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n"1":i' ii::ifj n"1":i ~"1iUJ lutn"1 \II' un "1":i1ii"1U "1u",ru.n"1\11U "1' U~"1U"1 
(The use of simulation modets in river water quality prediction) 
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. ~ 

\\.~m~ ~,u'1~~,~~~,u>r~ n.,. \ iJu 

m''1~.''~ianYf,n~un,'Q'~ \~,,~i 

\\UU'I~ ."~vn~ ~{\j~ 1'11."";'1J"~ .~u~ 't u \ ~~,,~ ~~u 'lfIJ \\UU'I ~ ."~~1~ ~{\j.,,",.~";'1J"~ .~u~ 
ir.i.u rru~.,u'1lil~ ~,,~ \~~'~.~'1J"~ \\uu .. ~.,,~ \\';.~'1lu.;nu~,uVi';,,~ n,~ ~u"r.iflu ~.,~ 

.~ \ flU.,. ~"tl'1J W ~~ .. "ui;,,~ n" ;",..Vi'ij \L.~~ulh ~~,(\I n" 1 ail n 'l.,rLLUU'I ~ .,,~vt 

\ ~~,~ .~'t um' .. ~ ."~.mYf'1(\1111Yf'1J"~U~ 't u .~u'" '1~tl'~ 1.1~ ~ LU'1lU't un" LLnti1p1 ,,..n"~­

'1J,,~.~u~1.i.~rru~u1.1'~~'(\IVi'1W1~L~.~11.1 

~~'1'I1. 'l U'1J(\I~ \ Oiu.rru\m"~1.1'~'1l' n, LL.~'l.,.,~m,~i\1 ;1.1""uu~ dlu>I'~.~'l U\\~ "~u~ 
. ., 1" ~ , • - ... ~ - • • ". ", • ~ ., 
9l1~ ~ ~1IV 1J'fl'E)tlVl"ll~fl'l\NJfI\HH~ L~tJV1"11~"'91'illlJlJ'" VII ~'HL,.,a~'\JTal"'lry ~ ~'El\lu"::: LVlff 

\.iu LLliu~.,u.,·,~ , \iJu;u~, LLW~ L~'Yf~~U'~"U"'~ \\~·u~\\~n."~ mi~u.111Yfvl1~ 

", .. ~.,r1.1'~ LU'1lUL.i \~~i L~·'vI~., n1,i .. ~~i'l m L iJu\\Yf~1'UU,1.1LL.i~ L;iu .ll'un1.i.,j-m'l';-
" . '1"' ., ..a ... ' '''..a • 

n"\Ln{kyll1~.n,.~.,,~, ., n,,;rml'~ L""~~~~u~ll.n.,,,~ \~1UU~"'''''~LLU'' LU, 

{kYII,1.iU1""'U n"'l.,rn""~."".fl1Yf'1J"".~U~\iJu~5n1,~\""~i'1lil"~ct,,vt,,,~u 
m ~.;,~.mYf .. ~a",,'1J"" '1(\1111YfU~ '1 ua~u~ \ iiI"i'!ml1Yf~~n~'~.,·,,, ~ '1J"".~u~ vtir.,·,,~a 

....... I I. • .... ..& • !3 ' .t: 
n"~~\'1J'~1~.'U."" , '1J"".'U1 .. ,n~."" , flu .. ,nn'~nnM'Yf~~n,~~\~a1u",,, 

'I ~ n~~u., 1 .i~'1.1i~,'(\I'1J "" L ~uvl \ 'Ii 1mi,.,.,·,,, , .,,, .. ~ij1.1ilJ ,(\I~" 'I" L vi, 't., 

'fl'11lJi D\l fl • ., L -llUi"lll naiu1V1'I\l , ll'n"J:: dl9108ul,J,'iltlJ,::u:: L ')i'I'l L 411 U ")fl 

; , .. ~ u.u 1.1, ~'1l, n,vI'l·.,ru~ij1 ~~1 nun iklM 1i \ I'i~~u;;ijn'l ~ 1~';"!Jij~ ; "iinu!J~ct" tJi~1(\1U~ 
",II' J~ ... 1 q •• 

f!'ti'ltJftllf~11\l11U, fllfll'tlTliflf11'SlJ tUil, JJ'Hn"Ulf1U'U()'Ull0U 
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n~,n~a~~~~;~U~~1~U~~~'~L~1;;DUiI~LU~Ulfiu~a~~~ln~ 

~,~~un~'~;D~n'~U~l~D't~U,~1u~U~D~~~ n"l~~u~~,wu~~n'l~1~un'~.;'~l~DU 

f1.D'l,j'lU~ nmfl~Vi'~~~~Vl~ l;~ull"·iI~.~u~ ii''l,fu~~~~;D'll'l,'lil'n,'li'u~~~ l~~n,' 

'l~u~~ 1U~U~D'lil~U~~; 19i1J~ l vi,~~~ l fiu 1 ul.1 'iil'm~ ?i''ln",.'iil'l'li1~ ~~D no~~u,u,~ 

~~,~w~,~u~'luil~u~'l;D~'lu'~?i'u~n,,'t~u~l~DU~~1u~u~,~ ~ ~,nil~u~lfiulul; 

"ilDfl.,U 'i5n"d~~;a'la,~un'~.'~~'''~~'U~D'l~~,~u~'luil~u~lfiuu,~~~S'u 

n,~'l~u~l~au,~1u~uU~~l~Vl~''l ~ ~ulu ;'ln~cr."u''l~u~'luu~~,n 

lnu 1 uU~,runl';a,~'t~~ ~ 1u~uuo'lati''l1; ~iI~"~~D'lU~,~'l l fiu~nmu~~m'fVl'B~a~ 
, .... - 'l- 'T ' -.J • ., 

U~~'W.'~"''l ~ VlcrDYluu~nun,' ~U,~.u~u~a~U~l~Dn,' .. ,~ ~ .~un,~.''l~'''~ 

~,u~a~iI~u~ l'I~an,~n~l'Iu~u;~,w~~~~~a~.,,~,'l ~ ~w'lcrDy1~Uil~U~ n,''l~u~ 

lI'lDU~~1u~u .. ·,'l ~ na,~Vl~ l;"ilD~iI~u~ifu dlun,~'l~u~~ 1u~UIl'l~~~,nVl'\"~u,mu~n 

D~~~f'll ~,I'l ,~,u~a'l iI~u"yj~~;r~ 1~"l; In~~ilm'~~D'l iI"U~ D'~~~ 1 U:!UUll UiI'lL ;~~-

ll';iI',U~ (i'lLU;-i,~~ lfiuil~U~ l,l'iU.fi'umm~,unD'~ lU:!uullUiI~l.llfiu.u.'l ~ 
'-'I'" -'" 1'1 "U~ U~1'lUU~~'l~I~DU'~ U~UD~ ~ 

."';''l ~ yjcrD~'\ uu~ l ~UvM''lil'l~iI~U~cr'''iI';'~ ~ ~U~'Di1WIn~U~ 'l Uil~U~­

n~~~un~,~~"ul~~u~~I~I,u~n~~~I~a~1;~1U~tiM~~~I~ulunl'~1~~,,~~,~iu­

D~'l u .~u~ ll~ .. ~.'u \J'i~,w~ D'l II" ?i''ln'',. l fiuu';mw~~ ~~ II ,,:.ffua~ ~u.~,m a'l"~,j~ 

ll';"~II'U""~.'~' ~~ ~ u n "Vl~ ii, u., ~u, 'l~u~ 'I u~~u 'U'l~ fi'~?i''l n", ~ D'lil~U" l 'U nnu 

-i ,.,.,~.,~,'~ 'I um, Wan.r,l D'l 

II, 'UO'l~u~cr ..... 11lUVl''l''a~~'Di1Wm~U~ n", '~D 1 um'~~u'l; l n~ulin'iu,~n 

1~~U~~UUUl11lud'l'luyj~~Vl~'l;ln~~.fi":~D'lil~U~ ulin'iu'.D~"~D~Vl''l;'U~'l''cr- · 

mUfi'~'l U~~UU~iI'i'''' l fiu~'ld\lll~uo1fu~Dullil:1';';DU'I~ l fiuvi'L';, 'l'l nuOiun ii''l,fu n,~~ 

'I~Vl"u,u"'ilm~"D~~D~.,~!l., .~ vlii~'D' ~uuu l11lU d:iD l ~~.ffUl'l'iDiI~"~ l fiuli~iI'vl~ 1.ll'; 
, 

'J'1tJ L~tJ 

U"~~I~JU'I~L1In~'~11~~IUI'O«~~~I~~UltJfi~ 

1\Ji!UUllU"~,fU" (Bella, 1974) 

(i~ ll~-i, n" 10~,~'~ ~:l ,u i1w"'~~ D~ iI~U~ ~ ~~'.u '1'; ~w~,~u~''l u iI',U~ Mu'l u­

u,~ hn,. 'll';~ ,'tun" 1O'l~,"" !l,Ullil: noo ".ui1~ l fiuli~~Y;~ 'l ".; m ''YDti,~~ DU -
....J 1 I ,.... r 

"au U~ ~noo ll' nVl'i~ I UD~ 'I,n l" ~Vl"UDU,~ llUUDU~'lm'''DU.UD~~D~' ~uuu l11lU 

';ml1,'l~IIOOl'la~ ii'~,fun,'yj~~ n~l'IU~ll,jUDu-i,u'imwIP'i~~D".' ~h ~ vI".~iiDy1; 

"~';DU';''l~~ 1';iil'\ ~n\J, ~fi'u~lluuDuun 'l uvn~ uBuOiD'~;D,.m."U~lJ'''~!l'U~ ll'lm ~.lJ 

flUl1i!..".ffUlJl u ;'~\Jlj'n..,'V1"'~ ifilU Ln~:: Y1'1U I'llJ LLV'I L i!'iJ\l~ 1 fUL'il a~ a'~n;~vi 1\l n)j'~nl!tfU:::fi L Rbi 
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LQ~'~«' ~~Ju~'~~~'U~~L~~,~flU~;U;~,~~a~~,~~~'l~~1;L.~'lu6n~,~~a~ ~ 

~,i L ~~u 1 Pl~m niin~ ~~'~'n.n'~~; ,fl'fflJ '1l~ "lI"~~,y4i'!l'1l~~ ~uu,;"t;~~ '1l'~~ ~ '\~ 1;~ ,~li~ 
~,~u,~ '1ltj,~i't~jje.l.l Pl~., ~~ LL~'1l,~jje.l.vn~;a~'iI~i'l ~~~~ flU "n'~~'m~ 11 'l uno~ Wan .. , 

La~",~o~~~~'4i'!l~~~;U;L~no~~'~ U;L:~~~~~~''luu'~''''!I'1l~.;u;~,~'\~;a~ 
~.,u'!lu,un'~ n;~.,~ L ~n'~ \J, ~~ u"il"'wru~,f~ ?f~Ju~~"'no ~ n., .. u'l unn~.,;'~ ~'l ,;~,~ ~ 

S'U'!l '1l~ ,,;u;.,·;~~l1'~ ~'l ;~vf~ '\ ;\J, ~ 1~~um nll'i\"~uVl ~ ,~jj'1lr.i91~~l'f-i, L !lath ~~'m l;:~ 
It • ". ..L.." ''l" 'I " '!IU~~fi'~'!I~~.'U'~'~~~L.'.~~ULn~U~~.,u~~,~~u ~.a~ u~auuu 

'lun,~lI'~~\J~~qn~~;~,,,,~,u~~fi,~a~,,;u; L~a."u~~n,~'l;th~l~~u 

'!I'1l~.;U;~~'~L~~lI'~;L~lI'~~;a~~'~~;U'~e.lil'!l'1l~'!Ia~L:~~~.~~,~a"ll"fi'~u;'lu.; 

u; 1Pl~ L Q~'~'1l~n~1i~'l u,~~ ~n" '\~"~nfJ.,~i'a'l um~'!I~'~"''!I'1l~n,~'lozi'th ~ 1~~u'l u-
J " ~!", J'l". ) 

au,"'~ L U'1l~~'nl'l"~.~U~'!IaU'1la~,~uu~."',,~~ I ","In" .~"'~VI~~ ~LLUU~'.a~VI'~ 

m'ilVl 1'1'."'; L ~am ~flrn:n no,~; .'1l~~fi 'vmuu~; .'1l~VI'~ m'il91l'l' • .,.; L ~af1rn:n~ ~uu .;u;jj . . 

ozi'a~.,~\J~~no~yfil", tli'l1Jnfi'1l' ~no~ L Yi~l;ju.n'~iii~ h,~';,~'11 a~,~uuiTu ,ti~ ,flu\J~, nu 

n'~ru~,~ ~ '1Ia~~~fi,~u;'lu,,;u;yfn;~~~n~' 

LLuu~;.a~ ~OIm~u; .,;'~~ 1 ;m;"ii~Vl''1l1 w'\;, 'm,uu,,;.a~"In ~ "uu,;"tozi'­

flu'1lY LL~~ ~ m,,,ii~u,~ LLuull''1l'~n~'' 1 ;-i, ,liu "'1" VlU'1l"~ "uu-.,'1 ."~'!Iil"';'~ ~ YI'l; 
flu 

.~n"YI'l;flu~, miilVl'l u n'~ '1lllu, uti ~ no~ •• , u.r'1'1l ""'11 a" , l!~ 'I un·" 1 ~ .VI,,, 

L4i~,l;~,~'nn"~Vl mass balance '1I'1l"a,u'~n ~ 'lun, ~1~.~~,~uu1;'lu,\J 

~t (AC) = ~)C (AD ~~) a 
(VAC) + R + 5 ax 

'lu di~ C = "'''~ ,;miU'1l ~'11~" L:~, t '7 ".', x = '~~~VI'~.n~.'1u'1 ,A = liuvl 
In,., .. ." D = ~~\J,~iI\1tn.,~n'~~.,~ ,'11~ L.ru, v = "-n~ L {, L il~~lI'fi'''''''' ,R = iT.", 

n"'il11J L :~~ ~ 'ilL Yi~l;jU L ila~~, n\Jiili~~ ,~, L "'". !t , n'~ L \J~~u" \J.~ ilm~, ~ 'I''1ln." ,~'"'' n 

vn~n'~fi'~ (L-Uu n.".,n"'~m)u) LL.~ S = ' ,,~~~lI'~"w"'1l'ilCJ.M,uii'u ~ "'l'1l~'L'n'lu.~ 

n'~ (~) L ~ L VI!I~vl, I!~ 'flun'~ m~~'~ LL.~ diu.r'LLVlu""''1v1 .. nu'1~'' L iI'1l"~' nno' ,\J~~u 
'1" \ • 1 'J J L,th~ ~.~, '.~a'!l'1l~"""~ L''1'1I'1l~n." ~"".'1l"'m"'.r., 'VI'1l~~.a~ Liiu LVI'1l~~ Ln~'i'iu 

no~u; (advection) '1I"~"'Vl'l dt'1l~-".,nn"h.'!I'1l~u;'l,!,,'1u; 'lun't1!'!I'1l~\J'm\lj,j; 

(estuaries) .",~ ,~, (V) m,~liuvl (A) D'~ ,\J~~U'L\J.~Vl'~ L'~'''.~'~~~VI'~ 
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" ~~UU" i .'<>"'1Jill'll'l'1~HlU911"Vi, 

1'l'191'<>UIll1"V(, (ex~ct solution) 'IJ'<>"-'1lJn11v1 ~ .mj"'<l'<>fl1.1dJU'il'lJfl1til 

~l1~ ~, .;jUVUrrU'illJl.j"'!l,uYi"l'lirru~,n'1l1U'" (parameter), A (~uv1), V (''',lJ ~.;, ) , 

u.: D (n'1n1:",~) 

'l 0 ...\'"" I .....I'.!"'L, ( U\h: ~flYlU 1n1,mnlll'<>UYI'lJU'<>F,lrrU'illJ1jlllli,uvn, ~ u~'ilfl,I'<""V(, steady-

sta te ) ?f"ll'uVi,n'1"UIil~""lJ"'.1,,, nl'l"v1r~.;ju nu ~ ,.,~~.: 1 = ~:Y1 ," (As ano, 1967 : Bain, 

1968) n'l1l1, l'I'1IllOJU'IJ '<>"'illJl1,1 (~) ",~'\.1'ilI11"?f" fl-.i" ~,BOD (bi'Ochemical 
I \ .~. 

oxygen demand) ~~.: DO , (dissolved oxygen) 'IJ!NUlJU, Delaware (0 'Connor, 

1960') v11'l'1u,IlIl1, 1.;',\ no; ~ "~,, flU l'l"lJ ~ ,"lJ,"u\h: ,,'1 uvI~", 1.1 ~~uu,,'1 .'<>" DOSAG (Texas 

Water Development Board, 1970') fj",", BOD ~~.= DO 'lUfl1iiM'fl,1U'1 ~~'lJU,U 

n'l1v1'il'1?ftlJ (D ~O) lll'OJiJ, Teledyne Isotopes 1.;'Vi",utl."~~UU"''1ml'' DOSAG lJ, 

'lUfl'1l1,~'1IllOJUIll1"Vi''lJ0J'''<>'';t11: , 
fl,<>uvlfl'1l1UI''''llllfl,''';'1 ~~ '1lil", Battelle Memorial ,Institue 1.;'Vi"'~~t1,,,,~~uu,,'1 

'Hl" ~OSAGm '\'liflUU~';'1 South Pla tte 1"'~l1 ,,<>,,;1.11 =fl'<>UYi'fl'1l1U"'flllI"'I'<';'1".'~Vi' 

vJufi'tJ LLVl'1~ ~ tJ-rltJtJ~~n'l"n11 !fl~Vl'UtJVl~~t1('1lJl L Gu numerical integrationyf Utah 

Water ResearCh Laboratory 1.;'",JJtn ~~uu"'1",<>,,v1l1' l'l'1IllOJU~1"V(''il'1l1-rUOJ'';t11: 

I)OJU'IJ OJ""lIll" ,,,';'1 " '1lU'" 1",~'l';nu~~~';'1 Bear (Grenny ana ' Huber, 1974) 

'\Utl1=. ~,,'Vlvt'ilOJ"'lJ0J"fl'1"'I'l'1Ill!lUIll1"lIh~"'1)F,l'tu,,'1Y<''''vI'l;~, V U.: D IN 
... ., "'I • 

'lfim1ii~liltl1:4nlll '1liiu 

UlJ'';'1 Delf'~are, Upper East ~~ ,,: James (O'Connor, 1965) LIil~Yi' V ii~, ~vi, 

flU I'l' ,lJ ~ ~" 1l;l~'IJ OJ" 1),11" "'" ~'l.;'1 = ~ = ".,f/¥Im;, .1OJlJ' 0' ~ Connor, St. John . / 

and D i Toro (1968) 1I'i'l'li'1fin,1 '1 ~ .,11 =i ~ V;U ,flU ~ w~" ~~1ll'''1 "auu'" ~'1';'1OJ1) n ~ 1lu 
" 

'Ii,,, ~ 1)'1,\;1 ;;'il'lJn'l1'IJ OJ" uuu,,'1 il!N ~ ~~lJ n,1l1 ",~.ffuVi'OJ' ~~ 'lfin, 1 un rna tr i« 

11 ,.,'1 III OJuvI.;' OJ" I) ,1 

'" ~ I'< OJ 

1.11: "iVlvl'il,lJ'IJ OJ" .,'11ll OJU\ll1"."1)'IJ" 'illJ fl'l1Vi' (~) vI'l'lirru t1,m~~';'1OJ, ~~ 'illJ,,(I; 

li,u,vh', D U,,= A .,,,Vi' ~~,,: V ~ t1;1~u~~t1" ~.\Jffiiu '(sinusoidal) flU "", Holly 

(1969) '\';'lfin'1t1"lUn'l1'l~~n'1 ~YilJ'l,jU'IJ!l"';'1 ~:u ~iJOJ"",nfl'l1111.hj'illJ''1 ~'illJOl U.1I'l" 

Vi, (unsteady - . uniform flow) '\un11¥1fl1;,a!l1ll1,m1vl,,'IlOJ" I lit! ~ t1;1uu~~ th ~ ~ 

""lJll'lJWU;~'~ ~ ;;u ~ ,., ,"OJ ,,'1 fllllVi''il'1 f1tlJ'1l0J" '16n, 1an.iOJ«uYi'", I'lViIil'IJ OJ" ~'1';':1v1{'!0J~' 
f1'J?l'1Vl ~ 'tlVl'""j::: tJ::: th n LL~ui 

\ 
UUU" 'I "OJ "Yi"l'li'l6fl'l1 1.11 :lJ,ru 

~ ;1OJ"", nm1lJ" 'j" ~~ ,;-,«uVi'", .,Vi"''IJ OJ" .'1';'1 1 ~1'l"Vi' t151i'j~,Vi' ~ Iil'l'ff1JlJn1 Ul'l" 

V(, rill ,1 ,U nll'u (f eedback) ".~vl)'11".1 ~'il~'1 ~ 'illJOJ '\utI, m~~';'1 .,'1IllOJ.,)\ll1\lVi,'IJ OJ" 
/ 
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illJm,l'f (~) 'i"ll'"l;t1i~"wl1n ""Ili'u~"I1;nm,.t.a'i~fl,~th~lJ'lII (numerical 

method) I 911111 ,~'1';l1u,;'~"ln'l\1U~niiil' ~'\ U I tl:U'1IL1J,lJ, fl'ffu 'i5m~ tl, ~lJ'III'II"! .anu fin 

IIUU"'1lll1"l'11U~'\.a finite-difference '1ll1,"1 Thomann (1963), ILIl~ Dresnack nu 

Dobbins '(1968)\ IIUU,,'1lll1"l'1Jijll implicit central difference'1Jl1"l Harleman 

Lee fru Hall (1968) 'II"! .afrutl, fl\IJU-'1 Protornac '\ uIIUU"'1 1l11"',f .. '1u'1\l (111 U"I !Jl1fl 

1\Ju'1l"l"lIl1, ~ nUIL;"ll1'«U,;'1l1~<Ii'lll(l:U (A) '1l!J"IIL .... ~'1I"l"l~-nlJI~'l (V) 'II"!.alDu 

-d .z ," --~'l'lJ~lJ~U~.tl~IlUfrUI'l.', ~lJtl'~~~fl1'n'~",u (D) lUU~'l1lJ~lJ~U~I~"IlilUnU 
~ _ _ ~ • d' _" J 

m,lJ I'''l, 11.~B""fl,~Vi"l'1l1l"l I:U 1'1l1lJ1nl1"1'1Jij 1l0i1l"1lI U1l"lfruII. ~ 1'1l1 lUU~fl ~ 

'tUfl"~fl,.,tl1fl\llJ·u'1 Delaware LllU Pence, Jeglic nu Thomann 

(1968) 1;'; "llJillJfl" (~) nUillJm, il1l1Y<'illJ 'l."'1l1l"ll11l flo/l'l "U I';,; 'm fru I Du. tlillJ fl'1~ 

differential-difference II.~ Iln'illJfl1';'lU 'i5tl, ~lJ1111'1l1l"l , Runge-Kutta '1Ju., 
order ,;'dR"l,lJI~'l'1l1l"lfl,,1111ll1,lJ,",nn,~111"I';''1l1l''lu'1~1l L.,ul1i~.,fi"lfl"~u."1 

, ' 
'1ll1"lu'1Vl~ I. (tidal fluctuation)r i-J,fl\I1iU'1 m~fill,~'llJ 11l1~1l",nfl,'~UIl"l'1l1l"l 

U'1Vl~ III "f,lJ, d~U"l';1l"l;;'lUVl'1L"U Il'ilJ~lJth~~VlS'1l1l"l~"u'1' (; 1';,1J'\U'illJi"~ Idm;, 

~ I tl:vu", fl •• 0 diu ",0 illJfl"'II"!.a I tl:U'J'I,fl'illJm, ' backwil-rd difference 

m I Du central difference ""IIi'Ut1" ~ n';,.;'1Il"l';' ~'nlJ l';lJ';U'1l1l"liN"tl~ ~ n1lU-, 
'1l1l"l'llllfl,Y<U'1'\U'1I"l"l'\ll ~ ,,~~u!J~fru';'~"l'lJI';~U'1l1l"'1l"l"tl'~n1lU'1l1l"l~lIIfl,y<U-i~UVl'''1 

v)'luYI'1miiu'ln.ffu ~~'tJt:I\l1)"'~i~fl'HU1""'f~'flUUlJ~laf)\l'!~1 ~u~tJ 00 lU':::tJ:::tJi') vi 
I1,1;;'tn;I~U"Ifru~'l'lJIW";"IlJ,n 

Or lob (1967) I1llll1l"l't.aillJm, . ~. -), f'i'U)f1"mlJ:u'1'\u.tl I!> iiOihun,~mj"l 

tl,fl\I1iu'11ll1n lDuOl'''''I~''l~'iI' 11;"l~OlII"'.~-d1l"l"'lJ liUIIU"II,],J'.iuivlnii9i ,Viu'l ~"lJ I~'l , 
'tJ C)'\l f) l' 1..., ~'tJ t:\\lui-iT'u ~ \lL \J ~iui1l1\J ')tulJl~1 m~uu"'Ji ~tl\lyfutJ f1'Erml~~"~'1\lYlI n n.,,~ i ~tI\l 

lJllfl '1"l~ '\ UILUU"'1 .11"ld"\;m fl", n fl" '\.a explici te fi~\te-di.fferenc e fru illJ fl" 
, \ ~ , ), . , I .... '.;, .. , i ... • ., 

9! (.) L flU fi .,nu.'1u'1iiOi I Viu 'lOl,lJ ILOl.~'1l1l"lViILU"I 1 "l IL uU"il.1l"ll1 I 00 IL u,j , 'lJOlU'1l1l"l IL UU 

,,'1"'N Dynamic E~tuary '1liN EPA ~~"MJ''''1llJ, L.W' Callaway, ' Byram nu 

pitsworth (1969) L,.~ Feigner nu Hi3.rr'cs (1970) ILUU"" ~1l"l QUAL-l '1l1l"l 

Texas Water Development , Board (1970) "MJ'~UlJ''''fl,~uu.i~iiiOi I4iU'l,;' 

'\ ... . " "" flil1Ufl 11 V IL.~ A Itl:;uuILtl."InU'~ U~Vl'''I ILOlillJ".h'R''IVlnU "., '\UU"i.1l"lR'1U"l1ll 

11, BOD, DO IL.~'lIlll11.liiOl·1llJ ; ' Envivonmental Dynamics 
, ' 

QUAL-1 lJ,,\.untJIWu'1 Jordan .'\u UtahL.,ufi"1l"l ' ''tl'~1lU'lJtl''lf'lllln ',y<u'1 ~. ',~'J,"1 Vi 

Utah Water Research Laboratory IIUU,,'1.1l"l QUAL-l ""If1~''l1;'Ufl,,'or''lItl.''1 .. 
l.,u 11;;1 '1l'i 5fl" ti1lu'; mJ. fl" 'ii, tl" 0Vl-'1 ;1l1lfllJ, fl, ~'iI"lU'1l1l"ltl'ilJ ,1II'1l tl"l '1 ~uvI ,.;, i"l , 
a"lIl;;1'1lIlUu"'1.1l"l'\';'iI'lJ,~n Itl~UUlltl."I~·' /!'x 1;mlJ;1l"lfl" 
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~~UU .. 'l "ll" ilu ~ "lJ ll" ,,'l';'l,j,;'illJljOi't Ii" 'l';'l,j~mtIlI~ ~ Du.u~" (cell) .;I" LL"; 

,,~.J<J" 'l u ~ .,,,~ .. 'l i'i"Yln'll'lu'", 't Ii" ~,U ~~ tlilJ~"~ ~~"~,j,,, "lJ ~;lJ;U"lJll" iI~~ ",,,vr, (Bella 

Ifu Dobbins, 1968;Grennyi'iu Bella, 1972) ~,n~~vn (Convection) ~~"~n~~ 

m~ .. , ~ ",'lU,lUlJ," ~ n~~ ~ 1l~~"lJ <J\1 n,~u'lvn iI~~; ~lJ"lJllU ~ "lJ"'"lJ ll\1 LL";" ~.ull\1 LL"~ n ~~ dllllJ 

~ 'il",vllU (mul t{-step) 'l u~~uu .. 'l "ll"Vl'l 'l liil,lJ" ~I'I "It",,;' di",,,, nL~"""~il \1';m ~ nllU -

~ Du 1iil~ ~ ", nlfu 1;;'l u LL";"~.ffU 

Fisher (1969) 'lilJLU",Oi"lJll" Lagrange 
' 'I • I ,- , .' ''l-iz.J'tl'\llJ~f1I'1::: lJ Bolinas lagoon Uf\§vl'EI"1 ~iI'tI LL·.H~'JlJ~'QnuU'\H:rt)n dJW"2fCl'JUVl ,.,nT1 

11'1,,'lu~~";,,~.Jll\1 ~Dun,~ll1"jjOi ~Oi~, n,~"''lu'IU'tULL",',,~.J'\1 ~,,,,I'I,n~~w, n~~m~ 

.. ,~ LL"~n,~\JjillJiI" '~ 11'1~,,'l"<J" 11'1~w~ m~Vl'lL.,~'tIi';'l ~g~ll1"lt1;;'~"''lOlJ ~" 
~1l~~"lJil"n~~ll'1"n,~n~~"~~I'I'lJ,"~n""'lJ~lJ~uiil'l~,,,.tI (empirical relation-

..lS ... .... , 
ship) Vl"lJulfu"',~lJ ~"lJlJ"lJU"lJil"iI~~ ~ tI:;~ULLtI~ 

~ 

'7 LLUU"J'l"ll"tlu ~ 
\ 

Thomann (1967) 'li'i5111~ 'i ~'m,~I'I' time-series 'I Un1~1'1 ,"',~lJ ~;lJ'1JU 

"lJ ll"iI,~ 't uti, m~,J';'l Delaware 'iiSn, ~ 'i ~ "'~ ~ ~,;i'l il'l, ~~ 00 LL" ~~" IllT~'llUl'IlJjj"lJ ll~ 

u~~,nn"~L'rl,,:::il~tI~~ Fourier series, Power spectrum~D~, ~,varianc~ 
..I & ~ ..I .... .. ..1...1 

~"~"'Vl~P"'"lJUUU~Ull\1lJ~",n harnonic tI~~,,'lu n~~'~"'~'~I1"'l,lJ~Vltl",~"lJll\1 Spec-

trum n~ ~Vl'l mj~",,~ ~ ii~ '" ~ Ylill'l' n ~~ tI~~)J ~IU ",of" LL ~ n"lJ il""'" 111 ~ m ~ ,,~~ 't u.u,,,~ ~p ~ 5u­

"lJll" 00 ~ilU~'~Il~~ ",n~~ variance ~ ~uil1~~iI')J~~~,;'"~vr,,,~u'l,,'lun,~.,," 

'~U~,U"lJil"111~'li';'ll;;ilJ~"Qn;Ol"~~"~n~~ 'Qlt~ DO 't", ~ ",,~lJ ~tllt~U LL tI~,;'il'" .Ii", 

" ''\'"' . ' . .,. ' l' ~lJ~:::~1 'YI'rl, DO V11a'\l~'\I ~I ~n~V1'Y1 ~Cl ~ 

Wastler Ifu Walter ('l9b8) 'ti'i5n~~LLuu ~Oi~,nunuyfn~1'llJ ~;'\1"'U'tu 
• \ ... ... I .......;: ..: 

n'~'i'~~'~I1~IU~'~u'l'lUil~'. Charleston 'tun~ruu1.,qtl~~iI""'"lJll"n,~~n~~n'Wll~" ~ 

I'I,~ "" ~ nn"" "'tli)J,IU';'l~ 1'lVl"'11'1 iltN~' ,~iil '1IUtl1W';" 'l u~~, 'l u n~~ ~n~, 1;;'l i"5n, ~ 

'i L fl1.,:::i p:>wer spectrum ~tJnl''YI1~'YI~lJ'WU;':::'YI'l'I'-J chloride int'rus ion flu 

tlimrun,~ 1 ~ ""lJ il"';"~ ",ol!".ff'\"; ,,1U ~,vr'LL tI~J" ilil",j., 'lOlJi1'1JI'iu i nu il~""1J'", LL';" Tha,yer 

(1967) 'l,vLLUU"'l"il"'1lil""',,,,,,~ ,u (stocliastic model) 'tun'~I'I'n1~n~~,,~~it , 
, ~ 1 til ;;"lJil" BOD LL"~' 00 iI)JilOi~ ~u,;"l i'l u,~uu,," "il "~I!il ~,vr., n'lI'lU",,,,,,viLL"~ ~ ~uu 1;; 

il U't u iI~ ~u~ ",,,viLL;; ,0" LL,J ~~ LL uu,,'l "il"'1lil"'~"" 1 )J'illJ,< ~ruw"''i" ~ 'l i .. " "il" ilmw" 'l';'l'l., ~ 
'1; ~~vlr'H~v;l;fl~rI1J,v1uT~\J'l~r;~~ variance "lJ'El'JfI"lllJ L';lJ';U"lJ'El\1 DO tf\JrrlJ.,nvtq~ dJ'El 

I"i., ~\ldu 00 t;I'~ ' ,.,~tl£'flUuv,,1\1~~flfl"l"lJllJ'LL\1\JtlU"l.J'El'JY1'1 DO, UlJlnYrqVl d':}~Y1'IfI"l'lJ L;lJ-

1 . 
" , 
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n, n'lotl'.1illl,V< LL o~ n ,1 1, '.1lJ ,111 1 ;j'Uo'lu'l 

if'.1~ ~ L ~U LL "1~' LLUU~'lotl'.1Vl''.1"t\i''!'1'iI'' {>1"l inu, ~UU'1l.-;I1IOtl ~~'lu 11.1 'IJUtl~ 

LLUU~'l.tl'.1 LVI ';,,JLL .. n~,'.1 nuv< tlillJ "11 '\ U L -i!'.1 m1~ 'l .. l'.1illl,WlJtl '.1'1J tl",\ 'i'.1;\''.1 '\ u;,U "1,lJ­

o~ L ii~ ?1LLo ~ "1,lJillJ~1 '.1 ~~JUn11"J ~ L lim)LL uu~,'lotl'.1 'll'l L vitl 'l i'l 1.1 n11 ~':H'tl\lilmv<'O'lu'l 

vln'l~'.1flm,I1"'.1 Ltiu~'iI'l~1lj 

til; tJ'J f1"l~ "l itJ a:: ~ 6rntl \JU\.JU~~ ail \1 L ~lJ.ff'U LLtJU~~ ~fl\1 fi~::;VH)\1~ \1tJ., n.fftJ/ 
" ... " 't "" .. ~ .• .. "" "" "' , '1J IllJoVi I1Itl'.1 n,1 '11nO,,'1u 11.1 L V<lJ'1lU L uu L '.1, 111 ,lJ 41'1 LUll '.1"J, n L "~'1l L II L VlULL .11, "1,lJ LLlJU 

~'l'1J tl\l LLUU"J'1otl\l 't 1.1 n,1 ,,'1 ""\l'ilmWIJ ,tl\l~ 1'.1Ju4u Il~nu "1,lJ LLlJ'U~'l'1J "'.1'; tl,..vlo,,~ (u., ~ 

1\';:ij,UUt1. "''''''''') 'lun" djlln«9lJU1(Luu~'l01l\l'll'llJ' Lvill'\i'.1,U "J'l';"'.1"'''''~fl,'41'"lIU 
l 

hvl L VllJ,~illJ n,1 LL on L t1~UU1~VI ~'\ln,,'\i'.1'u'I ;nu';,'li,,',u'1J ,,'.1 LLUU"J'1o"'.1 fin;\''.1 

"1,lJo~ L fi~ "o~lltl'1J tl'.1~ ovlYl'.1~ ~ 'I;~, nLLUU"J 'lotl'.1 

~ ,ntl,~'ilU m1cUv<u-i, m1 1.11 ~ 'l nl1l"'\ iLLUU~ '10"\l 'ilm WlJtl\lo'1 U) LL U'.1 "" n'l ;."lJ 

"1'lJ.~Lfi~I'ILVu'il'lJ'~~U~tl ~) , 'illl'1~"'.1vl 'iI'lIl~u,~uuvI'illJ~~~,t1Dn;~'LUuo'1~u 

u"n L-tl\1 v;u. (linear first-order reo.ction) 

t1nn;u,L-i!'.1il,U (nonlinear reaction) 

"') 'illl'1~"'.1vl 'iI'1I1~u,~uuvI 

~) 'il1l1V<LtI~uuLLtI'I1I'lJL10,'iI'1 

,.,-ru"):::uu Lil'l~'ltJ , mJ\J~~~tJ\l~'U':::~ULL,,)fl LYI)J,:::a~rWrtJnT"itJ,,):::1J'l tu~''1I'1,,)'llJ L';1J;U"l.I tl'Xi -

il11v1hiOn" L t1:;'UULLtl1. coliform ba<;tir ia. LL"lJ 1lJ L l1cl. '11.1 L I1I,Yl • Wtl'ilwtl~"'1lill'l , 
a:::a 'ltJ, f'l'l,"'tJil LtJVl , BOD LV~::: 00 ~\'HLtJU~~~HJ\l·ll'i!vnftl'l~tJa,1Jli~SltJvt--;1 al'~\l'lH'lltJ 

Otljjn'i U,.;" L ,j"\l nu L tiu 0'1 ~U LL 1n L -i!\l L;U m1 n, ~~ ,u 'l U'il1l1 V< \NvI Lii 1'1 4u 'I ;; ,'ilmV<1l1u 

1 ... ...I _, ~ ~ I 

Utln ('lOM'liJ, LLiI\l . n11 II •• n11Vi\l'1JIl'.1 LiO'U LLo~"U ~) lJ"''''.1Vl LU1~~~ L10,VI LYl, 

nUL10,vlu'l1110~,n';uu'1lJ'~\l;'uu'l'lu,~uuo'lu'l 

L Uu LLlJU L -i!'.1'il,~ LL .~li1\l~ 1';'.1 n /iu L ,j"\l~' n/inlffi~ L .uu'!'1J "\l LLUU~ 'loD'.1 n" L "J;1lj L ~ 1 111 

"lJ tl\l~'l"" "'"W ~\l L nVl~'l tll'lTllJ L ;1J;tJ~~ nll"l.l U\l i5~'l'" ,.'H:lllJ'l" nui L';';)J '1 ") ,,)1J~ U LLtJtJ~i trtl \l - , 
1; ~'.1Ju n 11 1.1, ~ LjjU~.~' nn" liiflljllj,lI, 1';D "l(\j1l1V<U'l"\lYll1 ';'t U LL UU ~'1.D\l 1.11 ~ L llVl;l 

L rl"\l~' n'illl,V<ll,~U "nD,~ L t1~uu LL 1.1.'.11';1'\ n1i11lJ\l ~\l,ru 1 ~UU"' ; '.1"\l ",~ 

LL \l~~ R"l()tJ'j \12.J1 n1n tJVl ~tl Vl-1U LL UU'il1 ~tl ~~ U ')::: ~uvt n Rtl'U; I~ 'il,:; ~~U w.utlU ll~:; L ~tJ ~I 
'l';;~', U'ij\l LL';'iI,lJ11 ~II' ~ovl L nl'l", n" 'lu 1U'1J D" L iO'U'ij\l ijl'lii\l'.'.1lJ, 'l U 1 ~II-i, '.1 L 1., ')n~., 
1 " ... I'lViYlijl'l 
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'" r' a... 't" .". Ai ... ,U'!1\HW," ~91IJYl ,un,~ '1l~.U'lIJI~~~~n,'''I'~no,'',u, f u"n",nuno'«9lJU'''UU'''''~NYl\ln 

~U91"U~""~'t;;"~"~~IJ~~IJ~~u.nu,~uu~n~,,~,,~;~~u~,n,~~~u;,,~,,~," ~ ~.~,,~ 

~~~:UU"U,,,'t9l~~,,,,:'t;~U'~~Gfi'~~9l 

":~~ul;~,n,'n~Ylu9lIJ'91'~'U'1lV,,,,~u~~~n,'n~Ylu91'lWfi'YlU~~"~":~;, 
-' 

IJ, 't u,,~u~ 19l!lYl," tl<llJ ~~,,~ ~ Guno, n~YlU mfllilil 'U.r.~~ ,,: mlu"u ~Wfi'Yl'1l ""u~vlvr" ""IJO-
~U"~~U~fi'Yl'1l"""~U~~Gu~~.r~ 1nn,~n~VlU91'lWfi'Yl'1l""U~vr"""LU"~U~ ~"llin"'t; 

1\ , '."" • ..1 •• .A..¥.~ ~ 't .. 
~ 9l1J"fi": ~~ n",U,91,IJYl no VlU 9l"U,U" ,U\'1 .u ~9l'1l"U O~: .no un, ~ 91'U'l1J ~ U """, mn 

~ n9llJ"m'1:'t U .. VU't "'1l "" "~U~91 ~.,,~vu 1 ;,,',u~,~, ~"I'\ ~ fi"", nfi'ioo ~1il"U't m IN ,,~u~­

lJ"~~~;""~~u~.",lu .. ~ • ..,~"u~:uuu~vr"'1l""I~",,,u n,~n~"u"IJ''''~'U'lrufi'YlU~ 

"viti ,1J"fi": {f" ~ fi~~u ,,~ui fi~~ ~"" L; ~ ~u -i,1J , .. ~ s,ul'I'l '1l1lilln;""",1J 91 "IJ ~~";-,, ~IJ 
91. ,i'i,,: 1 ;~n-m~n1'1l1JO'" ~,u~.JI1;'" uiluu~~ u",,1~m'mu'llJ ~auL I1lj 

. ;.u U;IJ,WO " L .Ju, ~ I U'1lU'1l"" ,,~ui~ 'l''l",ffu no, 't01:l, 'lrumYl'1lV" "iuilS" 
~ Gu~"..,~ ~ ilu, vlmf,,~ 1 ;~O"L.JU, ~ I U'1lU",n"iui't;l ;,;M~~o,'''i",,''~mv< I"U't.J~~uu 
"~"""\'1," ~{;j" "'~91';-~'11J fI\J ~ 91"""91~U'lW , Gu iin'iSl1il"~,, ",.., L '1l1 uno," 'U'llJ 91 1 '''~!lU 

0'1«9lJ\J,n'1"i"v""fi,V<91'lJ~u91vuvl\l0;"" ",,,~.u,,nVl'i"""~'lJ~fi"~'1lV""~U~ 
~ ," ~ LUU1~ ~ " .. 1 \'1U ~" 1 ;~lJnU"UU1 ~mruvl1 ;~lJ"" 1 U ~ ~"",u,f 
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