
'" . a" • A 0 A ~ A 

n "1"aU'aiU U"af}/il"1 \'11. n U'U "1i!.! 'U "1 !;I t iii II 'til t RlIJ 
• 

• 
1. 1J l IU1 

~[]nrl111 ~n l'H'l"iJU 1~ ~tl.,]U ltI"'lfi'A~fi1l1 Un11'W~GJ\l.11l1f1,,::,j"U tlflm~ £I,] L ",u n 

( ,). ;1~11 fJ1']LTluJl'l1't'nh:::111U'llUl'Unn~rl'~1.]'1~ln"'')~,] 170 fll ., LiJuDl-l';~ 
J"Ln1J1.b::1Jlm 20 % 'JIlWilU1'U.rJl..1 \UJn'lnut:"nJ'nn£l"JlnnlUDnnnl1~~~ ;£I~ 'fi • ... o! .. " . ... ,_ • ..rllll ~~ ..... 
'1Uw·,r,1n1l1 lU1U"l1 fj1.JLn lJU 11.11 ~tnJlJfl111nf!)'.H l'-lll"llU l'l n 1 lJ 'U LlIftl1Jl'H1U lU1 , 

1" 1 "'III" " ..... ·°1"' 1'''' ........ 111 ~!.h: D'!IU Lfl Utlfl1111UW[J1V1lJ{l!U1Vn"alLVlfl'YI'Yll VlUl U!l1,!lJfi1111W:JL'WlJ'IIU 
.......... II .. 1;:;' ... ... ..:. 0' 

"":1~Lln \ ~ 1UfiDUl11D!DJUTlml~U \fil",,"~UfiDU0111'"Tlm":l11flD \tJ lfiD 

~'flth~ftJ~'lJflD hJ~ 1. 1 '"'fi,jn\Jn~t'l11Jl1{lU'U.li'u '''' -l,n "mitntlLfllJ;Ufl11JL 1t'11 
• • ..... .. ....: '1 ,. ........ ...", ... , t' II 

2 . ll'ltlYlt'Pi\.U'I1J1J"'l'\.l.1'lLrI\HlfW UU'Ylfl1111U LLn:: 3 . L'WD",'')'ti"Un L'!1(1fl..1[)1..1U1Lf!1J ., , 
~"'" \uuEufi \iI lflDlll "':nl"iumfifi:1"UDDm~DJI ""D o':m'n"1J';'~' J.r'I~" 

d. ... V a 
2 ft1L1tV!'1'tI1""\l1L'it~ , 

'lnm7Al"'J''!I~.ln'1JYl1'''Y;£11n''1i7tU W1J'111 \l,Jl1flfl::1"uH!lm~[I.3L ,."iLn ~'!F~ 
InaD l~liin"fi.D hli ( NaG ! ) IITl1nDolfiD1'l·1LU ;JD"U1:"1tll \;;.;, m1~lfl~~ , 
nnl1n.3nutil U Ufl'll:..nn~~lnfl"nnn~.nn!l t ~LfiVlJm"lfI' 1fi~ en.! n"'u,!,l U 111 lIH~ "'" • 
ti:cnll (Solution ) m1~,rlhn:i'JLnfllflll;U'flU~U LLt'lfl311LnRD,::,lil.3LlI"t1~tllJ 
n"u:,lU!llJ "'I "fi~ln~D \u~a~nU.r,lu,j'J\iiu·UD'.UDn \iiflJ~ , 

,t1~ 1 UrlflJm~,i"'1t)"161~LnuJ1Yi'1·., ' t1 LflEJL,.4\.1,tlJ1in"rilJ 'I ~Ln;D 
• 

1~"i\!llu';'J n.,1nD 

2.1 :l~'na'I1L\lal':-l (Streamflow ) tllDl\lJl~nl~l~,"'u,rl"n~u';'iil 
.. ~ I. .. . )II .. ..... .. .. 

'\.L II ""~L'I.Jfllm.J 1.4"11.4 1U UH111Jl'tl'ti:flllmntl£JUUlJlfl1t1 Unn'ilnC'l11A:~nmnt"l fJUL'l1 • 
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nv"~ijfl::nDU (Sediment ) fl~~~~\.4fl::nm~a~I1U (Suspended load ) ~l~:fl::­
nV"rlVJ~' (Bed load) nmlii~ll.,.,mn.v LL",~'nv,,1J"v~~;~n,l;;fl11~ 

• 
"'U1Utiu (de ns ity ) '!IDJJ11\.4~lJl'~;llU"f1"D~lnlnUfnnl""UllltiU'!ID~~11ufll.:l 
"'1"t' .. " ... " t'.,"'." , 

mUl UrnullJt111lJVlU1Ll UUlJ1nr11\.4 1 Uf}l~ U 1n,: ~"t'H'lfl1.:lfl1\.4Rl~ "D'D~nlJ 

( ) "',.' . . " , .. ) underflow enu, ~""C'lL'!l'lJt1')11J\"'mmUUmm1'n':: ~"'RDtJ'!I1~UU (over(lol'( 
• 

V"; .... ... .. .-
2.2 ""1 '1ffttl'UA 'UI'U (Overlond flow "''1D Surface runoff) LlJmJu 

flnAJ 1 U u; L 1m ~"n'i'uJl'!1fJ .. 1fi,~ J 1;1\41" ""~J'::' M~UU~1~U hJnJfllJ J 1;1\.41\.1, 

~ '::rI:Alm n~(1'; Lt "'"'JflflDrJ U"~'l~URJ 'tJlufllJmEJ nll~~ LnAml. '\II~fiflUU~1flU ~ • 
( 'Jfl1U1UL ;un11 .. "1I.n;(1" ) Lnfl"nn"l~Jl~Ufl'1n(1~f11l1U1flmLrI:L~flflU '1: L lUI ~ 

• • .1 ..... ..:, , . ..: 11..1 ) •• k 
un-vln-," U1 f1flUflf11n11n,:afl~(l'\.I,lI"1J1LL'YIU'YI (Capillary ri se U1"U1\.1,U 

,::" lLn;O;U1J1'11U Lt.t'4::L~ m::t MU Ii ,:aJAfJmn~O' 1fmJ~1fiu 

• V "''''' , 
2.3 nl1nlt1L'IUtJ~U"lIftU ( Interflow LLrt::: Groundwater flow) !]lJ 

Lnu~11flVTl"'1ltlti~mElLnUn11C'1DJt't111i1 nnUltll "''!ID,nrl 1fi~u,:~mJ I ~fJ"'lnm1 , 
flnfl::mm (~;lfl1l1n"'u~,,r1) f1:;nmU"'~l~lI"n,::ij1i;'n;tI (Organic matter) U~:: , , 
LL ~ ::1i; '!Ifl..1fl U~Ln :fl'nU~ ~ ~U 1fi l n m.l1 n tJ wEIll 1i n L VI~'~ ,:: L f)n fJ un""u n l .. n;,l ~ n 1'1 ,~~ , . , 
;t./Lnfltflu"'flU l\.l.;mt\~Yi01'1f1nf1:nflu (Sedimentation) u"J\JmnyW LU~:C111::f1U 

.<i d a\I "''' ... 1"' 2.4 nl'LfHH]"'tltJil~"'11a~"lmnaaLflf.I Diffusive Process Oll'iUflU f1f)1J 

... • "'... ..: .. t:.. , 1"" .... "" ... "' 
lJ~11n: rnmnn'fl'jf J 'fl1' L nfPnn n11T1lJ '',.ulln (ILL Y11n flU f1 'Vi\!, fl\.l,nn: t11 fi1111 L '12.1 'DU 

, ..."' ".. , 11 ... ..:..:"' • 

(concentration) t'I~m1fi11lJL'!IlJ"l!U'fJJ\.l.1Lnnf]lu!l1J Ln~Dnm'LflnDU"'L'1'fllJ • 
'ii m",iiv Lnov l,,'tl~VJ.l1.r.'U':\fi;V"~"n,~~jjm'"Lt"'''.' '1J~j,~;; ~ 

"I ~ \! I 

m'~L,,~,"n1n'),L."V (Fi,k', Law )(2). 

Ln;D~L;l 'tJl\.l.;fllJ,::nl 1~Jl~fl11lJ"U1LL tint ~lJ;utnnuDU UflLn;'fl~l'1i 
fl"L",mii~,nyj,l;;m'""'\l'LL1.i"'VJ~'L1J.~"\LtlM alL "~~"1 n~"~J rjl"~'\l~v , , 
'tl (~'''n 3) L "~~m'"""lLL""'V'~lL,j"~",, hnLVm'"""LU"fl"L ~~;;,;, hlLn~ , , 
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n,.m U "lI~U ~ (] "~1; ~ L ~ 01"~ "~~'HJUl ,nJ1n~ flfi 11lJL fi lJ '!I PJ lui 1"] n17taJ..l 'U 1IV"J ll~ fi:: 
~A'f1 . .nj"'tmh1ii.,] LU~1'1.n; 4 

..,jo Ii ,v .d 
3. "1L 'tl'ttlll11'l '",;')1JmU'UUUua~Ul'Uit £lU • 

em \lfl~,;.,l ~fl'l1lJ\1" lL~,1 mrn,]'I.r1L tl~tJ .. mnfhlD~ L u nJii 2 
• • • 

3.1 Ra'i1'nit'l1lffll&Ua~iJN'1Jl;; ( Pressure and te mperature) fl'l1lJf1U 
• v 

'!IPJ..1J1 lun'..1~"::fi'U~1,11 ~\U:I~n"'ufi111J~nYi1::fl"uUtlU 1 lflllm,~0'fi1~fl11lJ~uU 
nJ~D1.UL 1.Ja ,10£11.,] hydrostatic n(h)flD fl11lJfl"l-H tJ~t11.llL Ua..1 lfl£lfl1"]n-Ufl11lJan m1 

Ih:"'I\I';'fl1'"~\Ifl"L;~m P-~h 1~.~ P iifl';'n11"~" ~ iinfi,J,,,,in;, • 
L Yil::1If).,]J', Ufi:: b ~ !lfllf111l.Jani'f1"n~1J., t111lJ""" \r,.n~1Jl 01'iOfl '~11L ~ln"'lJ 
fi1'"~.1l Un",01fiYi'~\l'1l nm U".,m UMtflO'1,"""L \l~~ 1l11:~·U O"C;O ';;1' '~jj , 

...... .If ..... ... ...... _ .. , 
nnUnJ"tJ.l11UDtlnUU7lJ1tUfl111l1flU\ '!llflflnUt'l::fl nUUJ1Jflll V JtJ.1 \ U n 1 1tl lJ 
,.. 'I 1 

U1lJ 1 OU11111;m~~L '!I1LLn::6rm'ln,!1 1 UV 1,,] Lnfl;U' 1nfl m "n~~'~L yj1n~tJ. , . 
I I...... ... '" .. ... 

n 17 tl ,::~ 1 mmfl11lJ,.., U,llL U U '!Itl .,]U1 'YI L tJ t'I[JUU un" nUfl1'lJfl\Uu,::n mlUJ fll'i , . 
\11 'fl"nfl1"1.,]unfl"'fl1,~a"'lJ1't"u fi1::""11"]fl1'1If)~U fl m W'\~UA::tl1lJlf11;1~ 1'tl: ( PvT , . 
diagram ) 'JID.,]J'l (3) If1D~ t1"lJ~U1LL U \4 1 ::~filL '';In'''ua'fltt,u:.m~.j''u 'JID"t17lJl"1"; 1 

L ''r'n: (P-1/ v) f11,.'.,]~'~m'1nm ·nlf'ltnJ"]LLfI::n1'" extra polate ~An11YlflCHlJ 
1~,iil'lql:l ii\'l1J~ ~ o{ 1~ ' " \n~"n ~1l·U~,\ Il 

~~OJ~ln LIlUmnfi'l'l. nm u;.\mU~JtflJ~I\I"n~'~"'nlin LIl~~';~:q" , . . 
U t't::n 1 Yl1"'UD1.J L n 11'1' 1 'JIU1f1 L ft n~'~; OSJ' n n1 'H tJ ~[JUlt tJ fi.,] 'JI fl.J fl1'lJfi'uut~ 1J1 n "1 

.,j • ... .... ... ..... ...4 "" 
fl11lJL tJfI[JUU tln.,]'!IDJfl11lJ...,U lU uU'!In"u lnUfl1111flULln:flm ""lllJ''']Ufl[J~lnUJm Y1[JU , . . 0 ' 
nU~t't'lna1UD'tJ.1 

~ ( )1 - - oM 3.2 RiHJ1110itUU'lU Substances in suspension flvtlnfl1ia~~tnu,:: , , 
~u"'nn'hJ1 (fl11110' ..1;'L Vn::1Jlnn11""~"] ;"Yi,l ~fhfl11lJU '" U'JIfJ"~l~~1itiU 'JI1U , 
Dllfl1!f1Jl nn11fhfl1111~U1LL 1lU'JID.,]J'l~fl t11fi11lJVlU lU...L U TiL t1~[J" 'tJ;umjn"'U;lU1U 
• • 
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~s 
p -- Pw+ -

g 

1 • • '( •• .).. ,t" ~ .. 
flll'Yl p flllfl11)J\IIUlm,r\·rntJ '\.4"fI+~CiI Pw f'I(lfl11)J~\.mlUU'D-l~1'fl ~s fl(l 

~l\n\-n;l~Yn::lIfhlfi; ll !'l:: g nDfhfl11)J~ "n~fhl'lnfl11)J lu'iJcl1J1lnJ lfto tint ~nl~ • • ',., .. ( ) ... , .... 
LL"1"UW ~Ullo' ~flfl1Um::Llft[]R1'\.4 Turbulence rU,J{)[J ~UUl mUl)Jn1:UftfIa1U • • 
• (' .)"'/11' JiI '''' 

\4[1U lnflUWJfl\4J tinn.:::fl!ltl1 fmfl:nnU l1t't'1fDJnl1flnfl::nVU1!UflUnU"Ul11 
• • • 

'IV,]ti" fi;"Ulflh"um 'lflnm:nnun1vlu 2,3 Ul~ fi;"lIUlfll ~ntl1'tli\1tnn-.l 2.3 tn-• • • 

3 .3 A,H]lmtl'a~ala (Substances in so lution ) ftn~nllJl'lntJU 

~;, L"~' 1I",J.6'0"0:.," ,,;,, 'n'61~';;""fiO~ \'" (NaG) ,:,;, l\ifi1'~""'-. , 
, .. ~ , , .; ..: . , .... ..... 

llU U"fJ-lU II Ut'Wu fllfl11lJ l-\U lUll U l'H UCUJ1.l "lI U flllnUU l Vi\m~n l "In: '!Ifl.Jtlll1UA::fl1111 • .• ( )1· ' , " . -, . 
L'IIlJ'!IU'DJnll n::rI1U Concen tration fl[l'YI11 \ Uftl1 L Vlt'llU1Jn"i::'r11l ""fl'lll1 ViUl 

u li U 'If) J'! lL ~1J;U Cllfl111J L '!I")J1I"\4lJ 1n hJri':L nfl011f1 n~;n '!! nJ"'l'\4t:" 
, 

fl1fl11lJ 

"",,,,;,,,," (':-'+011) ",\fi"nam , 
Mw + Ms 

p-
V w + Vs 

~lC'l:"111ll "lJ'!IU "" '~'lnC'lfl' • 

Cw 
Mw 

(3) 
Mw + Ms 

Ms 

Mw + Ms 

"'I ... .... t' • 
l~rt~ cwo Cs lU""11).H l1lJ'!J"'!In.J'I.l. l'flLlA ~~Tl 
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~ • d • 
4. tfU'il'J1:lnnnU \I'Uua:n1!:: LUILUi) .t.\11nTllllI11U1UUU ( Density str a· 

tification U!:ii:: Densi ty cur rent) 

t'lL lIIfwlrt,n1Yi 11 ~J liifl111J~" llL u "tIIJ ~un!lCnra::t'll[JLnnf) ~JL UUUqJlIIl , . 
, '.1 - • • 1 ' . .. to ... .. " 

,!(IJmJ~nUU 1 \Ul1flfl::1UDDmiltlJL \"lUll lHl1.,1LnUU1 Ulf1)Jfl11lJ~Ul~LUUlnnn11 

( " ') . " '1 ~.. ... ... - , "" , ) , • 
Vlu rm11 ,:,flfl1UlJDtJ \.I,'!I"tum U1Y1lJf111lJlIIUlu\.nUI.!lUn11 (l1Jln11 ':!lEl!U 

• • 
lIi , .... I::' ' ''( ) 

ftJ'U\;JJl IJnnLlm"l'L'!f"H1tJn11 ~\""(J1l1ViU1LLUU Density stratification 01' • 
Yl~,rl'n~tl11lJW"nLL~U l~Lnln"\nfiftlLf).J 1 ~n~ lut'i'nl=tm::'I1tUf1111.1WU'LL,1u~ ';1 1~~ 

• ..I..;.. ...... ... ... .w ... " " 
nT'Hfit'ltlU"t'l'!l (l ~U., m1Lflt'lflUT'l \1!Hn1::lLt'U'nn""mnL WlL '!I"utu1lJn11 n1:LHH un., , 

'''( )" , .. 
'lnf11'lJ\1\41~LUU Densi ty current '!I'Ufl11)J\m IlL utULt'I::nn:Ut'!LUn""nfi11lJ 

>Ill ,",Ii \l~ ulIl1 >1n~n1""U,,;;,;,ii n;lIlnu,,·,1111 lIn",n uti', (.) (5) 
f111lJ t'I;JY{un"llV,nnftfJlil '!Ilm'~:;:flvn 'nmll~ tl"~ ;UU lfifl ... .]~ 

[ n'l11n111:'I';'U' j_[u"mlnnt:onnn.n, 1 =[ n'I11~"""~~.n' 1 (5) 
,n"u ,n.n ,nM1"m, 

• ..... • M ... 
,1U 1Umt"tlYlc.::ftlJn,:a,lln,U'Y'I nYl 'tll , 

1""1 .... .. "'... ...... 'II ...... ,... 'II "1 ' 
",u 1 Utll.l1Jfl111J~fllJL 'WlJ"IIU 0 :£'111011 ~ \1tU '!I1Utltl011DfI'1,m1 ~v.t'U:ltln '" - Utll..1 

) ' .. " ... 1" ...... ..1..1 ..... " 
rf l ow nfl11fl D t.L l':ntHlDn min',. ~".,t'I"II1)J cq'\.n "!IU l \UJ .. ,."lnfl1nflt'l1HYl' JU 1 

","''Uu \J1J~lJ"'n'::Cl nn11U 1J1J~'" ., n11~Jl t \H'H~''Uf11U u'U ~Yi 1 h~J 1~D~ci1'U'!Il,nJ'U 
• • 

(fl111Iw .. m~tL\4'U·iltl ",1flf11111Ln1Jl.tV[I) """~'U~Cln1:Ult1Vfln·ilm}1..1 "ntU!n' 1 (5) 
• 

,,,~" \iil,u-m,m, l>1"uDn.n"n.u,""u~n-i'u-m'n'" II"'; ;,';,1 \iu,mm, 
r.::cnJ"IItl,Hn;f11u~lJ" ;;11;" Yil 1~J1 l1.ui1.m;lJ~U 

..,... ........ ," ..l.. . ... .. .. 
fI11.1fl11lJl U'U', J U1nl!Utn::1-111..l'U 1tl )Jfl11)JVi'U lU U ",tum un::'Y'I)Jfi11)J 

... • ... , t'..l 
mu 1fl1Dtt1JU lf1 

f111 2Jft n~ 1.]"1 nUlJl \11fl1fl1 1),1 \\ 'U 1U M 'U mo .... 1U 1)J 1'W ~ tlfl nun ifl1":,j ft nu Un,.::fll M n; wi 

riD1,ri'>llIn;:;''-~~"" 'ii1n~~61 iiii,""",i"6om,ii~m,"i" (Slope) '6Jn11'11"'n~ • 
10 



....... ~ ., ... 1 . .,.. '" ...... ... .. 
11mnl.JQI~1f111)J~fllJ"D"U 1 Uf)1.l~ntJu 1'!1U lf1~~nDl'lLtln Lft~lJ\.I. 2 flfl\.l.fI!I 

... LO ......... ,..; A' 
5.1 nl1tJiHnU'" '''LnaaLu'D'~ - "mnu.l'l 2 '!JD')1JYlfl1111~,m~11 

~,)nlL"'f1'DJnl"~Ln;!J~"t!"l~'') nl"UOJnUD1,~uUt ~DJ~LUU 'ttl't~'~ Vlle"'';1 '~n , 
• '1" 1 ... , .,... ~ a ~ 

Dl'lC'iOm '1l"ltJt'I~U.l1n '\.LnTnlJU~Ut'tllJD1JLntJU 1 Dl'il'7'UJ'D,\,ulflU011l' ,11''D'U 
• 

Lnnn luu;L1m ~U~i'U,r l,r'lEl U~n,.n' n1'fl-:'m'l'l~t11':: h'''~''l(lt'l:an[jfll.nnVUl n 
D "fi'D .11; tln,l;; lm.J1 m n un1' Pi 1~":: '~iu" n!l 1"L n tJ~ 1 

.. .... • • ... ..... .. ~.. I ... 

'YllJU lH\.I.fl1tln'"" 1 reservoir routi ng lLfltllYllJU lf1\UI'ilflU1:ft JflflJ nnl11J'ln nu , 
... ......... fI 1"... .. , . '4 111 

n11"n~'n111:Ul"1I1~111.nVVnm" nm, If\lMnl1Yl,,n.l1nV,th, IInmh,. 

1I1 m nlfifn 1 n n 't ",rnnn ~t'l fl 'fl')~ 1~1Uft nL~() i L'tlllW'~U fl11lJ", U lL~ ~ U Lfl , . .. . 
6. nluaantfun1"lTa (Selective withdrawal) 

lumm~'!I'\fl11lJ\1Ul~~,jU'f1L'i"YUUUJf'l'l1 (Discrete layer of df'Dsity 

) • • ," 1 ,.,. 1" 1 • 
stratification 0111:t11EJU1flPJn'1n"lU111lJ~U1LL"U\1UJ fW UJ'Yll "'"1 "~Ufl')1lJ 

...,U lLLU UUU, 'r1nPJ ~mJ1fi'l[1 L ilu \I"'l'!l"'ll~~:r,; 1n111 '''0 t11J'..1 ~n'!ln,ml1;1i"[I~D1'L ilu 
• 

1.h:l"lful"m1DvmLuuL~,,'tJm"~"n~'v"1I1nl~ 5 ""'m11'~ 1 ~.m11;"I1·J • • 
\I~n~~1tJl;~n1Ulln"""'111~il , , " ~n'lntl11lJVI,"fl (Viscosity) Un::~R'ln DiU· 

usion bj~Dfl;~n';6n11'\1n 
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/.1. "7~, 

(t\lv~\lGI'''''' """""" 6UN,,"f'{'!S') 

, 
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.d .... d ... .4 ., 

Ql l 1 1 ~'l1 1 f1 1 t.1 Rft ",,1iW1 nU1nu n1 'lLil E1 " ,IUn1'l 't'1 ft 
• .. •• " , 

~'I'llm11'El 'UI1 f11 Critical densimetric Froude number, Fc 
• • 

gc 
0 . , • «h) - 1.52 rt1V11U'!i!J.i1l'Ulfnan 

CRAYA (,949) iflU1; 
5 (n) 

h /),p h ii g -
ana lytic Lln:: GARIEL LLfI:: P, 

(19'9) ';1nl'l1flnn,wu d.) , • Qc 0 • • 11Clnnn.1 = 2.55 t'llWlU1'lIUlf1lC'in • 
h' j g t::,p b • 

P2 

HARLEMAN, MORGAN Qc o • < 0 < 
5 (,) 

.' j 
= 1.61 ftl'\111'U 0.3 j, 1. 1 

".: PURPLE (,959) iflU g /),p h -•• 
1~ analytic nn::'YIflt"ll..) P2 

DAVIDIAN".: GLOVER 
Qc 

- 44.5 ( 
o ). o. 0 

5 (n) 
h'jg£:'Pb 

k t'tl·v,.~tI 0.3<;< 14 

(,956) iflUnl'l1fl.n, 

" 
HUBER (,960) iflU1ii 

Qc 
0(,) - 1.66 

hi 
g c,p h 

analytic 

P2 
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.... . ..." 
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