LL?11vJoW1 LL~~~1?1V1 
'\J " ::> " ,. 

(0.127 mg/l) ~Vl~fl'l'J1~ 1 "Utu~\lJiifl111~'\J1tJtl1L~e:Jfl11t:.J~I'lm~LL?I1'VJoW1 LL~~~Vl~fl'l'J1~ 3 

"lltu~iifl111~'\J1E.Jtl1L~e:Jfl11t:.J~I'lfl1~LL?I1 'VJoW1 .fl1Yl~ 3-26 

$1 rl1~1WI1~1'U ::: ~ ···························································· · ·······················~·-~~·· 

ere 
1!: 

i ~ 0.6 
)~ 
c 0.4 -1 l<lO 
(G 

l ;l 

j 02 

0.0 

1 2 3 4 5 

.fl1W~ 3-26 'lJ~lJ1tuLLll'lfl1U?I1 'Utl1LO~tJ 1 'Ut'J~LL~'I 1 'UL~eJ'ULll'l'J1tJ'Utl'I'V'lt'j'l'J.fl1F1ll 2555 -uru~iifl11 
1~'\J1tJtl1L ~e:Jfl11t:.J~I'lfl1~LL?I1 'VJoW1LL~~"Utu~ 1l.Jiifl111~'\J1tJtl1L ~e:Jt:.J~I'lm~ LL?I1 'VJoW1 

"il1fl fl111'111"ilfltu.fl1Yltl1 L ~ e:~1 LF111~~'lJ~ll1tuLLll'lfl1U?I1 'Utl1 Yl'\Jl1 ii'lJ~mru • 
LLll'lfl1U?I~eJ~L 'Utl1 ~'I LLll'lfl1U?I~Yl'\J L~E.l1eVeJ'Itl'\J LL ~LVI~ fl L?llle:J 1V1 tJ'lJ~ii~EJ1"il~F1~1tJF1~'1tl'\J LVI~ fl 
ll1fl L ~e:J'I"il1fl?l.fl1Yltl1~nmnu 1 'Utll'ILn'Utl1eJ~1 'U1D"lle:J'I anoxic ~'1,1'1..! LLll'lfl1U?I~(lfltlmn'\J 1 'U 

'IJ 'IJ 'IJ 
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(n1'Hilrn{ 2549) LL~LL1J.:!fl1U~~~~~1EJ€l~B1':il nBh~\fi~fl':i1'U'U'UL~mJ1 LL~~fl':i1'U~~'U'ULfl~€l.:! 
'U 

~"llnruen (Lfl~EJ.:!~fl~, 2539) LL~€1~1.:~1 ':in~11J tl~1J1f:ULL1J.:Ifl1U~~Lfi~~'U hi~.:~n111l1m;i1'U 
' 'U ... 

~rumV'IJ11'ULL'V!~.:~J1~1~'U ( 1.0 mg!L) 

~~':il1flfl1-:i1Lfl':i1~~flf:U.fl1V'IJ1fl~€l.:IV'I~LL~.:I V'I'U11 €lt1J'V!.fliJB1fl1Pl iirh (~1~~-~.:1~~) €1~ 
, .. \J " \1 It \J 

" 1~'VI11.:~ 24-29 °( Bru'VI.niJ'I11 26-28 °C fl111l"li'U 5.28-476.50 NTU m~-~1.:1 5.64-7.38 
' 'U ' 

tl~1J1f:U€l€lfl6iiL-:u'U~~~1EJ1 'UJ1 2.01-6.29 mg/L tl~1J1t1.1€l€lfl6iiL-:u'U~~~'U'Vl~ei'l-ti1 'Ufl11~mJ~~1EJ 
~11B'U'Vl~~ 0.55-3.05 mgll LL€11J L1JL UfJ-1 'U 1~1L':il'U 0.09-0.28 mg/L "ll€1-:JLL~~~.:J'V!1J~ 1 'UJ1 

43.50-144.00 mg/l ~11LL"ll1'U~€lfl~.:!'V!1J~ 1 'UJ1 40.20-71.90 mg/l L'V!~fl1 'UJ1 0.42-1.00 mg/l 

LL~~ LL1J.:Ifl1U~0.12-0.80 mo/L L~EJV'I'Url1LO~ EJ"ll€1.:1 €lf:U'VI.flil€11fl1Pl €lt1J'V!.fliJJ1 m~-~1.:1 
:;:, , 'U q \1 

LL€11JL1JLUEJ-1'UL~':iL':il'U "ll€l.:ILL~.:J1'UJ1~-:I'V!1J~ ~11LL"ll1'U~€JEJ~.:I'V!1J~1'UJ1 L'V!~fl LL~~LL1J.:!fl1U~ €lfJL'U 
'U 

Lflt1Jen1J1~1;i1'Uflf:U.fl1V'IJ1~1~'Utl1~L.fl'Vl~ 3 'U€lfl':il1fl-d'~.:~V'I'Url1 tJ~1J1f:U€l€lfl6iiL':il'U~~~1EJ 1 'UJ1ii ... ' 
rl1~1fl11tJn~1 'U"llf:U~~iifl11L~'ULfl~€l-:11~'U1EJJ 1 L ~€lfl11~~ ~ n1~ LL~1 'Wvh~-:~1 'U~~~'ULL~~~~ LL~-:1 
'U~L 1f:U~'UJ1 ( ~~~m~1~ 1) LL~'"J~.:Irl€1 EJ 1 L ~1Jtl~1J1 t1J~'U~11Jfl~ 1fl"ll€l.:lti111J"ll1~ LL~ ~.:IV'I'Url1 
"ll€1-:ILL ~.:I~.:I'V!1J~ 1 'UJ1 ~11LL "ll1'U~€JEJ~.:J'V!1J~ 1 'UJ1iiri1~.:11 'U-d'"J.:Jfl~ LL~-:1 "llf:U~ hiiifl1-:i1~'U1 EJJ1 L ~€1 

"' "I"' 

fl11~~~n1~LL~1'Wvh 'U~L1t1J':il~'U11':il'U"ll€l.:ILL~J1fl~€l.:ILL~.:I-fl~€l.:l~fl (':il~~m~n~ 5) ;S.:~ii~~1J1fl':il1fl ' ' . 
" oC:iil II .o::::~~t, .Q" o 0 

€11':il1J ~~1J1':il1flfl11"ll~~1.:1"lJ€l.:l~11€l'U'Vl1 EJ ~11J~ 1'U1fl~€l.:l~fl 

':il ~ L ~'U 1~11fl t1J.fl1V'IJ 1 ':il ~ij fl1 11J~1J~'U '11fl'U fl1':i fl n fl Ln uJ 1"ll €1.:1 L ~€l'U ~"ll"llU1~ .fl1 LL~ ~ 
' 

~n't'fru~~'Um 'ULL'V!~.:I"ll1J"ll'U ~.:l,r'U rn11iu1~ LEJ"llU':il1flLL~J1fl~€l.:IV'I~LL~.:~ '<ii'1Ltl'U€1~1-:I~.:J611'V!~'U 
' 

V'l111iJ L~ Bi~ L tl'U'U qj'V!1 €1 ~ ~.:~.Q' 
- ilru'VI1~U1JL'V!~fl1 'UJ1 rn1'1111 tJ1 m~€1~1-:!tl~B~nEJ ~11J11t1'Vh 1m~Elfl11~'UJ1~-:J11~.:~11 

~ 'U 

L ~€11 ~L 'V!~fl~ fl~~fl€l'ULL~~'I11J11~1 tJ1 itl1~ LEJ"llU 

- 611'V!~'U fl11rl1~~ LVI~ fl €1€1 fl':il1flJ1 ~11J11t1Vll 1~~ EJ15fl11 L~1J L V'ILL 'Vl~ L~EJ1J L tJ Bi 

LL1J.:Jfl1U~ (KMn04) fl~B~'U 'V!~€lfl~€l~'U1~B€lfl61!1A' (Cl02) 1~EJ1in~1tl1~1J1ru 5 'U1Vi m1J~1EJ 



o.~~~t ~~LB~B~It1U.n·Bu.;:rnRu~n:u~unTIL~ n~ OOS''~ n~~~ ~ • ~ n 
~ b b b 

n.tn.L& LLJ;:~j11Ml.~rtBU. 1 Lrt~Lf1;:~~LLJB1t1 n.Lg~IJRL~~~U\.~& rtf1.Lit1rtLI1BU'1LB ~~11;:M.~f1Lit1rtll.rtll. 0 ~ P 0 I II=' )J nto f'b f& 0 0 

' " . ~ 

;:~m ~~LU. 1 ~11L~rtll.rtll.~Bf1.&l BM.~~rtLt~n,~;:~LRU~~t LRU~~t}~k~LRU~UU 
" ... 

"' "' rtt.tJn.e~Jn.mme~t:~t-en.fl.tL~Qrte}f t ~n.t:.~ 

LLJ;:~j11l.ll.krtB~ 1 L,tb~Lf1;:~~LUB~ t}Lg}URL~~~,t-!s1,~]: n.fl.u~rtL,Q.BU'1 L~ ' ... 
~~11;:M.~f1L~rtll.rtb.;:~TI ~~LU.mf1L~rtll.rtb.~BU.&LBM.~~rtLt~ z: IA.rtt~ f" ' 

~ ~ 

rtLlmB~f111 11 11Bit1 ~~BU.j1 t t~~rtBEo ~ IA.n.t.~ 
f" ' 

~ 

t}~~ n.t~ Z: n.~ 1UBBUn.11L~U~LrtL~ ~t rtt~f1t~~rtLUI1B~f11111UL&~rtBEo~;:L~~1~~LUrt!}. 1L~ 
... ' 
~ ~ 

LRU~~~~l S'S'S'Z: rt~Ltrb1JrbB!e1 -S'S'S'Z: rt~L~rt,VrtB!e1~11~~~rtBEortUI1t~f1~1tLUUL& ~m1 
" 

;:M.~f1L~nn.n:b.;:~, ~~Lu.mn,L~nn.n:b.niA.Tit~UL& ~b. OOS''~ n.tn.L~ &lBM.~~rtLt~n:Lun,e~n,n.TI_g.l 

~~ LU';:~j11l.ll.krtB~1L,tb~Lf1;:~~LLJe~ t}Lg}URL~~~,t-!s1,~]: n.fl.Lit1rtL,Q.BU'1L~ ~~TI;:M.~f1L~nn.n:b.;:~TI 
' ' " 

~~LU. 1 ~11L~n.n.rtb.~BU.&L BM.~~rtLt~~BU.&L BM.~~rtLt~&L BM.~~rtLt~ (! 

t}~~ LRU~~LU~t:l~~~l t}Lg}URL~~~1!s1,~]: rtfl.Lit1rtL,Q.BU'1L~ ~~11;:M. 
" • • ~11Lit1 rtll.rtQ.;:~TI ~M.LU. 1 ~11Lit1 rtll.rtll.~BU.rtt~n.t~ rt~L~ B ~~TI ;:M,~B~~LrtrtTI ~BU.LrtWL~M.~IA.~LU~& 0 f'b 0 I I )t::lo I 0 I 0 t'tt l'b 

" " 
~LU (z;;:~11 LLJ;:~j11l.ll.krtB~1L,tb~Lf1;:~~LUB~ t}W}URL~~~,t-!s1,~]: nfl.Lit1rtL,Q.BU'1L~ ~~TI;:M.~fl.L~ 

' " b b ~ 

rtll.rtQ.;:m1 ~~LU. m!1L~rtll.rtll.t>BII.&L BM.t>~rtLt~ (! B~n.t~ l ~t}rtt~LRU~~LU 
" 

. "' rtLfllL~~~t-m"t:Mt-el:H.!ll.~l.~~W.LM.11:::Q11l.IMU[!.l.RUi!tl.UQt:l 9·£ 
"' "' 

OL 
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. 
~1~1~;! 3-9 ~1'U'l'U~e:J8(l~"lJ€l'l'lllJ'll'U~1'U(l L"ll1~'1 LL(l~"lJlJ'll'U~1'lJ('l'W~ LL~'I eJ1 L.fle:J\J1'U~1"ll'U 

' ' ' 
QJ Q.l G oCil o ...J I QJ 

lll'IVI1~~)1~~)51'U 1\11LL'Ufl~1lJL"ll~'Vl€l~e:J1j3!8 

:u.1 ~U'll1W.:J 

:u.2 ~.L'll1W.:J 

:u.3 ~.L'll1W.:J 

:u.4 \JI.L'll1W.:J 

:U.S ~.L'll1'\1.:J 

:U.1 ~-'Vi~LL~'I 

:U.2 \91. 'Vi~LL~.:J 

:U.3 \JI.'Vi~LL~.:J 

:U.4 \JI.'Vi~LL~.:J 

:U.S ~-Vi~ LL~.:J 

:U.6 \JI.'Vi~LL~.:J 

:U.7 ~-'Vi~LL~'I 

:U.8 \JI.'Vi~LL~.:J 

:U.9 \JI.'Vi~LL~.:J 

139 

55 

220 

228 

165 

128 

42 

56 

80 

101 

112 

44 

45 

85 

1,500 

127 

50 

201 

209 

153 

116 

38 

50 

73 

91 

102 

39 

40 

76 

1,367 

N=1500 

9.3 

3.7 

14.7 

15.2 

11.0 

8.5 

2.8 

3.7 

5.3 

6.7 

7.5 

2.9 

3.0 

5.7 

100 

L"ll1~'1 ?-1~LD'U~e:J8(l~ 15.2 1€l'l(l'llJ1 fle:J Vlll~ 3 ~1'Um"ll1~'1 {e:J8(l~ 14 .. 7 Vlll~ 5 ~1'Um"ll1~'1 
~ ~ 

V I~ 0 V V 1.c::J. 0 V 1.o:::i 0 

".ie:J8(l~ 11.0 Vlll'Vl 1 ~1'U(lL"lJ1'W'l 1€18(\~ 9.3 Vlll'Vl 1 ~1'U(l'W~LL~'I )e:J8(l~ 8.5 Vlll'Vl 6 ~1'U(l'W~ 
~ ~ ~ 

' ' ' 

LL~'I ~e:J8(l~ 7.5 VlllVl 5 ~1'U(l'W~LL~'I ~e:J8(l~ 6.7 VllJYI 9 ~1'U(l'W~LL~'l ~e:J8(l~ 5.7 VllJVl 3 ~1'U(l 
~ ~ ~ 

3-28 
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'11~li 3 ~.l'IJllf~ 

'11~); 2 ~. I'IJllf~ 

'11~li I ~.l'llllf~ 

0 2 4 6 8 10 12 14 16 

. . 
.n1-wVi 3-27 ~1'U1'U~(;)eJ'\Jbb'\J'\J~eJ'\Jml.l ~1bb'Unml.lb'lJ(;)~eJ~m~v 

~ ~ 



·' ~ .... 5 u~~b~'U flB 

tJ~~b~'U~ 1 m1~~·rrm1"il~1'Utl~~1rutl1 
tJ~~b~'U~ 2 m1~~-:J~B1"il~1'Uflru.nTmJ1 

' 
tJ~~b~'U~ 3 fl11~~-:J~Bh~1'Ub1m1'Um~~~tm.Jtl1 

tJ~~b~'U~ 4 ~1'Um~tJ~~'111ii1~~'Um 'Um~~~u1e~tl1 

tJ~~b~'U~ 5 ~1'Um~u~~b'Vl1B'Vln.lle~ 
' 

32 

73 

3.18 
256 

U1'UI?l1"ll'U ~-:Jvtlt'l(;'f~1~n{uTu l'iBm~~~'\J1CJtl1b~B'U~'11'1ltl~~m1'Um~~1~ BCJ"l'U~~~u~1n~"'l'l 
~ ~ 6J '\J It 

bO~CI 2.56 1'U~1CI~1'UeJ'U~'\J~ 1 ~B tJ~~b~'U~ 5 WJ1~~-:J~Bl"iJ~1'Un1~'U~~b'Vl1B'VlnJlCJ ijfi1bO~CI 
' 
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bvhn'U 3.20 ~e:J~fi~l.l1 Ae:J 't.h~b~'U~ 6 fld1l.loW~i"'eJ h~1'Ufl1~'U~~b'V11i1mb~~ ~rl1bU~mvhi1'U 3.18 

tJ~~b~'U~ 1 1'111l.loW~i"'e:Jh~1'UtJ~mruJ1 ~rl1bu~mvhi1'U 2.71 tJ~~b~'U~ 4 1'111l.loW~i"'e:Jh~1'U 

m~tJ~~"Il1~l.l~'Wlfl'Um~~~'U1EJtl1 ~rl1bU~mvhi1'U 2.56 tJ~~b~'U~ 3 fld1:WoW~i"'e:Jh~1'Ub1f111'W 
m~~~'U1EJtl1 ~rl1bu~mvhi1'U 2.21 bbr;'l~~riTUeJEJ~~~ Ae:J tJ~~b~'U~ 2 fld1:WoW~i"'eJ h~1'UI'lrumi"' 

' ' " ~1 2.11 

bbr;'l~1'U~1EJ-ife:J 3 eJ'U~'Ubb~n i"''U11 eJ'U~'U~ 1 fie:J -ife:J 5 1'111:w.W~i"'e:Jh~1'Um~'U~~b'V11m1~ 

e:J'Vlni1EJ eJEJb'U~~~'Ul.l1n~ri1bU~mvhi1u 3.20 eJ'U~'\.J~ 2 Ae:J -ife:J 6 1'111:WoW~i"'e:Jh~i'Wm~u~~b'V11 
' 'U 

" " 
2) n 1~~~ n 1~'V11i"' EJ1 m~1'1Je:J~bb:W~ 11'lr;'l e:J~i"'~ bb~~e:J ~1~~~1'\.J ~1:W'1Je:J~"IJ:w"ll'U ~1u r;'l b '1l1~~ 

' 

~1'\.Jfl b'1l1~~ bbr;'l~"ll:w"ll'U~1ur;'li"'~ bb~~ rl1b.nmJ1'Wm'1l'U ~~VI1~~~1~f11tnu b tJ'Um~~n~11~EJfl1~ 
" \ " dJ 

~:W.f11~(lhl1bb'Vl'U"IJ:W"IJ'U bbf1'U~1"1J:U"IJ'U bbr;'l~VIt.hEJ~1'U~b~EJ1-ifeJ~ 1~bbn rhu'U m'VIUhJ1'U ~~bbr;'l 
q , \J Q.l \J \J 

~~'\.J'\.Jfl1~~~m~tJ~~tJ1VI:!Ju1'U bbr;'l~b-:5'1VI1J1~b~e:J'U1"1l"llth~.n1 ~1l.l 18 1'1'\.J ~1:W1~rl"il'1bb'Uf1 
'U 

tJ~~b.fl'V1'1JeJ~tlru'VI1m:w~'U~~n~ru~"IJ:w"ll'U ~~mi"'~ 3-29 
v ' 
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:W .l :W.2 u."~:W . 3 

~ " nlJmlll~tNmnnW!Jll'b''\.1 

f I .l. .d 
ll1l111J'I'illl1m·nnllm 

;\lth~b~'\.J'VI~n 1 '\.Jm'j£1'lJil1~ru:W 3 th~b~'\.J ~eJ 

1) th~b~'\.J~1'\.J?LnTv·nJru'VI1 ?11b'VI~ bb~~oifm?t'Wmb'\.J~bb'\.J1'V11\In1'j~~m'j'Vl-rvnnm " , 

~'j"J\J?IeJ'U~n~ru~'UeJ\1~1J1fl~eJ\IY-l~bb?I\11'U~1\Ib~eJ'\.Jn'\.JE.m.J'\.J 2555 tl\1 B'\.J11fllJ 25551~E.J1i 
bfl~eJ\I:WeJ 1~bbn -ifeJlJ~\!1meJn?IT~ m'j£1'\lbn~ bb~~\!1nnT~i£1llm~ru~1bb'Vl'U'lllJ'If'U ('j1E.J~~b~E.J~bb uu 

~ , 

£1llm~rubb?l~\l~\lil1fl(;.J'\.J1n 'll) t11-ifeJlJ~m~lJ11 bfld1~~ti'ltlru'VI1~ bfl~~'\.J 1 otlbb{;.J'\.J~\1~'\.J 1~ Tree 
~ " 
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Diagram ( ii'-:J.rn~ e.J'U1 n) L ~ e:nn LL 'U1Vl1'1 m'mm 'lJUtlJVn L\?1 fJ?f1:W11tl?!1tH'i-:JLJ 1~ L~'Uu tlJ'Vl1'Vl~ n LL~ ~ 

bb 'U1Vl1'1 bbm 'lJ~ biil?l~'U L\?lfJ b ,j''U f111i1~1'U~1:W'lJ'El'I'U:W'lJ'U bb~~m..h fJ'I1'U~ b~ m-ife:J'I~1:W fl'Ubbm 'lJU f.1J'Vl1 
' v 

UCUVI1bb~~~1b 'Vi Iii "' . 
- LJ~:w1ruJ1~1~tJ1fJ~1m~eJ'U - "U:W"U'U?f1:W11tl~l?l~'ILA~eJ'I?ftJtl1 -b ~ eJ 'U -r"U "U LJ 1 ~ n 1 

' " ' 
-r"U"UD1~i11 biJ'ULJ~:w1rutl1~hJ fltJvl'U~ eJ fJ J 1 b ~ eJ 1 ~LA ~eJ'I?ftJtl 1 "U:W"U'UVl1fJtl1b~eJ'U 

' " ' 

" " ~11U1cutitJ~~~-!lflnLl1vi1l.J Lb~~ ~l.J~\J vr~€1~tl1~l.J~tJ Li1B~\l1n 
\J , \1 , 

wu1 fJ '11 'U L ~ e:J'U -r"U"UlJ1 ~n 1 ~ ~ Lb ~ '~ 

~ 11 f1111~tJ 1 fJtl 11 LJ ~ 'llVl fJ"U:W"U'U 
'' 

... 0 

bb~~e.J'U1"U:W"U'U 
" ' 

... " 
1 ~ n 1 ij LJ ~ :w 1 ru :w 1 f1 bb ~ ~ ij 1'1 ~ 'I ij 15 f111 vh ~ 11 'I n 'U '111 bb tJ tJ 

m~LL?ftl1~fieJ'U-iJ1'1 bb 1'1 vh1 ~ 511 :w "ll 1 ~e..~ ?I :w ntJ ~ 11'1 ~'U J 1 ~ i1 
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e:J'Vl ~ 1'U bb ~-:~'111 ~ b 'U 1 ?In 1til n 1VI'U ~ 
' 

mru1b 'lJ(>l'Ue:J-:Jfl1'jvl1n1'jU'j~lJ-:J 111 ~ 
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b ~eJ'U~"l!"l!'lJ':i~.n1i1m1':i~'U1~J1b YleJm':it:.J~~ m~ bbG11 vJvh~~eJ~~.:~tl bu~ m~eJ'iJ~~ 158.7 6 ~1'U 

~ fl'U 1f'l n blJ~ ':i 1~ ml1~':i~'U1 ~e) eJ fllJ1 b YleJ fl1':it:.J ~ ~fl':i~ bbG'11 vJvhi1'tJ~mruJ 1~ b ~ ~.:I'V'leJ~ eJ n\iJfl':i':ilJ 
~ 

~1.:11 fieJ fl11l.l~eJ.:Jfl1':iJ1bvleJm':i~'tJ1.nfl 'U~b.flfl bb~~bvleJn1':ibfl~m bu~m~eJ'U~~ 43.50 ~1'U 
~n'U1f'lnblJ~':i bb~~~.:~fl.:~i1u~lJ1ruJ1b'Vl~eJ1'Ubb~J1fl~m'V'l~bbG'1.:~ bo~m~eJ'U~~ 115.23 ~1'U~n'U1f'ln 
~ ~ 

bl.l~':i ~.:~bdeJ1bfl':i1~~'tJ~l.l1ruJ1"1leJ.:J\iJ~~n~1flru.n1'V'lJ1fl~m'V'l~bbG'I.:J bb~~~\iJ~~n~1 'V'l'U11 8~11 • • • 
m1 1 'Vl~"'JeJ.:~"'JeJ.:~~.:~ 5 \iJ~~n~1i1b ~~.:~'V'leJ~eJm1lJ~eJ.:~m':iJ1"1lm"lll.l"ll'Uvh~J11 'Ubb~~~\iJ~~n~1 ~.:~ . . ' 
'V'l'UB~':i1fl1':i1'Vl~"'leJ.:JJ1 (Flow rate) bu~mvhn'U 114.55 ~1'U~fl'U1f'ltlblJ~':i~eJ1'U b~~.:J'V'leJ~eJ 

~ 

'tJ~lJ1ruJ1fl11lJ~eJ.:~m':ibo~mvhi1'U 145,281.09 ~fl'U1f'lnblJ~':i~eJ1'U 
~ 
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L ~au -r"l!"ll'U 1~fl1~lJ L 1~ in111~t11 mJ11~G1l.loWtJ 5ntJ ii111l.l~a.:~ m 1J 1"lla.:!"l!l.l"l!tJ a n~.:~'tl~l.l 1 ruJ1~ 
' 

1~tJ1~~U1m~au-r"l!"l!'t11~fl1L tJu'tl~l.l1rum~LL'liuau vi11 ~"lll.l"lltJ 1~'V111tJ~U~11.:J Llil~a.:~~tJJ1 ~.:~~~ 1 ~ 
' ' " 

blil~a.:!~tl(lf1J1vhl.l L~~'Vf1~ Bf1~.:JU~l.l1ruJ1~lJ11il1f1 L ~eJ\JlJU~lJ1t:UlJ1f1 LL~~m~ LL~J1 Lb 1.:1 vi11 ~ 
" " 

Ln~m1n~LBil1~"llm~~.:~ ~.:~Ju "l!l.l"l!tJ!il11't1-rtJ~1 1 ~L -i11ntJm1'tlr;ia~J1"1Ja.:~ L~au 1~~"l!l.l"lltJ~1l.l11() 
' ' 

~~~.:JLiil~a.:~~tJJ1nuviu~a~J1 LL~~Iila~-ru~.:~"ll11~11~U1ni'Vl~"lll.l"lltJL~a.:~m11~tJ1~J1"lla.:~L~au 
'U Cl • " 

11lJ().:)jileJ~ b~11~ir~1~l.:J~mu fl11tJJn11 L 'tl~ ~tJ LL U~.:J"lleJ.:I ~~.:! yj~eJlJ~.:J bL ..ij.:~ 1 ~ b ~au-r"l!"l!U1~fl1 L orr 1 

~111il~eltl L~eJ~llbiitJf111LLm"ll 

2) flV'Iiu~ m1Ffn'117~TUFJrun Ttnh 

lil1 fln11~f1'1~11ilrufl1yjJ1'V11.:Jn1 ~fl1yj Lb~ ~lilt:Ufl1yjJ1'V11.:! Llili11 tJ~tJ~tl~ L 1 ru 
' ' 

lil~a.:~yj~LL~.:~ a1LflmJ1tJ~1"llu ~.:~vr1~~11~!J{tnu ~.:~ 5 ~~~n~1 ~1u11'111 Ltlu1't1~1l.!Lnrusn 
l.l1m\i1tJ!ilt:Ufl1yjJ11 tJLb vrr;i.:~J1~1~\J mlJ"lJeJ.:Jf11~'V111.:1'Vl-ryj~1f11511lJ"l!1~ LL~~~.:J LL 1~~ ell.! tJ 

"' ' 
2537 ~.:J~1't111'111 ~U~~n~1~ 1-5 LUtJLLvrr;i.:~J1~1~u't11~Lfl'Vl~ 3 LL~~Ldm11~~m11Liil11~'1<1 

' ' 
flt:Ufl1yjJ11~m1l.ll.l1fi11tJ1ruLtltJ!il~LLtJtJ~h~"lli1f1rufl1yjJ1 (Water Quality lndex:WQI) 1~~1-ii 
LVl~.:~ 5 yj111ilL~a{ 11'i'LLri m1l.l"llu lil11l.!Ltlum~-~1.:J"lla.:~J1 'tl~l.l1ruaan~LiiltJ~~~1~1uJ1 

' 
'tl~l.l1ruaan~LiiltJ~Iil~tJ'V1~~1 m tJf111~a~~~1~~11BtJ'Vl~~ LL~~'tl~l.l1ru"l!a.:JLL ~.:J~.:J'Vfl.l~ 1 uJ1 yjtJ11 ' ' 

lJ!il~bLtJ\JeJ~LtJ'Ii1.:J~"lli11ilrufl1yjLVhntJ 61-70 lil~LbtJtJ (66 lil~LbtJtJ) ~.:JlJ~11ilt:Ufl1yjU1\Jf1~1.:1 LL~~ 
" ' ' " ' ' tl cv 0 0 Q.l Cl.l Cl ct. !.1 q 

~a~ lil~ a.:~ ntJ ~~ m1~ 111il ~atJ lilrufl1yjtJ1"lla.:J~1tJ n.:~1u 'V1 1yj ~1mt'i11l.l"l!1 ~ L~ ~-"!.:~ LL 1~~al.l fl11il'Vl 
' 

14 (2553) LL~J1mtl-~l.lm.:J ~mi1 TP07 lil~eJ.:Jyj~LL~.:J L'V1!3ltl1~L"ll1~.:! a.U1tJ~1"ll\J lil.~11~!]{ 
tJ1i1 LL~~~a~lil~a.:~ntJ!ilrufl1l'jJ1"lla.:~ m1~ n~1 m1't11~ ~ n~1 o&'G1 ~1wu 1~u 1 u m1~ ~~1l.l ~11 ~U ~atJ 

' ' 
lilt:Ufl1yj~.:JLbd~~eJlJ'V11.:JJ1tJ~L1rubL~J1yjlJm.:J ~.:I'Vfl~~11~n{tJ1i1 "lleJ.:Ja.fhJtJvl Lb~.:JU1~L~~\i 

" q " dJ ... 

(2555) 

LL~Uqj'Vf11'i'1Uflt:Ufl1yjJ1~"ql.l"l!tJVl1~J1yjtJ ~a ~~~fl~1~ 1 LL~~ 2 iJ ~ 1 U~l.l 1 ru 

aan~L~UtJ~~~1~J1~~11 u"Uru~1~t11~J1L ~am1~~~m~LL~1 'V'lvh vi11 ~"l!l.l"lltJVl1~J1~m;(~a~~.:~ 
' " 

2 tl~b 1ru't11~~t!Uqj'Vf1J11 uci'1!il~a.:~iJn~u LL~~yjtJ!il11tJ~iil.l LL~.:J~~a~ci'1J11il~a.:Jyj~LL~.:J ~.:! 
i1qJvr1~.:~nr;i11 "ql.l"lltJ~1lJ11mLm "lJ 11'1~.:~-d 

- i1ruvr1~iil.IL vr~n1 uJ1 m1t111 'tJ1 m\lla~1.:1'tl~a~.fl~ ~1l.l11(lvi11~~~n11~tJJ1 
v " 

~.:I 11~.:~ 11L ~a 1 ~L'Vf~fl~f1~~f1eJtJLL~~t11J1~1tJm~1 'tJ1-ij 
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- ~1'VI-r'Uf11":itl1..ij'~L'VI~ml'eJf1'<il1f1J1 G'f1111":i~'Yh 1~~~l~f11":iL~hJ 1 YHL 'VlG'fL~~11L tJa{ 

LL11~f11'UG'f (kMn04) R"a~'U 'VI~aR"a~'U1~aan~~ (CL02) 1~~1inmtJ":i~111ru 5 'U1Vi m11~-w 

4. 1. 2) a 'l tJ ~a n1 'l fl n cet1 i1 ru \11 LL a::: LL 'L.I1 'VI1 ~ n 1 'l n1 \1 'LI fl 'Lila u 1a n 1 'l :5' fl n 1 'l . ~ 

... ... 
~ 0 0 0 

'VI'l~li10'l'L.11a1'L.I1~aa~~:::ua~ 

1) c .. mm':ff!n'I1TilfJJVI7~Tu~h\J 1 G'f~tJ1~11 m":i 1 iLL uui111.n1~ruLL ui.J~~ 1R":i~G'f~1~ 
(Semi-Structure Questionnaire) f11":ii1~Lf1~ (Observation) f11":i~1":i'J'<il (Survey) f11":iG'f'U'Vl'U1 

n~11 (In depth Structure) LL"~m":i1iLL'U'UG'fa'Um11R'J11loW~'Vlal'<il~:W~am":i":i~'U1~J1L~am":it:..l~~ 
m~LLG'f1 wvh ;~~~'V111~dL u'U 1 ~tJ":i~"ll1"1l'U LL"~'VI'I11 ~~1'U~L~~1-rra~ L -D'1111:i1~'J'U~'J111 'Um":i..ij'~m":i 

~111tl'U 'Vl'UD":i~ L~'UUru'VI1f11":i 1 iJ1 LL"~m":i..ij'~m":i'Vl-r'Vl mmJ1"1Ja~"111I"Il'U ~~d 
v • 

- ~1'lfli11G'f1":i man1":i1~m11l~"IJ~~~L""~~1 Lfl~'<il1f1f11":itJ":i~"ll1i111'W'U6f11":i 
'IJ 'IJ'IJ 

":i~'U1~~hJmauR"11 m":i1~R1111~"1Ja~L~a'U-r"ll"lltJ":i~.f11LLn"ll11"1l'UEJ~hl111n'Vla an~~~11G'f1":i":i~~'U 
' 'IJ ' 

J 1"1J a~ L ~ a'U -r"ll"llD ":i~ .f11 EJ ~~ 1otl1 a~ ; ~ L ~a 'U -r"ll"llD ":i~.f11 R'J ":iLL n U flj'VI11~ ~ ..ij ~vh LLt:..l 'U f11 ":i 

~at'f1":i11'J""Il'U ..ij'~n'<ilf1":i":i11f11":iLG'f'J'U1D~f1~1'V11~m~mtJ~1amG'f1~"111l"ll'U1~LG'f'UaR'J11l~~L~'ULL"~ 
' 

~1'U m":i:i1~'J'U~1111 'U f11":i'U~'VI1":i..ij~ f11":i'Vl-r'Vl mmJ1 m":i..ij'~~~n~11 
' 

a'U -rn,;th ~'UJ 1 1~ ~:i1~'J'U~111":i~'VI11~ L ~a'U -r"ll"lltJ ":i~.f11 LL"~"Il1l"ll'UVJ1 ~J 1 L tl'U LLn'U'll11 'U m":i..ij' ~ ~ ~ 
' ' 
I ..::ii~C\ .cJ CV d QJ ~ Q.l CV ~ I ~ 

f1"11 LL" ~11 f1'<il f1":i":i11 L 'Vl a"IJ'U LR"a'U fl":i~'U'J'U f11":if11":ia'U ":if1~ '<il~ f11 ":i'Vl":i'Vl ~1 f1":i'U1 LL11'U 1R"a~'Vl~ LLG'f~ 
' ' 

LL"~'U":iru~tJaJ1~'U"IJa~"ll1l"ll'UVJ1~J1 L~a 1 ~"111l"ll'U 1~:WJ11 i~~1 'U"Ilru~~:i1m":i":i~'U1~J1L ~am":it:..~~~ 
'IJ ' ' 

f1":i~LLG'f1 vJvh LL"~ hl:i1m":i~'U1~J1L~af11":it:..l~~f1":i~LLG'f1 vJvh ;~G'f1111":i~vl11~~~ 
1) "ll1l"ll'U'VI1~an'U L~a~Uf11'Vf1f11":i"IJ1~LLR"'UJ1 1 otlaDa1I"'V11~J1 

' ·~ 'IJ 

2) Ln~m":i'U~'VI1":i..ij'~m":iJ11 'U"Il1l"ll'U L~11'<il1f1f11":i"ll~"an"ll m~ 
' ' 

R"a~u":i":i11"111~ L~11 L ~a~nJ1V1"1n1 'VI""~'Vl1~J111'111J1'VI"1n~~111~111LL 'U'JR"a~mnmnu 11m11 

G'f":i~J1LLtl11~~ ~1'VI-r'U 1m 'Um1l"IJ1~LLR"'UJ1 
3) "q1I"Il'UU1J1~1~ 1 otlvl1f11":iLf1~~":i~111LL 'U'J'Vl":i~":i1"11~1~'Vl(j~~ 

1 'VI1i ~a m":i"ll~G'f":i~J1L ~anmnuJ11 'U·1h~~:i1m":i":i~'U1~J1L ~am":it:..~~~m~LLG'f1 vJvh~1V1-ru Lnu 11 
' 

1m 'Uf11":iLf1~mm1l"IJ1~LLR"'U 



!··. 
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2) U~ n 7 -rFfn 717 U U'J 'VI 7v n 7 -rno7 YJUVJ U [ fl'U7 fJ n 7 'JrJ'VJ n 7 'i'VJ JWf17 n -rJ7 

v v v 'tfJJ'lfW17 v J1' ifv u f'lf'lftl'i:: f17 1~!;1~'\.Jm~rhvnJ~'U 1mJ1tJ nm.J'V15/~1~n~m~t 'Um~bbm"ll 
' ' ' 

DfY'V!1~1'U'Vl~'V'lmmtl1 bb"~'Vl~'V'l m m~ 1.~ fr.J-b'B\1 1 'U~'U~"llfl\1~1tl1f'l" B\I'V'l~ 1.1.!;1\1 '<il1 n m~~~~~f'l11~ 
~~b~'U tur'U~ 30 'V'l'JI'll~mtJ'U 2556 b~at·&'!.tJ'Umaubbm~~.u1'VI~1tJL'Um~~WJ'U1 bbm"lli1fY'VI1 

b!;1~~'<il~bb~\l "~'<il~BB'U tmam!;1~b~mh'U1tJ bb"~rh-.5'~a'\.J!;1~~f'l 1 '!XVI~~ 1 tJ'V!~B 1 'IX1. 'V!~mJBtJmn 
' ' ' 

tJ'Vlu!'111!;1~?J{I.I. ~" ~ ~ 1'1..1 '<il ~ n1'V!'U ~ 1. u 1'V!m tJ 1. :U \1 tJ'Vlli!'111!;1~n{ 1.1." ~~ 11n ~m ~ 1 'U m ~~1 1. iJ 'U m~ 
' ' 

1. ~a t '!Xu~~"1~nfltJ~~l;1\lf'l1 'Ubb~"~tJ'Vlul'111!;1~n1bb"~ 1. tl'Umau t 'Um~~'<il1~ru111\1Lf'l~\lm~ 1. ~a ~.~.nt "ll 
' ' ' 
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~1"51.:~~ 4-1 Lthvtl.l1mL~~l.l1mrn1LLm'lluqJvt1rn1'U~vt11~~rn1'Vl~'rlmn·nl11 'U~ 'U ~ ~1 ~1 

fl ~ t1-:~ 'rl~LLG'I-:1 1) EJ'Vl'513116'1\W~fl11~~fl11~1'UU~l.l1ru~1'lle:J-:!'lJl.l'lJ'UVhtnl1 
' ' 

~~'U1L ~l.JLLV!~-:!Ln'Utlf1~11 'U~'U~'lle:J-:1 ~'U/f1~1-:J/m'J 

Lf1~1'11f11 1 ~L fiEJ-:J'rle:Jtl'Ufld1l.J~tl-:lfl11 

l.J11'11fl11 1l.J1 -tl~-:~ne:JG'I~1-:~ 

- ~f1~11~~'Ufld1l.J1f1']~~1'Ufl111-tl'~1 
1 'U~1~1 L~tlfl1V!'U~'lltl'U L'lll'l~'U~fl11 
~~fl11~11'11l.IU1~Lfi'Vl'lleJ-:Jn\lm1l.l 
- ~~vh bfl1-:Jfl11111~e:J-:~&11vt~'U'VJeJ-:J~'U 

b~ tJ LO'rl1~tl~1-:J ~-:I 1 'U~1'Ufl'J1l.J~'Jl.JiJeJ 

'lleJ-:I'lJl.J'lJ'U vt'l.hEJ-:J1'U11'lJf111 LL~~ 
' 

L ~ eJ 'U ~ 'lJ 'lJ 'IJ 1 ~ fl1 L ~ eJ L 6'1~ lJ 6'1 ~ 1-:1 

U1~G'I'U fl11uJLL~~ 1 i L tJ'Umru~'Jtl ~1-:1 

1'Lifl11~1LU'U-:!1'LI1'LI~'U~~'U~ ~e:J 1 'IJ 

... 
- ~~'U1LLV!~-:J111'll'U1~f1~1-:ILL~~'ll'U1~ 

L~f1~i1e:J~ L~l.J 1 ~ij~f1f.Jfl1'rl 

... ... 
LL~~1~'U'UG1-:Jti1 1'Jl.!Vl-:Jtl1fl11 'lJ~ 
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~1~1.:)~ 4-2 L t1Tvr111mL~~1111'l'm1~LLm'llilqJ'VI1m~u~'VI11~~n1~'Vl~vw1n·nY11 'U~ 'U ~ 611 J1 

fl ~a.:~ 'rl~bb?t.:J 2) E.J'Vlli~1?tl'l{m1~~m11'11'Uflrum'r!J1 
' ' 

q~ .Ja I 
?t.fl1'rl~'ll'U lil1flfl11'Vl u1~"ll1"ll'Ubb~~ 

..1 .., • I .., "" ."1 
b 'lJ a'U 1"11"11 u 1~ .fl11'11~ 'VI'U fl Cl-!1 u q,j'VI1 

11~~~'V11.:1J1 bb~~~~fl11U~aE.J11~~~ 

- \J1~"111"ll'Ubb~~"ll11"ll'Uij~1'U~1111 'U 
' 

CV IS'.K d11 ~ Jf ..::111 I ~ 
m1 a 'U 1 n ~VI 'U 'Vll'l 'U 'U 1 'ri'U 'VI "ll11'U 1 

' ' 
bb~~m11 iu1~ 1E.J"lluVi~'Ubb~ ~-t:h 1:W 

1111~.:1 bb 'VI~.:JJ 1~1 ~'Ubb~ ~J 11~~'U 

a~1-:Jb'iJ'U1~'1J'IJ 

' 4 II' cv .:tl 

b'rla~~fl11"ll~~1-!l'ri.:J'Vl~1E.J'lla.:J~'U 

bb~~t1mn'Ufl111nJ1'lla.:~\J1~"ll1"ll'U 
' ~ .4o ..f.dd 1 

- ~fl~1b 'rlafl1'VI'U~b 'lll'l'ri'U'Vlb?IE.J.:JI'la 

"' I Q 0:::. c:iil I( QJ Q.l 

- ?t.:Jb?t111bfl~!'l1a'U'Vl1E.l-fl111il~l'l.:J 

n~11m -&'J1b ~m~11~1.:~ bb~~~~m11 
' 'II 

1'1111il?tauilq,J'VI11'i'1'U 

Q.l .c:::., -"=' II 

'Vl1VIE.J1fl1li1111"ll11'1 bb~~?t.:Jbb 1~~a11 

- 1ru1.:~ri'LL~~?t~1.:1~1'1G11i!n1 'Ufl11 

'lla.:~\J1~"ll1"ll'U 1 'Ufl11a'U~n~th ... , 
"' Q.l f{ Q.l Q. 0 

- a'U1fl~'Vl1VIE.J1fl1~'Ubb~~'U1 bb~~ 
' 

~'UvJ'Vl~VIE.l1fl1~'U~b~a11 L 'Vl111 
'II 

"' 
- 'll ~~a flbb 'VI~.:~ 't11li1111"ll1 ~ 1 ~ ~'IJ 

' 
... "" 

'Vla.:JCI'U 

- t1a.:~n'U1vJth ~'U'VJ?t.fl1'rlth b~11 
'II 

~'U~th 1~E.Jm1 m1tia?t~1.:~~1E.J~'U 
J1 (~1mb:W'1) m1\J~m~h 

'II 
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~1~1.:~~ 4-3 bDTVll.l1mbr~~l.l1twHnHbm "1lihyvnm':i'U~'Vf1':i~~?Jm':i'Vl-r'WcnmJ11 'Uvf 'U ~ ~1 J1 

rl ii'l eJ \1 'W~bbG1\l 2) CJ'Vli5!3!1G11'lin11~1?ln1':i~ll'Un1':iii~'d'U~'dl.J • 

" - Vi ;>J cu 1 L F1 ~ e1 sd 1 ~ n 11 ~ ~ n 1 ~ ~cu/n~1~/r.111 

~b~m-ffm1 ~ii~'"l'U1 'Un1':ibG1'Umb 'U~ 

oUelfll?l b i1'U 1 'Un1':i~l?lvl1 bbe.J'U-ww.J'U1 bbii'l~ 
" ~~?Jm':i'Vl-r'WCJ1mt11 

l.J11'l':in1':i 1l.J 1 -tl~\lneJG1~1\l 
- b tl~?JG11'UbG11'U1L~?JCJii"lll.l"ll'UVf1CJJ1 • 

" " V Cl.J I Q.l I( QJ 0 

- ~l?ll'l\lnii'll.leJ'U':in~'Vl':i'WCJ1n':i'U1 • • 
1~?JCJii"lll.l"ll'UVf1CJJ1 'Vf'l11CJ\11'U • 
':i1"lln11 bbii'l~b~el'U-r"ll"ll't.h~.fl1 bvleJ1~ 

'Vln.fl1r1~'d'UboU1l.l1ii~'"l'U~'dl.l1'Un1':i • 

'V!U'JCJ\11'UEJ\l"ll11?lm1l.l b off11 ~ 1 'U m~'t.n'Um1!1\'1 b ti'U\l1'Ubbii'l~"ll11?lm':iiiG1'd'U~'dl.l 1 'U m1~1?1 m1'V1-r'W m n1 

J1 ~1nm1~n~1~\l 1~n1'Vf'UI?l~\ln':i~'U'd'Un1':i111'1b ti'U\l1'U (Flow Diagram) bvleJ 1 ~VJn~'d'U 1~ b oU1l.l1ii 

~'d'U~'dl.l 1 'Un1':i~l?ln1':i'Vl-r'WmmJ1 .fl1'W~ 4-1 



.. 
•······ .. ...... fi1'H'I€J?l1'j" 2 vm 

1ll'nl~lmJ1 

L~eui'"JSW'i::m + 

... 
4.2.1) 'ti'e:mt'Umb 'U::ri1'111-ru"1111"11'U~1f.l'lh • 
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CSR 

. '" 

+ 
1 
:ib! ~~ .. r;' • 'l'~ ' ' • . . 

"il1 nfl1~~ n~1tl~mruJ 1 bbG'l ~l"ltufl1'V'ltlTvh tJ b ~ t~'U-r'll'1ltl ~~n1 b ~t~ fl1~u~vn ~ 
' 

~~ fi1~'Vl-r'V'l tJ 1mJ1 ~'11"1-:J'V'l'UU qJ'Vl1~~tl'l bbAi. "tJ ~'1m ~~1 b 'U'U fl1~il1'Ufl1~~~fi1~'Vl-r'V'l tJ 1mtl1"Ut1'1 

'1l:W'll't.l'VhtJtl11 '!Xi1tJ~:w1ruJ1 b 'i'ltJ'I'V'ltl~t~m1:w~t~'l m~ 1 itl1"Utl'l'll:W'll'U ~'l"il1flfl1~~n~1'V'l'U':h '1l:W'll'U 
' ' . 
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1) nn~~m'Infwcnn'IJurfvmnn1!f~rr 
- fn'j'tf"'\.h:::Vll'U'j:::'lJ'Uvle:J 1~t.Jfl1'j'\.J~m.Jtlllb 'U'Um;lmb 'j\11 i!l..l 

ri'N 1"n ~.::~m~~:::~e:J.::~iJfY.::~~ntll 'l-1~m1'j:::~ntll blJ'Ubb'l-1~\lln'Unntll ~ln~'UfS.::~ri.::~~lt.J 1 '\.J ~\I~'U~1''U 
'\.J'j::: 1t~'1fu 'l-1~e:J'\-1lnlb'\-1~\ltlle:J~~.::~n-il~'U~1''U'\.J'j::: 1t~'tfun~lm'j~ri.::~tll1 LJ1;(~ t1 hJ ~m1 ~lfl~e:J\1 ~'U 

'\1'\1 '\1 

- fn'j'tf"'\.J'j:::Vll'U 'j:::'lJ'Uvl e:J 1~ t.Jfn'jri\1 ~l tJ ~'j \1~ l f1bfl ~e:J\I~'Utll 
'\1 

'j:::'lJ'U.Q ~::: 1 ~lfl~e:J\I~'Utll~'Utll ~l tJ 1 '\.J ~\I~'U~1''lJ'\.J'j::: 1t.J'tf'Ul~ tJ ~'j \1 1lJ ~e:J\IlJfY\1~ ntll'l-1~e:J~'j::: Ln'Utll 
'\1 '\1 

2) m'I~~nnnfWCJ7n'IJurfvmf[nfl u~Trm • 
- vllfn'j"IJ~'\.Jv1'Uci'ltllflrte:J\I~:::Lb~\l l~e:J1~Ln~tll61il..ltlle8''U bbrt::: 

' 
b~e:J1~tll~ln~~~l.::~ 1 1'l-1"l.Jl'j'Jl.Jn'U ll":::1~lfl~e:J\I~'Utll~1tl~~\l\ll'U1Ylvh~'Utll~'U1LJ1~l~e:Jfl1'j 
e:J't.J1flfl 'U~1flfl ~.::~15m 'j"IJ~'\.J e:Jtll1 'Uci' ltlld ~:::v1l1 ~'tfl..l'tf'UiJtll1 ~~ "e:J~ l1m ~.::~"lJru:::~jjm 'j , ' ' 
l ~ 'U l fl ~ e:J \1 'j::: 'U l tJ tlll ~f) f1l 'j e..J ~ ~ f1 'j::: ll ~ 1 yJ VJ l lb"::: 1lJ jj f1l 'j l ~ 'U l fl ~ e:J \1 'j::: 'U l tJ tlll ~ e:J f1l 'j e..J ~ ~ 

m::: ll~1 'WVll lb~lfi~\lf1~l1~ll.Jl'j~ 1 ~n'Ufl1'1l~e:J'Ul vll~'U 1lJ~ll.Jl'j~ 1 ~n'U'tflJ'tf'U"lJ'Ul~ 1 '\-1tU 
' v 

- ~~vll~lt.Jtll~'U L~e:Jt.Jm:::~'Utll1~t.J 1 ~fl'je:J'lJfl"l..l~'U~~iJfl1ll..l 
' 

~e:J\If1l'jtll"lle:J\I'tfl.l'tf'U ll~11~lfl~e:J\I~'Utll1lli~~ll.ll~~'\.J'j:::~.::~l"l15-d'm~ 1 ~L1m'Ul'U lb~~ll.Jl'j~1 ~ 
' '\1 , 

n'U'tflJ'tf'U"lJ'Ul~ 1 'l-1ru1~ 
' v 

4.2.2) "!i'm~'UBbb'U:lriTVI~'U'VI'Lh£1.:!1'Ub~B'U~"lf"l!U':i:l,fl1 

- nl'l-1'U~lb'U1Vll\lf1l'j1l\I'UW'UltJf1l'j~~m'jV11'~mmtll mtJ1'UL~e:J'U1'm'\.J'j:::m 

1) ~~7iiJv.Jrfmnrfvm'I'I.l~'I//7'I~~nnnfwcnn'IJJ 1'U'j:::~'U~l..l 
tllbb":::'j:::~'U'Vle:J\I~'U 1~tJ 1 ~l ~e:J'U1''1f'tf'\.J'j:::m 'l-1~e:Jwt.btJ\Il'U'jl'tff1l'jlJ'l-1i!l~1 'Uf1l'jfll'l-1'U~'U 1tJ'Ul tJ 

nl n'lJ'\.J'j:::~l'U 1 ~ ln~m'j'lll'U 1t~'Ul t1 1 '\.Jri m'j'\.J n~LJ ~'\-1l'j~~ m 'jtll1 'U~l.Jtll 1~ tJiJ ~iJ ri1'U l~ m-li e:J .::~ 
\J 6.-J , \J 

1~lJri1'U~1lJ 

2) Luum'I~mn'IJJ~mJJ7:fflJJUff::LtJuD'I'IJJ ~l'l-11'LJm'j1~tll 
~l'U~l\11 ~\ll~e:J~e:J'U~'Ue:J\I~ll.lfl1ll..l~ll lJ'U~'U~l'U~l'U f1l'je..J~ ~m::: Ll~1 'WVll f1l'j Ln~~'j Lb"::: f1l'j 

~'\.J1flfl 'U~1flfl 1~t~~~ci'l~'Ufl1llJ~l;}t1J"llm'\.J'j:::l[lVlf1l'j 1 ~tll1 mb~":::~'U~ tJ~mm~e:J 1 ~iJm'j1 ~ 
tll e:J ~l\llJ'\.J'j::: ~Vlfim~ Ll"::: ~\I ~'U m tJ 1~"lle:J'U L "ll~f1l'j~~~'j'jtll~-tl~ l ~'U L i!'Uf1l'jlJri1'U~1l.l 

3) L:dvuf'lf'lf1i'I::n7;fv.J'I.l~'I//7'Iv"'~nnJ7 !w:dvu 1~tJr11'Ufll..l1 ~ 
'j:::~'Utlle:JtJL'Ume:J'U"lle:J\Ilnrusnfl1'UfllJ'j:::~'Utll (rule cuNe) 1~t.Jfll1:::'\.Jn~ l ~e:J'U~:::m'Ufll..l 1lJ1 ~ 

'\1 ' ' 
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v ' v 

';i~~ut11~hn11 Lnrusvif11'U~l.J';i~~'Ut11~1~1~ (lower rule curve) 1'U·Ih~~~Lb~~ Lb~~·~h~~~e.J'U 

b ~eJ'Uiil~'W~1~1m~u1~J1 L ~eJ 1:J1 t1'';i~~uJ1~~ Ln'ULnrusvimu~lJ';i~~uJ1~1'U'U (upper rule 

curve) ~~db~eJfl1'Uf1lJ';j~~utl1Lnunn~bVll.11~61l.11'11l.161m'Um';iru"IJeJ~tl~l11rutl1~\lb~eJ'U Lb~~ 
' 

G1m-wJ11 'U~l.JtlTvhm~B'U 
' 

"' 4.2.3) 'ti'm6'1'UeJu'U~~Twru'YJ:u'YJ'U~1~nl1 • 

- ';iru';i\lrln1';iU';i~VlEJ'~J, Lb~~m';iU';i~VlE!'~ 1vHh 

- -:il~ 1 t1iJn~l.JeJ'U~n,;th bL~~bb:Jtl1 
' ' 

. . . 
4.2.4) 'ti'en6'1'UeHL 'U~~1'VI~'U'WU'JV\11'U~'U ~ \ihn~J'J'ti'eJ\1 

- mll"ll~tl';i~VJ1'U L-if1l11i1~1'U~1ll 1 'Un1';i-:il~G1';i';i~'l.Jtl';j~l.J1ru ~ m~ru~"lleJ\ID'lJVl11 'U 
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http://www.pwa.co.th/service/treatment.html. (~'U~'W~~erl'W~ 20 ~l.l~1t!'W 2556). 

m·Hum{ ~~~\JVI. 2549. ~fliiona\JJ1 J11~1fl~fl ~~~~m~i~fl~1~~- ~l.l~fl#\l~ 4. ~l.l~~fl~ru, 
m\l~VlW'1 : \J~~m1\l~ , ~ 

ml.IV11'~mmJ1.2547. thaienvimonitor.net. ~1'W-ii'Bl.l~. Vl'i~mmli~~l.l"ll1~. V1'i~mmJ1 . 
"" ~ 

http://www.thaienvimonitor.net/Concept/priority2. htm. (~'\J ~'W ~~ Bl'W~ 15 

~'J~.fnfll.l 2553). 

ml.l"ll~\J~~Vl1'W. 2553. \J~l.l1ruJ1 ~1m~a'W-~1t~tJ/~1'W~fl'U11"1n ~l.l~~ .I"''WtJBVlfliVlm ~~~~'U~Vl1~ 
~ ~ ' 

J1mfl1~. http://hydro-8.com. (~'\J~'W~~Bl'W~ 21 ii'W1fll.l 2553) 

fl~l.!Vl'i~mfl~J1. l.l.\J.\J. fl11l.l~B\lfl1~1-i!J1~1~~'Wfl~1l.lfll.IJ1.thaienvimonitor.net. , 
http:/ /www.thaienvimonitor. net.(~'\J~'W~~Bl'W~ 21 ii'W1fll.l 2553) 

" Vl'i~mmth ~~e.J'Wfl~1~1~. ~1'W-ifal.l~ 
"' ~ 

m~hJ'Vh~1t!e.J~~~b ~\l\J~~ ~Vll"'1 Vlt!. 2543. -ii'm.J~fl11l.l~B\lf11~1-i!J1~1'W~1\l ''l- m~Pifl~1 ~~a 
\J1''U\J~\l RULE CURVE "llB\leJ1\l~tl'\JJ1~~B'W1"ll"ll\J~~.fl1 . fltu~vl1\l1'WPifl~1~~a\J'i'U\J~\l , , 
RULE CURVE. 

m~Vl~1\JV11~mmli~~l.l"ll1~~b~~~\l~n~~al.l. 2537. \J~~ml"'flru~m~l.lm~~\l~n~~Bl.l~b~\l"ll1~ 
u'\.J'U~ 8 <~-~"~- 2537) aafl~1l.IL'W~~~~1"ll'\.Jruru~~\l~~~l.l~L~~-rfl~1flrum~ ~\l~1~~al.l v v , 

~b~\l"ll1~ ~ .1"1.2535 
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l.lvn1vn:n ~ tJ, m~~ 1'1 m~'Vl-r'rl tJ 1 mJ11 tJth~ b 'Vlfl11 'VltJ, ( f11\l b 'Vl'rl"1: 
' 

lJVI11'VltJ1~tJ) 

L'Vl'n-rm~1 LR~eJf1~1tJ, "ll£;15~ ~tJb~~qJ, bu~l.l~n~ vi1tJb~~qJ, ~vh U'ruGfJ~£;1, tJ~fl1~1 tJ'J~£;1, 
LntoJ~tJ LntJ~~n£;11V~tJ£;1~, Y~eJ~I'l9i oUtJ'VleJ\1 bb(;l~Ln~tJ\I~n~ u1i1\l. 2553. fliJun'ru1Vfm~tJ 

q \J '\J 0~ Cll 

1 tJ n1~tJ ~vn ~~1'1 m ~J 1 eJ'IJLfl R'U ~1fl r1.1 tJ~ r;1 \11tJ 1 ~ tJ ~ 1tJ m ~'U ~'Vl1 ~~ 1'1 m ~'Vl-r'rl tJ 1 mJ 1 
' tJ~~':il1tl 2553: 61111'ni~tJ ~~tJ1bb£;1~eJ'Vln1'Vlm ml.l'Vl-rY~mmJ1. 'Vl1!1 39-51. m\lb'Vl'rl: 

' ' 
2553 

5~~Yl£;1 ~\l~lJ'U~ru. 2549. m~ 1 iJ1"lleJ\IYl"ll. beJf1~1~tJ~~neJ'Uf11~'U~~tJ1tJ'Vl~ n~l'l~m~u-r'Uu~\1 
'IJ 'IJ ' 

~~'U'U m~~l'l m ~tJ b~1tJ m~ bf1toJI'l ~"ll£;1'1J~~'Vl1tJ. ncil.l\11tJ1 ~ tJ m~ 1 iJ1"ll£;1tJ ~~'Vl1tJ. 61111' n 
' " 

eJ'Vl n1'Vl m bb£;1 ~'U~'Vl1~1l1 
' 

UqJ"ll1 "lrYqJ~tJ. 2541.beJf1~1~tJ~~neJ'Uf11~~eJtJ1"ll1m~~l'lf11~L~mJ1. mR1"ll11fl11m~l.l 
"1f£;1tJ~~'Vl1tJ 

lJ'Vl11'VltJ1~mntoJmfl11~1'li 1'VltJ1 bl'l n1 bb Yl\1 bb~tJ, tJmtJ~lJ.lJ'Vl11'Vl tJ1~ tJ~\1·~~1\Jfl~tJ'Vli. 2531 . ... 
~1tJ\11tJf11~~f1'l'J1f111lJ~eJ\If11~ 1 iJ11 tJcilJ'Vl~ b£;1~1'U~\1"1J£;11. 

' 

hJtJ~1nn~mrbb~\l. 2553. ieJlJ£;1bb'Vlci\lvieJ\Ib~m1R~\1~~1\I~tJ~1tJ ~ntoJru~b~eJtJ. ~1tJf111lJ~'Vl1\l d.J \1 \1 d.ll d.l \1 

1'VltJ1fl11~1'libb£;1~b 'Vlr11 tJ L£;1 m tJbb 'V!ci\lvieJ\Ib ~m. http:/ /www.scitour.most. go.th!. (~'U~tJ 
blJeJ1tJ'Vi 15 Yl~'l'Jfl1f1lJ 2553) 

~\ltJm 'Vl1tltJ. 2549. m~1 iil'l1bJi1m~l'lnitJ'Vl~\1"1JtJ11'11 'V!fl itJ~~bfl'Vl~tJVJeJ\IJ1b tltJ~TU\I~RrumY~ , \1 g~ • 

J1 'Vl1'1"1hmV~"'leJ\IbblJJ1tl\l tJ 254 7-2548. 1'VlmiJY~tJ51'VltJ1fl11~1'l~lJ'Vl1Uru6fil'l,~1"1111"1l1 
;a11'VltJ1, l.l'Vl11'Vlm~m ;atJ\11 'VllJ. 
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i"tl~ Yloff£Ja-:)fl~1lJ . 2553. aO~tl~-tlVlfliVlmL~e)'W1'"ll"lltl~~.fl1. ~1£J-:)1'Utl~lJ1UJtl1eJ'U. (~lJ.fl1~tU , , , 
.o:d Q.l ..J Q.l t: 

LlJtld'UVl 20 fllJ.fl1'W'U5 2554) 
' 

£11,j'fl-:)1'U~WJ'U1flfl.!.fl1Yl~'UFhfl1~Lfl~~~- 2553. £11,j'fl-:)1'ULfl~~~rl1Lflm•nnvh tl~lJ1fl.!fl11lJ 
' ~tl-:)fl1~tl1"1J€J-:)~"IJ1~ ~"lla'J'U ~"lleJfl. http://takfa.nakhonsawan.doae.go.th ahJ~'WbritJ 

l'U~ 15 'Wt)~.fl1fllJ 2553) 

ri-:)a~~-w "ll1'Ja€l1~, BlJlJ1~ a£J1lJ'J1(11, alJ-w~ Bf'li"1'W'W'¥1, Bliltl~ f!la~~f!l1a~{. 
n t1 'U n"' ~ 1 £J ~ u fl ~, alJti'~ LLBiiLL~, i'lf'lalJ ijnlJ, LL(I~flru~2544G1'1,Jni:S'mb"~~w.~u1 

' 
~'JlJ n'Uflru~if!l'lm~lJf!\1a ~{ .. Lb'W'J'W L8'U18m~:S'~ m~tl1£1Tvi1''Utl~~ b Vlf!\1 Vl8. ~18-:)1'UtltJ'U 
alJ'U~ru. G1'1,Jfl-:)1'Ufle:J-:)Vl'Ua,J'Uauum~i:S'£J <am.) 

'\J ' ' 

" 
a n1 'tJ u a 1 ~au L Vl f!l Vl1' w 81 n ~ ti1 LL"' ~ n1 ~ L n ~ ~ ~. 2 55 3. L n ru o;1 n1 ~ 1'11 u 1 ru fl 1 1lJ 

(;} tl -:) fl1 ~ 1 ozJ tJ 1 L ~· tl fi lil fl ~ ~ lJ tol 1-:) "]. tJ 1 L ~ tl fl1 ~ ~ tJt.fl fl 'U ~b.fl fl Lb (I~ fl1 ~ vl tJ-:) L ~ 8 'J 

http://wvvw.haii.or.th/wiki!index.php/ ~'U~'U Lrie:Ji''W~ 15 'Wt)~.fl1fllJ 2553). 

alJ'Vl'W~ vi1ufi~'Jil"ll~, L~~lil~~~ ~~1-:JI"', wu1i1 6lbfi~1m~, .flVl~n~ Ltt1nq~1~m~ m'l~5'U'J~ 
L~"ll~fiVlVl'J~n". 2553. flrum-wtl1 Lb(l~fl1~:S'~m~. fl~-:)~ 1.a-:)"llm: h-:)YllJWlilt18'W~'W-vi. 

' ' 

£1'1,j'fl-:)1'Ub Vlf!\'U1(1~1'U(ItJ1'UL~£J'JVI(I1'U. 2552 . olltllJ(lLVlf!\'U1(1. olltllJ(I~'J 1tJ. £1'1,j'fl-:)1'ULVlf!\'U1(1 
'\J '\J 

~1'U(Itl1'UL~m'VIm'W. http://wvvw.ehiewlarn.go.th/ (~'U~'WLritJ l.5 .'Wt)~.fl1fllJ 2553). 

£1'1,j'fl-:)1'U~WJ'U1flfl.!.fl1'W~'U~1Lfl~~~. 2553. ~~'U'U 1 ~tJ1~"ll. fl'J1lJ~tl-:Jfl1~tl1"1Jtl-:J~"ll. 
' 

http://wvvw.agriqua.doae.go.th (~'U~'WLrie:Ji''W~ 15 'Wt)~.fl1fllJ 2554) 

ri1,Jfl-:)1'Wtla~L 'Vlf'I'U1(1~1'U(itJ1'UL ~£J'JVI(i1'W. 2554. oU'BlJ"lil1fl-:)1'U'Vl~L u8u~1~~~. £11,Jm1u 
0 "' .el • ~ v 4 

L 'Vl f!I'U 1"' ~1 'U"' 'U 1 'U L "ll£! 'JVI(I 1'U. http://wvvw.ch1ewlarn.go.th/ (a 'U fl'U LlJ t1 15 

'Wfl~.fl1fllJ 255 5). tJ-:) ~fl1 ~'U~VI1 ~~'J'U ~1'U(I'W ~~ Lba-:). 2555. a .fl1'W Lb(l ~olltllJ(I~'U;i1'U . • , '\J ... 

e:J-:)~fl1~'U~VI1~ ~'J'W~1'U(I'W~bba-:). http://wvvw.pasang.go.th!history.php (~'U~'WLri€1 
15 'Wt)~.fl1fllJ 2555). 
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eJf!IV11 fll1LlJtl~, Bfii:W'U ~:W~fl~, 'l~i8 LL'W~LLn1, eltl'U~'U'V11bfll1Jl11'W~-M, 11'U"ll ~m~1J'U, 
' ; ' 

LL~~UV11~fl"Mru a'VlB'W~. 2555. ~:W1fll:Wlflldfl11:W~~LL 1V'lae:J:WLLvf~'l.h~ L 'Vlfll1 'V18. fl11'lh~"ll:W 
' 

l"ll1 fl11~~ LL 1Vla tl:W LL vf~"ll1~fll~~~ 11. ~ fl'Mtu~U L 1fll-tl'Vl fll'V181'1ltl~ LL 'Vi!;)~if1 hm: 
' 

mrufllfl"M1L tl~H'UL Yl8'U1~'VI';h~L ~tl'U~"ll"lltl1~fl1 L~tl'U'IJ'U~1'ULL~~ L~tl'Utl'U~~IJl'IJ. i''U~ 21-. ' ' 
23 lJ'U1fll:W 2555. 

e:Jnu'U'l-1 ~'U(Jl~-u. (2547). m11~~n~1Lfll11~~-ne:J:w~~1'Vi~'Ui'Vlmu-w'U5'V11~u1nfil. 
'U ' 

.<1:11 .<:::\. QJ QJ q 

'W1~'Ufll1fll1e:J8581 : :W'Vi11'V181~811'1J.fl1l'W1~'Ufll1fll1e:J8581. 
' d.J ' 

e:Jnir'U'l-1 LL~~tl1~L~~~ LL~~'W~#ln~ L'VI!;)1~. 2555. m1tl1~8n1Jl1~"'1Jl1wu1~'U1'Um1~V'lm:w 
~ ' 

IJ111fil~tl'Uflltl.lfl1'W~~ LL 1Vlae:J:W'V11~J'1 'U~ L 1UJLLlJJ'1'W:W L~8~ ~~'VI1V1~11'M1l1u1i1. fl1';itl';i~"ll:W 
, q 'I d.J " 

.c:::r. QJ ..:::i a:, .dA. Q.J t{ 

1"ll1fl11fl11'WWJ'U1"ll'U'U'Vl'V18~8'U 16-19 fl:Wfl1'W'U5 2555. 
' 

American Plubic Healtk Association, American Water Works Association and Water 

Environment Federation (APHA, AWWA and WEF). 2005. Standard Methods for 

the Examination of Water & Wastewater. 21st Ed. American Plubic Healtk 

Association. Washington D.C. 

Ahmad AR, Nye PH. 1990. Coupled diffusion and oxidation of ferrous iron in soils. I. 

Kinetics of oxygenation of ferrous iron in soil suspension. Journal of Soil 

Science 41:395-409. 

Hellawell, J.M. 1987. Biological Surveillance of River : a Biologyical Monitoring 

Handbook. Natural Environmental Research Council, Englqnd Water Resarsh: 

Center 

Kositsakulchai, E., F. Molle, U. Kumnuaslip, and P. Chevallier. 1999. Analysis of water 

and power management of the Mae Klang river basin: A regional 

analysis within a nation scope. Engeneering Journal Kasetsart, 37: 67-85. 

Lehmen, P.M. and Sonith, R.W. 1991. Environmental Factors associated with 

phytoplanleton succession for the Sacramento-San Joaquim Delta and Suisun 

Bay Estuary, California. Estuarine, Coastal and Shelf Science. 32(2), 

105-128 
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1. m ~ fl1'W1ru~'W 'VI1~'W~'VIih lii~"IIB~~~ ~ n~1 1. .yj B ~ n~1'VI1 r111:w~:w~ wh~'VI-;h~ r11111 ~B~ m ~ • 
tJ~mrut11nuer~~1m~ 1 'VI""IIB~,Y11 'Wlld.lt11r1"B~~~ 1.1.r;N 1~~u1rh\JI1~ 1 ~'V111~:w11.l 'Vl'W 1 'W~\JI~"IIB~ 
Manning Formula l~B'VI1r111:Wl11t111~~~t1:Wfl1~~ (1) U1111fl1'W1UJ'VI1eJ~~1fl1~ 1 'VI" ~~t1:Wfl1~ 
~ (2) 

(1) 

O=A.V. (2) 

1.1) ~~~n~1~ 1 ~1,Y1f'l"B~~~lbt1~ vim~u1~,Y1l~B'W-!"ll"lltl~~m \JI.I."ll1~~ B.'U1'W\JI1"ll'W • • 
<( "" 

~-~~1~~~51'\J 

tllu(JIIM) 

·~I ............_ .... • ...... 
+JM ........::=:: :;..;;"' ........... . 

·- ... 
~· 

, ,. , 
Jdlr IIHI •• SIL1+4M.IMS .......... 

.n1'Wth::nBu.n1fle.J\11n n 1 m~~1t11m~~~"l111~"11B~~~~n~1~ 1 ~1,Y1ri}lei~~::1.1.t1~ vim::u1~ • 
,y11.~eJ'U'!"ll"lltl~~fl1 ~.1."111~~ B.U1'U~1"ll'U ~-t1~1~fl{5TU • • dJ 

v = 

v = 
Q 

= 
Q = 

17.7 

A.V 

3 
m Is 

3 
36.65x17.7 m Is 

3 
648.70 m Is 

3 
m Is 



--
+U ... 
+7.8 

... ~--------------------------------------------------~ I •• I I I 

JIII•IBII SIL5+41UI 

, .•. ...... 

" . " 
.fl1'Wth::nv'U.fl1flN\11n n 2 .fl1'W~1'lh.n1'W~{Pl"lJ11~"llil~~~~m!tTVi 2 ~TU1f1(;le:J~'V'l~ LL61~ 

v 

v = 
Q = 

= 
Q = 

' 

3 
15.65 m Is 

A.V 

96.91x15.65 

1,516.64 

3 
mls 

3 
m Is 
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-
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1.3) ~~flin~1~ 3 {;)1~1fl(l€J,n~:m61~ 1~1."ll1.W~ (JI.I."ll1.W~ €J.tJTU1(JI1"1J'W ~-61~1~f"~'~51'l1 
, , 1 6J 

.ell I d ~ 
:u~~t.J~'Vi1~~~n~~'Vl 2 L'iJ'W~~tJ~'Vl1~ 3 I.:U(JI~ 

' 

.... 

-
........ 
,. .... 
....... 

.fl1'W'\.J":i:mel't..J.fl1fli~'W1n n 3 m-wi:)1J1.n1'W~fl'tl11-:l'tlv.:l~~f!ln~1~ 3 {;)1~1fl(l€J~'W~I.I.G1~ l~l."lll~~ 
' V' i.l 6 .<:::11 

(JI.I."IJ1'W~ €J.'U1'U1(JI1"1J'W ~-61~1~1l~fi1'W 
' ' ':.J 

v = 

v = 
Q 

Q = 

_1_(61.84)~ 1.5~ 
0.1 68.02 

3 
11.49 m Is 

A.V 
3 

61.84x m Is 
3 

706.21 m Is 



.... 
+U 

""-+7.31 
~ ... ......,.__-----------:7",_..,--- I ..... 

~ +..w. 
I -

+• 

I I I I I 

,.... ... II. 22+11'!.11 

,. .... 
....... 

.n1'Wtl"i::neu.n1fleJ'U1n n 4 m'V'l~1tl1m-w~~"l.l11-!l"l.IB~lil~~n'l!t1~ 4 ~1tl1~CIB-!l'W~LLt;N 
' 

... <{ "" 

~~'V'l1'U'V'l~LLI;N ~-'V'l~LL~~ el.'U1'W1~1"ll'W lil$~1~fl'.i51'W 
' ' 61 

v 

v 

Q 

Q 

2 I 
_1_(118.04)3 3_002 
0.1 60.31 

27.13 m
3
/s 

= A.V 

= 118.01x27.13 m
3
/s 

= 3,202.42 
3 

m Is 
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1.5) l\l~fiin~1~ 5 ulJthv~:w~1~ 1\l~'U':i':ii\I'Uflf!t!~f!lflUf!~flflt!~~~~~ ~I.~'Um'U t!.'V'l'U:W 
' ' ' 

({ q_ q I ~ C:0: 

l\l$~1~fl':ill1'U :W':i~tJ~Vl1~1\11fli\I~'Vl 3 ~'iJ'U':i~tJ~'V\1~ 5 ~:W~':i 
' dJ ' 

~~------------------~---~~~ 
~------------------------~ ~~~ ' 

··~------------------------------------------------------~ I I I 

v = 

v = 
Q = 

= 
Q = 

I 

2 I 

_1_(134.43)3 2.52 
0.1 75.03 

23.31 m
3
/s 

A.V 
3 

134.43x23.31 m Is 
3 

3,133.56 m /s 

-



105 

2 . eJ(;l11nTn~~"lla-:~~TU"J'U'th~"1l1fl1 L~aPin~1G'1~~~"1Ja-:~J1 10 tJ 1~t~~-b'a~~ti'a'U'VI~'l (Yl.fil. 
' 'IJ 'IJ 

2544-2554) LL~~L'UeJ'U1fl(;l"lh'l 5 tJ (Yl.fil. 2560) LL~~"Ii1-:1 10 tJ (Yl.li1.2565) L~eJ'VI1LL'U"J'V11'ln11 
~~m1'Vl-r'VlmmJ11~t~1 i·th~ 1t~"1l'l1-;nmLliJ1fl~a-:~Yl~LLG'I'lL 'UB'U1fl(;l 

8000 

7750 

7500 

7250 

tl (V'l.l'l.) 

-;i1'UTLJ 

'IJ-s~'l!1m 

(l'l'U) 

I 
y = 7472.xo.oz1j 

_ R2 = 0.995 1 

lll 

~1U1U~~~~1n~~~~~~ 

y = 7472.x0·021 

I 
i 

~~1'U"J'U'lh~"1l1fl1~'l'VI~~~I~ 
++-----------------linear eq 

1 2 3 4 5 6 7 8 9 10 I 

2555 2556 2557 2558 2559 2560 2561 2562 2563 2564 2565 

7,578 7,577 7,650 7,709 7740 7,770 7,797 7,819 7,839 7,857 8,255 



,. 
' 
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"' > 

1) fiUJfl1'V'l'I.JTVll-:J f11 tlfl1Yl • 
flu.tfl1Ylthvn-:Jmt!.rn'V'l lirh ~n:w Lflru6fi':W111'HJ1'Uflru.rn'V'lJ'11 'ULL 'Vlcl-:JJ'1~1 • • • 

~'U 111:W"IJ€l-:Jfl1~'1'111-:J'Vl~'V'ltJ1fl1t:i11:W"Il1~LLrt~~-:JLb1~~€l:W tJ 2537 

2) fiUJfl1'V'lJ'1'1'11-:JLfllJ • 
~ru.rn'WJ'1'1'11-:JLfllJYltf;h 'V'l111lJL11e:J{~1-:l"]L'ULb 'Vlcl-:JJ'1 l'iJ'U hJ 111:W Lflrusn 

:w 1111~1'Uflu.tfl1'V'lJ'11 'ULL 'Vlci-:JJ'1 ~1~'U :W1111~1'Uflu.tfl1'V'lJ'1 ~1~'U m~'l'l11-:J'I'l~'V'ltl1fl1t:i11:W"Il1 ~ 
dlll .q dlll , 

(2537) 

~-:J~1:w11fl~1'lJflru.rn-wJ'1'1'11-:Jf11tJ.rn'V'l LLrt~ Lflli ~-:J11111-:J~ "11-1 • • .ci .d d d d d d 
11111-:J'I'l "IJ-2 l?l111-:J'I'l "II-3 l?l111-:J'I'l "IJ-4 l?l111-:J'I'l "IJ-5 l?l111-:l'l'l "IJ-6 11111-:J'I'l "11-7 LLfl~ l?l111-:J'I'l "11-8 

~ 

Iron Ammonia-~~Ln\J 
Temperate DO Manganese-

~'lmh~/ Turbidity pH TDS TS BOD Fe Nitrogen 

Yi1~1lJL"eJ{ 
(mglll 

(mg/l) 
Mn (mglll 

(mglll 

eJ1n1f'! J1 

... 
1 29.65 27.15 45.05 4.95 46.59 6350 0.65 2.13 0.68 020 0.15 

2 27.75 26.85 5.29 5.73 41.44 61.50 0.53 323 0.85 0.22 0.13 

3 27.95 2135 3.67 5.68 42.48 58.00 L32 6.22 0.62 0.16 0.09 

4 28.10 26.95 3.69 6.03 44.45 51.00 1.57 4.90 0.61 0.18 0.09 

5 28.95 21.15 36.55 6.02 suo 55.00 255 6.18 0.86 0.82 0.19 



< 
> 
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~1"11.:!-vi "U-2 flfJJ.flTVfthnrudifnr~~'U1tl,Y1 L ~eJf111e.J~t9lm~ LL~ 1 'VJYhlleJ.:J LLli,Y1fiG1 eJ.:J'W~ LL~.:J 
' " ' 

b'Uf:J~e.l'U R1'.:JVl 2 

~ 

Iron Ammonia-~f!Lnu 
Temperate DO Manganese-

mmh~/ Turbidity pH TDS TS BOD Fe Nitrogen 

W1'i11ium1 
(mg/1.) 

(mgll) 
Mn (mgll) 

(mg/l) 

!l1tnl'1 J, 
1 29.85 27.35 65.25 6.33 44.67 64.50 0.75 1.89 0.64 0.16 0.13 

2 26.15 25.65 10.53 5.77 41.16 60.50 0.77 2.89 0.81 0.18 0.11 

3 27.85 26.55 8.47 6.74 41.12 59.00 1.58 5.76 0.58 0.16 0.10 

4 27.90 26.75 6.87 6.67 42.25 52.00 1.43 4.56 0.59 0.14 0.09 

5 28.55 26.75 52.25 6.56 48.76 60.00 2.35 6.40 0.89 0.78 0.23 

... 

~f!LRu Iron Ammonia-
Temperate DO Manganese-

ii1lll.i~/ Turbidity pH TDS TS BOD Fe Nitrogen 

'W1'i11iLJI!l{ 
(mg/l) 

(mgll) 
Mn (mg/l) 

(mglll 

!l1tnl'1 '111 

1 27.75 27.15 4.99 6.15 41.33 42.35 0.45 2.76 0.41 0.14 0.24 

2 28.75 26.55 37.35 6.45 39.05 43.65 0.65 3.46 0.57 0.15 0.18 

3 28.15 26.80 39.05 6.48 36.69 47.56 0.85 6.09 0.44 0.19 0.18 

4 27.25 27.05 23.07 6.54 42.56 49.05 1.56 4.56 0.53 0.12 0.15 

5 26.00 25.75 135.55 6.87 48.67 86.95 1.66 4.69 0.67 0.35 0.16 
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~1'i1-3vl 11-4 f'1rumv-nhuru~1:W1im'i'i~'ll1CJJ'1L~Bm'i~~~m~LL~1vJvh'llt~-:JLL:WJ'1f'1~B-:J"W~LL~-:J , 

1'Uq~~'U f')~-:j~ 2 

~~LfhJ Iron Ammonia-

ii'11ll'h~/ 
Temperate 00 Manganese-

Turbidity pH TDS TS BOD Fe Nitrogen 

Yi1~1ilLfls1 
(mg/0 

(mg/1) 
Mn (mg/1) 

(mgltl 

ll1n11'1 J, 
1 28.25 27.65 7.03 7.15 43.53 44.65 0.65 5.20 0.31 0.18 0.18 

2 28.55 27.05 52.85 6.69 41.35 44.35 0.75 5.70 0.63 0.17 0.14 

3 28.55 27.10 48.45 7.14 41.01 69.44 1.65 4.63 0.70 0.17 0.18 

4 27.75 27.65 30.83 6.96 50.84 48.95 2.24 6.86 0.35 0.14 0.11 

5 27.00 26.15 343.95 7.93 66.15 102.50 1.86 6.45 0.45 0.43 0.24 

~fiLRU Iron Ammonia-
Temperate 00 Mali'gariese-

ii'1llEhl/ Turbidity pH TDS TS BOD Fe Nitrogen 

Yi1;1:ULflll{ 
(mglt) 

(mg/1) 
Mn (mg/1) 

(mglt) 

ll1n1!'1 u1 
1 28.75 27.15 7.49 8.11 43.52 61.85 0.45 2.52 1.00 0.18 0.28 

2 27.00 28.10 6.57 7.45 42.35 63.17 0.65 2.84 1.10 0.17 0.28 

3 27.55 27.55 6.95 7.73 41.91 47.36 0.65 3.85 0.70 0.11 0.27 

4 28.15 28.00 5.65 7.57 40.30 59.85 0.57 3.75 0.87 0.20 0.23 

5 28.00 28.25 32.08 7.35 41.74 66.32 0.95 3.33 0.85 0.25 0.23 



110 

~1'11~-vi 'tl-6 flrum'Vl~ 1-nrud:im·r~::u1t.J~1L Yle:Jm1t:.~~~m:: LLG11 'W.Y:hone:J~ uli~1fl"e:J~'Vl:: uG1~ 
' 

L'Utj~LL~~ fl~~v11 

'ijf\1~\J Iron Ammonia-
Temperate DO Manganese-

fi'1mh~ I Turbidity pH IDS TS BOD Fe Nitrogen 

Vl1~1ii•JI~{ 
(mg/1.) 

(mgl\l 
Mn (mgl\l 

(mg/1.) 

81n11'1 J, 
1 29.25 28.75 6.75 5.73 40.08 59.15 0.35 2.38 1.00 0.14 0.28 

2 28.10 28.60 7.19 6.59 40.61 64.83 0.45 2.76 0.86 0.15 0.26 

3 30.25 29.35 8.33 6.35 40.15 49.64 0.75 1.95 0.70 0.15 0.25 

4 28.75 28.00 5.83 6.83 41.36 53.15 0.73 2.05 0.90 0.18 0.25 

5 28.00 27.55 64.34 7.07 40.56 61.68 1.15 1.87 0.85 0.19 0.27 

~1'11~-vf 'tl-7 flfllfi1'W~1'nfl!:: 1lJl:if1111::U1t.J~1L Yle:Jf111t:.l~~m:: LLG11 'WYh"ne:J~ LLlJ~1fl"e:J~'Vl:: LLG1~ 
' 

L'Utj~LL~~ fl~~~ 1 

. 
Iron Ammonia-'ijJilfl\J 

Temperate DO Manganese-
mmhl/ Turbidity pH TDS TS 800 Fe Nitrogen 

Vl1~1iiiJI~-l 
(mg/1.) 

(mg/1.) 
Mn (mg/1.) 

(m<iJt) 

~1n1!'1 J, 
1 25.01 26.85 26.39 6.97 50.75 72.25 0.17 2.50 0.75 ., 0.13 0.29 

2 25.35 26.50 29.51 6.73 49.44 60.73 0.33 2.20 0.49 0.13 0.25 

3 25.75 26.95 23.69 7.55 42.85 48.99 0.14 1.80 0.59 0.16 0.25 

4 23.25 27.35 26.51 7.60 45.41 55.64 0.21 1.80 0.57 0.18 0.29 

5 25.95 27.65 60.43 7.61 88.45 153.00 3.40 7.40 0.67 0.75 0.30 



111 

\011'i1~vi 11-8 flrumvnhllru~hJi1m1':i~U1ml1lvJeJm':ie.~~\Oim~lla1vJYl1'lleJ~lllhl1flaeJ~~~lba~ 
' 

luq~ll~~ fl~~~ 2 

" Iron Ammonia-~f!Lnu 
Temperate DO Manganese-

il'lmj1~ I Turbidity pH TDS TS BOO Fe Nitrogen 

Yl1~1iJLf!il{ 
(mgll) 

(mg/l) 
Mn (mg/l) 

(mg/l) 

a1n1f'l th 
1 26.15 26.55 20.15 6.37 48.25 63.75 0.12 1.80 0.57 0.13 0.25 

2 26.35 26.55 25.25 6.57 45.56 65.27 0.27 2.50 0.35 0.13 0.19 

3 25.15 26.75 23.65 6.89 43.05 53.01 0.16 2.80 0.67 0.18 0.23 

4 25.15 26.95 26.57 6.78 48.35 52.36 0.19 3.00 0.69 0.14 0.21 

5 25.65 27.15 70.55 7.15 55.35 135.00 0.20 3.70 0.71 0.57 0.26 
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l.LL UUilil\JCl12Jfi112JcW~VUl Llil 
Lnrutti'm~l cMfi::LL 'U'ULL uuaeum2Jfi112JcW~'Wil Llil 

'H::~Un1';i L ~fl::: LL 'U'ULL 'UU?feJUfl1lJfl11lJy;\I'VleJ l"iJ ~1m11 LL UUlJ1\Jl';i1ci1'U'lh:::lJ1ru~h (Rating Seale) 

mlJ16"UB\I~lLfi'f'Vl (Likert Type) ~\Iii 5 ';i~~u ~a ';i:::~'UlJ1f1~?1~ ';i:::~UlJ1f1 ';i:::~ut.l1'Uf1m\l ';i~~u . ' 
' "' V Q.l II .cal QJ .c::!l 

'Ue:Jtl LL!;1:::';i:::~'U'Ue:Jtl'Vl?f~ ~\I'U 
' ..; ' .., 

5 fi:::LL'U'U lJ1f1'Vl?f~ L 'V11f1'\J 
' ' .., 

4 fi:::LL'U'U lJ1f1 L 'V11f1U 

tl1'Uf1m\l 
' .., 

3 fi~LL'U'U b'V11f1'\J 

"' ' .., 
2 fl~bb'U'U 'Ue:Jtl b'V11f1'\J 

"' ..; 
L'Vhtl'U 1 fi:::LL'U'U 'Ue:JtJ'Vl?f~ 

' 
b ~ tJ fl::: Lb 'U 'U ~1 ~ lJ 1l L fl ';i 1::: ~'VI 1 rl 1 L tl ~ tJ b !;1 "U fl ru 1'1 n 1 ';iLL tJ !;1 

fl11lJ'VflJ1tJ"UeJ\I';i:::~ufi~LL'U'ULu~tJ ~:::Ej~'Vf~mnrutti' (tJ'V161nm';i';iru, 2550) ~'~d 
' 

" f11111n11\l~a\lLL~~~erut9l'Sfl1rt~u = fl~LLtJtJ?t\l?t~ - fl~LLuu;i1?ft'l 
" ' ' 

"il1'U1'U';i:::~u-ti'U 
5-1 

5 

= 0.8 

' " tfrv I 1J II I QJ ..r::::l Q.lcl 

~1mnrurn~\lnm1"U1\II'l'U LL'\J\I';i~~ufi:::LL'U'ULtl!;1tJ ~\I'U 

fi:::LL'U'ULu~m~WJ1\I 4.21 - 5.00 'VflJ1tJtl\l ';i~~Ufl11lJy;\I'VleJL~lJ1f1~?1~ 
' 

fi:::LL'U'ULtl~tJ';i:::WJ1\I 3.14- 4.20 'VflJ1tltl\l ';i:::~Ufl11lJy;\I'VleJL1illJ1f1 
fi:::LL'U'ULtl~tJ';i:::WJ1\I 2.61 - 3.40 'VflJ1tJtl\l ';i~~Ufl11lJy;\I'VleJL~tl1'Uf1!;11\l 
fi~LL'U'Ubtl~tl';i~WJ1\I 1.81 - 2.60 'VflJ1tJtl\l ';i~~'Ufl11lJy;\IYlr;J,l"iJ.Ue:Jtl 
fi~LL'U'ULtl~tJ';i:::WJ1\I 1.00 - 1. 70 'VflJ1tJtl\l ';i~~Ufl11lJy;\I'Vle:Jl"iJUe:JtJ~?f~ 

' 
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II 
"' 0 'VI':iVUJ10':i'U1 

th~Lblil-:1 : LLtJtJil11fl1'ttnhh::ml'I.Jn1':i'Vi11'VIa1il~'U5 (Thesis) 'tleJ.:i'l!nfln'tt1tAtyqp1'VI ~1'tl1 
n1':i~fln1':i~.:ILL 1fl~el11 11'VI11'VIfl1~fl~.:l'tl~1'Ufll'i'U'VI{ ij~.:I'VIllfl 4 ib'U 

. 
ib'UVi 1 

' ..a 
~1'U'VI 2 

' ..a 
~1'U'VI 4 

II J/ I 

'tlel~~~'U11'U'tlel.:ILL~~::'4fllfll~ 

1.1 L'WPI 

1.2 en~ 

1.3 fl11~n'l~1 

1.4 m;gw 
II II 

~1'Un1':iihb'Ui111L'Un1':i~fln1':i'VIj~fl1n':i'lhLL1hhfl~eJ.:i~::LL~.:i 
o II OIQ,/ dc:l 

el1Lflel\J1'U~1"l'U lii.:I'VI1fli!':i1'tt!J':i61'U 

2.1 fl11Li1~1l.l'lh~"11l.l 'Vt~eJ1JmJ'I.J1l.l"llel~'VtU1f.J~1'UL~e:J'U1'"11"11'lh~m 
' 

2.2 fl11~1l.l 1·&'thil1fl"lll.l"li'UVhml1 
' ., 

2.3 fl11~1l.JinbL(;'I LL(;'I~1'fl'l~1bb'Vtci~tJ1 
\1 

2.4 fl11~1l.l 1 ~.UeJ~I'IL ~'ULL(;'I~.Um?t'UmL'U~ 

2.5 fl11~1l.J~Inl'l1l.J b~11~1'1 1'11T'il?lel'I.J 
II 

~fl1~UCU'V11 ~1L'VI~ LL~::ifm~'UVLL'U::LL'U1'V11.:in1':i~fln1':i'VIj'~f!1n':i'\l1'tlel.:i~1 ., . 
l: 

'U1fll~el.:I~::LL~.:I 

3.1 ~1'U'I.J'il.l1ruJ1 LL"~11ru.mwJ1 
3.2 ~1'Ufl11i1611'U~'dl.J 1 'Ufl11'<illnfl11 

3.3 ~1'U1~'1.J'I.J~Inl'l1l.JbL(;'I~b~11~1'1 

fll1111~el.:ln1':i9i1.:1 ~ LL~::iJ'eJ L~'UVLL 'U::L cH'VIU1fl.:I1'U~ L~fl1ifeJ.:I~fln1':ifl1 b il'Un1':i 

4.1 ~1'Ufl11'<illn'Vt1LL'Vtci~J1 LL(;'I~oW~'U1bLVtci~J1~1Vt1''1.J 1-tl''I.J1~ bf.J"lltJ 

4.2 ~1'Ufl11'1.J1''1.J'I.J1~filrumwJ1 
' ' 

4.3 ~1'Ufl11i1611'U~'dl.J"llel~"lll.J"li'U 
' 

4.4 ~1'Ufl111cHI"l11l.J~ LL{;'I~fild1l.JLi11"iJL~f.Jdtl'I.JL~eJ'IJ1 
\1 



0 3 
fl1'tfLLlil.:l 

LL UUi1ilUtl111nT~1~EJ 

nT~i1ilUti111Lyjiln1'iAn~TU~111tuJ1LLfl:fltull1'WJ1\11EJL~il'Ui'tf'tfth:ll1 • 4 C\ Ql Q,l t' 
L'Wiln1'iU'a'V11'ilill1lnT'a'Vl'i'WEJ1n'i'U1 
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g .,j g -~ ~ ~ II .,j "' tl .,j ""' 
n1'irln~1L'iil.:l n1'irln~1u'i111W'U1LLfl:fltull1'W'U1VI1EJL't.lil'U'i'tf'tf 'i:ll1 L'Wiln1'iU'i'VI1'i • 

~" n1'i'Vli'Wa1n'iJ1 L ~ e:Jrh~1 ~.;; mm ~'U ~1'U r11111~-rrm 1 ~"Ue:J.:J"ll11"1l'WVh ~J 11'1 e:1 n 1 ':i~ 111 1.'1':i':iJ 1 
~ ~ ' 

1111m ~EJ'W-r"ll"llth:ll1~~e:J 1 irhvt'WI1l'W 1~u1~m':i~l111.'1':i':i'Vl-rV'ImmJ1"UEJ.:Jm':i~~l'lm:~~1.'11 vJvh 1111~ 1 ~ 
~nl1lthd1'Vlfill1V'11.'1.:~1.'1111 

~ ' 

~.:l.j'U ~1~EJ'fJilfl111Jn'ltu11'lilULL UUi1eJUtl1111'1111fl1111L thJlil~.:lfl1EJ .ijeJ11fl'tJv.:!'Vi1'Ulil: v • v 

L tl'Utl'i: la'tf'UL 'Un1'ifl1'i1lil L vJa m'ifl n~1t1~111 ruJ1 LLfl:fl tull1cwJ1\11a L ~v'Ui'tf'tftl'i:ll1 L vJa • 
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Fi1~tbfii.:J fl"HUTVhLiil~eJ.:J'Vl1J1~ I rt-:~1'U'lieJ.:~-.i1.:~ ( ) 'VltJ1"li'eJm11J~~~.:~n'U?Lf11'Wm11JLU'U~~.:~ 1 
' 

LLft~'Vl~eJ L&i1Jfi'1 1 'U'lieJ.:Jl1.:1 1 'iX~fl~eJ-:1 
" ~1'Uv!1 ;;eJllfl~11t11leJ.:J~~eJ'Utt'U'UfileJ'Umll Ce11~ 18 tl~'Ultl> 

" " ' d II 

1.1 'tiel-'U1llfilflfl ~~el'Ubb 'U'Ufilel'Uti13J .......................................................................................... . . " d • II d ,.,; d oil 

\'Iilli 'U1'Ubfl'tl\'l ......................... \113.1\'1 ........................ 'tiel\llli'U1'U ................................................ .. 
" " " 0 0 .., Ql 

~1'Ufl ................................................. el11Jlel ••••••••••••••.•.•....•••••••......•••••.••.•. fil.:l\111f! ..................... . 
Q 'l Q,/ 4 !'i Q,l d 

filll1'tiflll1ll ~'Ufl':i1b':iel'U ..................................... fi'U b\Jel':i~\'l':ifi'W\'1 .......................................... .. 
:;'1 u ... .!/ ... - :;'1 

1.2 b'Wf1 ............ el1ll .......... -u fiiCU'ti1~ ............ b'tiel'ti1~ ........... el1EJ ................. -u 
• 01 • 

cl ..,, all 

':i~EJ::b1fl1\'lel1f1ll 'U"fll'ti'U ...................... tl 
1.3~um':if1m~1.ff'Ufil.:~filfl " . 

< > tl':i::t~llf1m~1~eJ'U~'U 

< > ~t:iallf1n~1~eJ'U~'U 

( ) tl1'ti./tl1fil./tl1\'l. 

< > fil.:~n-hmruru1~~ 
" 01 01 

1.4 m;lcw 

< >1~1~tl':i::neJueJ1;icw/n1~.:Jf1n~1eJ~ 

< > tl':i~neJutJ':infila1'U~1 • 
< > cw11n.:J1'Uu~,;'VI/\·h.:J;1'U/1 ':i.:~-:~1'U 

< > tl':i~t~llf1n~1~eJ'Utlfl1a 

< > ~t:iallf1n~1~eJ'Utlfl1a 

( ) mruru1~~ 
... 01 

d 
() el'U~ (':i::~) ................................. . 

( > i'u~1.:1~1lt1 
< > ;;1':i1'tifl1':i/cwun-:~1'Ui'J1fil1\llnfil 

< > <WeJu1'U/u~u1'U 

( ) ~'U~ <ltl':ifl':i::~) 

., II .tCII .t:11 

1.5 ':i1a ~flfi11flfl1':itl':i::neJum'ticw ................................... U1'VI/bfleJ'U 



" 2. ~1'Uf'l{IJ.fi1V'l'l11 
' 

-fl111 ~ 1"111 :w ~ b~ EJ 1 fltl fl111:!tl1 EJ,J 1 uri 
" 

" ..; 6. (;11'U€l'U 1 

5 

:W1fl 

4 
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.:::.. G II .d 
fl113Jflf!L'l-1\J LLi'l~'t.le:JLi't\Je:JLL\J~e:J\J 8) 

~1'U'I.J~3.11rutl1 

... v 0 

1'11'UL 'dfl1fl111~'U1f.I'U1 

' ' 



~1'31.:t.fl1fl~'IJ1n 'tl 1 LL?fi'I,:H:Jrtfi'J11J~..:IV'I€J h"ll€J..:I"ll1J"ll'IJ~1'Ur!L"IJ1~..:1 LLrt~"111J"ll'U~1'Ur!W~LL?I..:! 
' ' 

eJ1 L.!lmJ1'Um"ll'U ~..:~'VI11'1?1';m~niu1i! l'i€ln111~'U1CJtl1L ~B'U1'"ll"ll'lh~m 
' ' 'dJ 

fl11uYl~'V'Iil t;~~ e~~"lu'tlu.i1u il 
Q,l .... .... u ..,j 

L~1'V'I~ LLilZ"l2J'tl'IJM1\Jil'V'I::LLfl~ :~nnVJ'1111 :1nn thumm 'LieJEJ 'LieJEJVIG1111 
----~-------------------------------

fliln1~~::\J1fJ1h~mJi'tl'tltl'i:: ,j1u1u ,j1u1u ,j1u1u ,j1u1u ,j1u1u 

m 

ti~::L~'U;jl ~1'Um2J1NJ1 
1.1 thYlv~'rleJOJ!'IeJ\11U 

tl 
.. ... J! D 

~::Lfi'IJVI 2 ,.1'Uf!Nil1'V'I'U1 

2.1 J,"::eJ1\11 G'l1:1.11'mtmu 

:SiOJtJ'i::,j1l'IJ 1~ 

ti~::L~'U;j 3 ~1'UL1il1L'Un1~ 

'iZ\J1VJ1 
~ . 

3.1 L'll'l1'i::tJ1EJt.iTViG'IeJ\11RaeJ~ 

nuR'l1:1JiileJ~m'i 
~ 

3.2 m'i'i::tnm11ijL'll'l1'rleJnu 

R'l1:1JiileJ~n1'i 

ti~::L~'IJ;j 4 ~1'Un1~ 

U'iZ'II1i!2JoW'Uli1'1Jn1'i'iZtJ1VJ1 

~ 

'i::tJ1EJU1LLrlLn'l:t>l'in'i 

5.1 n1'itJ'i'iLVI1.tn'l::!:lVIn.ti'EJ 

2 

1.3 

0 

0.7 

0 

1.7 

0 

0 

5.8 54.3 36.7 1.1 

0.9 19.1 64.8 13.9 

3.9 28.2 57.4 10.5 

3.8 33.4 34.4 27.7 

7.1 34.7 56.4 1.7 

2.0 58.7 35.5 2.1 

46.9 33.9 11.6 7.7 

40.1 41.5 14.2 4.2 

X S.D. 

2.71 0.6824 

2.71 0.6824 

2.11 0.6878 

2.11 0.6878 

2.26 0.6919 

2.15 0.8972 

2.21 0.7945 

2.47 0.6533 

2.65 0.6408 

2.56 0.6470 

3.20 0.9231 

3.18 0.8252 

3.19 0.8741 

2.56 0.7371 
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LLG'I~~1u11~~l.JG'Il.Je:J.:J'I.-'!15·:1'Uf11'VI1LL"~G'I1L'VI~'VI~fl~Lfi~lil1nn"U1..ij'tJ L~tl fl111 otlLfl~e:J~ije:JLLe.J'Ue1~~'U 1~ (Tree Diaoram) L Ylafl'U'V11G'I1 L'VI~'VI~fl G'l1 L 'VI~tle:Jtl LL"~ 
g~ " :;, Ill " 

LL 'U1'Vl1~fl11LUi1 "tJ'lJ~'V11~Lfi~:ff'U e.J" fl11Plfl'l~1~~11 tl"~ L~ tJ~I'i eJ 1 thi 

ilruvn ... 

~ 'i' "!lid"' 0111111 1. fl1'l\11uty\11 LLi'l::fl1L\1\Jj ~fltl ~'tiLfll'lil~11ilLLc.J'Uc.J~~'U 11 (Tree Diagram) 

flU 

tl 
• d .. 

t! mw/~f'l'nH~il 

n11\J~VI11~"n11 

~{IU1"ail~ 

fi1~VI'JV1fln 

fi1~VI'JV1fln 

a1 ~ VI'JVIfln 

fi1~VI'JV1fln 

fi1~VI'J~ila 

fl'lL'IJIGIFI;'IFI 

fi1~VI'!~ila 

fi1~VI'J~ila 

fi1~VI'J~ila 

fi1~VI'J~ila 

fi1~VI'l~ila 

fi1~VIPJ~ila 

.n1'W'lh::nau.n1fllc.J'U1n 'tl 1 LLflfl~fl1'lfl1'l\11Utu\11 LLi'l::fl1L\1f11flt~LifLfll~il~ijmLc..~'U~~~'Ul~ (Tree Diagram) 
;. Ql ' 



~~.::'""' 

1. m~Hi~.:~fi'Ul~ (Tree Diagram) bvJevnuty'VI1 bb~::if1b'VI~L~a1.ijbfl~v.:lijvu~'U~.:Ifi'Ul~ (Tree Diagram) 

OJ OJ r 
n1~~~n1~~~~~1n~u1 

flU I 
J 

'tl1~fl11l.l~fl11l.l 
" 

~,j1t~ ~~a::ul~u1~ 

H ~tlmw~fl~il.:lijil 1 1 
... .. 

~fl~ii.:I~\J'IhLfl~'\111~ 
' t 

\Jil~fl~{l 

~ n1~U'i'lll1~,jfln1~ I I ~ 1i11n1~~::u1mi1 'l~ 
"' ... 

"~.:~nufl11l.ll'lil.:ln1~ 

'tl1fln1~~ilfl1~~::'11111.:~ 
' ... "' tl '\IIU1~.:11U~'tli1U~'ti'ti 

-~ I:.S 'l' u~lJ1n.IU1'tlU-il.:l lJ 

fl~1~fll.l.il 

.. "'ltl" l.ll'l::neu~'tl1 ~1a1~ 

4 r r 
~fl~il.:lfl\JU1'tln.!Zfl\JU1 

'U 'U 

r ~ . OJ 

n1~~::u1~U1't!Uil~nu 
" 

fl11l.l,;il.:~m~'lr~vh 

I . I A .. .,."""""" 
~.....-- fl.:l~~'lflflill.l ~U~'f!l.l'tiU 

I m~~,j,ii.:~~1n'tle.:~ I 
' ... cl ... 

'LIIq I"UI,q'lq 1'1111 n•l'l.l;'l,q 

~ "i' "'" ... "' "'"'I" .fl1'Wth::nv\J.fl1fl~'LI1n 'tl 2 bbif~.:~m~m~'VI1uty'VI1 bb~::if1b 'VI~ L~a L'tibfl~v.:I)Jvbb~'U~.:I~'U L)J (Tree Diagram) 
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"Ill"' II '1 II d .,j.,..,j d !"1 ~ d "" J 
2. fl1''h'tie.J~~'Ub11 (Tree Diagram) L'We:J'VI1111~"afl1"a'VI~'VIi!fl~1n'VI~1fl e') 111~"afl1"aL'We:J'VI1LL'U1'VI1~fl1"aLLn b"'luqj'VI1'VILnfi"'I'U 

m~;lflm~VIi''l'la1mJ, 

LuiJ1fllilil-l'l'l::U.il-l 

.----

r--

1----

~1flfi1~~ilil1~,::~11-l 

~U1f.I'11'LIL ~il'Lii''ll'll'lh::m 
t--

tn3J1WJ1t'Lia-l 'Wu. U'Liil'LI 

~ 
.. " ~tl 0 ... 
3Jfl::flil'LIL~1 ~ Vl11i11f.ILfl~il-l~'lJ 

J,~w::a'UJ, .. 

;)'f1vi1LLI-I'Lin1,'lh::'!l1li3J~'LI5 I ;)'f1L1Vi 

u.amtl~f.I'Lifi113JflfiL~'LI 

Ill 0 4 ~ I " 

;Jfi'VI1 Lfl,il-1 ~'U'LI1 LL 'll'U'Vj'LIIililf.J'LI1 

.cit. ~ ., ., -=i " 
"flfl-l,::'lJ'lJO'lil-IL~1fi'lJLfl,il-lil'lJ'LI1 .. 

1-
fl1,,::'ll1f.JJ1t'Liil~fl'Ufi113J 

fiil-lm,t-wvhl'LI~w::J'LI 
1----

~,•i1'~L~'lJJ,~'LI1fiLanLYim~il'~n'LI 
n1,~1fl LLfllii'LIJ1 

Lf ~,"m,Am!t1 
"!3l'II'LILoU1Wn1,il'll,3l 

~'iilL oU1'h3JnT~tl,::"!3J 

~ 
" .. n1,L~1Cl-lf.J1fi~il-l 

:: ... jj[ 
Yjfifi~-1Wil3J iln1il 

~ti1a-11'L1iMa1.u'il'~ 

.n1cwtl-a::ne:J'Ufl1fle.J'U1n "'I 3 nT'a 1-tl~\l~'U 1~ (Tree Diagram) b ~€l'VI1l.l1\Jl'H11'j~~~~fi:U1n'VI~1fl 1 l.J1\Jl'jn1'jb ~€l'VI1bb'U'J'Vl1\ln1'jbbm -u'lh1J'VI1~bnfi;'U 
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3.'U1~fl~hJ 

4.'U1~l.J'U-rfl,; 

5.'U1~1vtm 

6. 'U1~?1~'U'Vli • 
7.'U1~1h"iltJ 

8. 'U1~l.J1'U~ 

B-:lflTU 

d Cl.l..! 
l"l'j?I'J?I\11 

~w.Jbb'Vl'U 

~l'l'U'l'U 

9.'U1man~m~cl i~u'j'jl.J 

10.'U1m?!'l1~ '4qj~fl 

1l.'U1~?1'Ue:J-:J 'Vle:J-:Jb'Vlqj 

12.'U1~l"tl~'U'Vli l.Jfl\111 • 

18.'U1~1~~~ 'J'j'jf.l.l1~\?1'j 

19. 'U1~?1l.IV'I-:!,; 1TU"tl~b"il~qj 

m'VlruU1'U 'Vl1i~ 1 
'U "' 'U 

m. w1 :u-1'U 'Vll.l~ 5 
'U "t: 'U 

m. 'V!ruu1'U 'Vl1i~ 1 
'U "' 'U 

m. 'Vlf1 :u-1'U 'Vll.l~ 2 
'U "t: 'U 

m. 'Vlruu1'U 'Vl1i~ 3 
'U "' 'U 

m. Vlf1 :u-1'U 'Vll.l~ 4 
'U "t: 'U 

m'Vlruu1'U 'Vl1i~ 5 
'U "' 'U 

m'Vlnlu1'U 'Vll.l~ 6 
'U "t: 'U 

m'VlruU1'U 'Vl1i~ 1 
'U "' 'U 

~1'1J~b"1J1~-:J 

~1'1Jm"1J1~-:~ 

~1'1Jm"ll1~-:J 

~1'1Jm"1J1~-:~ 

~1'1J~b"1J1~-:J 

~1'1J~V'I~bb?l-:1 

~1'1J~V'I~bb?I-:J 

~1'1J~V'I~bb?I-:J 

~1'1J~V'I~bb?I-:J 

~1'1J~V'I~bb?I-:J 

~1'1J~V'I~bb?I-:J 

~1'1J~V'I~bb?l-:1 

~1'1J~V'I~bb?I-:J 

~1'1J~V'I~bb?I-:J 

b ~1V'I'I1fl-:!1'Ufl1'j'th~'IJ1 e:J'IJ\?1. V'j'j~ bb?l-:1 

b~1V'1'11fl-:~1'U'IJ'j~'IJ1.fli1mR a1b.fla'!J1'UI?11"1l'U 
'U • 

"111-:J'j~~'IJ 10 nmb~'Ubfl~a-:~ b~a'U-r"1!"1f'IJ'j~.fl1 

~1'VlU1bbt:-~'Un'l11'j-:J-rm~1b~a'Ubb~~ 1 'j,:j 1 'V'l.Yh __ 
• 
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m~~ ~~~1Je:n-ti-w1~bbrl't11J't1'LI-.11~J,b~e:J~'t1't1th::fl1 1'LI~ 30 wnf>1~n1~'LI 2556 ru ~e:J~'lh::'t11J 
• "I • 

b~e:~~.Yh 

fl1"W'I.h::ne:~ufl1fle.J'LI1n fl 3 m'W'lh::: ~ ... """ 

Vl~'Wtnmtl1 bbJ;'l:::n1'~'1..h:::'1J1Jfl1T~ 'ILG1~ ... E -
' 
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1 V1 en P11 ~ (;) ~,j ru ~ (;) 

(~1'll1i'li1LV11'1L'UL~~m~Lm~(;l~ 

5310920038 

"' "' 'tfmHl1'U'U 

llvniVJm~mVll'lL'UL~~ 

~1'll1l\ll'l~~1~~ru.niJ 
' 'IJ 
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