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A p . .a.rt:ic:le íf.,,dlín.g at terminal v.e-lod:ty· .in a ql:liies:~c.ent. 
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~M!f\l§'$ ~~tnl'l> ~~·~l ~- ~ í5-~:P-~~~ ~..,lif ~' 'f'l alt be:d i s <F"or1iJ.fltd, :r:J:'f th i: s 

G:;as~-~, iflite ~Iéi.ln~entJr'~,ti. sn o'íf b~d mª·1liltv~·al :r<ili!<Q4t;s; f r 'tlro ª~º~t. 

1~5l'A0 tí,,Q ~0"00. •p~:p;(!i;,. 

Whf.ifí th e sh'aar !Jijtr•.ss.$ cr :bl\r.e. stream p'Glwer i .·s -~1l.lrther: 

J.,rtQ'r":é,~u~, ""ª~gt" -c!'n-d \!l:~rtd W\1\fVjt!i ql~"'i11,44Bilil";' ·by~l,-~ 4P ·~ f:r~m ·• 

plabf!i l::u~;di and ~'!!'lt'l! á ~l a\'1\1~ 'Wé:'t ét' $ t.l:l"'f ~i=.S ih:e ..,~e!& lft;;ty· g f"G;M 

h\1• 'b:etg:ht uat.i l the:y• ib:et:ome um;s1l.aftJ.,e a:n·d _ b·re;a:k 1 i ke the'· s:ea 

'fi:~l!"·if~~!i c¡¡¡r- tl'te(f m~y ·!Jr~du@'J..l ·y ·~tt~}i)rt'll:l~· And au.J,b\s;e,q.,;x,•nt~v 

&p:s.t;r:e,¡a;m mavemsnt. l :e:d :lafi..B-ERT ;'11;1(4) t .Oi .rn-am:e th~ ilr!~cl'l;.\'~'!1 

Th ~ • i :s: ·t :h-e p .ostt;i! '-.!'e 'i n:di. e:• :ti on t .hiW1;. t.b e lotí;l,;l ofí 1 !í)W '! 5 r":IP ¡ ·~· 

tPr :> ; ), .•. ~aNJ~~v ~ ~ ~'6>11 :~' $·f:;VI#';t.~llf ~l'\s itm•t..i d':Yrte ·f:li ~~ .a!íd 

f-í!lt.lta~d; tl'.I'Act t-h~ w;.a1qs t ,fifn·it§•t:tt t>·if ~'n'tii!lll.lm•·• is :g;tv-fiJ b:f :L.~ ~1tU2 l'fil· 

Wh·a""étí• :¡u i s, t.ltji milito: 'v,e:'l tte:;l, t ,Y' ilhd 9 'hhét ~r-~i't'i ~y ... 

:z. 2 ••. & CHUl'ES; :Mi) Pti.IOL.S 



r ·equired co.u.ld rrot be set: up .in- ·the fl :l!,l;ll\e. Thi·S< type c'f fl.o.w 

c:eon<Ji:í slt~d af -a l .o.g ct:ru te ·f:5. 049""'9'. 144 mm. ) iJi.l 'Wt:lü:: h tne fl ·(:!w 

act:elerate r ·apidt ·y, a hyqr~hll ig j¡Jmg· at. thi! ertd of tne chute) 

c1nd tbén -~ lc).hQ P.C0-1 {~.04:8-9~. 144 m1.R~> i n. wtri.afu ~M.e f .Jow was 

t:ra!'fq~,.¡U 'b\if\ !o'ia$ tl.cc:urlar .a.t i rr:t!l-• Tlle chu:ti!!Si and poO:l s mov-ed 

upS't.ream at v.eJ. oc"i ti: .es of ab,cut· 0. 3-0 •. 6 mlm·in. The eleVát;iPr'l 

of the sand bed varied wi thín wide 1 iroits, al though at no 

u .me was t "l;ré f il ,ume flo;Qr •xpo • . ed. Resl:.tlilf:'l!:(! t,é'l fh:JW was 

l~rg, • . ,. ~nctl: Ctyg ·t"'-an.ge.d "ro:m 9 t.,o 1~:.. Th.is t ·ype of flow ·wcUl. 

freqt.u=tn:Hy ~O:::omf;l,ameo by a deerease in the lliiN:n viWo.city ~f 

the flow i:n 'the ·flume ev.er.~· though tnere wa:5 an i ncr•ase ir~ 

s·tream p<ower • 

When the drag f -éírce. is le!ls than some cri. t i: cal va.lue 

t :n,e: bed materi -al of a -cihanne.l remain- motionles•s ... Thélll the 

bed can b.e consi-d.ered as· rigid. But when 'the ·shear stress 

Oli'JEr the bed' a.t·t:a'i;n:s ... or e.~:ceect's its w:iU c:!B~l v~l~e, part.icle 

moti on b.eg~i n. 

I<RMem Hi9b~) ,, 'l:lás d;•/if;l.ed :\th:r;e:e- t:y¡:¡its of mo'>ld.b.rl o.f' b~d 

mat.er\ a .l ; 

ti } ~a. l<: mov~m•.nt: (:i)'n:íy· $ feíl." pat"ticl ,e.s · acre ,;l.n mc:JU'Qti 

.on. thJ!t• bed;.· Trh• grai-tt "mo<vi .n-g on ene squ•re 

éént'imeter p:f t.he .b~ can ~e c·DLint.ed" 

tiiH Me.dium mo>vem:ent: t:he gr.a~tl. o \f ro~·~ di4lJl~t.ll!!r begi.n 

t;.a f!iC';)V~.. The i)i(1t,:íQñ is tlot lottal in ch~r'il:&:t:er bu·t 

th!i! bed .(:;,QO'ti_nues ·tp b• t;fl an•,. 

<3!) ISenera'l :I!)OVéJJI~ntí /i\U th:e mi)(ture is i ·n mc:;tiph• 

1i·th:e m~t~v.e-¡n~;mt 1is occur·rii""\Q ín al.l p~·rt• of tñ• 



Where>a 'J'; -= C fJ- t ' .) 

l •. = sp,ec.iU~ W,'ª.'igtrt .c;lf sedlmen't 

J • ·•pe,c;:i firo we.~ gh;t o'if' wat.~ 

Ds - it::h.ara-clt.ttt!b$1ill d1ªmtf~el:'" ·e* the .p:ilrtJ;cltr 

U*'~ • ·-:tt;elU"" ~•1-oc:i tv at t,J1.• t .hl"''tlf•hQl d csndi't.J..ón. 

T.tu~. e$r U l!l·$'t ()!'\~ i 5 t~ l¡fr"Japbi 4·1:.1 pre.l$tttFYt«\i on· ~·i ven by . 

Sh:'i•l;d¡s <19i.a> i5· wj,de~ly tJ:Cc.epted an'd• "te tl;ij-.:'1 >D• ;.·• · o .f :t '.!Jn 

r .e-ferred to a-s Shhdd-s parameter. < "111.;::; c.ri'Uc.al B,he:a;r !$.t :rl!••) 

Snil!lds de't-strMins:d ~~- r•~~Jl~alo:r.ship by· mea.sur·in:.q !blil:d 

l o:ed tr. an,.,pprt <f 01"' <var·fol;{s V:a ,l u•• Qf ·"( l ~< ""'"' t ~ :s-. .• 
strleld• d ·í-agr:am can be ~v·td:" in "tPwfife -rre.viott-s': 

~iS'ltlN 1.1 u• ~ tl$1~ < ;s .• 6:.3;...5,. 0 

I':n: ~hi• re,~.'i.. \1R- D.$. < :5.6 , •n:d: tn:a b.c:tt;tnd:iJr'Y' i .íi ®n~idátea 

hy:d.raiJl i o~i f '1 $m'Qótoh el ia: tha th i c=;kn,é's.s di tlíl;• .1 ainf tt:íár 

b'c;:t~nd.MY 1 iíY•fU'}"' 

1RE:G'IiON 2; ~'"'~-~,. ·e < u• • D•tó ~ ~e,. 0"""7.0. :e 

I:n ·thi $. t ·egi.c:u1 'tlí• boundary is in ,a transi t .i ,tli:liil ·•t.a't,li 

,ar:rd f13 < U$ ~ 6_, 



L 

!-l 

1 

· '~ ~ . 

! 

' ·· 



Wh~:n t:.tre >flo~w ov·e:l'"' m-ov.:t!ht: boundari.es o/9 a •oihanrrel ha.s 

hyqr.¡~,J..~c (i;Qndl.tlQI'f$1 ~~~:tu~ .d.JinQ tné ~;r·i ti .c:.~l ct~·ndi.ti.:on f..ar 

mºti!!:!~ O'f ·the bect· ¡y¡,a¡ii;¡¡..r~t\tl1 1. $.edimeat t:ran:sp.ort w-i .U t~tart .. 

H ·the· Mot.:too of entra.ined par·tiele:li i~. on:.- of rel.Ung, 

~.l :h:HnQ:; !áñd .Om~t'i~ ·j.t:flllp:ln.~r-in tht;r ~-d-1ay...- ., ttds-'kin.d o'f 

!lied:i m:en t . 

A.dvanc:es in the th:eory ,D'f selltinuent. ttF.an•pmrt .. llt.i,Qtl fllllY 

be ass.umad 't.o. h:ave taken pl•c:.e !idt.h the introdu-cb:ion of tne 

t.rac:t:ive f\.orc:e form:u'l .a by Dn &oy-fii .. , .S'CHOKLITSCM U914>. ,, 

p·rotv.ed ~D.u B.oys model of slidhcrg layers to be wrong,, but: his 

ex:p:er·i .m.ent..a'l data c:oul ,d be .,i!!'-l l repres:ent:ed· b;y D.u t\oys. ~ 

equati·on. O' .BRIEN .and f{lNDLAUJ; < 1934) gen.eral iz.ed1 Du Boys• 

W.her·é,r q_, -~* V'~l '-'m~- t ·r ·e.n-•port Ntte· of tne b•tt )..Qafi :per 

.u-n·i.t width ('K.gl¡yt._~ se¡¡: '> 

ti!: = Parame,ter contiiderecl to depend largely upon 

.se.di men,t c:b.a:_r .a~t-•ri sti c .s. 

~ "" U.ni.t t .rac:t i ve fér:c:.e e<xerte.d by t.he• f.l .ow a.n; 

th:e b,ed' of a Wh:le· Ehannel '{Kgl·m~' ) 



:Met~tr - Pet§r ci\rld l"fU:l:lar <1 '9'4,~), b~ed @H e.~tl'!~-f"im~M· t;.~s 

wii t:M: ~arn:d }!l'iilrti c.l e:s; mf un i ·'F Grm !ih: es,, nat•utre~l. li}I"' ·~V~il ,. i iQ!l ~ t ~ 

t:ilh'er·e;: tql:i = 'Sed¿:Lme.nt d!i..!icharge in T'on.lday. •f.Jt 

f11. ,=· Slp:ec: i if i ·c w.e1. .ght ¡¡¡¡ji' pa:l"' ti;e;:l e · 

't = Spedfic we'ight of w•ttilr 

m • Total __:w~ dhtcna.-:r;~ 

n;¡¡ ~ Rm\.l:ghne$ Ciieflud~:t 

d = ~\\ier GJ:ttl1'fl. 

S • El'1~~"ttY ~.(Dp~ ... 

;JO .. '1 ,, . .JJJ ,, 
·~ ·.\ ,, . T ' '~' .. ..... ,. ••. ·.• ~~w :.e :l 



~., 'J!It 

•~ 
~~ 

r-

!Hliti~~?--~ 

s~~ al.tn•·~ • ~il, ~sliiff 

~-~li"í~ ..... ,~ lí!i-.. ........ , ... "" ' ! F'i~,,~~~~-"'l!i ~, -- -~ ~JtM'!l~""'!-·.J: 

lll!l.;;;.o.:ÍÍ~ ~"""''".;i¡¡, lilljl\(~ .Hf~·~- - ¡j\ ¡,..ilio<.ii. 
M'JEWHil.'·~ -~· '1'~~- ~~~~~·~!+ 

~r ~~"~;§ --~ 
~-~tür• di'L~w :M1 p;f¡ Pl~B~ 

~- ~· ---IJ.I' "!"' ~ rr,-..~!tt...,. \Sí\~,·~.~,.,_. ált !'~ ... ,¡.-~ 
~~a!!i- ~ ~·~JJ.~ - ' ~-"' 

~ • !ltT«-~V •"Vaa 

·ar. ~ ' ""' ~ 1"1r~ iltJt~ti! ,-ddi:fiQ· ~tfftjt,p ~-: -

~)" ~p~:tw-JI ~f ~ ~F-- .Jlf, f;~li!Ji .p!ti'l:fl í!:i$ ~i4fiiill,, 

~TjJJ'ISflO'rt.~ iJ~ *fT« of~;a, $• ~ ~· ~';· ~ij¡'fci*J:c 

b t4(t·~~IJ; ~1 l'íf SIJ'tB. ~·· ,.~Mfn.~,~,. ~-~ 

t,. m: ·· u~~a•• t.,~m••~"l l'ktr ~--· 
•~ dl,.~,••• ~afft«~~~~ uRt"' m .••• 

jf,)! ¡<;'it;..,l\ •..,¡f.., ....... .,¡¡... . . -11 ;,;;¡¿~, •• ¡j " Íii;~- "-" -- ft!i~-""'"'' -...,lltW,Cl __ P- ~•·'!'Y.., .. """"'1111!!"11"-~· ~ 

•~• m lri:Bfí1ed MJ;:d lltd., 

. ,• .... 



\(Íh .. '10. ; .• 1!11' .~a , __ ,..,. .. _-........... .,., ----
'~· •·r 

Whceret 

rl!f • :wa!t.er d:isc:::há:r·ge per uni:t 'liílic:tth 

'ri9• • 'I ·-* _._ "' .a:.. S!! b .~~~ -'"-. :.r.:J ~o..a.I'S\4 ~-, al1[' · ;e..t •í:><t ,.ea;r 

fls ;=; R•~r:~'$~n:t.at il :VJ:, 'iii4: !lml!ft~ 

f M •liJ;e~ i ~O) Wtti t!:jtft, C)i W:-~-1"' 
'lf.$ ji! ~ít~ 1i f i.·~ w~,¡ ght P:f a.e:d ~ til~n't 

:s •' :$il.I).P:flt ;t>f 1tll?e ·etí!ce•l"g., Qr-Atti·ttn,t • 



;D¡~ ~ r~:~~'" lil~fftt@~ ~ ~~- ª-ít11tllí~·\\:'~tr· 

U,$, ::;:, the t ii me .ac'l('gr•¡;~;¡g~ Vt:l ®€: ~ 't0f· Qf '"' 

q11 = sedti:men't d:i ·s.ehiiri;¡e par· u·ni. ~ wj.cJtb~. 

IKaU n~ske d-eve•hlp•ee 111 b.ad eqcrat·!i: o:n c .oo,sri ·cteri·ng turbUlafi,~ 

.W,tl~F$-l 1.!,, e ' ~- th~- 'il'l!!rl:~rt~'ªrl-f:,~.U:S ~~:\Jfl. ~ v•J, f:!I~Jrt-)1 

Uii" j:j; -~ ~:i~hi~l Y:!il'l~y, i'~ ~nd.ip~m\ -N\~r:tt~ 

•ll' P~'~"'t ~'~ ti~;!:~; --~e:! htr~n~ tr.ªn~~;Qrt:s;d: •b:l'· tn-~ ~ l ,pw · i.n 

~t:¡e;:ef.ro:s i 1 $U.~,if;),e:s;(llfd ~ tt t;l;t~! f 1\~ ... , lthe~ we-"i. a'h''b -Q.f· lt.bi!lt'~ 

~tU m~n't. !{ltart:.~ ~t1é:s: a:~ ~\llint,i, n••t v SW'f:H;Iar·:t~.a ~ttv 'tlé ·f .J M:td .. 

L..~I'f~ ·ª'-'n.D.I ~ª-U n!$.fl;;e, ·U 94l ,.! " ~§l'Jp; 1 u!i!t:~ttt -~J'J·ª't "l'J:e r el . .,u !iiñ· 

~~p,gttri$: ibd be ,!J.wtf'-J,i,ªh!r::tt,l·~ •.\ít~ur~e: i¡tt~.r ¡ptr)l~hi !:ií-iU pt.tr}il•t)Slés t;¡ 

1 el<. :W. "' a.:! ( d .. ltJI] 
q5 =· ti!:• ,ca .• if'J!! .. e ' 

'15 



-~ ~ ~ltl ~.(l ·~~li!J"',~Jmee lt\b!ltNl'l!l 'the b-E'Jil 

,~ ~ ~ª~'D'' ,v.fi r~];Jf"ifaf"Q'e p-~r ~n,í!,t; ~-l~ht 

~ ~ f!a!ll 'sf•~'~Y ¡m •Jíl ~~~JJ~:nfltem i!¡!¡§!!fll ~f:~t: 

~ .:· J:Jt: ,(;i ... y,·:>:'' rt.Jil i;J~ r~~~"" ] .-
t~ . ............, J.. ..,._::.., tí,- 41 - ""' · , _...._ "'" tln'J'.o id"! __ 
~: l(ili.,YJ .:·i , ·- r~~l4'i_~ ~ · · , ... · _. 

~ ª'ª ~~m,_~:g~Jtr-ii"\lcf.J'B • r e: !!! 13 

-q 11 r:~- a-~.em:dea 'Se.l:ill'i:lfl~:tl: :d'ti!?~l;:hi;tr~~ :fiil!P" a:nit 'tth!-~h 

'fffi, ~.. E;j •n1i''\.ants-

'T" 



~lt,,.f}' 
--,¡-... q,. 

w 

l.!lli Rf"'é: 'éf<s =; su.sp;.ended' 1 m·ad ~i. sé;hcitrl)e pe.r un~ t . wi d/t,l'i 

u,, ·::::' t.fir~ m~.9n ·t:ransJl)or·t ve.l ·o:ci. f:y .oi sQ·~ i d5 

&b = be~ load tranS'port e•fifi ll=ien:c:y 

·~..-u = -str~m 'P~DW.er 



3 El'NS"rE,I N ftDfJEl.. FQR :SED,l~mEN>-T TRANSPOFn~T:lQN IN DPEN 

e~a FLBW$ 

Tne, ·t:,er m "B'e;d ""' 1 oa.d Func:t i Clll'' ha:5: ,pr~OJve,d' t!D be ,~isáf·:l\111 

'iJl the de,scrip,ti:on af the 5·éd:i,.me:n:t movememft :tn 5't.re.ám 

c'ba.nr;¡,el:Si•• lt g;i ves; ttte ra'fue& at wlil;ióh if'l ,o.w& oif' .arnry magrd t 'kfde. 

irl' a .g i ven c'~n'él "''í ¡ ~ t;•rc~e:nsJa:Ol"' t th'.e i,ndi vi dual :ae:cti: mént 

-si~e'!rf Qf ~~~~~¡; 'f.?he Ql'l,~J'll'l'~l ~·~tf :~~ c:r,;Jmp.o.sed., 

T~ t.t~di l ,ca)a¡,!(.i tl.fnJ~rt~.~J~n {l;~~~"-º.P'~ :~y' !!;l~íW~T~t.~· ·~~·~$01 ,, ·1!5· 

:lflxa.sed an, ,a. larg,e amo.t.ult Orf .e~.:pttr'imt!n't.,a.l e1Viden.éé <1\ll:\\1 t .fil·e 

e~dst:in•g, them:ry ol turtau!eFJ·t if'I:ctw'" and b:ey.ond t :h:e li: ·mi···ts; of 

.exi·sti:rl9J t ;h:e:ory1 <tlrt re.a:so:r;t.af1lle »'pecll:!llailion.. S'oare iiln.iY'eF>S'.al 

c:~~t4n\ c;~f t.J11 :y.~r~,·Cít,:o~ ~r'"ª't'),~pJl'!r·t~t;,,,o¡¡¡; ,ílf .quat~~. Qlli$ were. 

QtQ'~·~i. n~d 4rem -f~ u.'!'l!f!t e);l~rhtent~"· som.~ t~rmli$ Whti~h í;iJ!);sft.e}lf'! 

r.~{!t(.\f'~l!t .f l'"~~~~.ñ.t íy ~!""~ &e:f ~.:f!íJé~ ~~ f'(í;l~ J,illt~·~!U 

e.d ;I.,.QAch é'e.d ¡za:flthi~H~s !D~vi.ng iJ<'i th.a liieji~ l.9yer. 'rl'tH> mot.~Oñ 

:fiJl:ii ~~!f" !i P"f .rQill i. rt<,l t it·1 j .d:i ;lli:Qt~ ami sam:e~j:mt5· .by ,t;¡;rmpi n:g ·• 

~endlld b111ad1; partítle,s moM·ing :au.t·s:i de th•e b•d: l .-ayer·. 'ifm·e 

w.ei ght of! su:.sp;en:.m•e.d p.a·rti . .;.h¡!.s . i s ca'Cllmti nuasil·:y !SI.JP.P~rted by" the' 

<Fl.ui di·• 

Sed Lª'!fet"':· Q H~:w ~ ·a\'Y"t;;:r:- ,, ::g !11"'~~11 dci,am.,~~·~ tM~k,. imm~:4üdrelY 

alb;etv~ t he be.tll.i i'hce ht¡¡i.·t:;\~!i'e$'$. ,c;¡¡f tdtt;!:! lbq f~"Y~:r vr~rá e$ wnJt t.he 

pª·ll"'t:t.,c;'t e: ,u:'®!!!·, 

&i!Gf• u!at"iAah Ihe sell:frimem.t :m:-i~t:ttre of wh:ié'b ~i.fte. mc:tv~·.ltft3: be!d 

1 ~ ~&mpoJaedt. 

Wash Load:: l"hat p·.;rr t ol t h:e scetl'i ment 1-to·a.d :.wl::ti .tc;h ca:l'1f:s.i: ,s;t ·s O::f 

g:r~i .. m s.J!~es fürer t;h,~ th~ase o'<F tb:e· ·bad .. 

Béd Jfateri al 1.\.ctad.: Th at P"S!r't o-f :ttre s.ed i .me.nt la.a:d whi ¡¡;.,h 



ttl\'lrrs~s~e~ o~' ,gr;;~ n- ~,~:;~~ re,~r~s·!:!,!i :lt;rs,d $Ji\ th~ ~~d. 

lüed .load Fur.n.:if!.tom: The re.t::e: ai::. whi .czh ve..r ~ d~$ . j¡f!í'$;c;::fíarc9e;s. 

:wiU trans,p•Qrt t.l1~ d;tffere:nt; 1l'fr~.in srhes of t:l'le· bed' m~b~r:~al

i ·o, ~. g;{v~rt ct::h .anh·~l. 

8l!d Load Equati.on:t- Th,e· g,.e·n,~eral r·e:ll .a~ti '-O.n'Sh:i:·p_ ,,b:eltwe,eA; ;b:e.d ~-

toad r :at;f!!,. f'lll'IIW ('.i_t;lf:l'diit¡.;i.g,n, ~fifJ!I c;;:ompq.!O,l.t.ton g¡;.f th~ bed 

«~'~t'§f'~.al • 

F'uiite!ti:ons. t)f\.ei'l e,e(¡"fifta> Gti!M!i.fi'a:nt' Qt ev'eti eq,uiU be zéro 

UJíd~ a 'W·l efe ra.t'i;,e cf t:'OII'td!i ti cans,. S'Utfft. -h;tneit t .érrs ro.lly q-.~ .nar~l! 

any l\lia).u·e, in c:1er·tain rang,es. o.f comdi.tions, aAd is 

math'l!fl:tf~t ~tc·.a.11 'Y d.emtafl·~t'r~td!íd wtl·tfretv-e:r t,lll:~· 50l'ttti1 OJl 13f' the 

.~q~d:<i, !l)Jil 'Wtr,i-·tb' d¡:fi .m:e5' thi! +.tJnt:<it:i·l)'n .b·!!t~o.m•:$, Jtm:agitllat)'i. 

l=u nctioms that b·ecome <in.determin,a-t :e um:ct:er ,a; 'Wid.e' .rang;e oif' 

:c:;ondi ti~::~rrs . s~em t~, t;r,e :ri'i'th'er I.Jii'fU,tJ4tl ·~ IJr''l'f'ertllJTªte;J:y,,, the !treo 

l.ttad f~rn ~;;.,t ~,can h~,,¡ tht;.~ ·~·b~r•:c:¡t.•r"' Tb- ~t":itj,~~l p:•ritJn~ter 

d:,e.c;~~c:fi.o:g t 'm.e sl ·gn·ifi. can~:e (),f. t :tH.t ii]Jru:tion tn a g>iven flnw is 

'tf.;,e ·t .he· g_raiR di .. amet.er of the ·sediment. 

~eclH.m:•n>t ·uP tG~ :a c;ertai n partic:l e •i ¡¡:e m•Y be fc~:d i vfto s,uc:h a 

:flG~.w at an.y rrate up ta. a cert.ain 1 imit :with.o.ut, G.<Cil.l$iii'IQ artiy 

de.píG.Sits in ttre chanmil. A:n ob'Scerver who· ·•~•!tí-irte.$ tht!· ·~tt ·an'~-:1 

a•Her t f:i:e ·# ,~ PW' h@.,!S pas'$;etl C:i\0 $Íá~e or¡¡ 'f' ~h:a:t ~lá r~tJ;' O"f 

sedd.menc'i; Ht~~ IJIM<$'t h~'V~ t'i'€f~tl b•l:Cil.W tlí!ü~ U !Jtit.il"!g r'~t~·~ t:_f1!\it 



i:~:t b~tlfB tit• IJ.'Ie~l~I.J!Il' 1ifti.~SPQ$li ~'l'§lt~lll 't:t:f ·~e, ~~til 

~~~ ~~, ·~!lñ~ w•jl g,f •<r~m•tt~ ~f/;td 1i' tw . -~~• ~ the 

~slltJ·~·~,titf• ~: ~~fi¡ E:hiif~'f. -~ a'f4íl 'tr~ ~ ~l_~ S.ecftm'"éot 

~@:s. •o,¡a'f. .. ~ 1',.,-g,-iLrn~ t.O) ~,W' ~'1' . :aQ:fté'f ~~;~(\QIJ,¡; fftora rañd 

!í!!.S.~ w.rime;;J i~ dt'QP,pr.ad· ifl ·JtiJ~ ~~~~ ~Mn.:t- *~ ~•édi

·'IIW' ~~, :'.: : rnriU~l -~e ~llf.smtl&>.l pr~~ l:e~ !~a, $.1/,f¡¡J¡,:d_ftt.i~· 

~~~ ·~ 1"'4áQM ian :e¡qp;t~ · Ulwii~m ~-Ir"-~ ": ~V , •• ~:J,1im ~jf-· 

~illó:t't, l •t ~~ l"'Jtlittl~~ '' '! ~ ~~e;j,~· il'fl~ 

~' ' :z~· ""'VE'' ~~·· . ... .. " . \ '· . .-. . ' 
: . - "' . _, ...;...,. .· . _. - _ . ..._ 

·rn.ta ¡prr>ÍI~ i:G ~tvJ¡":I,;r ~J:IJ·¡;.a~~ Jiff ~~-~ ~cit tJD~at ~1! 

p ,d,.lftft$ . ít!t(JI¡~•.ll"·i~ a.n'tl (l}a~tr.- #1~~ifr \l"e~!;:ij rt11 .. ~~ Mj;tv..mr ''" 

d-~ - lif!'t; · • aQ! · · rCaJFi• .ii!l'F,.;v.t•··"' ~J;Jl ~"~~..,..__.,~tJ~ •·"'&- ~• , ...... \!' Ji~ J ~ ·~ - - ~ -·' ~~· '' . - '"'~ Ir.! ,¡ y <'!= -

:t\fttm~ ~~'-)1~- ·lfJ~~~r .41 dl·f:f~ :Jf".d"t't t~ptR ~~ - 11<~ · 

•flrUtTíli '4Q~~f!JR,tli'a~U~ t_t;. ~ .n.- ;MI ~ $.:·fi~JMilt ~-~sJUi 

@Jill"'U~ •l!· J~til~ 'f~~ .r~ti••~ -•-~ mu~ t.•• ! !tit;(Girti&tt"t ·:ti\tiao ·ft!!tw . 
!JMtr1Uraí,V' -~~ ltti: rt'l&t -~~~Oñ- ~·1\,c!tJ, - UW1 ffá rtt$ 

•lRr~e' ._." ·lmil! ~llt1,.,.· 'f~·~ i~a,.nm; U'flln~ H~*:J E:I.SiA 

ta~ ~ ~-~;;l§ll¿f ·tJ&\rj~ :t·ll' ·~bw ~!:ii~.t,~ ~t~'-~116 . -i,r,'* 

'"".·B'"'·iií1i"'·""::'i . """""· ·~"""""'· ~CJ·31\r·Míi"' ,...:.,a . !llñi'm: ""''""~' ,.,._.¡ -··• ~~."' """.'í"' ... . ~.,¿f • ..,¡¡, MJY i!ll'-':!i!!iiit ~. - ·-~1!11' .,.., ~ , . . '!O'.Ifl~- n Jfi;RJ'< !li~<PJI! ~~\li ~!!'<'"< • ~ Jj f i¡I.' Wí. . • .... ~ f!!"'"" ~' · 
' -

a •t •u¡m•w ~:q ¡(tt·~~JW:~ tft.«J:a . ., • ._ltfllfil~sa· wJ.,..tirt· t ,fhf 

~·'Bl.l~J.@Dl ifi ~ ·Q«~ ,(;liJ ·~ · · · --~~ i,h4:!!1M1J ... , *t'to.limé' fl; ·ü;d_üattl 

~'., :at ·~ ~JH~.,. ,.m.a: ~~ 1:;.))-. mt•n~ ~ l~,~~ • •lil'a· ~>f ~n 

m if•i".tt.t:ilt -~·- f if'o!t! ·~ ~Qt_,~f;j) m:~i)l ~··~ ~ ~ . b .!ld \ttír,~J,¡;¡,~ ·t¡:t::Ja .. Jll' l. ~rwd . 
E'JJ·~ Ar~'h'Qe'l!' $f.< ·th:te ~iifW •l li''.d{tlt ilJI• rt~ ~:· W },~p- ·t.~~~~-' 

lb.~ ts~ .f.'l'"t; ~ ~i •:111 ~~r~.fi ·~r~~ d .:v at. l .•flki r\1'~•·• 

ni~' ----~,,.,.,._ ~'~•·tMl>1k: , il;'lh~ 1~, .. - r-ill . r.. ~'~w:i<..,,.,.. , ... .a '*-'""- 00:1;]0~. : ·~ ,~ -·~· 'Q¡.t•. ~ .~~- :. _ ~·~'< • ._.,n"'" ~.~"'"~"""W'" ~,~ ~n ~ú~J!r i!FJ!!'~, ~ '!!lr.l.¡w;; .,,~,.,14>w !"~. - '!! 

~l'i' ~-~\1~1: ifit~i,t;_l~tí<i' 



(Js:geF ffl'Qli ]. l;Qtillid.~t;.~¡;n:~s. Q'r;d,ff· tn~ cQal'"s-s s i1aes o~ ssd!i: m~m't. 

-~ ~ 'l t ~~ ,(!i~li!o~~ ~~d ~. ~' ,í ~· 'tr Y·~ ~~~ .~ ~m.al, ~ p~p~~mit-iit;~ !iJ,~, ~'h~ 

't:i rtér ~ii!d ~ m~t'lt~· m!ly· ,l\Fe, t tltlt!l'di ib"ªt-w~t~ th~t ~.M<fleí"' 'ª'~f'Mí ~ ~ ~~ 

'WI\J<:en th•e f!l 'J::~W i ,;s fast~ tru·t , t!hi: ~. ,am:o~fll' ~ $. {t~ñ~F-\lU'?t $:o $.11\:al .!l: 

t.hat: Drtt& i s to~::m:p;tsli.l to c,oncl!t:.nile• t :hat small, >p:al""t:~ cles are 

·~~!-li~ét ·~~~ ~ 1i' frl;·Bi1 ¡,'Y :b~W~I!!tí t:~t!l ~'ª1"'~~ ~ng.s ~trJd:~&.e,.. ·tn'ªf>ll 

~·t" ~~~ l. ';{ d~~~~~i, 'f1!j:!!l :tf·~ fifu:~ ~Ji ~~ '~-~t f--

ltJ[t(;¡¡;~ f<Él~§f'' ~~l~tt;ñ!llfiñ!iJ ~h~ li!H-'1~lil fYlt!?it~ ·~('Y ~ ~· tlle 

'arr-ape: (.),f t.f'.e, ~~:artné-'l mras·ii ,$;ei:'lf<.i ~á!!; t f t'l\t,i·~ -~~·' hm .;i,s, ttot 

irnf'fll[er:tcl!d eitll'er 'Stl'":uctura~lltt ·or lb'~ !if'1lij,é:k·át.i .O:tt i~, i~ :®ifJ,~ ~ 

f.~.;~·r;[t;!t i cm :c:rf ·•~iti4Jtewt -.ng Qli th:e ifl l,oJih 

\t'l'lf!J. ·tr~r'i~p~r~, ~t: ~ecf •~ttli. lnf:i5.~ ~a;, ·~J!!i§~ ·~ r;~.~_~fl. -~~~Y'! 

:e:f.l!'lal :i f ts c:apa:c:i.'t''Y'I ta ·firan ~;ert ~ue:~ ·s1á'd·í,fllli!rt't,.. f.t ¡~ ~-~· it•Q· 

c:omc:l,utde> f .·rom itb.i• Hlart tbw ~lA::J;w i .$ JjlnHor·m :or ¡j¡, l~!:il~ 

nearl·~ s.o,. Tns <qpsn ,cham:n.e~ h;yrdír':iiu ! ü::,s afi noounH'oFm 'l law or 

tbs : :cal :r::u:.t~;tii on af :b.ack;watsr •Cttr\t:ew Jl s no.it. ¡pal'" t:i:c'.u'l :ar).l 

i 'fPPQFtli!rrt ~tl i\".;h~·tii i;~!i:Qti.¡(;:!J:l '!! :~ttlif.r•i ~h 'º'ªl~latiamcs cat<";e 

t\'e;At~:s~r~~ ¡~r, ~l'ii~ttlil1tlli5. th~t. «í!":é ver~ '4i:.fíi. '~.fe~ rl' agg;r"• .d·i ng :~ 

de:¡¡¡ra:cU n¡¡¡ l!i ·ttre;,-· aF·e .basad en t'h;e ~a;s:e af 't1hié Bet~11, 1, 

'Squ~tJ,, ~ iaS; ;ij t i ;!ji ap.)!lil i ;e;d, t :o c:.:flarme'l s , Jlli't '!fu 'S:Ol \ld&: !beOS¡¡, 

r~~ bV'R'!"~\WU,·~$! ~f tt:[""i·if'.qf'¡j) 'f~t;JW i!rrt;1l·Mí!teJ Q'tt§~ ~~n.y th~e 

,!if:~.~~F1~ l!l'~il M · ¡¡¡)·f ~fí·l! ile;l.t:l~d. l ,¡y Id Í.$~l"' ~ t'):u~J< !:l)rt.s .and O•f · 't.h;~· 

~ r ~ ,~'b.,,e!Jn.~l :) ~$$. "fl G1r 't urJ)i.-\1 :éti>t ll 'ª~.. lía l NS'tE~~N ·f'PI.(rttai ''tlit~ ~~h'ª 

'&"~(1,~~ ~)' d ~ :~ir~ i~~t t~n. ti~n g:p;et't ~h~Jñt! ~ ~ f ~ :¡p:_.Wi ~"!·~ !1, §:~,.tíf~r:1,; 

tf~lll i . s ~s't. ' dz~~.erilttétt lfil:'1 ~'ihi• l.c91tr':iHthm.ic~Z. if ~rm~·&~ :lí.a~lt ílm '!1'., 
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- ~j¡ tf:'t\~J!i ~ t\ty. We'Ji gJJ;ti;)r fi ~ ·~ h;fk" ~ 

11 "-.1¡~~nt_ ibe.d ;~ n flJI'o~~;p.n; :t;ti!S'U~J1' · réf:o:ers ·nc~ r.-»ti <~iat· 

i@..llt.tfl F<tt:~• bG~, {~• Ji':~ p¡¡pi!! -~ JQ!t .t',. ~..p, ·~ar!l Bua, ·~ ~~ 

.... ,lii ..... .iíii ~--. ,j -:--~jjjh...,.¡'i1-;,i; iL "' ~ .... , fL. .... ~ ...... ~-• .Sf''".lll~ - - - ... ·- --............... - -
·-;{0·...-0II!,j!¡ Uf.~ _ >!;¡f')~~~~íl< ... ~ -~ i'!ii \li ~~ JJ. ! ,O"'i' ~~- •,;e ''l"l!'!''l:i\·"' 1~ ~"!!lO J":~,IOi1!.-!BliiÓ11,) 

rm;rsm~ ib4li' ~tl.ll-1!'4t • '"~n~Pl~ a~· ~~ ~- ilnfiliii«Qit:Jti 

.,. sl#~l .l, •ri:~liJ~' lbJil: ~:tt:g· t'~lt,l\ ~ &.edli!IJ;:L:e:~:d •*'rutl'l'im~t:-. 

"•' ~- ~-~~4 ~~. ~~ -~ t ~-~ tm' ~~~ ~ lira ~!S:~t,t• 

~:ti'VIIilrl\lP .Jl~ ~1 ~~1;~~~~ ·di4~ . ..,.,, w:~u ~ :n ~-_,, t-ll• 

••fti·~~~ Qft>ililr,'Hit· .flf -~ ~~ M , • rr.~ll· Wl~ •ltib~ ~ 

~ál.S.W:~ S:~~ ~~~.,._ • ._.. tft~é:l! fi:o• K• 1AHtf ~n atl.:d--J! JU .1!1n: ·tZ.~ 

W'J 'th(l' •ep~FA't'i)Qni J!J~f ·t-h:fit,'' 11\il.a:w if*liom 'Uf~ $J;lr;;fg:et ait 

-~'h&ri,artsl!"':;.1•1~: psi!nb!D o.~· tli:f.a ií"'iFP4•• m"" ,bfª'l\'";~ 

g¡~.~~ ¡ijl;!~t~~- bl1 ~~LQ·~~ t:h~ ~l"~~~p~j. 

~-~ lrru: tk'K~ fl~t:"~·~t., ln~t ttiU -~~ir:ibü-. ~U •J.mr•l" WJ;\i i.~ .~. 

v~r~-t•f.l t!, t~n~: ~l\'t~..•·~· ~ttli.lnt ~- ~~!ilnm: : , ~f t4ie· t~~"·~V' 

·t~Mtl litt.w<t~., 1r":@' ct11J!l"' p~ ·W.[l~. c:Ollltlifl~l.tte: •t:flfe sfl;e;.&-· 

:t.r~tt.éd t¡g 'hll~ ~~~~ ~ nr ·$:;él 'fmf'im ~'f ~m<Pll. pr..-uril•· á 
' 

~ fi.:tt~mt, \Sil~~ ot' -~ b.ár\á:. ~• ma~· l!lilf ~úsl,rtd:d 9'1• 

~ f.IA ~ell'~( ,.!1\k.i) ~t[ñl · ~h._., ~cit,i;Diil I!IFttl lltliJ!"''IIl i.ir 
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~ppá'r'en,f., het~v:er ..• w:hefil ~1')$, réQ;.;~Jl.~ thª-t t.h.e ~rar;u~~s.~tpn .tl;f 

eli~ar !to the boU!!ldary ;. $ .aif:t¡¡ompa-rnied l!fy a t.r~ií:sih:i:rm·ifU .. on: Q-1' 

iFio:w Thi •s ene.l"!gy 

tr'e5i st·.!U;tae i s traFt;s~mrme:d i n'to tur·b.ul .ent!e at thé :i ñt;ec~••ifarcté 

1 

1;>:.-t:w,e.eo w~k'e .q;o.d +·r~~ !i't.rEi~lll· <fllsw, .~ar .at. a ~1a.fl'!iil'id~r~J:ile 

•• • . · - ~ · -. .fi! -· • 11: i:- • 

··-··· · ·· ··!": •-'•!'· 



j'is:~ \tiheJ g{• •fl '{il~ ~ 'ir "''Ol ltNelr'Q;gset '\l!i':J o.erf't, I!D1 !\Nt 

,~,,~c;d • b et· idmn. t.Jli:B-~:iJ',~t • -~-- f: - l"' 

~~~""'"' 'il ¡t,~ii x.... .. ........ "":'f:,""¡ :&; '• !ioil¡ ·"'"'"'O: ""'"!',wl-•"':"' ,1!'\~- "';y¡ ... w~~•L n _ •~ - · 

-~ 

. " 

~ it ~~• fl'lile ·lt.& f\m,•"i~ 1f!lf ~~·'JM- ~ •• rt~ t n· 

!fi ~ ~;~ !Cf.i!f' tii!R ~1\~~¡ tU\ lB' 

11 ~~---~.};~ ~ftl·tL•~ ~'ª' ·gy. ~~~ u~- ~ · ¡-p:_J) -ant:l 

B_i-. _¡._·,¡¡¡¡;~_·.- -.Jióii·~U'f' liili>i '*'i:'~~j: b1_. !"")(IW1"''·~.~ ¡.H ~- .C!a-. ~UMM~' ;¡'.•~l . .il '.Mi..-rl~i~a ,.,cr~'fhr;r, sa, l!"'• 'i ""-'M . --• "" "'11!"-_._lil 1\i""" ·-~ '"~< ,. · IJ!:'-••I..,.'"""'~'" IQ'l'' ''!!1i~~ 
'!) 

rdppl,:tr Or ,~ pet,tef:~ búi~:a\U ·Yj ~f"D~Jdl~ \m t@'4U:'ait!m'i 

~"J~t1fl' ~ ~ ~r~l-0 ~ lt1"&"t'1tl ~M.JIIilr. ~~i;~:lf•r-~1.~ rq;á 

~~.\I'J'd;ettt:.ll ·tt ~t'tft liltif'~ ~~í!• ~t ••~¡men" utl ~m m. 'tjlt:f!" 

~· . 



~ 
~u . .:. 

pn:rtru;s;i,att~"' :l'lfi 1:s. ·g;e:ne:ral.ly kiao:wrn.,. th,at. the ~all ,a;c;t:s 

h~draul i ca:11 y nm::rg!;! L'1fii K•• ~ 5~ "f:fte: 'l a:mét:rar sl!lb La}ler --:as 

~g!:f-l~aa ·mot.i ·ar:~l 6le tií~f!:fi .!i.lt:~d\3.. 11tél :tlr'iN~i~;~4\'U v ~ n 

lat¡;~l"'·at.pry 'íf:l umei'5' t:mde:r JCQffll.d 1 t .ti órrS; wli'tére st:.lfapét\íá·~ en i'fill'Y be: 

.i.- ''ffu~ ptr·~&~t;,U¡ ·i, ~ JZ)¡f •~& '~:~ v:ert: edimCi!!1>t li)ei :n•.Qc m~\tet'li hí··~ 

tff,¡;e f1CW ~·,rpm; ~I'Ui~ :bed: IS'l/.t:r.f.a .!!:'& d)e;p:lit.tl'l:lii art t\.Í't'fi ~t~~ l!tf ·~t1j:i!!' 

&yd~cod1ynand.c l ·i 'ifit. ".ffs:rce ov<ert:\o:tn:e~ t .ihe 'p,aJ~" \t:ic·:te we•it!!,hi. 

,;;!~ ... .... :o:nu::: e .í ·n mí::.!t..i o:r:t ·ü .e .JJ1r:c1m,a.b 11 i ilty :of the p aru,a;t é 

:ta~J, ·l;l,, ow w~f.Jl t;!l\ l!':Q;t ~~ m!l'ie·•i· ~t~ª-· 'Y r~m:oMe the p,~rU el e á\g.a:i n" 

4 •. ..... T life aver·ag.e •di !iit:.amne tlr a)ltell ed b:y a:nl" b;ect . ..,l o.a.rd' 



par'Véi d'lie· i~é'l.w~i!f), ~filfiliri~~~~ ª VC,fi?, f;I:®!Á· f!t::$: ··~i! ~~efi!·f9.$'_i;t,;i ttn ' '" ~t'l-~- b~t! 

~ ~~ ii!' ~·Qn5-t.'ª-nt f~r ,a;ni't' I'J ~·~'t'i,l';tl e -ª'hd .l 1:11 'irJrétépen:!l!Éiimi ;§~ t:he! f i ·!f:fkl, 

:s ........ l!he: 

:tí'~ t¡ie-d l~t'écr' '\P• th~ ~Q~Ji· -fltJW. Fl'pr !!~';:h ~~Jt ~:i; t~me . ._n~ s:f 

b«d e • !iit"e;a• t:he s.atfl~ tl'lklJitrer df ~ ·Q·i vem ·t •yl)e éfid, ~iae e.fi 

paír't.i·!:;;:'l;es •~JMe:t ba ct·ep.l!:lsH:e.d i ·n ·tíhe bJ\?d .• a$ -afJi:, ~C:oY:t"é-o f •r'Om 

:j,t,,, Lét.; q;l :e:-qua:~l t.h.e r-ate ,a;t ·wt:ti¿dli :tueu l~.ad md'v• tf11"'J¡:itJ_gh 

tns unti.t wi.dt.h ;of tc:ros,;!i: •s:ect::lion ,and le:t. i~1 equal the ,¡<r,aeeU!l)M 

m;f q . , in: .a g t . ven Q:f!\ati n s~i.ze o.r sil 2 e ranqe•. 'lh;ua q_-a,. les, i ·• thte 

..,..at.e -at ~w:n•i.·ch t~;e: 'lf.i v:em' :silze mo.v.es; thrm1g:n the . urr:l~ widtn ·per' 

un~t. qf ·~:iime. <Alll 'tit!e t=~·4r-t,it;'ll~'$t ~li~~- ,w p-~r--·t..i,,c~~J.•"' l!l~a'lílii!!'t•r- :D 

ª''('~ j !-;\S\ ''ª~el'"fOJ"'IJfi llS i(Jt tJ~:c:{.~,¡-i ~!4R'l ·$"'t.~p :Qf t ~Qi"' t 1)1"' fltCII"' S' 
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FIGURE 3. 9 Function 1, in terms ofA,. for values or z. [Aftu EINSTEIN (1950).) 
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4 • .1 GENERAL t>EStRlP1'lJ!fN\ o~ ·r-ME 'SX'\ES 

Tbl!' .Zadre river :is leu:at;ed in the c:ert·tra;l pá:r't ,t;f 

A·fri •cih U: is· th"e• sec.and ¡.arg:e .. st r :ivcer i .m the .wor.ld in terms. 

cof tfte .annual f cr ·e:sm water inf'low. ta tl\l:e cocear'ls,. 

The hea'd :a.f "tbe :ss.tu~ry · :i: • · call ed the •.Mat.ad:i il'nd :the 

bra:id~d i!fl"'~;¡;\,; 4i?J l<m.lb!'í~h be~i;n~ a •t. ~h~ h•r.b.tii4r of ~~m~. :6:0: 

f!Coh l:ltal!f'l'i:~'tlr:eam, f("Q.il! t;,h~ tl'l;a:rb&Wir f:il.f J"':.ft~:d'i .• Tli~ !:í1li4d'v" are'ª ~ $ 

si 'ba~éd· about 15: Km. dt~Whsttr:eaar -ttf . . aom.a. 

Ttl;e measur·ement.s h;ad b:eem mcnll:e •t llareba by tnl"'ee 

ca:mpili .gn!s, on:e duri·lffQ bfte peri.ad August. ... September 197'8:•1 th·e 

sec;:.oncl dMr~n,g crt:d'~·ob:er 1'978 ~1'1\d ttni! l.,.;s:t i.A• J.cp:Slt •. 

Th~d nr•afi(l;trlitnteh'li Werre ¡c;¡,¡¡rrl.!!td c:uat .fQr tihe .f'flilbW¡Ft~: 

rtt't'I:S:S< $Sq't Í ci.h!i !:' 

AMONJ' OI:SERUX 

OU:IEAUX 'NORD 

B~RRAJE 

t!AftBA '~MONT $UD 

M~'J!,E.Bíi:\· '$J;Ja MAI'l!QU!> 

.fil/i\TE&A ·SilJJ· :~ÁP!T'A 

M'PrTE~A AHtiNil' 

M·A"I.E6.A ¡QENTRAL 

'fi1Al1ESA A~AL 

1~78 

197.8 

1:978 

:1:9'7.8 

1979 

tr:r7·9 

i·91:U 

1981 

1'98'1 

'"fhf! ~ ·9~~·t ~ :o.n t;:~:-f the:se er~·!;$· s!!gl:>t i l:)llfl •re ·tsn~wn :o:n· 

·F'i9Ul"'~5 4.,,2·• 
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a,- l"he aU~e<tfl""~· ~-F ~-~rv.t ~r'ª·""liPt~trt ~~¡¡¡;:ulat,t,sn ,&p;e:l't:dis 

!.l]lGU'l f.ihe d~ree of pn··eci<Jtimn of t:fi'llt! Nume -~,ri,m1!U1't.a,l Qf'ilí,Ph!ii 

that were develQJ¡J·et( DY EUnstein. Tbi~s is due ta the inherent 

error:s and t'he §lii!'t'i<$l!deréJt~.c:Jm ;s t:bia,t were adopt d darln:g tbe. 

~.- The fdllowin:11, ar.e eeJ:Jm\éfil:ts. ~J:ilñ:C'.ewnlt'i!iJ the lr4t1"'-1 

- Tb.e Eur·ve- ~ a:gainst Kg/f in Figure 3.2 was l!feriv·ed 

fl"~IQ NI~~APSS"§! E*}ííéri~tr-,, ~tthic;h t.I-$'E!Q o!fJJrtlíl i;lt"'~)Íl'ltl gl.w:ed to 

~'",él piji)éti> -• ·ro.ug:hn•••·· the e:t:tr·ve l'l~s alw.ws fleel'l f .!a!.l.nlll tl!) 

tteac:ribe reUably· U~e ,r ·aughness of plain :sand bed\S.. S'am• 

deviati·c:JRS ma1" tte ex~ected i .·f the ranu~·e c¡;¡f gr..Hn i!Htes in 

t::tte. l:fepa~d t i s V~t''r 1...-g•.. Tl:tt!· as.sumpti .cm that Ks • B~ may 

nt~t be vftrY r ·eli.l!i! H ttlt!' !iSE!~._nt CQ.Tf~ª'1mi "+Jpr~.iable 

~mQ.l4flt (ii;f !Ji.tl ~ · and e:.l itY •. 

.,. "f'he ~rve ulu'\t a.g.dms·t ..¡;'i$ l:es!:i reHahle thu X: 

~)¡\l·f!• IBas,tng :on. el!.:tS>tin'\l riiller mEeE!f:Urementl•-.f t:t a--tt,einp,'t'li t :o 

dJil:f¡:cri.be· ttur affl!c.t of,' tlife: ·fr-reguler-ít.ciS'S. mf the n·a:tliilral 

·stream' channel GA ~t.i4f\n;e;l; r'o."'*ghni$~. Thi s c;urve-- seem!ij 

h~~v~, t~ d't!!~entu~ ratn~ elo•~ ·y t'J:te ~ehªvicr o.f l!h!\tiJ_ral 

e:'l);<ll'Ui;ie,l$ ri'Qt G.ar_~t«l:í~ by· artitiei.*l ban·k\i5· ve-oe'tª·t11ilfn ar 

~sr obetruct.iona .. 

.... Tf!'te ~""r've 1!)1' "'J- "€1et~•' ~JX h-.s bt¡t•n der~v.ed Em<t.irel y 

f ram -f ll.flí!l! ~l< J'l el"' i 11\ttl'lt s 'llf,~ ~ti\ 91'"9.~:hed sec;l~ m-emt.s.. No t._e;st was 

m~l!:ltt !Jf Ur'l~t'~'dttd li!ÍJftUrtt$., $i.i'clri ~- t.lilm:!fet fr¡i~Jfi:d i r,t 4W®rtt.Wit1 

rJ vecrs ne•,.. 't\hé. l.lp.j!lé.t'' iit!'td. ~-f ii_J 1~:vi: -iilt1 .st_t .~a,{]) *Y•~~ wttere 

s). ap~s $te~ .. 

- fh:~ ·~·e ~ Y fl~:iÍ~ l($-,<\f' íiE:r~iilS ttll: b'$ •tl ~.fit~e:.d 
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~JtJ;ª'l ~ ·W" ·~mt tl'tait ~ 'the! y IL\M"'~~ 
... 'Tlite ·Í· ""' ~ ·~r'v~ i S! e.n:t;t rel;:; t.ttetrl'"'éu~ii~~ !f wn ~ 1!0i1ll 

·re:f,ll'r ·ES:e¡;t'LSJ re:qu,at~f!í¡ ~\!! ;~~:l '" 'Tb thl";$ ·c:i:;JJ:r:sbn't.'!t A~· ~ tB,JI. snd 

~ •t<'?s cibt,a,JLn:s.d >fl nrmJJ :lí"BBl:i ~l 'fli tflKPftP:i mlfli'lb¡ ~ 

""' fii't*'·~~r•' ~S amd IP\i;í¡llll"'ft ,,.·ip· it'VI'l ~-~t¡.~~·'-·lr .í;lift~r~l:$. 

~ ;t.J"d ~.. ~/fl "firlil~ ~f. ·t.fte ~;p,•n~~· ~ ~ ~.f! l/i ·qrlt Ar, , 

t~ ~ iSJ ~w~~ Plil~·~ 1:~~ llllt-Uil ~~ ~~. a~waJ~ ~~!!ªU.~•·· For v~l~ms 

.,..!f::l ;;;; ~ 1i!i¡ ,¡,.¡¡¡.- "'""""'rii''EP"'""'l·""'"' ~ * ~""'· +· iii., · , sw'"'"-'· .. "'- :¡,~ L. . ..,Ji!\'.,.lti~ 1!.,.,.._Jii ·¡.....,. !';>W H '/!!' i!l\1! l;;f1!M' ~!t"'' " -~-J'\:1\ ¡JJJ. • ""':íJ! . !!i'!J, ''fWjl;(~·- 11'' !111S~!'!ili!'i~ ,.11-L"ili!!l !!0'1 . 
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.l:m'tó iilc..awat: i.m ~ ~~"Watil:f:Jfi, M tJ'l• smJ:iJ~í .. r~~ÍM 

~e:~ in ~~ tr"a'di,Ucnal 1\{JI"'~e::~-e' f:r4bl~ ~~ 'U ;l;t ~n, :&s ¡sa:Ld 

W!~tt !f.;bg 11l~d, ;JI oa:d ii s rvea:i;.gro t'fH!~l itb:JJ.' ~~n¡;l~b::ral;l~ .J':otr a;[J.i 

rge ~~~§la" ·~~lftl 'P~,tJI'ríi!~ ,.,..,~~ •~ :IA.:l m ;w~ ~~n ~ t.t't,~t 
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~~ ~ t:~.f.l :&~»~ri ~ ~·r~· :1~1"- ,Mf\it't;iQ~ll tl"'-ri!~~ tE~$· 

~íi9 ;pv tl§ita ttdtil~\'l i ·ñ~'e~§:iJ't9 eff.~:t~v.íít"l:f ti•ft ~·ll~ir ~v•'""· 

-41.1 ~.t:ei\'fhritt.i. f¡íí:ftS ~,, dJ.n ~he 11.1~1 ~<~ a. wka.\,e" ftl·b;J m:te¡tiTh~ 

e}fpl :a;i~ t:b• u i ~f:élt\t:e· af W.Btic 1 ctitd GIJ'i the s:áJile ibetf! li!!ihil ~fl 

~~-'k~~'BI ~~~aad f.U11tdi~" 

,. ,; - · i lu! Pi t~ ,., ~ t g ·§!¡j ~ . ~ ~tto.fl t'Jl:e Pl g~:s D:l ~- b~Jl-

1 'ª'~" 1:m:d! ·tiu~~@elfri:«aii Qff alJl •;rati.tt ~~$$ • .,.r•!ií -G;~ ae:IL"arQ~~· 

fi'séhl filrV.é! ur~JmJitt~.d'! lker·etf~ f! ~ g i:lt'd't~i lfu.a:'l, ~t~i"t'it léltl! ;l 

~wtunul<•~Jt~ ~a. Tt~tfr \Q:r'Onp 'i!í!f' :GUl"'l4e:ts~ m~h:ü'ledi ~~~ 1J:Ji !rtl!t> 
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