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8 undary" . T. Hk 11 ch . f) \ , · 19h l 

D . ..Sc.:tl11rn:11l D1 ~,: h,1r,; c.: .111d Strc:a lll P,,wcr - A Pr<.:11111111.tr~ :\ 1111t1u11n:mc11(· Ralph 1\ . 

&g,1old l.1 S. Gc.: ,,l ,•g1..: :1l Sun,·, C ircular 421 , Wa~hi11~1o n D .C 1960. 

E 01 ,cus-,iPn 0 11 Rib F !-1\ 0 . C. Bontlurant. Pr,,c .- .\SC' E- . H,· Dn H~ 6 Novembe r 

l95X . 

F. ·" The.: 1 ut,tl Scd1m c: 11t L,,ad uf Str-:am'.>.. . Emmett \I. Laur~-:n 

drault.:~ On . Pape.: ,· I 5JO. ~h I h:hruary 1958 . 

!' roe . ASCE H:- -

G . ..A ,t uJ~ o r 1.7 m111 C, ra,cl ll;1tnin g a•; Hetl lo,1d '· S K. Bhatt a,·h a rya MSc . T he<i< 

l )nivc:rsity of Alh1.:rh . 1%0 

H. .. f he lkha \ io ur a11J c ,,11twl l lr R,, ..: r~ a nd Can a l<' . C.C. I n![ II ~ Centra l \\ . I. a nd N. R. 
Stattllll P,1o n:1 R,·,c;m:h· Pb11 !\. 1, . I J. 

I. ·· rh .: F,,urth -rt)llt nf Di.ig r,1111·· . T Bl.inch . Pr(,L·. ASCE-. 1-h ,lr On . pap,~r 2340. Hv 

l. Janua ry 19o0 ,11th cl1"ur~ in H) 2 of Fchruary 1961. 

.1. ·'Le<.:turL' ~ ,,1..:, ,,n Sc:Ji111 c:111 Tran,rort :lild Ch.11 ne l Sta billl) ·· R..:po rt KH -R-1 uf 

Jan u~,r~ 19Al . C..tl 1f1ir11i.1 l1i-1 it :11 .: ,if T ..:chn,illl ;,!: 

D . 8 . Sl'.\10:\S. 

The author. maJe ,c vc:ral time ly ~ta tc:ment , r..:rta ining 10 the appli cari 111 o f the regim:: t.: 0 11 -

cepts to the des ign ,Jf al lu, ia l c h,tnnel , Certainl y it i, very import a n, . a, ,lated h:-, the auth,~r,. 

to establi sh Jc, ign c,111L·ept , ,1 h ic h mo re cffc:<:ti,cly c0n,idcr the ro le of <;cdiment transpo rt 111 rela ­
t ion to des ig11 . pcrf,J rma n: .: . and m.iin !enan c..: ,,f can a l :rnd river ~ystems 

N e1\ tie!J Ja t.t we r..: pre~-:ntcd by the author:- as we ll a~ llum-: data L·ullcctcJ b) th.: writer and 

other engi ne..:r~ intcrc<;tcJ in a11d ,,0rking tuw,.HJ a more funt.1amc11tal and practical ~LJ lut ion to 

the many prnhknb a,,ociated "ith th,· mechanics of fl ow in alluvial channel;. . 

The pre:,cntation ,,f the new tidJ data i, significant in it,elf. Hc,wever. such data would 

pro\e e1en mon: \Jluahle ii' greater deta il were given ; such as the form and dimensions of the: 

bed ruughness (probably rirrlc~ antl /or dunes). t he: total betl m.iteria l load . the mo re sign ifiL- :rnl 
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characteri:.tics o f the fine ~cdimen t load including its co1H:entratio11, and water tempera 

Some of such additional information is both difficult an d e·qxn,i \e to o btain . Howe"ver, ne\11 

struments such as the so nic ,lllindcr reported o n by RicharJ,u11 . Si mons and Po~akony (6) 

Karaki (4) !>implify l,ne .1,ped of thi ~ problem . 

The authors. in the 01•1111 () n of the ~rilc.:r, correctly p,11nt Ol}t that the presence of la1gc < 
centrations or tine \t:dim,·11t (in general ,malkr than abl)Ut () 074 mm) inneascs the capac:ity 

channel to tran,pu rt bed materia l sius. In additi011, Sim on,. Richardson a nd HaushilJ (91 h 
verified tha t the r rc,..:n c..: ,if tine ,cdimcnt .1tfocts resistance 1,1 n,1w . In br-ief. the ,Hiter bdi 
that both the ph1, ical gr.1in ,i ze and the fa ll ,clocity or fal l diameter (2) of the bed m;: te ria l -;ig• 
cantly influence hoth bed materia l tran~po rt and resista nc, IP fll1,, . Simon~ and Ri~·hardson 

In brief. the grain ,ize ,~ related lCl grai n ro ughness a nd thi.: 1·,t11 velocity or fall d iameter are r 

tcd to form roughness :llld pa rticle mobi lity and hence to rile tran~ portability of the bed mater 
In genc:ral. the for m roughnt:s, en<:ountered in stable canai~ ,,1th ,and heJ, a nd allu,·ial banks 

ripples anJ ,or Junes. The ,rac1r1g a nd a mrlitudc of the du ne, h related tu the fall veloci ty of 
bc:d ma terial. F1H !>mall fall velocitie!> the spacing et wcen Junes i~ relati \1:1}1 larg~. the du 

are less angular. a nd n.:si~ta ncc to Oow is rel a tively small. Cu11,idc ri11g heJ materia ls with la rge 

velocities. the o rpo~i te is true - the Junes arc more closely ~p.iccd . more angular Jnd resis tance 
flow is larger. Recogniz 111 g that fall diameter plays a signil i~·an t rule in flu, ia l mechanics a 

matica lly empha,izes that the Cll ncentrat io n of fine sediment. d · ·. 0.074 mm . ,~ an importan t v. 

able . Spc:cifkally. an incr~,e ill the co ncentration l)f fi ne ~cdimcnt incrca~e~ the specific gra, 

and the apparent vi~co~ity c f thc water-fine sedi ment com ple.\ . The incrcasc in arparent visco Sit 

is sufficient to rad icall y reduce the fall ,elocity or fall diameter or the bed materi:!1 a nd even 

ter its effective gradati on. It i) largely the dTect of the fine ~ed imen t on ,·iscosity that make­

a sign ificant , ar iable . To illu,arate these importan t points . re fer to Figs. A and B. Figure 

shows the effect o f !inc sedi 1ent on arpar..:nt viscosity and Fig. B ,ho " ; th1,; red uct io n in fall dia ..-. 

ter caused by the ,l igh t incrca~c 111 ,f)(!ci fi 1.: 'vl eight 0f the flu id and the d 1ange ill vi,cosit} . 

certain allu vial strea m\ in the Western United Sta te~ it is no t unco mmo n to find co11cent1ati01 

of fine \ediment a t Oood ,tagc ,uffi1.:ie11t to reduce the fall \ek1c.:ity and fa ll diamete r o f the 

material to abo ut half ih 1:orre~plrnding dear w.1te r va lue~. 

In the author, repo rt anJ in conjunction with the preceding pa ragraph fa ll ,elocit}' warra: 

still further di,cu~ \IOn In evalua t111g the fall veloc ities o f ~ediment the au ttwrs refer to and 

Rubies fall veloc ity rel a ti omhip,. see Fig . I b. These rel ation ~ a re ill errnr. particularly for I 
ger sizes of sed iment. The writer ~ugge, ts the use ,if the fall vc l,Kit) 111format ir, n pre!>ented 

Report N o . 12 ( 101 rrep,m:J by the Jnint Inte r-agency Committee l ' ll ScJi111e11tatio n. The ba 

· Co versus Re relati on fo r , ediment s of , ari o u, shape factl,r ~ from Rer o rt 12 i~ presented 
Fig . C. 

The propo~ed Je~ign rrl1ccdurc recommended by the au tlw r, im ohe, th e u, e \)f their F 1gj 

D . B. Sirnun, 

Project Chief 
U. S. Genlogic:i I Sur\ cy 
Fort Collin s, Colo rad0 . 
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' . (~IG- Al Voriatton of Apporent Dynomic V1Scosity • w·,th Temperature of Water~and 

Dispersed fine $etiiment in Nat',ve Water to,- Rio Puerco floor Bernardo, New Mexico . 
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Sd .. Sg. and the regime r-:lauon a q - 0.4 Q 1 ! . T hese two li gure~ l1a,c hce11 n:dr;.rnn in,:luding nev. 

data as Figs. D anc.l E Re faencc 1, made to the~e t,, o fig ure ~ in tha t 1l hring-.. ,i ut ~e,era l points 

of possible in L.:re~l. T,1 begin "1th . cons ide r Fig : 5J a nd the \Hite r·, h e! . D 

I . In the~e figure -.. th,· -..il t l·o nccn tnti,rn i-.. the ab ... ci~,a r.1ra111 ,:tcr Hl> lh lah,1 r.1t ,ir :, and 

field dat:.i \ \ -:rt: u, ::d l ll dnc:1,ir t il e,.: tigur·~s . Unle~, the,, ri t,: r i, 1111 ,111tcrp rct111g th.: 11 ~e uf the~e 

data. the , li t c011ccnt r.1 ti,1n u,cd rln the tidd , tudy i, ~u,pcndcd , ilt lar gcr th ,111 0 .0 :'i 111111 111 di ame­
ter wherca~ th.: ,itt cP11l.;11 t r..11 1, ,n or tile lah data 1s llll :d hcd ll1 (1tcrral 111.1,: 11 l11d1 111dudi::, t,,,th 

TABI.F \ I A 

DATA FRO\!\ '>T R-\l ( ,111 Kl. ·\U·f Of' HI! f lKHO R;--; Kl\-fR r,r \ \ •\rll{l(>O . ",lflR-\ S K -\ 

Meas. N o . 

630 

632 

633 

634 

63S 

636 

637 

63S 

640 

642 

6« 

~ 6 

~8 

650 

6SI 

656 

6S1 

658 

664 

666 

Q 

2830 

8960 

8850 

7900 

7860 

7'40 

6.S:?O 

S6JO 

4020 

4100 

21~0 

1700 

1500 

1.S40 

S740 

879 

1820 

1890 

2840 

II .SO 

.1'12 

31!0 

395 

. 4J7 

. 4~0 

.467 

.4'<1 

431 

. 374 

. J'I~ 

43 I 

.4-1.l 

42.S 

. 359 

.287 

368 

. 287 

.41 .S 

. 463 

\ 

.1.460 

~ 717 

5 750 

~ .. 110 

.S . I 75 

4 . 745 

J 610 

3. JOO 

3 . 720 

2 4.1 5 

2 . 410 

2. 205 

:! . 162 

4 760 

I . 588 

2 . 155 

2.25.S 

2 .570 

2.035 

0 

2. !Pl5 

5 340 

~ 150 

5 . 175 

S.07.S 

4 . 775 

4 .410 

3.910 

3.020 

3 815 

3.070 

2.480 

2 .400 

2 .480 

4 . 187 

I . 9n0 

2 .923 

2 .83 5 

J . 7o0 

2.003 

. 101 5 

.0994 

. IOI ~ 

. 1~6 

101 ) 

.0994 

.0994 

. 10'1 

. 1068 

12 l ~ 

119~ 

1068 

. ll2 

133 

. 12!<5 

I} 6 

1.1 92 

14 88 

15 . 35 

15 . 62 

D . l X 

10 . M 

11 . 57 

7 9 

7 7 

Ill 72 

6 

.0707 

U I 6 

l404 

1480 

I (81, 

.09JY 

0677 

.U8YI 

0762 

OU,7 

.06511 

(WJ9 

.0351 

0671 

.0509 

097 1 

.0578 

•Con<:cntrlltion in ppm of suspended ~d iement larger than appro:-.uno1te l· 1) 062 mm . 

.998 

66 

77 

795 

I .87 

. 195 

1!5 S 

I 114 

.961 

843 

.836 

.8.1 

182 

443 

.848 

. 64~ 

. 73 

( 'u n1i.. • 

rrn, 

14)1) 

61110 

~010 

' )00 

4140 

) 780 

-1 460 

I 5.?0 

25 70 

1000 

' 13 

698 

~ 11 

f,04 

H IO 

HOO 

l ' 90 
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suspended lo .id and beJ lo ,tJ . Hcn•:e. the silt concentration, 111r the ti e lJ data should be incre 

seJ. by an unk n1.n ,1 dmount t·4ual tu the bed lt •ad . This woulJ ,luft thc ~e points on Figs . 5d an 

D to the right .. n I pcrhdl" ·,uggest a change ill the position of the n:com ,nendcd de~ign lint: A- t 

of Fig SJ . !n L',1t·rai [",,, rhc du m: r, ,rm of bcJ roughne,s the hcd lc . .id ,s roughly equal to th 

suspended h::d i -·, 1J 1"1.1r , n 1:low tkptl" .-if fhn, . 

2. AdJ1 tr11 ,1. tl L11H -1.1d >r y ,rnd 11 c.ld Jat.i "ere u,cJ lo dc,el Pp f i~ 8 . These data incluJ 

those collected h: Sr,11 , ,11, , nd Bc nJe r t '°'l. U . S. G eul gical Sur t"ve:-, fl u1·1..: Ja ta using 0.19 nun he 

ma terial , ,trH.l L i:...11-> 11, R1., 1 Jata . f 11 ·: Elkhorn J .1ta arc prc,cnk J · ,; fahk YI A. The Ix:, 
roughnes, in t he \ 1111 , >1 " .:1 1J fkn ,k -.: .inal, ,, a, nrrk , ~uperrp-. ·11 .,r, dun: , o r Junc~ for th 

most part and th1.· , u,1w :11 't J bed m:,te1 ial Iliad wa, !11 general lo, 1 hr, l l'O ppm . The Flklwr 

River's b::d rol1g:11 1c, , ~ t ,1um:~ .1nJ tr:.imition "hen the ,u\pen,kt' h:d materi .d conccnt r:itio 

ranged from 5001 -, ,,~ ., 1, ,,rn a11J 1,1 ,,, rlanc whe11 th e co111.:e11tr:1111, 1 nceeJc:J IO<lO ppm Th 

0. 19 mm flurne Jata : , ,,, r :.J the ,am..: r.111gc of hcd rn:1t eri.tl ..: , 'Ill,·:, r 11 1.i11- as the 0.2!i mm flum 

da t..1 ctted by the ctu tl! ,, ,· file au1h11r, rel·,,n1mcnJ..:J Jcsign lrn ,· \ . \ ,,r hg . "d a~ rllu,1 1:1t ed i 

· Fig. Dis wdl bcl ,i " t., ,· 1, .. Juri t) ut' the S1111,,11~ anJ Ucndcr ..: a11 a: :.ii, t ,tnJ t i,,· llu111c d:.ita "her 

sill conccntr<1l1o n~ a r, 1.1:I hut ~cne,; :is a11 upper limit r, ,r 1h,· I !:..ho rn K1v.:r d:ita . fh 

dashed line un r ,~ U , rep re,e11t:1t 1\c of 1he r('l,lti(ln h.:t11 c,·11' ' and C f!lr the 0 . l 
·, I )d 

mm data whJCh :11 · ·, · 1ilt>1!cd h u! 11h1d1 rqJrc , en t the t rend 1e ,) • I, .k~ fn1 thc~e d:tt a. Sum, 

mari, ing. hc,th th ,·., i l,1,. 1n:tl field a11J lah,~rnt ,H) dat:i. ~ug~~c , ts rl u · · ., c ;,u th \lr ,· de~;gn line ~houh 

be r:iised Ill the :.1 ~· ,· n f ,mall , lit c,incent r:lli c, ,h · fr ,,rn Ow 1()()(1 ;·:-··; 1 

3. ·\ car.:i t, ,L,d) ,>I Fi g. 0 111d 1,·ate, tha t the ,11..: ,, f hcd ;11 ;11 .· ·, ii ma~ he a thirJ ,::i.n:ibb 

Perh.ir, ,, 11 11 I'-, , 1 , 1.rd) :.i .. 1d p1., ,,i blc in ..: i1h11 >n of 'h! J rtr ,, :1.1i ,:.it I the ,, rdrna tc paramt:te 

[ ('Y - '( 1 1J Cl)I. , I ) _ 11l1 •d 1:i..:d le' d,, . t bctt,: ;. ,, ,h \ ) r ,uper pu,111~ .ti! ,. I I ,, n .t L' l >ll1111()Jl li ne ,,r th 

,11e uf hc , f !, 1. ,! 

fhe :iut i1., ic'. . ~.':'. lu, hcc 11 r,·dr.1 ,, 11 ;1 , f"i g. [: u,ini,; th·: d. 11. , i':·: -.cn tt·t! b1 the .i1 ·tl1tir, p!U; 

the a ,ld iti,11 11 · .1 ,. r.tlo r, .rlld li,·ld , l.1t.1 11-< : J 111 p rt:'.par.: r i,; . [) Rd ,· · i,- ~ 1,, Fig I) and ..:,impa r 

Inf'. i r "1 ti , ~-

1. T h,· 

rrm . 

3. r L,· ,. 1,li1:i r1" 11 11r" :h ~ ;:, ld 111 o nal l. rh,, ratt , r~ .1 11,I ticlJ da 1 .. 11Jtl 1c:11c , th a t a dc~i g11 l·un· 

different fr , ,1 rh:t t 11f f'i ~ ~g ,iil'uld b_e t:~L1hli ~h.:d a pprL, , ima l~h ;i- irhi1L·:11ed hy th,· llC\I. curv 

0f Fig . I: l he equat ,,,n ,• I the rr, , r o ::.~J ll C\\ CUrl' (' IS 

qi, ; s• 
~ · 1 l 

(A 

The auth o r, r"intcJ Pllt th:1 1 Eq 21 r~ ver) , imibr to the 1'-k: c r-Pcti:r eq 11 :t11,>11 . [quat ion 21 i• 

al so very sirnrlar r,1 r.111,tern ·s bt:d-lo:td function equation (Jl and !Lgrwld '~ ~trcam po .... er equa 
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tion (~)- (11 fact, it would he \\Orthwhik anJ vcr) int<::re~1.111g to tr) anJ impr(lve , he relatll, ns 

pr~sented in Fig~. 5d, 5g . I) :1 11 J F hy follo"ing some l' f Einstcn· s rnm:cpts mo re d o~d)' . 

The eutnple problem ~ ~u lve<l by the authors demonstrate that the rest.It~ obtameJ h) their 

method :1re in fa rily gt11.>J :.grcement with those ob ta ineJ by appl) ing the ~tanda rJ reg1 me concepts 

within the range tif,ilt inll'n'ilt1e, where the procedures are compa rable . Refc1 tro Tahle VI B 
which compare, the Je,,).;rl ,ii rnen sions for the Qad irahad-8all ,1k 1 Lin~ ..::inal .11rn,-J at h~ the 

writer with dimen., io ns g,, rn by the autho rs -in their Table IV, 

Authon 

Simons 

TABLE VI 8 

DESIG"' DIMENSJOr,.;s Of' THE QADIRABAD ·H:\ Lll)KI Ll!'.K 

Slope 

0 00011 

0 00012 

Depth 

134 

13 .6 

\'cl, .,;11) 

4 zo 
0 59 

0 .1 0 

The ""riters ..:t,mpu tl·J ,,due nf hcd materia l con..:entra1io11 ,,a, J,11:rrnincJ h~ the Ein~tein 

method (3) using the reg ime \Cl\1cit~ g"·en in the tabulation . 

The suggested ch:,11!,',: , in til t: dUth»r~ ' Figs . 5J anJ Sg \\ould alter the dc~ign or example I, 

which is de. igneJ 10 t r;wspo rt a \er v ,;mall silt concentration . 

Referring to dc ~1gr ·,J111pk > 11 ,r \\riter ,,ishe~ to cmpk bi7e that he d,,ubb thJt thc b.1111,. s 

" ·ould be stabk !'or c, 11 1, : 1 uu n~ t:i tcJ . It 1s t rue that the 1, riter ( 7) ha, prn i,1u , I) ~t:1 tcJ th.it. under 

specia l conditio ns , it 111.1) he p,1~,1hl t: t, , have st:ihlc c:h:.inncl, ,,ith 1-i,iudi: nu mber, a~ lar ge Js 

1 0.3. but it i~ , er) q ue ,11 ,) ,1,lhk in tl'. i·. ,11qanct: . Note 1hc unif,1rm m;: ,;n it u,k ,, f the f' ri1 ude num­

ber for the canal dau rr :-c11 tcd h~ th- .1uthnrs. Thi.'. :ivcrage Frl,uck nu11 ,J-, ,_- , f,, r th 0,c cha nnels 

' is appro~imatel y 0. 19 ·\l,rng th.: ,a111e li ne ofth,w ght the writcr (7) .ii"' :ncf1t::i tcsthat the upper 
limit of c:,rnce ntrat1on, i h :d m.itc1 i:11 J ;, 0.074 mm , i, appr,1, 1mate l) 500 pp111 T he l'f1ncc 11t r,\-

tion of 1()00 ppm -: it, ,I ,,1 nampli: , i, alm ,1s t douhk th i, ar bitr · ry limit. 

In exa mple 4 1hc 1111<.: rcsting p1 ,,hlem or Je~igni ng a <.:anal tL' carry \uch .1 large ~ilt conce nt ra­

tion that instability 11 i1rc·l1t so me type bani,. ,; tabil itation 1s a n:rta111t1. 1s d1,n1~~ed. The "ri­

ter has quite ,u1..·-:cs,fu lh a pplied ri.::gimc concepts and Lanc·s (5) tracti,c r'P 1Le concepts t0 t h<:> 

design of channels i1 th t'i <.: at egllry ,,here graded rod. or gra1e l i~ t,1 he u,cd "' , tahilm: the han~, . 
Lane's tracti,.e force nKt ~1, ,d cou ld abo be used ,ery efft:ct i\dy ,,irh th e aut !J, ,r , · de~1g11 pruccd uri.:: 

to actually design the pit, hin g rc4ui red to mainta in bani.. stabili ty. 

:or • ,.. "'··- . 
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