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T he s :tn bed mater_nl was pla ce d int. e flumes t o a depth of O. 5 foot t o 
I o. 7 of ~ foot. In the 8 ft flume this aepth o s and was sufficie:1 that even 

I 

under m aximmn dune con itions the floor of the flume was not exposed e·xcept 

at one or tvm pot hole s \l hich Were t · ·o or t lrce square fe et i ll area. The bed 

was never expose in the t wo-foot wide flum tu"'lder t est conditions . 

PROCEDURE 

The dutn colle ction proceaure for th._ investigation was the s ame ,· in 

genera , for bofu flumes , . an for · _e various a.an sizes , except that for the 

O. 47 mm ai;-, O. 54 mm s im a fine c uy (bento11 te) was a ded to the flo· r; to 

· vest:i~ate fo.~ affoct of. the i11cre2se in vis coait r e sulting from this fine c_ay 

on flow 1.0nom~r!.a. AJ:s o , the eff~ct of vlccoo .. :i.-y on flo' phenom~nn \.'i c?.S 

investigated us ing th. O. 32 mm s and by var ·.n:z t emperature. The d~viations 

from t1&e general procedure for U1eC!e three oan s '7111 be described later. 

There were s ome c nngcs in m~ hod of men.surin
0 

some of th-e varfobles 

during the cour se of th inv.;;)stigatic-n ·rn.ic will b _ escribQd unc:.er "Dat ;.\ 

Obtab:1et. ". 

The gent?ral proce ure follo•-,e for ac 1 in,.dvidual r un invoh,.,..t-<l 

r ecil"·-:ul ating a given diccharge of the v:a er - ·ctli:ment mixtuz-e in the flume 

at a given slo ,e ntil equilibrium contl.itiona ,;,ere e.-.tablished. Slope s elec-

tion was accomplished in a gene~:-al s ense. !n " ny flow c:-ystem where dis c. ~-.rge , 

dep.h and sJ.ope can be var. e , only two c th .. three variable s can a coc:::idcred 

as ind.epen .. ent. L, a aturs.l stream., the disc 1ru:·ge and s lope are uorrmilly 

in .... epenaent, with dept 1 clep~ndcnt, In t h:~ flume , t e ·sch~rge was in .... cpcnclent , 

slope t~as i nc1e en.dent . i thin lirn.its , an'" epth v.rns a :?.pendent. The s lc ... ~ was 

prE~l3ft at the b e>ginning of a run by djusting the t ail ga~e. Such acljustmcmt 

in in:ctly icl'h.1G:.1ced t e de th as a. c e en. ~mt variable . Generally . esp~cially 

at tlu: flatter s opes (0 . 0001~ to 0. 006 ft / t ), the slope of the uater surface was 

adjusc~d pr'1"allt?l y;ith a scre~ded b ·'.) . · ith the. devialopme~,-. of the bed ccnfig-

tn~ation , the slope an depth a jus e to the new co.i. 'Hon of bed r oughne.:is . 
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Thus , for these experiments the slo a an d~ .. hare a f ta"1.ction of discharee 

an , a roughness whlc ev.~lopo fo .. that r3gime of flo--.7 . T ho non-unifor ty 

of now caus~ by chmigc of bed roughness vras eliminn.tef" by continuiue a 

r un tmtil the b{!d s lope an th~ clo e of th<? :vd~r sur ·ace again be came p ar" el 

to ea.ch o r.h~r by natur adjtrntment of the s s.nd be . E uilibrium flo · was 

considero as establis .. cd an m.ca.sm·em~n: .. of the data started when {1} the 

b 2d configuration w~s esb.blished for the full l ength oi the flume , exclucfu C'/ 

the s ecti.ons iri.fluenc . by ent:;."D.nce or exit co:naitions , art-. ( 2) t e 11a.tcr 

surface slo e re:t..""laine e Bse:n.dally cons .. an mth r ecp~ct t o time. 

of tim~ require . to establish e uiUb:t:'ium cc-udi.tious varied with the slo c n 

·scharg\.;. Some runs w th flat slopes r eq1 re thr~.e and four days t o a.c tlcve 

eq ili.br ium, ~7hm."i.;as , -; ith the s ter;par slo ... s , eq librium wus estab i s .._. 

Ith.in tuo or L11ree hours. Ever r un in ~lv cl co:n.:nuous flume oper ations 

until ·i t was com le ed. Whether or no c. equilibr iu.m conditions are es ablis 1cd 

in tl e f.L:, e.na ysis r es ~ on the measured data and t .... e judgment f the 

exp~r m "'r.. er . o insure the ac ·evemcmt f equilibrium conditions , mnst 

of the exp er ments were condnuad longer tl nn t l e r e uired time as in~ · c a.1.E-c.l 

by measurements. 

The gen~r proce ,ur 0 w"'s different for the O. ·17 , O. 54 an 0. 32 mm 

s and in the follovril'1'g nay. After eqv librium Wf.l..S established ~~11d the de.ts. 

collected for a given run , bentonite as v. nd or En.-tracted from ths f1011 for 

t he O. 4 7 and O. 54 S "!ll or e tero,ara.tm·e c anged for the O. 32 mm san 

without stopping th~ rtm~ J. he new run vrn.s then continu~d until equilibr! U..'ll 

as ,:yru.n establishc and then th0 necessary ata uei~e collected. This 

proce 1~re of at.ding or e1,,.i;racti11g btmtonite or c 1ru.1g .ng the tem.perature 

without ntop ing the flow was co 11.i:m.e for a series of runs r ~.n,,.inr:! from 2 to 
C, ..a> 

· 5 in num ··er. 
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BASIC DATA 

T h,., data obtained fo1~ each equilibrium run were : ua er s urface slo a , 

ater-sediroent discharge , ~atcr t e:mp~ra.ture , depth , average velocity . 

velocity profiles , concentration o total be material trans ort , concentration 

of fi ne s ediment transport hen fine sediment had been a.dded to the now . 

s us en ed s ediment concentra on, character st.ks of the bed material. bed 

configur::.;ion . kinematic yi scosit , apparent kincm ic viscosity of the uo. er 

fine s e ·ment complex. an· descrip ions and. p11otographs of the w.ater surface 
. . 

d corros oncling bed configuration. 

. I 

~Vater Sm1ac e.~l2_~ 

The we er suri:::ico slope \.70.G d~t0rmin ~ by measuring the ua er sud'ac,a 

elevation with a level an raachan.ic po n eacre an alr;o b ~- differential 

bu bler g age. oth met ods ,; ·er~ in close agreement. The bubble gage 

continuously r ecords the lff crcnce in clcvn ·ion of tho \:O.t.er surf ace to within 

o. 001 ft botw0en o po nts from which a er surf ace slop~ can be compute . 

Tho con: ··nuous r~corc1 of the bubble g0,gc s op:3 was us~ to ootermine . ien 

equilibrium con -ft:i.ons ·.vore establ.is icd. E uilibrium exists w en av<".">rage 

slo ~ does no chflnge wi .. h time. The bu bl e gr .... gc uas not use in th,a 2 ft 

fhu:ne o~ for t he O. 45 mm sand study. 

Discharr,-es of th~ watcr-sed~:;,n~ni mixture were m~asurc• ith 

c alibrated orifice meters and 1t1atcr-ru.r manometers . The calibration of 

t 1e orifice m~terr:.1 was c ec red p~r o c"' 1 to determine if an chan~e had 

occurrc ... in the calibration . 

"JI ater T e,11p$r.~tur~ 

The w::>.ter t em· ~rature w s xr.easu.re to the nearest hclf · egrc::'> 

centigrade w th a mercury t11~rmomotar . Water t em ar"'ture was essent.i y 

con,3tant for a ar icular run ut v~1.ricd from run to run. The va.ri e.t!.on- in 
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water t eroper2.ttn·e for experimo!!tz ~11th ::my given sand c e given i n T a. l e 1. 

Alt _m.1'1'1£ T n )k 1 ird c&tcs a ,:ride verfation in t en:r:,1;r r::hTe for each sa.n s ze , 
I 

t tl'J t c:-:nneratl!!'e r~nge for :;:noat of the runs for the O. 19 , 0. 28 . and O. 93 mm 

s and vt:::.D lcsq thr.n 3° CentiJra e. In the experiments in the 2-ft flume with 

the o. 32 :mm sin • the '72',ter t ~m ·~rs:~~.rr ~ was dGliberatcly changed to de.ermine 

t he effect on f.l.o·.v phenomena. 

The a.varnge rl0~J h of flow uas determined by mcasurin~ t 1e dif ... crenca 

in e evaHon be ~wce:m the water surface and the s and bsd \trith a otnt eaz\,;. 
Measurements :ere m ach at s ekct eci intcrV3.ls aown the length of the flumes . 

'I'he s election of the inter~l d<?p~nr ~ upon t e b~d cc:ifigura .. ion that exi ... tcd 

for the r un , Le intervrus ei11g closer s n.cc for a dtu."le b 1;:d confieura ion 

1han for an 011 _du1lc or a rippl~ bed config •ratio 6. This m~thod of m ea3urin.g 

d~pth ras use for all the s a.'1.ds exce i the O. 45 mm size. Measuremen s of 

depth for the o. 45 mm sand rnre o ta:lned by scree ·ng a 30-40 ft cen r 

s ec ·ion o_ th8 sano cd , detGrmi ·ting the average e evo.tion of the san bed an 

s ubtracting ·ibis el · ·ation from t 1c average d eva ion of t _e ,-:ater surface. 

· 'hYo me .1ods o· measuring dept s yie ld essentially t 1e s arne results. The 

mcasureme .• . r; o_ av ..,rf.ge de hare a ccurai:e to \--7ithln + O. 03 ft . 

Veloci~ 

The mean velocity was calcula.ed by dividing the rncasurcd 'disc arge 

°t'y the area of thew tor cross-<"ection, ThGrcfori? , it accumulates erroz·s 

inherent in the de th · d · schar c m easurements. 

VelodJ.:y Pro ilcs 

Veloc.ity pr ,files 1'ere ob rnin" for mos of the r uns . The refiles 

were mea.sur12d-in 3 verticals in th.e cross-section l oca e 00 io 100 f t do ")n~ 

stream from t he en"rance in the 8-ft flume nd at 1 verti cal located 35 ft 

dc•wn3t~eam from the entrance in the 2-ft flume. The velocity pr ofile a.a 

is not given in this r e1iort. 
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Bed l", atcr 

,.£he total s edi ment clis char e was measure with n. '\17-dih - depth intcera

Hng t o al lozi. &~..n1pler loca~e '\7'1cre the wa or c.lisc.1f:'l.r e from the flume into 

t he t 2-il box . /ith a dl\ne bed co:i.tigur~ io.,. cigM s amples were collected dur ·ng 

a i.wc-.L.4our period. \Vith all other be;d confir;.1.1rations , four to six i:; o.m lea were 

coilected dnrina a 1-to 2-hour c:dotl. This proce ure wns us e for experiments 

with all s ruv siz-es e:i::cc.i"t t. e 0 . '15 mrrJ. s ~n-.. V/ith the O. 45 mm s and 0 1 

four to six s nmpl ~a wei:e obtain~ i in a 1-hom~ Grioc for the dune bed co- g·ura

tion. This num er of s amples over this shor t tin1e ::::riocl was riot sufZicient to 

..1.ccura dy d:::t erir.inz ~, e aver ae co;icen~r""tion of the be material discharge. 

~ ach s amp e consisted of 70- 110 pounds of tha wat0r-se ' ment mixture. 

Conc~n~~<l on of s cclim.~nt in pn.rts p~r million was com ute on a cL7 \ Ve? g 1. 

basis . 

In L'le ox eriments ii 1ere fin-2 se ·1nent was a ed to tie flaw (0. 47 and 

O. 54 mn1 s nnd e.~erimcn s ), the co:ncemretion of fine s e m c::n was aetermin~ 

by s e -a"t"atinq th_ totcJ. load 0 ump es L"1to a fine r.a.atcri fr~c 'ion nnd a b B 

m a~ r._ fraci.ion. The fine mnter. fract on uas d-ei.e::rm.:m "" by t"' J' ng n ~am le 

of the water-·%~ ·m~n ... mixture a: t~r it hsd ~en aJJo, e to settle 1 minute . Th.". 

bed m aterial fr ct.ion of th0 total s co..im0nt sc ru'ee ~ as that ma c. · i ,. rct~.ilwcl 

after we.s . ng n a 200 sieve. 

The size distribution ox eac total lo,.d sample was det er mine in t l.s 

visual e.ccwnu ation tu 3 (Colby and Christensen, 1956). The me an diai.~cter 

. d t e gradatio.\. as mi::msur by K are g iven in the t a l es of basic data . 

~ ~-. $~-~~ent Conce!!2°~~ 

Suspenc:e sediment was s i?.mpled 05 to .100 ft dc~strca.m from tho 
' entrance of the 8-ft flume an 35 ft downst ream from the entrance of the 2-ft 

flume with u ,Jpe cially esig 1c d"'!pth intea1,.o.ting Eiampler. The s am ler 

con.sis ~ed O~ a brass nozzle , 3" long and :t/ 4" in diameter , attach-d to a w adi.ng 

r o . ·he nozzle wo.s connecte to a flexi )h~ tube . A wn. er -setliment ·sa:mp e 
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to d: ·a'-.Y •;;a~r- r at a •·::::} ocity ·q..:pro~~ -.:.n.s.i a1y ~qtw.l t o the veloc11y c,f th-~ flow . Usino· 

this e.quiprn ent a 5 to 8 i)Ound sarn:::J.(~ -;,as e: ollec·~ed by t he eqm'J.l trc1ns i t r ah-~ 

method for e ach !.~un. 

Some suc pended b e d m ut cri -B.l concentratio?'ls were larger than corre spond

ing total bed m : t::rfal concentration.. T his was due , in pa.rt . to the inadequate 

nmnbei· of suspended s ediment s ar.1ples :1nd the pcssibility of sru...'l').pling i n a r egion 

of flm1 1hert~ local sh2ar r:l tress and tur bul:::r:.ce was much 1m·ba e r than averaf!.c q 

Bed Ma t .... ria.l Characteristic:; 

A l arge sa.:mple of the b ed 1nated nl was collected for each run. Each 

s runp le cons iste d c f s,~v :-al one- i n-:::h di2.m c:tP~.· c ores , 5 to 8 in-2h ,:-:s i n l 'i:' r gi:h , 

t ~ken at randc!n .frO:'.:l thf~ bed of thp flume," The samples were cl! i c:d. , split and 

The partick-siz0 distribul ion cur vf:S 

given in thr·: br:..::; ic C:. f'.~c,. weTc ·i(~tt"n :r1inf:rt by a.vf:rn.ging the ruw.lyses o! thtt, b(~ c' 

m ~:: !ri al fc:.~ ::U th·-:.: rur1;; with a gi v~n s.:r:'i.d The g1·adaHon (K) vrn.s di:;tm:·rnlned 

i n wh.ich 

{d ___ _ 
K = 1/2 ·· 

d16 

d i s the m e dian si z P, 

d
16 

i s the. siz:.~ for 1..-,, h i ch rn p e r-cent i s fi nP.:r, 

d 
84 

i s the si z.•: fo:~ ~ hich 3<'. p r- rc~nt i s fi n8-r . 
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The fill velod.ty for the average me~isn fall die.meter of. t he b e;d material at 

the t •wmpcrahtre of the water-c:~cdment mixture of t h$ run i s given in the basic 

data. For the 0. 4 7 mm s 8.n.d nnc O. 54 m .. m sand a the full velocity of the nveraga 

m edir:n fan dio.met~r of the bea m c.t(;Ti -~ E.'.s it i s affected by L!e inc ree.se in 

viscos ity that r esults fr om the o.c'! C:.ition of t.~e fine m o.ter .. aljis also given . r.f'his 

fall v~locity i s dcnoied by w' . 'fhe d 1 g~v~u in the t ::-..ble for the bee material 

i s the fall diamet ~r corresp01 ding to w ' . 

Ded Confic:ruration -· (., __ 
... f'he amplitude , t 1e length , and the velocity cf the va.r:i.ous bed confi~ura-

1 

tion.s i n f eet per minu.e were evalu~t ~d by: 

2, J\/tcas urern.ent us in.1 a point e agc B.lld foow attac ment . 

3, Utili~izig a sonic d:.z:pfo. sounc.t::r . 'I'his me ·hod was only applicn.ble 

wh<1n t he form of be d r(>Ug mess "P.as ri pl e s , dun0s , or trruwition 

dun.es. 

'I'he sonic d~pth sounder 1as in the deve k i ment s age tdrll c.~ colleci.i.ng moot of 

these d2ta rtr1d wn.s not av::1ila.)le to measure the be config1.1ra ion of a ll tI:-e ri , ·k 

and dune rims . 

Kine~!~c 'Y}scosit~ 

The vis cos ity of the ·,;;ater- - acd.im,::nt n:dxtw:-e i s given in the basic dnta 

as deterrL1in2d from the t emp~rn.tnre of t he wa .er and appropriat~ stan ara 

t ables . Where fine material (b tmtonitia) was added to the flow , th•? apparent 

kinematic vh.~cosity as affecte d by the fine rnntcrial l s vlso given, Apparent , 

kincr!.l.atic vJ. s cosity 'was deter:m.5..n0 .... from F ig . 3. The v.is cos itiea ghren in 

F"ig. 3 wer.?. deter:m.ined by testing v':rious p~r cer ta.ges of -..·tat er -b:?n .onitc 

mixtures in a Stor mer- Vis comet"'r. These m easur0ments were m ade for 

concentrations of O S 1 , ~, ~, 5, and 1 O percent bentonit e on a dr y weig .• 1t 

bas s . 'Ihc t S;rn~raru?s for these xneasurcments was varied from 5 to 45 
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degre~s centie~~~ctc for each ccnccn~ration. T he a parent kin~ma ic viscosities 
I 

given on I i,.,. . 3 were compute 
I 

density d t.4e fine sedim;?m:. 

sina dyna:.m.c vis cosity values an the spBcif'ic 

Be Form 

As a r esult of t b~:::e ex-per:i.mtm s , e have clru:isifi~d the v&.rions h ~d 

forms that •,,ill occur L':. t. ie flum s a.!. more impo ·an , in the field into an 

upp .... r ~ ..... Kl lo-r1cr flo-1 r~!:time on th2 bu.s is o.l' tl ·~ir form , r esist cu'-1ce to flou an 

s e• ·mcni t rans· ort (Simona and Ric, crdscm, 1960). In the lo71er flow r errimc , 

t he b~d forin consists o l a::.n bed ·it .out se ·mcn-t mo rcmon .. , r i plos , an 

dun~s . Th~ be form i n th~ upp.:T i1o-;r regime co:maiats o · lain be · after dunes, 
I 

s t s.niling ,vavea , EM1 an idunes . 

~ ig. 4 . 

Th:;:se bed cor.Jig'.lratlons are illustrated in • 
Ri p cs are small ri k. as and crests , t riangwar in s ap2 whic hnvc 

amplitucku less .than 0. 2 ft and lengt 1 l ess t ru., 2 ft. Dunes are t riangular 

s ~ aped elemcn s w, ich ave i.mp · udcs l a.rg~1. a.vi O. 2 ft ond length grc2.t r 

thru"l 2 ft. m andtng waves c symmetrical in 1~se ( coupled) s and and 
' waves whic 1 grudua y uild up r>.nc ju3t as gr2.du ly die dC,\7n. ¥/av a o_ fr.Js 

type ai-e 0 ta. ionary, or CEJeentially so , and usually develop in eri es. ey 

r e orm some 'l at r zrioclicully mter s:lp ~a.ring . .Anticiw'les are symmetrkal 

s an und v,0,. er su:d'aca aves whic .1 are in Jhas~ ( coupl . ) a.t'1 which move 

upstream.. 'l"he surface wa-r0s build up wit tii::ae , becomin0 gr2. un ly st"' per 

0:1 the , .-)stream sld.? , · tAl they bi·ea.k like the sea surf , o:r a h draul c j m11 p , 

an isnpp,nu.". Th~se "ila.vcs uoually dov lop , break , an r eform in grou s o 

nvo or more. 

Du.,."les an ri pfos t rav~l am7n3trcam ns the res, t of the movement of 

t he se hnc;;nt up th;; pstream t:; lonc , a.11 de osit most of._t hia materia l _n the 

downstream slop-~. This i s th~ mode of se ·ment piovement with. ri ploo r....i,d 

dunes; "tl lCrc~s , w ·;;h pl:.:ms e , siandil: g W(1vca , ~nd antichu es . t hc:i sediment 

moves c; s in ·v.1.duru pa.I ic es i n cont 'nuous com.act 'i'ith he bed. T hey •o not 

move o-;,nsh·e~m L"l a wave front similar o ripples an dunas . he b-..d form 

giv n in the bRsk dr~ ~ i D base n the class fico. ion gi vcn in Fig. 4. 



"t. . 

·, 

... 
) 

I 

l 
j 
\ . 
i 

. i • 
j 
I 

' 

J 
i ~· ..,, . 

... ., 
1-.. ·,~ 

. ~ 
f ~ 

' 

; . 
-~ 

• l . , 
~. I 

-1 0-

I RE P ORTS 

/ The data presented in. this r eport have been or are being used for 
the f ollowL,z r eports : 

1. Simon3 , D. B .• Richardson , E . V .• and Albertson, h1. L .• 1959 1 

Studies of f1o.v in all uvial chn.nneb , Flume studies using m0ditu.:n 
s and : U. S. Geol. Surve, later -Supply P ~p~r 1"Hl8A, in press . 

2. Simons , D. B . , Richardson, E . V. , and Haushild , W. L. , t 960 1 

Studies cf ilow i n alluvial char.u ela , Flume !ltudi es us i~1g m edium 
s and and bentonit e : U. S. ~ol. Survey Water -Supply P a e r 
1498 _ _ , in Quv7 Report ~ection. 

3. Simons , D. B. and Rkharrbon , E. V., 1059 , St uo.ies of flow in 
alluvirJ c e.nnals , Dapt. discharge r el ati ons : U. S. Ckol. Survey 
Water -Supply Pap~r 1493 __ , in QuVJ Report Sectio21. 

. . 
4. HausJ ild , W. L. , Simons , D. B. , an Richar s on , E. V. , 196 1, 

Short pap,m:~a in the geolo~ccl scienc e s , T he significance of the 
eff~ci.iv.a fall d.iru::n::rt-:r of bed m a erials : U. S. G~ol. Survey 
Prof. P aper , in branch of T exts , 

5. Hubbel, D. W. a.nd P.J-Sho.ikh Ali , Khalid S., 1961 , ~horl pupera i n 
the geo ogical scfomces , Qualitn~itre effects of temperature on flow 
p .anomena in --lluv al chs:-,m,:~l s : U. S. Geol. Sur ·e Prof. Pa :..r 

, in Branch of Textn. - --
6. · Richru· son , E . V ., S:imons , D. B., ruid Haua ild , W. L. , 196f. , 

Short pap~ra in th~ geological sciences , Boun ary form and 
r eoiotance to flew : U. S. GeoL Survey Prof. P ap~r , in 
Branch of Te>."ts . · · · ' · · 

7. Sim om, , D. B . , Richa1· son, E . V., an Haushild , W. L., 1961 , 
Short pap,srs i n the g eological sciences I Th~ variabl(! depth
discharge r el ations in alluvial channels : U. S. Geo!. Survey Prof. 
P aper • in Branch of Texts . 

8.. Simons ; D. B . a.11d Richnrdson, E . V. , 1958 , ResJ;ru-ch s eminar 
paper·s , F low. jn ll.lluvi::u chexmels : U . . S~ . Gc ol. Survey , Water 
Resources Divis i on , open iilc r eport. · 

9. Richardson, E. V., Simens , D. B . , and Posa ony , Q.arry J. , 196 1 , 
Sonic dep h sounder for l abor atory a., field use : U. S. Geol. 
Survey Cir . 450. 



_.J 

I 
. ) 

. , 

. . 

. , 

. ; 

1 o. 

11. 

12. 

13. 

14. 

15. 

16. 

-11-

R.ichar son, E;. V. , Simons , D. B., andHaushild , W. L., 1961 . 

/

; Studies of flow in alluvia l ch rumcls . Flume studies of r esistance 
to flow us ir.r.r fin~ , m edium , and c oarse s an s : U. S. Ge ol. Survey 
Wat~r - Su :,p1y Pa e r 140 3 __ , in pre ::trt::.tion . 

Simons , D. B . , Richardi:;on , E . V . , and Haus.ula , W. L. , 1961 , 
Stu ·es of flow in alluvial c unncls _, Flume studie s o s ediment 
ti.·ans ort using fine , meclium , and cc.~rse s ands : U. S. Ge oL 
Survey \Ya.er -Supply P aper 1498 , in r \:l a r ation. 

Albertson, M. L . , Simons , D. B. , a."1 Rk ar ... mon , E. V. , 1957 , 
Discus ... ion of m!lc 12..xt_i.c s of scclimen ·-ripple formation, by Hs in
Kuan Liu: .Am. Soc. Civ· l Engineers Jour. , v. 84 , no. HY 1. 

Simons , D. B . an Ric 2r son , E . V., 1960, Discussion of r esi s ·~s.nce 
propqhie s o s cdimcmt-la ... en Btri?o.ms., by V. A. Vanoni and G. N. 
Nomicos : Am. Soc . Clvil Engineers Trans . , v. 125. 

Simons , D. B . rui Richnr n.on, E. V. , 1960 , Resist ance t o flow in 
all VJ ~l chani.'lel s : Am. Soc. Chr:il Engin-cra Jour. , v. 86 . no . 
HY 5 • . 

Simons , D. . an Albertson , M. L . , 196 0 , Uniform water conveyance 
cha.noels in alluvial mnterial: Am. Soc. Civil Eng~n ° rs Jour . • · 
v. 86 , no • . ITT 5 • 

Simons . D. B . . and Ric 1.ar son, E . V. , 1861 ; Forms o b ed roug ess 
in alluvi c annals: .P..m. Soc. Civil Engine~r s J'our . , v. 87. · o. ID[ 5 . 

17. Simons , D. B. , Ricr.ardson , E. V., nd Haus 1ild, W. L . , 1 61, 
Depth discharge r el ations in alluvial c umnc s : su mitt e t o Iyd.r . 
Div. ASCE for poss ible publication. 

18, Haushild, W. L . , Simons , D. B. , and Richard3on , E . V. , 1960 , 
E ffects of fi ne sediment on fluid ro erti -s , f all vc lod. y n. no 'I 

p euomena: to be su mitted to a Tech. Jour. fo:: osaible pu~Jlica.
tion . 

19. Gardi , R. J., 1959 , Total s ediment tr ns o:M: in alluvi. ci.::ume s : 
Ph . .D. Thesis , Colo. Stak U,:liv. 

20. Ric ardson , E. V. , 1960 , Se n1,jnt t ransport in alluvi c 1anne s , 
Examin tion of Bagnold' s 1956 hypoth ... ses : MSc Th .. s i s , Colo. 
Sta ·e Univ. 



' 
) 

' ,, ., ., 

. j 

. ' .J ·. -

J. 

'J .•. 

: .. 

:. } 
' ' ... J 

.. 
; 1 
'.-1 

. 1 

.J 
'. l 
·. l 

l 
j r 

. t 

21. 

22. 

I 

I 
-1 2 -

/ 

~ aushild , W. L. , 19SO , Sedir.ne:nt t rans ort in alluvial channels , 
/ Effect of fine s ediment on mec tm'ics of flow in ~nuvial c,1annels : 

M:S.c Thesis , Colo. State Univ. 

Al -Sliaikh Ali , Khalid S. , i 961 , Influence of temperature on s ediment 
tr2..;,sport and roug .ness in alluvial channal s : Iv.LSc Thesis , Colo. 
State UriJ.-,r • 



1 
_j . . .. 

. 
i 
I 
~ 

I 

l 
·1 
J . 

.. ..:, 

• 

• 

-13 -

LITERATURE CITED 

5 

Colby, B. D. and Christensen , R . P ., 1956 , Visual accumul ation 
tube for size am.tly9is of s ancl : Am. Soc. Civil Engineers Jour. , 
v. 82, no. HY 3. 

Gilbert , G. K. , HH4 , Transportation of debris by r unning water : 
U. S, G_eol. Survay Prof. Paper 86. 



. --. 
. . ..di r.. . . 

' . ' . 

~ -- b - -- - ~ . 
1 d ~ \ \ ·-. -- -- - - - -------~ r- ---·-··· ···· ---
1 

i"1 - .. . - . I , , e f -- ---- ---- -.. ·- ·. -11 
:, : I H ~: - . - -· :_ - .. ; ii. - - - '1 ; . - - - ~~I 

.. ~,.-;"'"'- • I - • ' i f I : i ~ --.- ~ - - ~ ~ -~ ~ . I - . - - - . - - - · -
' T I r, I r -- i -~~CIC'~~ -;--~ ... --- . -- •CJ,_ . ~ ~ng . 

I I i c 1 ~ ~ ; ; ~ r · + ~- "SI ~ 
l_j : ___ J i ! ! 1 . : . ""!"A ! b2, i ~ . r I ! ~/ 

1
--- .__ ___, • ! , 1 o , . I j · , 1 I ~ r-\- ~ J· I I 11 . :1 I• ,, I ' -1.. Ll-· .._ __ __ 01 · - t ------~ . ii ! .ll , 1 :--

=L==o""--'P=u ~ Ip i ng -~ ~~~;~ lL~ _,;- -~~-= l / : , [ J.. . - . . ~ ~ - ~ ~ -"· I - - .-a _ .l.L ~ h 7 

bi ~
2 ~:~~~~ox and Diffuser ! i Grw ~--~~~-~- :.:-::-= ==-=-~-==-- : 

d Baffles and Screens tc:r--=-Tv1· -- ---------·--· ~--~~---·---
e ~~~~eGa~ex2x\50 L~1Q ltL _ _ _______ - -- - ------- -- ----· 

f kY 
g Total Load Sampler t StoroQo Sump 

h Tail Box 
Jacks Supporting the Flume 

Fig. 1 Schematic diagram of the flume 



tie • • , . 8 ... . . . 

-
f ' d - r·· -·- --

~ - - ...cila __ ~~e - ...-=:=-=- ··· --1-__ _ +-----. ---- --
LEGEND . 

a umping Unit h Head Box 
b oto r Baffles 8 Sc reens 
C Cente r Sup ort J ails 

d Orf ice k Instrument Carriage 
e Fie ible Co ection Flume 2x2.5x 60 ft. 
f Joe m Tai l ate 
g onifold Dif user n Total Load Sampler 

0 Tai I box 

Fig. 1. Sc ematic Diagram o the lume · 



K 

e-.. : &... • • .. ~ . .:.J . ..._1 • · • " I ' • • · ~- · . . · 
TABLE 1 - GENE.1. Ai:.: !NFOR .1ATlON· AB0~"1 'I re SANDS USED IN m Exf>ERlMEN'l'':l 

?v"e'·hod of btaini!lg Sand 
and Amou.'1.t o7 Processing !Temperat ure 

1 
Variation 

Type Of 
Study 

mm Gradation I 0c ! ft - ----!-------.'-----------------:-------------------;--- ---.-.-------;----
o. 19 1 . 30 

• 27 1. 54 · 

• 23 

Decomposed sandstone cposits I locat~d near Denver , Colorado 

I El.kl orn iver nenr Wu erlou , 
Nebrask 

,· 

Commercial Sand Compo.ny. 
The oandstone was run through 
a hamm ermill t o break p the 
large chun rn end washed to 
r emove the c ay b:nd r . 

Ob .ained b .. wet screenine O. 28 
mm sa..'1d to remove m at~ricl 
coo.r .... (?r thnn 2. O mm. 

y dro..r;rlin scooping sand from 
miaclle of noT"1ing river. _ o 
processing. 

12.3 to19.7 General I· 8 

I 
1--
J 

I 
I -

1 o. 2 to 18. 5 General 8 

I 9 . o to 11. s Generol 8 

! 
I 

-, 1. 6 7 1· do I 
I I --- - 7,-----~--------------:-- ---------- ----:------·>-------"-- - ·-

. 32 1. 57 d o From 0. 27 m..m s d. 1 o 7. 0 to 34 . 3 =ffect of 2 

. 45 1. 60 

• 4 7 1. 54 

J Ca.c,. e la Poudre River t 
Fort Collins . Colorado . 

do 

proc s s ·ng. Sruicl be came viscosity 
coo.rser as a r esiu.t of fines l __ by varyine 

_ . as ling at '/ay in overflow. ___ t emu~rature 

G~neral. r 8 Commcrc_aJ. Gra e l Com_ any. 
W .shed and scalped on. 8 mesh 
screen and r etained on 200 
m _s 1. 

9. Oto 20 . 0 

Same sa..Tld as . 45 mm. Sand 
became coarser as a result 
of fines washing a r1ay . 

I 
I 1 O. 7 to 24 . 5 Effect of 

viscosity 
by var,Jing 
cone. of 
fiI.c sedi 
m ent . 

8 

---- --:---·------:----------------+---·--------------! 
I r- l 

! 
4 

• 54 1. 52 

. ... 3 1. 54 

do 

.. ortb .... tte ver _ c 
Scott b i f , 1. e rCB.rn. 

cl o I do ?. 

i 
Commercial an Co. ¥ns.ta 
a cl scalp-:: .. on a ·4 mes~1 screen 
...... ,., -. "· ,.. ·~-- ·· ,,,....._ .,, 

I 16. 7 to zz. 7 Gcner o.1 8 
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. . . . . . · .. :· · · .. . · . . ... . . ·.· . . . ·. 

-(a) Ty ic al rip e p t ·ern, Fr« I 
,.- eok oil -------------c___-...:.:.::.::.:..:.__.:.:~--------

(b) D ne s 1':/1 n les er ose Fr«l 
...--:- Boi l Boil °" 

------- -::=- ------------ --- ~ 

- · - ·. C;>. . • 

. . .. . .. . . · .. ·.. . . . . . . . . . . . . . ·. ·.· .·. ·. •, : .. ·._ ·_ .· . ·.· ·. · .. . . . . . . . . : ... ~ .. ·. : . · .. .': : : : . .. : . . . . . . . . .... . . 
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. .. ... . ... ... . . . :· . .. : . : ·_ . ' .· . _. . . ... . . . . . . " ·. . . _ .... . . · . .. ... . ··~ .. 

(e) Plane bed, Fr < I and d < 0.4 mm 

( ) S an in g aves, Fr > I 

- ' ~ - ~~~ 

1.\:---.-_;:::_·~_:_:, __ . _'.·_· __ _:_;·_::.-.-_~_--_-.. :.2__ :_·~_-.,_~~-_:_:~._.·.·_--__ ; ___ ;_._·_-_·.-:_:_,.~_~.--:··,-'.-__ :? :._:,._-_.:--: __ -~-- ·-· .:·_ --_.·-~ __ . --------..._.= _ :_· · __ - -_-_-: __ ._-_-_-._ ~._-.·:\_~ _:..... , _· __ ·_-~.t,:-~_,. _:" .. ~_ •. *.'_:~.:.~:.:· ___ K.=-.. _:_•_~:: .-_.· _-.i_"_--:.:_-,_~.:_._:_._ .. :_ .. _._: -.~-~_ .. -_·_: -_-__ -_: ... - _~_:_:.: __ -_"'_::_.,_-:·'-~.-_:: :"_-_:_.~.,·_.....-._:_:_;:_:_-::_- : .. :··_ :: - -. . - -. '~ " -,, ' <>:}{)}.)_/:( ·: ·.<•.< • ·::rt>i 
(c) Du es, r < (g) An i unes, Fr > I 

----------=------------

!~S~\~~ -.. .. -.... ·. . -... :·· _: .. :. -~ _·_ · . .-"~~ 
: .. ·.'.: .. :: .': :.: -. .. :_: . .. :. -.- .~: ... ·.:::.~~·.· .. ... ··: : _._· ... : ·_· . _·_ ···.:··_-~ ·: _ _ -; ··_- -.. _-:_-__ ... ·_._·.,_-_.::.·_'. .. ·:._ ... ::_'..·--:.·.-~·:·.··.: ~ 
. :·. : .... :_ .. _: . : ·: :· •. ·_. · .· :: .. : .. : ...... .. :_ . . . 

. . . . . . . . . . . . . . . . . · · . " . . . . ·. · :- .. : .· : .· . : .. · . . . ·.· .. . . 

(d) ashe - out dunes or tra si ion Fr< I 

Breaking ant idu ne wave'?-"'-
p I ~ '<'\ oo ~ Ac ,, 11 Pool 

-c.el~~ating flow _:. .. · . .- .,<. :- ---·. . . .. .. _ . __ .... _ Fr<l . :, ·. . . . . .. •, .. · .. . . -·. .. . ·· . 
:.-.--.. .-.· .. ·-._ ,_·.··.- ._: _·: _:._: _ : _ __ ·:_'. _·. ·. : · . . · . .. : .':: . · .. ·· . :· . . _._ · . . .. ~ : . . : . · .. · .. · .. - . · .· · . . 

. . . . : ... . : : .... . ·: :: . . : .·. : .:. : : :,:,_ .. : :· .·. : :-. ; ....... · .. ;"', 

(h) Ant id nes , Fr> I 
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. Q . For of ed Ro hne s in Al uvial C anne-=> 
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. - -Ba:sic var·iables f or r uns with 0 .. 19 1111 s and in t he 8 f oot Flume., . ... .. , 
' · 

I. . . --·-- -----
I · Run Susµ . Bed Mo. t (: ri a l ~,1.nd 1ii.U!.£:-i Bed Remarks 

Load d~lO;;i er w J., . "iI H v s IP orms 
PPM ft - f t / sec ft ft ft /mi n 

24B - - - P ,, 0724 - - ~ Pl ane Gene r a l Movenent 
24A - - - ~0717 '--' - - Plane Gene r a l Movement . 
22A - - - • .,0705 0.57 0. 023 - Pl ane No Move,;,en t 
2 0 o. 656 . 1-. 34 .0637 . 0. 00098 Ri pple s 

22B - - - . 0709 - - - Plane Movemen t 

26 .... .626 1.33 . 072 7 - - - Pl ane 
25 ·- .613 l p30 . 0727 . 44 .034 

J 
- Rippl es 

22C - - .. .0712 Pl ane Ri ppl es f ormini; 
30 1. 0 . 626 1 .28 . 0699 . 62 . 0 32 . 0 24 .Rippl es 

1 0 .6 43 1. 32 . 0654 . 49 . 0 23 . 0008 5 .R i pp l es 

31 42 . 623 1 . 27 . 071 3 • 58 . 0 38 - Rip pl es 
27 - .6 23 1 .32 • 071 3 . 53 . 03 3 - Ripples 

5 l 0 5 . 640 1. 36 . 0691 . 92 . 0 45 . 080 Rippl es 
r un deve l oped I 23 0 .597 1. 33 .071 3 . 45 . 031 . 0029 Ri pples Thi s 

f r om 22c overn i ght 
32 362 .6 49 1. 30 . 0714 3.97 . 096 . 23 Dunes Ri ppl es Super posed 

8 506 .6 30 1 . 33 .0716 5.39 . 18 . 17 Dunes R i ppl cs S1> pe rpo sed 
28 - . 623 1 .28 . 0712 .58 . 0 38 - Rippl es 
33 927 .6 56 1 .30 . 0704 8. 0 . 65 . 13 Dunes Ri pp l es Superposed 
29 31 . 643 1,31 . 0 726 • 60 .038 - Rip pl es 

3 - .659 l _. 32 .0637 . 70 . 0 35 . 0 32 Rip pl es Cl ose t o d une s 

11 795 • 583 1. 32 . 0 724 11 .6 . 39 • 21 Dunes 
13 772 . 590 1. 31 . 0728 I . 13 • 20 Transition Some Dunes 113 . 4 upstream 
14 950 • 564 1. 29 .0729 18 . 8 . 17 - Trans i t ion Lone Dune s llps t re am 
15 11 30 . 584 1 . 32 ,0728 20. 5 . 0 4 Transi t ion P·lane 

34 393 . 65 3 1. 30 . 0 69 3 1 . 67 . 0 44 • 26 Dunes Ri ppl es S uperpos ed 

12 929 . 593 1.36 . 0 732 17 . 7 • 32 . 20 Dunes 
6 550 .• 620 1 . 33 . 0676 5. 06 . 18 . 10 Dunes Rip 1l es Super . osed 

7 91 8 • 614 1. 33 . 0712 7. 4 • 31 . 24 Dunes Some Ripples 
Supe rposed 

35 729 . 656 1. 27 .0718 4. 50 .1 3 . 24 Dunes Sorne Ri pples 

. S upe rposed 
16 1350 .597 1 ,. 31 .0722 - ~ - Trans ition Pl ane bed 

' 
10 8-61 • 587 1. 33 ,0726 24.0 .10 . 78 Tr ans it ion Long Sand Waves 

9 697 . 6 23 1.34 . 0720 5. 19 • 20 . 15 Dunes Some Ri ppl es 
Superposed 

17 _40 30 . 561 . 1. 39 .0726 ' i . 4 . 10 - • Antidunes 
18 7270 . 597 ·11. 30 . 0 724 4, 9 . 10 - Antidunes 
19 13400 . 564 1. 36 .0721 - - - Anticlunes 

39 20100 - - .0722 - - - Antidunes No Chute and Pool 

20 23300 .590 1 . 30 . 0718 - - - An tidunes Chute anc' Poo l 

21 l 21900 - I - .0721 - - - An t idunes 

38 31600 - i ... . 0 711 - - - Antiduncs Occas i onc1.l Chute 

36 3(l800 .676 I 1 0 26 . 0696 - - l: An tidunes Cll ute and Pool 
\ 

1.0702 37 57 300 . 681) \ 1 .22 - - I Antidun es Chute and Poo l 
j - ·- . 
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j 

' " 

, j Run 

' 24D 24;\ 
22A 

2 
228 

j 

126 
25 

12~ 
I 30 
! 1 
I 

l 31 

12; 
123 32 

8 
28 

133 I'; 
i 11 
13 
14 
15 
34 

12 
6 
7 

35 
16 

10 
9 

j 11 
18 
19 

39 
20 
21 
38 
36 

37 

d 

Table· _ asic variabl es for runs with O 1 nm s~r1 d i.n th 8 fo ot F 1~,,1e. 
I 

Slo e Discharge Depth Velocity Viscosity Temp. Totnl l oad -=1 
X 10a X 10-' n ed d.x-1 O ., -·-: 
ft/ft c fs f t ft/sec f t 2 / sec oc Material ft -

PPM 

o.oos 6. 61 o. 9 0.86 1.11 l tl 9 - - -
. 006 6.,44 • 91 . 88 ( l.13 18 0 4 - - -
.010 2 .99 .. 48 • 78 1 ,.J.6 17 .. 5 - - -
. 015 . 6. 68 1.06 . 79 1. 33 12.3 0.2 - -
.016 2. 99 .43 . 87 1.1 5 17. 8 - - -

I 
. 017 - • 30 - 1.10 19.2 - - -
,. 018 6. 45 . 93 . 87 1. 10 19.2 .3 - -
. 018 2.99 .,42 . 89 1. 14 18.0 - - -
.028 8.91 1.00 1.:11 1. 17 17.0 3.7 o. 321 1. 80 

.034 3.42 • 58 .74 1. 28 1 3.6 1.0 • 712 1. 40 

.043 10.62 l o02 1. 30 1 .1 4. 18.1 294°. .433 1. 59 

.057 4,.08 . • 55 . 93 1 .14 18 0 1 4.0 -.334 1.61 

.058 12.67 1.03 1.54 1.1 9 16.4 120 . 499 1.62 

I 
.061 2,.99 .44 . 85 1 .14 18 .. 1 2.0 ,.499 1. 38 

,. 066 13. 64 • 95 .79 1.13 18. 2 281 • 456 1.53 

I 

.070 14.81 .93 1.99 1. 13 I 18. 3 51 9 .427 I 1. 67 

. 079 4.49 ; .s4 1.04 ·.1 14 
I 

18 0 34 . 51 8 j 1. 32 

I .083 16~66 1.06 1 0 96 1.16 17.4 I 836 • 482 : 1. 46 

I 
j 

r . 0 84 5.08 • 56 1.13 1 .11 19.1 I 58 • 558 I lo 45 

.092 s .. 20 • 55 1.18, 1.33 12. 3 I 8 4 ·• 528 I 1 '~6 

l I l • ~ 

I I 
I , 

. 0 99 20.47 1.09 2. 35 1.11 I 18. 9 1300 .446 ; 1. 55 

I . 100 ?J.. 98 .89 3.09 1.10 i 19. 3 1 240 . 453 I 1.54 
.106 22 . 12 . 86 3.-22 1 .10 I 19.4 I 1 490 .522 t 1. 43 I 

. 112 21 .. 84 . • 79 3.46 1.10 I 19.3 I 2000 • 561 11. 38 

. 127 7.00 .52 1.68 1\18 l 16.6 I 503 .518 : 1. 36 

I ! 

. 130 21.96 1 !1 02 2.69 1.09 19.7 1270 • 436 ! 1 . 54 I I 

. 130 8 .. 14 .61 1 .67 1 0 22 I 15.3 I 861 • 489 i 1. 42 
! ' 

.140 9.66 • 68 1 .78 1.1 4 I 18.0 
I 

1 240 . 499 l 1. 56 

.1 47 7 0 52 .52 1.81 1. 12 18.5 ! 999 . 531 i 1. e.D 

. 156 22.1 4 .72 3.84 1 .12 l 18.8 I 2750 . 620 l 1. 34 
I i 

I i I 
.170 11068 .51 2.89 1.11 I 19.l I 2480 . 5 48 I 1 . 0 

I .1 94 8022 .49 2.10 1.12 1806 I 1 210 . • 495 I 1. 46 
I 

.1 96 22.19 ,,,67 4 . 14 1.11 19.l l 4650 . 544 1 l· 30 I 
• 300 22 . 16 . 64 4,.33 1 .11 18.9 9240 . 522 ; 1,.29 I 
• 350 22 .19 . 64 '1, .; 33 1 .12 18. 7 H!'900 .522 I l O 33 I 

I 
' 

.390 22033 • 61 4.58 1 .. 12 18.8 16 200 . 495 1. 30 

. 460 I 22~17 . 60 4.62 1 .12 18.5 23900 • 51 2 1. 33 

.542 ! 16.13 . so 4.03 1.1 2 18.7 ! 25200 • 502 1. 26 I 

.582 ! 22.00 • 58 4~74 1. 14 17. 9 ! 26600 .522 1. 33 l 

. 845 I 15 . 54 ! • 51 3. 81 1.18 16.8 . : 35500 • 541 1. 31 , 

I ! 
1 . 6 _l:~l 47300 

I 
. 95 21 ~84 .65 4.20 • 512 

I 

~ I I 1. 31 I 

\ l _J 

., 0. 6 2 3 X 10 3 f t I er "' 1. 30 

I 
.; 
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J • 

.i 

L 

· 1 

' 
• 

-Rtm Slope I Dischar•c 
X 102 

ft/ft ¢fs 

49 0. 005 6.04 
' 50A . 007 6.09 

50D .018 6.09 
51 . 046 9.86 
52 "065 1 2.-25 

.. . \ ' . 54 .084: . 1. .• c-:::.. , 
53 .108 . 1s. ss 
57 .1 26 s:11 
56 .1 26 11. 09 
5.3 .130 17. 80 

45 .138 21,.84 
43 .1 40 19023 
44 .163 21.55 
42 .167 15.68 

'/ ·· I 
.167 21.76 

58 • 185 6.75 
47 .2?() 21. 79 
48 ,.493 21.69 
39. .813 21. 71 
41. .952 15.41 

i 
4-0 

1 . 
11 .022 21.-35 

d n 0. 886 X !Q 3 f t 
er .., 1. 54 
P = 1. 94 
1' r::: 62.41 

~p., 3~20 
A.("' 102.94 

- 0 . 114 
~ = 5.14 
/, "' 165. 35 
9 "" 32 .17 

i, 

De th Velocity 

f t ft/sec 

.. 
1.03 o. 73 

. 96 .79 
• 91 .84 
. 99 1.24 
. 94 1.63 

. 93 1.83 
1.02 1 .91 

.,48 1.,33 

.. 75 1.85 
1 .08 2.06 

. 84 3.25 
1,.13 2., 13 
1.03 2. 62 
.94 2oOC) 

.74 3.68 

.46 . 1 .. 83 

.63 4.,32 

I .. 59 4.,60 
. ,.55 4.93 
.45 4.28 

. 60 4.45 
• 

--· -~-,,,,.,~ 
Viscosity T ~"!1> . Tota l lo-1 i 

X ).Os B d ~x1or-- -r· 
f t a / sec °C Materia l ft 

PPM 

1.38 10.a 0 - -
l.. 25 14.5 - - -
1. 21 15.,8 0.5 - -
1. 20 16 .. 0 12 o. 705 1. 71 
1 ,.20 16.0 98 .6 96 1. 61 

1.13 18. 3 200 .607 1 .56 
1.17 16.9 358 .584 1.49 
1.,27 13,.9 93 .771 1.56 
1. 22 15"3 550 .6 23 1. 58 
1.14 18.1 639 .646 1. 48 

1.15 17.8 1270 .755 1. 76 
1.16 17. 4 931 .686 1. 61) 

f.18 1{1~8 833 .630 1. 56 

1. 24 14.8 704 ... 6$4 1.60 
1 .12 180 5 1670 . 853 

I 

I 1.64 I 
.. I 

1.26 14.2 753 .702 1 . s3 I 
1.28 13.6 4760 .758 1.73 
1. 20 15 .. 9 CX)30 .6 46 1. 53 
1 .40 10. 2 28700 .656 1. 46 

1. 38 11.0 35600 I .636 1 0 42 

1~38• : 10.,s_Eoo l .6 56 1. 45 
1 -· --·-· I 

• 



Table • ~$ :j.<; ya ri~ples fo r run s with 0.27 mm s and i n the 8 foo t Flu .• e. 
•. . 

Run Susp 0 Bed Materia l So.nd Waves Bed Rema rk s l Load dxlOJ 0 w L H s Forms 
PPM ft - ft/sec f t f t ft/min 

49 0 - - 0.104 - . - ... Pl ane no mover.ient 
50A 0 - - .110 - - - Pl ane .mo vement 
500 0 0 . 856 1. 48 .11 2 0 ~41 , 0 .,04 Oc0002 Rip;,le 
51 9 . S89 1.60 .1 12 1.19 . 03 . 053 Ripple 
52 57 . azo 1.52 .112 1.69 .06 . 096 Ripple 

54 157 .935 1.57 . 116 5.13 . 17 .055 Dune 
53 461 • 902 1.53 .114 6.00 ., 28 . 29 Dune 
57 0 • 951 1.s2 .109 . 66 .os .080 Rippl e 
56 407 . 823 1 0 54 .111 4.88 ' 20 ~ . . 16 Dune 
55 935 . 886 1. 43 • 116 9.1 5 • 36 . 13 Dunc 

j . 
45 679 .951 1. 76 .116 - ... .... Tr an s . washed ou t dt11es 
43 556 . 912 1. 50 . 115 9.69 .44 . 13 Dun e 
44 623 . 856 1.42 . 114 11.08 • 41 . 18 Dune 
42. 416 .837 1 .54 .110 8 .47 . 40 . 086 Dun e 
46 857 .827 1.56 .116 - - - Tr an s .. Plane bed 

58 751 . 902 1.52 .109 9.01 .15 • 26 Dune Close to tr ans. 
47 3770 • 863 1 . 51 .108 .... - - An tid une 
48 10800 . 856 1.54 .112 ... - - Antid ur! e 

39 34000 .787 1. 43 .102 - - - Antidune 

41 43300 .955 1. 47 .104 - - - Ant idune 

40 41400 1.033 1. 64 .104 - - - Ant idune 

' 



., 
Table . ~-Basic variables for runs \~i th 0 .28 mm s and in the 8 foo t Flt.il:ie. 

6 

7 
8A 
8C 

10 

5 
13 13 

4 
11 
33 

Sc: 1 
12 
1 4 
20 

k 2 

21 
1 9 

j It. 16 
~ 23 

k 17 

tk: 3 
18 

I 30 t 
I 34 I 22 

~ 15 
j 24 

25 
28 
29 

26 
32 
27 

I 31 
35 

' t 
! 37 
' 38 t '' 36 

Slope 
X 10 2 

ft/ft 

0. 005 
. 007 
.011 

t . 023 
.041 

. 045 

. 062 

. 069 
. 073 
.090 

.100 

. 108 

. 116 

.120 

.1 31 

.131 
. 134 
. 134 
.1 34 
.1 36 

.1 36 

. 141 
9-142 

I .1.50 
. 153 

. 158 
. • 172 

.1 99 
• 229 
• 278 

• 328 
.470 

.• 533 
. • 593 
.815 

. s ·20 

. 930 
1.007 

i 
I 
I 
I 

Discha rg e 

cfs 

3.79 
6. 61 
7.76 
7.. 76 
4.1 6 

10.73 
1 3. 46 
10.73 

4 . 92 
15. 74 

12.70 
7.19 
8. 61 

18 . 14, 
15. 19 

20.,39 
9. 90 

17. 23 
22.02 

· 10.oi 

15.28 
11. 96 
15.68 

5. 50 
14092 

12.87 
21. 98 
21.85 
15. 72 
15. 70 

1 5 . 51 
21. 76 
15.47 
21. 34 
21.33 

8. 3-4 
15.,26 

21. 38 

Depth !Velocity 

I 

ft 

0. 90 I 

1.01 ! 
1. 00 l. 

1.01 
.5 9 

1.00 
1. 00 

.. 86 

. 59 

1 1.06 

I . 88 
I .• 57 
\ I .6 2 
I 1. 05 
I . 92 
I 

l ; 1.07 
i • 65 
j 1.02 
I • 91 
l . 65 

I ! . 88 
I . 61 

. 64 
. 44 
• 60 

. 75 
I 0 82 
I . 12 
I • 55 
I 

I .52 

I . so 
. 58 
. 43 
.56 
.54 

. 30 

. 40 

I .S7 

ft/sec 

0.53 
. 82 
• 97 
• 96 
. ss 

1.34 
1. 68 
1.56 
1. 04 

1.8 6 

1. 80 
1. 58 
1. 74 
2.16 
2.06 

2.38 
1.90 
2 .11 
3.02 
1.92 

2.17 
2.45 
3.06 
1. 56 
3.11 

2.14 
3.35 
3.79 
3.57 
3. 77 

3.88 
4.69 
4 . 50 
4.76 
4.93 

j Vi sc osity 
j X 10 5 

; ft ~/ s ec 
I 

1.46 
1.27 
1.34 
1. 38 
1.23 

1.1 9 
1.1 9 
1. 25 
1 . 23 

1.15 

1.18 
1~ 20 
1. 21 
1. 21 
1. 21 

1.19 
1. 23 
1. 21 
1. 21 
1.24 

1. 22: 
1 11 24 
1. 25 
1. 26 
1. 31 

1. 30 
1. 21 
1. 24 
1.23 
1. 22 

1. 23 
1.38 
1. 23 
1. 40 
1 . 38 

1.35 
1. 37 
1 .36 

d a 0.919 X 10 3 ft 
f, = 5.1 4 

rr 111 1. 68 '5 :: 1 65.35 
r c 62.41 

!J(::s 102.94 
~ CZ 32.17 

• P = l. 94 
L t, P :::. 3. ?,O 

A Sl ope poorly defined 

1 emp . 

9.0 
13.9 

l 11. 9 
10.9 

I 
{ 

I 

l 5c,l 

16 .5 
16.4 
14 . 6 
14,.9 

16. 7 
16.0 
15 .. 6 
15.6 

{ 15.8 
·1 

16.5 
14.9 
15.8 
1 5s6 
14.7 

15.2 
14.7 
14.5 
14.1 
1 2.7 

13.0 
15.7 
14 .7 
15.1 
15.4 

15.0 
10.8 
15.1 
10.2 
10.9 

1 ota1-rr~~d 
Bed dx10-ry-ct - -

MateriaJ ft f 

PPM 

0 
0 

3.3 
1.0 

12 
?S 
51 
20 

330 

405 
1 50 
298 
506 
664 

73 2 
563 
549 

1230 
505 

733 
1040 
1370 

480 
1540 

789 
2350 
2710 
2760 
3120 

5060 
10500 
11500 
13000 
27600 

19 900 
36100· 
42400 

I 

.. 
0.902 

.850 

.663 

.650 

• 'tx>6 
.6 30 

.. 

1.5s 

2.08 
1. 82 
2.00 

1. 60 
1. 60 

.423 2.13 

.751 1.92 

. 725) 1.71 

. 607 I 1.62 

.55 4 1. 96 

.591 

. 627 

. 574 

. 656 

.630 

.6 40 
• 699 
.627 
.788 
• 75 5 

.6 20 

.689 

. 804 

. 833 

. 886 

.820 
.676 
.682 
.591 
. 650 

. 885 

.656 

.669 

1.64 
1. 69 
l. 74 
1.6 4 
i. 72 

i'.91 
i' . 
1. 47 
1.69 
1.62 

1.68 
1.77 
1.64 
1 .51 
1. 72 

1.6 2: 
1. 71 
1. 71 
1 .. 34 
l. 6 

1.91 
1 .48 
1.43 
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Table .--Basic varia bles for runs with 0~ 28 mm s and in the 8 foot Flume'. 

R lU1 Su sp. Bed Materia l Sand W~yca Bed Remarks . 
dxl0 3 · Load CT" \'i L l l vs Forms 

PPM ft - ft/s ec f .t ft ft/min . .. ~- -
6 0 - .... 0.105 - - - Plan e no movement 
7 0 - - .114 - - - Plane no 1:iovement 
8A 0 0. 985 1.64 .110 - - .... Plan e 

~85 ; 
. movement 

88 0 1.78 . 109 0.55 0 . 022 0.029 Ripple 

10 0 . 866 1.52 . 116 .49 . 031 . 055 Ripple 

5 I 0 . 985 1~ 62 . 118 • 71 . 036 . 040 Ripple 

l3B I 99 . 949 1. 81 .118 1.15 .061 • 31 Rippl e 
' 4 0 • 902 1.51 .11 5 .80 . 060 .077 Ripple 

11 0 • 951 1.57 . 116 .62 . 032 . 027 Ripple 

33 377 . 853 1.54 . 120 6 .1 5 • 27 . 10 Dune :fc 
, .. ~- . 

1 734 1.06 4, 1.69 . ll8 7.06 • 29 - Dun e :'I 

1 2 74 . 8 86 1 .64 . 117 . 92 .043 • 22 Ripple 

14 1 34 .853 1.61 .117 1;48 . 066 . 080 Dune :i 

20 347 . 928 1.65 .117 9 t, 63 • 46 . 17 Dune · 

.. '2 583 .918 1.so .117 11.16 • 35 - Dune .:..1 

21 528 .866 1. 53 . 118 .90 76 • 31 . 16 Dune "-r 

19 423 . 870 1.65 .116 · s. 82 . 20 . 123 Dune 1 

16 436 .820 1.65 .117 7. Sl .34 .12 Dune · 

. 23 608 • 997 1.71 • 117 11.82 . 26 • 38 Trans • wa shed out dun e~ 
.. 17 262 .892 1. 69 .115 6 . 21 . 25 . 11 Dun e 

3 445 . 843 1.68 .116 7.61 .27 .13 Dune 

18 439 . 814 1.67 . 115 11.66 . 24 • 20 Trans. washed out ,I m es 

30 548 . 975 1. 71 .115 -
l 

• 0 41 .... Tr ans • \~a s h ed out iuncs 

34 - • 951 1. 72 .11 4 1.82 . 063 . 095 Dune; 

22 442 • 951 1. 72 . 111 -- -·- Plane ~ 

15 389 0. 837 1.69 . 112 3 .17 • 35 . 098 Dune 

24 763 . 899 1.73 .11 7 16.22 • 23 • 36 Trans • \,1a shed out c,in es 

25 972 1.031 1. 70 . 115 - - - Plane 

28 804 • S::l 3 1.58 .116 ... - - Plane 

29 1 240 • 9 29 1.69 . 116 - - ... Plane 

26 1740 . 886 1.60, .116 - - - , .. t1tidune 

32 9490 • 846 1.65 .109 - - - Antidun e 

27 8240 . 916 1.62 . 116 - - - Antid unc 

31 [1 6 t,.()() • 906 .1.68 .107 - - - ·Antictune 

35 31 800 .903 1. 60 9109 - - - Antidune 

37 75 20 .935 I 1. 70 . 110 ... - - Antidune 

38 i338C() , 912 1.,63 .109 - - .... i\n t idune 

"' 36 147400 . 934 I 1.85 . 110 ... - I - Anticlun e .1 
,! ·--·-----



.. 0 . ' 0 

' . 



Run Slope Di .schar e Depth Velocity Viscosity Tci .. p . Tot o. ! l ')ad 
X 10' . X 10 3 Bed dx10 ;;; o-l 

I • 

. ft/ft cfs ft ft/sec f t 2 ( sec Material f t -
°<: PPM 

14 0.015 3.94 0.61 o. a1 1. 40 10.2 . ' ' ~ · ... -. .. . ., . . 
17 .016 6.22 • 98 . so 1 .34 12 0 .70 ... -
16 .017 5.11 .81 .. 79 1,34 12.0 1 .4 0 _. 728 2~70 

13 .01 9 1. 84 • 35 . 65 1 46 9.,0 ... ... .... 
15/\ .01 5 5.01 .71 1 .38 11 . 0 .... .... ... 

158 .023 5.07 ,BO .79 1 . 38 11 .0 .9 .837 2.68 
18 .031 3.62 • 58 .78 1. 36 11 .3 .4 - ... 

2 .036 7. 90 . 82 . 1 .. 20 1.38 11.0 · 94 .,968 2. 47 
3 .039 7. 90 . 85 1 0 16 1. 36 11 5 101 .935 2.79 
9 .040 3. 84 .55 . 88 1.34 12 .. 0 1 .9 ~ 301 I 3.80 

1 .042 7. 85 . 80 1. 23 1 . 46 9.0 23 1.1 60 1 3.95 

5 .047 7. 93 . 75 1,.32 1. 38 11.0 26 . 863 2. 77 

11 .049 1 ,.95 .35 r, 70 1 .,36 11.5 4.7 - -
4 .057 7.94 . 69 1 .. 4 1 .. 41 10.0 92 1.030 2 . 29 

8 I .060 3.83 • 51 .93 1 ,.34 12 .. 0 7.6 9 8 6 2., 7S 
. 

7 I .078 7.98 • 70 1 . 43 1 ~ 36 ll q5 2 68 .637 3. 36 

10 .088 1.95 .33 .75 1 .39 10~5 20 l.400 l .64 
I .088 3. 90 . 46 1.07 1 .43 . 9 • .5 . 42 

, 
1.440 1~86 6 ! 

12 

I 
.106 1.,95 .29 .85 1.35 ll e 7 1 . 0 • 77). 3.7 

19 .11 2 4. 24 .41 1.30 1 .14 18.0 208 • 951 3.2~ 
' 

21 .11 4 12. 12 . 96 1 .. 8 1 . 0 16 0 641 I .,820 2... 81 

22 ~124 13 . 54 ?1 00 1.70 1.21 1 5. 7 ?10 .79! 2.53 

25 . 189 40 91 . 42 1.,47 1.17 17.,.0 378 .,.100 2.03 

20 .193 8 .. 14 .,61 1 .68 1 .. 19 160 508 .66 3- 2 84 

23 I . 247 1 3034 .65 2',. 57 1 .,20 16.,0 8 56 .755 2. 43 

I . . .. r • 
~ .. 

. .. ' 
. -. . .. ' . 

24 

I 
• 289 8 073 .62 1. 76 l i.,17 11.0 120:::> ~820 2 0 29 

40 • 301 21 41 . a1 3,.32 . 1. 11 19 0 24 60 .810 1.97 

39 I • 36 4 . 20.6 4 .55 4. 71 l ell 19 . 0 3960 1 .010 I 1.92 

26 
I 

• 366 1 4 • 5 .34 5.38 1 .17 1790 4580 1.1 40 1. 87 
I 28 I • 366 11.19 .40 3., 52 1. 20 16.0 4230 1 . 110 I 1.84 
I 

29 • 369 4.54 c,30 1. 89 1 0 16 17.,4 1850 1.190 2.,08 

31 .432 140 85 . 44 4~24 1 .16 17 0 5 4750 1. 250 l 1 . 80 

1 27 • 436 7., 91 .33 2 .. 99 1 .14 1a.o 4100 1.210 1. 98 
( 

' 36 • 446 3 • 5 .19 2., 04 1.11 19 .. 0 1370 1 . 350 2. 10 

141 . 46 6 21 ~62 ,.54 5,. 0 5 1.1 2 18 7 434 1.380 1.76 

. 
'. . 

J. 

130 .492 5. 33 . 21 2.47 1.16 17 2 35.50 1. 350 1.85 

135 .494 5. 58 • 25 2,.80 1.1? 17.0 4610 1. 330 1. 71 
1
34 • 546 s. 4 . 28 3 .. 73 1 .16 17.5 5690 10450 1. 77 

33 .607 10. 02 . 21 4.60 1. 20 16 0 6810 1.360 1.85 

38 .619 21. 38 ·. so s. 38 1.11 1 9.0 6230 1.590 1 .. 83 

I 

137 ,.6 20 18. 87 . 43 5,.54 1.12 18.,5 5570 1.740 1. 83 

32 . 656 14., 96 . 37 5.0 3 1.14 18 .. 0 I 6180 1.670 1. 84 

145 . 862 s.sa 028 2 5 1.11 18 41 9 9630 1.590 1.61 

, 44 .898 10.8 3 0. 28 4 . 7G l .10 19. 4 15100 1.570 1 . 60 

142 • 986 13 . 43 o . 31 5.3 · 
·. 
1.0 8 20.0 11400 1 . 720 1.65 

I 
43 ' 1.01 21.42 

J 
0.43 t;., 18 1.12 18.5 1.1 500 10280 1.80 

I - -o=- ! k> O 



-
. i;i. s ..i.rn . .1 1 n u 1e 

-. Run Susp .. _ Ded Matcd:> l San d Waves Bed Ren.1. r ks 

\ Load d .10~ 0- w L H Vs forms 

PPM ft - f t / sec f t f t f t/r.-iin 
.. -

14 - .... 
0.199 - - Pl ane no movement 

17 -- - . 204 o. 77 o.44 Ripples 

16 ... - . 204 . 69 .06 Ripples 

13 - - .1 96 .... - Plane no 1:1o ve ill cn t 

15A -- - . 201 - - Plane rno ver.1en t 

1 5£3 .. .1~ ..• ··:o . 201 - - Ripples . 
18 .... ~ . 202 .71 .04 Rippl es 

2 1 .35 1 0 60 .201 1 . 21 .01 Rip pl es 
3 1 . •i8 1. t:o .202 1. 36 .09 Ripples 
9 1. 54 1,. (:0 .204 .73 .06 Ripples 

I 

1 1~ 44 1.60 1 ('. . , 2.00 .10 Ripples 
5 1. 52 1.60 .. 201 lo OO .01 Ripples 

11 1. 46 1.60 ., 202 . 80 .06 Ripples 
4 1. 51 1. • 99 4. 16 .1 5 Dunes 
8 1. 39 1.60 . 204 .73 .06 Ripples 

. .., 
1. 46 1. (;,() . 202 4.41 • 2.0 Dunes I 

10 1. 54 1. GO . GO 83 . 08 Rippl es 
6 1. 64 1.,60 ~ 1 98 1 .s .. 10 Ripples 

12 1.54 I. GO --::13 • .,89 .06 Rippl es 

19 1. s1 . 1 .. 60 .218 6042 . 26 Dune s 

21 1 ,.36 1 0 60 0 21 3 4 0 82 • 31 Dunes 

I 22 1 ,.25 1.60 .21 2 7.50 • 52 Dunes 
25 1.50 1.(0 .216 6.29 • 26 Dunes 
20 1. 61 1.60 . 214 50 37 • 36 Dunes 
23 1 .40 1.60 • 213 6.60 • 41 Dunes 

24 1 .23 1 .. ( • 216 5.51 • 31 Dunes 
40 1. 41 1 (0 . 221 7.35 • 31 Dun es 

39 1. 51 1. G') . 2~1 3.68 . 10 Trans . 
26 1.54 1. 60 • 216 - - Tr ans. 
28 1 .65 1. 60 .213 2.,57 .os Tr an s. 

29 1.48 1 .60 ,.217 6. '1 . 23 Tran s,, 

31 1. 58 1,, G • 217 3. 16 . 06 Trans 
27 1.66 1. 6'.) .218 10.22 .1 9 Tra ns. 
3 1 50 1 60 .,221 • 93 .03 Trans • 
41 1.14 1.6 .220 3.,93 .14 Trans. 

-o 1 0 57 1.f, • 2~.6 6.02 . 12 Trans. 
35 1. 48 1. t . 216 2.20 .01 Trans. 
34 1. 31 1. 60 .,217 2. 46 .oa 'l' rans. 
33 1.26 1 •. 60 213 2,.76 .10 Tran s~ 
38 1 ., 36 1 .60 .223 3.81 . 09 Trans. 

37 1. 65 lo lO (>220 3.82 .08 Trans~ 
32 1. 35 1. o:) • 218 3o 71 . 29 /\ntidune I ·l 45 1.33 1 .('J .,2n 1.59 .11 Ant ici un e 

I 44 1. 74 1 . GO . 222 2. 95 • 21 Antid une 
· 42 I 1 .3 1.60 .223 3. 62 . 25 Ant idune 

I 

I ' 43 1.57 1. (-0 .2:~ 5.81 • 27 Ant idun e I . .. ____ ~--·-\.. ----,--- -



L---r-.....----.-------.----r---- -,-~----,-------t-"----r--:::----:---- I -·" · Run Slope Di s ch. Dep t i1 Velocity Vi s cosi ty T e i:1p. Tot a l Load l 
\ Y. 102 . X l O°' - .-.w-.-L-.-llr=~&d 'fat a l ~-x l O :r---

! ft/ft cf s ft ft/sec f t 2 V. ec: 0c PPM Mater ial PJ>t..l ft 
1 • · 1 ? PPM -

46 0.084 14.54 1.11 1. 64 1. 30 - 1 3.1 - 181 
47 .042 9 . 59 . 75 1. 60 1.36 - 11.5 - 23 23 1.141 

48 .052 15.26 1.23 1.55 1.36 - 11. 5 - 60 60 1 .1 48 
·49 .173 21.32 L33 2.00 1.38 - 11.0 - ,588 58 8 · P.823 
8 5 • 047 7.11 •..:..7.:::.8__.___:1:..:;•~l -=3--4-.:l~.-=3..:;l_·-h-..--.o~+-1_2_~·:.._7_., __ -_ -4-__ 1_2_4--__ 1 2 1 . 364 
86 .046 6.92 I . 76 1.1 4 1 . 11 1.J4 11.0 4,soo 1. 6 4,800 0.249 

181 
1. 85 

1.85 
1. 96 
1.66 
3.1 9 
4.37 ~ 87 .046 6 . 96 . 75 1.16 1.11 1.37 1 9 .1 8 , 400 2.3 3,400 0.210 

88 . 049 7. 10 . 74 1.20 1.13 1.50 1 8 .3 11,400 2.5 11,400 0.417 J~04 
90 .053 6 . 97 . 60 1.45 1.17 1. 39 ! 17.1 6,950 ·37 6,990 1.345 1. 70°! 
89 . 065 7.08 . 60 1 .47 1.12 

1
•

42 
18.5 9 .000 31 9.030 1. 361 2 501 

.,. 93 .on 1. 20 . 62 1. 45 1. 24 - 1 4.7 1 99 100 1. 4~2 
92 .090 7.14 . 63 1. 43 1.12 1.33 18.5 6,070 106 6,180 1. 509 
91 .117 7.1 2 . 58 1.53 1.1 4 1.42 18.0 8 , 400 195 8 ,600 1. 41, 3 l.90 
82 .248 S.16 .64 1 .60 1. 00 - 23.2 133 429 562 l. 1't 6 3 1. 6~1 

I 51 . 236 s.11 . 62 1.62 1.28 - 13.1 584 545 1.130 1.351 1. 60 , 
52 .222 s.01 . 55 1. 81 1.20 1 .. ,0 I 16.0 1,620 578 2, 200 1.456. 1.63 1 
73 . 222 8 . 20 . 61 1. 67 1.06 1. 24 I 20.7 5,670 662 ,(>,330 1.509 1. 83 
74 .215 8 .18 . 65 1.58 1.05 l.3l 21,0 7, 970 534 .3 , 500 1.420 2.08 

:.l 76 .203 S .49 .6 3 1. 6(} .'1.08 lo38 20 .0 9,330 463 9 1 790 1. 387 2.00 
75 .204 8~4 .64 1. 60 1 . 05 1.36 21. 2 9.460 625 10.100 1.574 1~81._ 

· , 53 . 235 8
0
01 . 57 1.77 11.16 l.)G 1 7. 2 10 ,700 5 1 11,20 0 1.361: l. 65 

·.117 .199' 8. 76 . .6 5 1. 68 ~.ll 11.52 19.1 1 2.,500 639 113,100 1. 246 · 2 .. 91 
96 . 201 8.31 . 53· 1.94 1.12 1.93 18.6 25,000 761 25,800 1.066 2 . 66 

?4 .237111. 30 . 81 1.74 1.28 13,5 7 480 I 487 1. 404 1.77 
. 83 . 200 __!1.'1§ _ ___,.Jc.;;l~-2"".,...._1,_4._-+-'1;;..;.o..;;1;;...;9--1--- --.,..,..-+-._;;;.1 .:c..6 ""'.2;:...+ __ .... _ 4 _ _ =-s8;;..;8::...-i------'5::..;s:::..:8~1..,_. -=-1 ::s .. 1~~.J ...... .;,_7 ..!44 

l
- 54 . 240 15.36 . 92 2.08 1,18 l.l5 16.6 1,940 657 2,600 1.253 1.74 
· -56 . 242 15.36 . 90 2.1 4 j 1.03 1.11 22.1 2,860 1100 3.960 1. 14S 1-.70 
·55 .237 

1 
1 s.J6 . 74 2.04 

1

1.12 1 • 26 1~. s 4,060 765 4 ·,s20 1. 6 1. en 
s1 . 2s9 15.39 . 87 2. 20 1.os 1. 19 21.3 4 , 320 761 I 5,os o 1.325 .1. ~ 

_&_ ,__g,23 3 15.28 . 90 2._ 11 1.08 1. 25 20 . 1 ~270 ___ 8_0_7_..,._6_,.L...0_8_0 .f __ l_. 210. __ _! _._"_' 
; 95 .1 80 1 5 .. 38 .so 2.39 1,12 ~.v-5 1 8 .7 z r· ,:: ~J· l '.6 4 29, 900 1.099 2_.42 

78 .320 11.52 . 72 2 . 00 1.07 1. 4l 2 .3 1 2,0 0 .l'i 510 . 13,500 1 . 0 89 2.S3 
59 .326 1 5~36 .65 2.96 1.04 1 • 20 21.7 4 570 ::2 ,9 20 7 , 490 1.31 2 1.73 
60 .342 21.35 . 6 ;a 4.28 1.06 1 -1.lS .21. l 3, , ') . 3, 290 ~ .890 1.427 1. 64 
A1 '"" ?.1 1?. _(,1 4 1 6 1_r\() I 1 • 20 2 ~. 2 6 110 3_300 9 560 1.,v,o L68 

171 . 531 8.22 
0

32 3,21 1.04 1 J.., .LO 21 . 4 3 1600 5,250 8 18 50 1 .525 1. 68 
. n . 5so s .26 . 32 3.26 

1

1.os i 1 •
31

1 20.2 , .7,100 s,680_ 12,soo 1. sos 1. 55 
70 . 640 8 .14 . 30 3.41 1.08 I 

1 •
20

6
! 20.2, . 3,910 6 , 3l0 10 1200 1. 476 1, (,0 

, i 1 I . 

1
63 .570 15. 50 .43 4.48 1.05 ! 1· 26 21.2 3,020 5,360 8,380 1.633 1.60 

1 1 
. 4' 1 A 71'. n ,;: j • ? 1 ? 

1 .t,(l _') ,1~f\ 1? ffi() 1 J, 30 ~ J...f"I • 6 4 . 5 7 8 5 . 6 ~~-...U,.L--4-,].!_.1.,0-.4--......-,Ji 1 _ • !~~ - <-,.;.i-~.J,J<....,_..,.,.,.,.,;....,.-.;~,. _ .I,/_ 

c..,5 1 . Y11 1.'.:>. o u 

1 

. 42 4.63- 1.04 1. 21: 6 1;9 ,0 90 5,160 14,200 1. 53 4 1 .6·1 
r 6

80

61 . s75 1s.52 .4s '4.31.· 1.01 1 .3s 23.o 12,300 s,130 11,400 1.647 1.r 
I .643 15. 21 1 . 39 -A . 91 1 1140 19 1100 1 . 624 1. 10 

81 .634 21.35 . 55 4.8~ 1. 38 - 10. 7 7 4,480 4,4 90 2 . 0 76 1. 61 
• 62 .6 22 21.23 l .54 4.89 . 98 1. 12 2 4 .5 4 .790 4,490 9,230 2 . 0 30 1 . 54 

f 
67 .6 46, 20.s11 .53! 4 . 9.1 1. 2 j-r. 1 2 2 .1 11,200 4,390 15,600 1. 994 1 .. s1 
79 . 651 I 21.31 ( .55

1 
4.8 2 . 

1
1.05 • 1. 46.,· 21.0 12,400 5,760 18, 200 2.204 1."82 

s4 . 740 i s.36, . 41! 4.67 

1

. 1.23 I - 1s.o . 1 1,100 7,110 1.410 1.39 

l 
69 . 734 I 15. 541 . 43 4.48 1.02 1 • 24

H' 22.4 7,020 8,230 15, 30C 1. 601 1. 71 
__ -<2.iL. _..1..10 ....i...- 2QS4.l • 5 3 j 4 CJ~ I 1 - nn 1 • 23 . 3.,. 5 I 7 , n.20. n 7 r, n , 4 ~oc ..J........l.B.L._.L.S.5_ 
J S 

1 
. 8 21 !I 15. 80 I .44 4.51 I 1.11 2 •

46 
19. 0 42,000 17,700 59 , 70 ( l. ?.37 1. 0 

LOO 7 90 21. 42 I • .51 5. 28 j 1 .29 - i 13.3 106 8 , 440 8 ,S SC 2 .. 322 1 .. ~,') I 806 . 21.27 \ . so 5. 32 1 1.09 I 1 • 96! 1 9,6 ~6 9900 16, 00 43 ,00C 1.361 1 .93 
960 1 2 .01 ~ .371 4.0'/ " ·j 1.10 ~-

29
~ 1 9.5 5,800 8, 960 1 4 , 80C 2. 165 1 ~["0 

.d:- /. _,4 )( 1o·J IC I r, ... "('r,fv rr 

2. · Tr ,... ,r,,,.t ~- r J•d !r•1, •. 1, 



. . 
l"Ull::> w.1. ~u u.-. nu,1 :., .. ,nu :1.u t.J t! 8 foot Fl L,ne . 

-R-un--.·c---s_u_s_p-.-.---B-e-'1--1·-,a-t_e_r_i_a_l ___ ~.-------.,.1--.,.--........... ---,--S-a_n_d_\'l_a_v_e--s- ------~----

46 
47 

48 
49 
8 5 
86 
87 
88 

Lo ad dxl.0"' V Wfps . iW' f ps drxior . L 11 v5 
PPM ft - f t ft f t fpm 

Ued Forms 

0. 21 1 5.98 0.41 ',""' Dunes 

. 214 : = 8,.20 0. 22· 0.0 35 Dunes 
• ~214 _ _ 6.24 o. 32· .030 Dunes 

~21 2 7.28 0.35 .080 Dunes 
1.'iO?.. 1 52 .?16 - - 1-20 o 0 7 . 0074 Ri12n1es 

4070 1.437 1 56 I 227 0,. 223 l.'U 96 0 6 
7100 1.521 1. 56 4 232 • 224 1. 44 . • 91 0 . 06 . 005 5 R;.piJ l es 

10000 i. 640 1 .54 .230 · .220 1.42 1.00 0.07 . 0015 Rippl es 

• I • . .o . 0033 Rippl es 

90 6690 1,.355 1. 54 I .227 j . 221 1.42 1 . 63 ~0.06 .027 Rippl es 
89 l 7 490 1. 509 1 .48 8. 230 .223 1 .• 43 1.62 o.06 .030 Rippl es 
93 ! 53 1.742 1. 50 :21 - 5.98 0.17 . 039 Dunes 
92 ! 5 350 1. 619 1. 55 230 .225 1 .45 4.56 0.25 . 050 Dunes 
91 I 8050 1. 610 1. 5.8 229 

1 
. • 222 1.43 4 .33 o.25 . 0 84 Dunes 

82 

1
, 2 35 1.679 1. 5..5 240 · - .. 4 .12 0 .28 .17 Dunes 

t-;;5~1-i--;;-;r.-~----t-:--:-7~:-::--+--:=---::r=--+-~· ~2~1T7--il,_~-,....,...,~-+-~~,_, ....... ~i.....:;5~.~5~5~~0,:.:.,•2~0;__..l.-~· 19 D~nes 
52 ! 1 830 1 -:417 1 .47 . ~24 l •. aJ 1. 43 5 .::S 3 u. 26 .1~ ·--Dun·-e-s------1 

' 73 - 1.565 t •52 . 235 • .231 1.48 5.45 0.29 . 26 Dune s 

76 I 9520 1.456 1. 51 ~234 ,226 1..45 5 . 71 0.30 . 16 Dun es 
,, 

'\ • 

. ' 

74 !· - 1.627 1. 55

1

• ~236 I . 229 1. 47 5. 50 0.34 . 17 Dunes 

7 5 ! - 1 • '1 4 3 1 ~ 4 7 • 2 3 6 f • 2 28 1. 46 4 • 3 7 0 • 28 • 15 Dunes 
53 ; 2750 '- 1. 564 1.59 1 .227 .217 1. 41 5.81 0,.34 .11 Dunes ----i 
77 I - 1.581 1.53 ~232 ,.220 1 .42 5.12 0.29 . 091 Dunes 
96 

1

. - 1 .588 1. 52 1 .231 .,205 1.32 4.31 0.24 
1 

. 20 Dun es 
94 - 1.6 24 1.54 .218 - - 5.'21 0.32 . 28 Dunes 

• 83 503 1 . 63 3 1.54 .225 - - 5 0 78 0. 43 . 16 Dunes 
54 2590 1. 469 1.51 ~226 . ~24 1.44 6054 0.41 . 33 Dunes 
56 - - - ~238 .236 1 .51 5. 30 0.29 . 20 Dunes 

• 55 31 40 1.692 1. 53 . 230 .227 1. 46 5.87 0.27 . 23 Dunes 
57 5010 1 • . 518 1.39 I . 237 .232 I 1. 49 5 . 12 0. 29 . 29 Dunes 

~5=-8-+_4.:..;2:..:2::.:0;._-+-..=.1~ • .::..5.::..35;:;.._
1
_...:l=-> .... 4;.;;8:....+--~ &2 .... 3 .... 4-t! _ • .,...2x-30-x--1·.---:l·-·-::4:-:::3:---t-5·- ...... 3_6_. __ • 2_6_i.-...;.• __ 21 _ --+--D_u_n_e_s ____ --1 

95 I - 1 .771 1.60 . 231 I . 203 1 .32 - .33 .31 Dune s 
78 13300 1 .453 1. 49 .235 I .223 1~43 7. 36 .39 .34 Dunes 
59 5820 . 1.5 35 1. 50 ~237 I •234 1~ 50 7 .so .07 . 72 Dunes 
60 I 4390 1.699 1 .48 ~2~6 .233 1 ~49 - - - Plane 

1-:'.6~1~1 __:7:...:¢t.::l~O:..._+-,;l:::..· .~7:..:2;.:2:_+_::..1.1..:5::..::5~--::.· .::2-:=-40~+-~• 2.,..3,.,4-r---t--1 ... _· 5.,0_--t-- ----~·---·-.___ ----.---=-p :::..1 a,.c.n.c.ce:.-----i 
71· J, 3040 1. 673 1. 01 . 237 • G::S:5 1. 49 - ,. _- - ·Pl ane 

~2 28 1 46 72 i 7490 1.588 1. 56 . 234 • - - Pl ane 
70 ! 3840 1. 515 1. 63 ,234 .231 1. 48 2.43 ' .12 - I Pl ane 
63 I 45 40 1.5 35 1 .54 ,.236 .233 1. 49 3 .43 I .23 - Anti d1 mc s 

~2 30 1 48 I 64 8 400 b._6~0::..:;l::-~-.c;;.l _._ • .;c..5.c..6..,_--'.,_2-'3-6~---r,:rrr--+---..-•-..,,.,.,.--t--3-· 4_3_t--_._2_0_-i'"_ .... _____ A_n_t _it_i_ u_1 __ 1 e~ -·-
65 11 600 1.506 1. 49 . 237 • G-1U i. 48 3. 44 . 20 - Antid :.mes 
66 16600 1.526 1. 56 . 240 .228 1. 46 3.34 . 20 - Antid unes 
80 1 4000 1.594 1.46 . i38 .227 1 ,.46 3.36 . 26 - Antiduncs 
81 3380 1.584 1.66 ,211 - .... 4. 40 .04 - Standing \~ave 
6 2 7320 __ ,.._l.........,6,1..;c14J..ll 7-+--....... , A....,,~"-+--· -?.'....,4W • 2 39 _,.,.__l ·_. s __ 2_.~----~----'--------s..~t anding \'Jave 
67 il 400 1. 620 1.55 ,239 I~~ 1. 47 4.00 .l.O -- St anding \fave 
79 15200 1.355 1. 48 . 236 

1 

•
224 l. 44 3.90 j .08 - Standing '.·Jave 

84 3700 1.640 1.53 0 222 - - 3.60 j . 21 - Antidulie 
69 9890 l 1. 430 1.58 . 239 0 232 1. 48 3. 73 I . 26 - J\ntidune 
68 1 2400 I 1 J..3,...8'-+ __ 1. ...... ~8 ', , 241 , • ~J.4 ·e---..--,1=11...,5~0=--_.__~ 00 L __ ....;:.•_0_5_-1----. ---+---S_L_·1 n_d i n G 'rfa ve 

~ -98>-5-77.00 ·-rl.,4 40 1.571 .232 !.188 · 1 24 =·~ _.24 - - ,\ntiduncs 
>. 100 4240 1. 561 1.51 \i . 218 l - - - Plane 

99 42300 1.492 1.60 .233 i . 207 l.34 4.04 . 31 - J Antidunes 
97 6300 

1 
1.597 1. 66 1 • . ~33 I . 22" 1 46 3.38 .16 ~ An tid unes 

'--~.J...---~~J---~~~~~...L--~~-..!~~--~~.!.....-..~ .... ~·~~-'---~...._-~ ·-·~~~~~-~ 
w ' f ::,// v 1l"<:l7 ; ~ b.- ~,.,, ,.,,,._..,~/rrr:( :,l' ,rrJ /' • • 

c(' ff[,,. ,I;.,,,. f;;,/I d :.,..,,/,.r o f 11i, ~.-.-r:J7 • 1,,,,(;.1 ~ J ;~_,,,frr ( ,l e I.J-i',c,() -, f ,) 



, IU) I "" 

.. • 0 0 
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. 'fable .. - -O:i:sic variables for runs . v1ith u. 9..s r.:..11 s ... •d 

Run Sl ope Disch:use Depth Veloci t y Vis cos ity T em),. T otal loan I 

X 10 2 X 10"' Ded dx.10 .;, Cf 
ft/ft cf s f t ft/sec f t 2 / sec ct: Ma t erial f t 

PP 
. 

19 0.0129 8 . 06 1.01 1.00 1 .09 19.8 0 - -
:Z6A . 0219 10.80 1.02 1.32 1.i1 19.0 0 - -
:25 .0220 9. 88 1 . 01 1.22 1.10 19.3 0 - -
27 .0280 11 .86 1.01 1 .. 47 1.0 2 22.1 2.8 - -
26 . 0283 11 . 39 1.03 1. 37 . 1.12 18.8 - - -
20 .0284 10.91 1.,03 1 .32 1.09 19.6 .4 - ... 
21., .0295 1 2~06 1~01 1. 49 ' 1 .01 20 .. s .4 - -
8 .0370 1 3.42 1. 01 1 .b6 1 .14 181>0 21 2.64 1.43 

28 .0373 14.5 3 1.0 4 · 1.15 1.06 20 .. 7 28 2.95 1,.37 
29 .0426 4.62 . so 1.16 1 .11 18,.9 0 ... -
22 ,.0430 4.49 .49 1.15 1.u i 9.,0 0 - -
30 ,.0497 5.06 .51 1,. 25 1. 11 18,.9 .... ... -
31 .0537 5. 42 . so 1. 36 1.18 16.8 4.,2 ... -
LS .0590 16., 25 I 1 .05 1.93 1. 0 9 19! 7 65 2. s8 1.,45 

~3 .0615 s .10 . 49 1. 30 1. 10 19~2 .... - l 
... 

!3 2 .0640 6025 .s2 1. 50 1 ,. 18 16., 7 26 2.79 1.38 

~4 ci0682 5.,71 e49 l 46 1 .. 10 19.3 1S .. ... 
il.4 . 0710 7. 41 .58 1. 60 , 1 '1116 17Q4 63 2.72 1.38 

4 • 0800 1.08 . .54 1., 64 1. 10 19., 5 73 2,.56 1 .40 

i16 .11 2 16 .,85 1 .04 2 .. 0 3 , 1 .10 19.4 140 2'!69 . 1.44 

I t35 .. 130 7. 64 .53 1,,.80 1 .11 11 •. 1 201 2.82 1 . 48 

17 .1 36 16.83 1 .,00 2.10 1.10 19.2 211 2.89 l 1.50 

t33 0145 8.18 .56 1 .8 3 1.11 19.0 253 2.53 I 1. 54 

5 .183 16~ 41 0 .93 2.21 1.16 17.5 308 2.6 2 i 2.42 
I 

~o .1 92 6.90 .46 1988 1,,11 19a0 450 2 .. 16 l 1.53 
I 

-. 

I 

37 • 27 5 22 . 58 1.11 2. 54 · 1 014 18.0 601 20 35 I 2.40 

36 . 304· 8.96 .55 2.04 1.16 17.3 51 9 2. 69 f 1.62 

6 • 313 22. 30 1 11 04 2468 1 .. 11 119.1 537 2.16 2.s1 

7 . 339 10 . 10 • 59 2.1 4 1.13 18.3 822 3,. 12 . l .84 

38 • 356 22.69 1 .. 02 2.78 1.11 1180 9 1080 l 2. 41 2. 14 
I 

11 • 393 22 22 . Q2 3. 0 2 1.13 ! 18.3 1180 l 2., 39 2.74 

8 . 430 11.20 .57 2 ~46 '1.16 117.,4 1490 I 2 0 80 1.53 

12 • 437 22,..19 ., 89 3,, 12 1.12 18. 5 1900 2.49 2. 33 

13 11587 22.09 .82 3.37 1.13 18.4 2750 2.63 1 .. 84 

9 .600 11. ~2 .49 2. 89 1.1 2 18,..5 2620 3.os 1.64 

.., 

3 .65 16.46 . 60 3.43 1.1 6 17.3 3110 2.,.85 2.02 

1 • 71 I 22033 • 68 4.10 1.10 19.3 4020 2. 21 2.28 

2 ,.92 I 22.07 I . 53 s. 20 1 .13 ~18. 2 6140 2.8 2 1 . 75 

4 .94 
t 

15.64 • 51 3.,83 1.1 4 16 .. 0 5090 
i I 

2,76 2.11 

41 1.1 2 I 15., 67 .44 4.45 1.04 21 . 7 9480 2.,68 1.96 
: I I 

42 1.1 6 20.44 I .44 50 81 1.07 2004 73 20 2.95 
I 

1 . 51 I 

I I 

40 i 1. 23 15. 53 • 38 5,. 11 1.09 19 .6 I 10200 3. 47 1. 34 

43 I 1. ?.6 20.63 • 44 l 5 .86 1.05 21.0 I 7000 3.45 1.42 

: • 43 i I I I 39 f 1. 28 20.88 6.07 1.07 20.5 I 7010 3 0 35 1.50 
I 1 l t -----·- ----- -- ___ .. _ 

" 

' 

cf. = 3. o S" x / 0- 3 ft 
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Run · 

19 
26A 
25 
27 
26 

20 
21 
18 
28 
29 

22 
30 
31 
15 
23 

32 
24 
14 
34 
16 

35 
17 
33 
5 

10 

37 
36 
6 
7 

38 

11 
8 

1i 
13 · 

9 

3 
1 
2 
4 

41 
, 

4"2 

40 

43 

39 

.. 
Susp. 
Load 

PPM 

0 
0 

' 0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 

4.1 
0 

0 
0 
0 
0 

12 

-
30 
14 

281 
123 

440 
56 

281 
437 
422 

3050 
313 

1400 
1 900 

498 

4640 
--·no 
3120 
2340 
2230 

1610 

1470 

2500 

2JOO -

Bed Mate ri a l 
dxI03 0 w 
ft - ft/sec 

... - 0.483 
- -- .481 
.:.. ... . 4.82 

2.79 1. 58 . 487 
- ... .48i 

- - . 482 
"" ... . 484 

3.15 1.52 .479 
3.02 1.49 . 484 
- '1 .481 

- - .481 ... - . 481 
3.22 1. 53 .476 
3.28 1.52 .482 
...... ' 

.., .481 

i.98 1.ss .476 

- .. .482 
3. 25 1.47 . 478 . 
2. 82 L, 48 .482 
3.18 1 .. 57 .482 

3. 0 2 1 .50 . 477 
3.,08 1, ,56 .481 
2.99 1.57 . 481 
2.98 1 .so • 478 
3.22 1.42 .481 

i.43 1.~8 .479 
'3.07 1-. 54 .478 
2.92 1 .59 .481 
3. 38 .- 1 ,42 • 480 
2.48 1.54 . 481 
. ., . - .. . ,• 

3.15 1. 48 .480 
2.89 1.54 .478 
3.02 1.47 .430 
3.02 1.49 .480 
3. 17 1 .. 48 .480 . 
3.08 1.55 .478. · 
3.28 1 ,.47 .482 
3.02 .t.49 . ~79 
3.08 1.ss .479 
3.41 1.54 . 485 
. I 

2.66 1.52 . 483 

2.12 1. 57 . 48 2 

2.49 1.60 . 484 

3. 35 1. 40 • 484 

· t '-· .. 

;; -
S a.no Wav~s C Re..:nar s 

L 
.• H vs Forms 

ft ft ft/min 

- - Pl ane no movemen t 
- ....... .... Pl ane some mov eme t 
t,,J .... - Plane no movement -
- . 

Plane general m'Ovemen t - - .. l 

- M - Pl ane s ome movement 

- ... &.. Pl ane some inoveme.rit 
.... - - Plane movement 

2 1 0 .. 04 0.,.06 Ounes ver¥. l c , 
3. 7 .o~ 0.01 Dunes s mall 

- - - Pl ane no mover:i.ent 
. '\ 

•, 

- - - Pl ane no tnovci,ient 
.... - -. Plane some inovement 

- - - Plane general movement 
2.6 .09 .1 4 Dune& ... - ... · ·Plane movement 

.... ..... ..., Pl ane general· . movement 

- - . "' Pl ane general movement 

2.a .03 :·. ~01 Dunes small 
2.9 · .02 .1 2 Dunes small 

3.6 .16 0.13 Dunes 

2.9 . 06 0 20 Dunes s mal l 

3.5 .18 .18 Dunes 
3. 3 .08 .18 Dunes 
5.2 . 28 ' . 17 Dunes 

3.9 .1 2 .i4 Dunes 

6.6 .34 0.27 Dunes 
3.5 .1 3 • 32 Dunes 
5.8 • 31 .45 Dunes 
4. !J. · . .19 . 44 Dunes 
6. 3 .zn . . ss Dunes ... 

' . . . ~"!. 
.. 

71114 • 32 O 60 Dunes 
5.9 . 17 .56 Trans . Dunes 

4!8 . 23 1.14 . '_ T t a.n s . Dunes 

6.2 .25 _· ~30 Tr·a n 0 

2. 7 .12 .. 44 Tran!l • . 
3.2 . ). 9 ... Trans. 

- ... - Trans ., ·. 

4.9 .3.1 - Tran~ . ' 
4.5 . 11 ... Trans 0 ... - Trans 0 

- - - Sta.nc;\• 
a.ves 

- - ... Stand. Cl ose to 
Wayes Anticlunes 

- - - St ~nd 0 Close to 
Waves A.ntid~ncs 

- - .. St ande Cl ose to 
Waves A.n t idunes 
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Table 

• Run Slope Disch. Depth Veloc~_ty Viscosity T emp . To tal l ead 
. X 103 ·x 10~ Bed dxlO"' a-

ft/f t cfs ft ft/sec . ft 2 / sec 0c Materia l ft 
PPM -

.I l 0.054 o. 91 0.51 0 .90 1. 41 10.0 - - -
2 I .015 . 88 .52 . 86 1.00 23. 4 - - -
3 I .112 1.31 .54 1 .• 24 1.39 10.5 55 0. 886 1. 63 
4 .08 6 1.31 .54 1 .24 .91 27 .s 61 .998 1. 60 • 30 .110 1. 56 .57 1. 39 1. 24 14. 7 91 . 886 1. 47 

29 .103 l _. 57 .56 1. 43 . BO 33.8 117 1. 248 1. 43 
5 ! .1 39 1. 88 .56 1. 72 1. 40 10.2 226 • 782 1. 57 
6 

1 
.118 1.88 .59 1. 62· .92 27.2 1 68 • 788 1. 48 

27 .110 2.28 .58 2. 01 1. 26 14.3 45 5 .854 1. 36 
28 • 214 2.29 .63 1.65 . • 79 34 .3 787 • 913 1. 48 

26 . 201 2 .67 • 71 1.93 1. 30 13.1 ,854 .933 1. 46 
25 • 210 2.64 .66 2 ~05 .• 81 33 . 1 719 .867 1.56 
21 .1 84 3.13 . 58 2. 74 1. 32 12.4 907 . 847 1.58 
22 .166 3~13 • 64 2.48 . 80 33.9 11 50 . 886 1.63 
24 .1 72 3. 48 • 74 2~3 9 1. 34 1 2 .1 663 . 847 1.52 

23 .261 3.48 • 73 2. 4 3 

! 
. 81 32.8 1150 . 894 I 1. 52 

7 .1 89 3.48 . 60 2.95 1. 34 11. 9 1 41 0 • 9 25 ! 1.58 
8 . 202 3. 50 • 72 2~4 8 • 92 26.9 1720 • 926 I 1.57 

1 
I 

20 • 566 4.55 • 55 4~ 23 1. 31 12.7 5600 1. 01 2 1. 49 
19 I • 515 4.55 • 56 4.18 • 90 28.4 4340 . 831 1. 48 

• 10 
1 

• 710 4.78 .59 4.12 1.55 7.0 5180 1. 015 I 1.54 
·9 .493 4.78 .56 4.35 1.00 23 .5 55 30 1.181\ I 1.63 

, 12 • 456 5.32 • 67 4.03 1. 51 7.9 3520 .923 
1 

1. 46 
11 • 408 5. 30 • 60 4.51 .98 23.8 5250 1. 035 ' 1.69 I 14 ,942 5. 70 . 60 4.86 1. 32 1 2.5 1 2300 • 906 I l, 51 

I 

I 

13 .574 5.70 .60 4. 84 .84 31 . 7 8780 • 991 i 1. 43 

l 
I I 

15 · • 98 3 6.63 ,63 s. 36 1. 36 ! 11.4 26ioo I . 801 j 1 .39 
16 • 962 · 6. 64 . 62 5. 42 .9 3 26.7 21000 . 864 I 1.44 
17 • 970 6 . 79 .62 l 5.58 1.30 12.9 29600 .871 I 1.42 
1 8 .656 6 . 82 • 61 5.73 • 90 27.9 20800 . • 886 l 1 .62 ---

.. 



Ta ble . -Bas ic v a riables for runs with 0 . 32 mm s a nd in tt1e 2 roo .h. Lir.1e 
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:(un !I S usp . Ged Materi a l ' _ Sr"1t1. 'Ui7m Bed Forms Remarks 

Load dxlO,_,..,,.,\~::.:;...;. o;.::;.:.;:;,;;\•11;..;f ;.;;p.s:.--,-d~OS- L 1 H Vs 

: •L_L!_~PP~~~l-~ _ _:_ft:_~l----..f-----t--f- t_· _+_f_t~'~· -f_t-+-f~p-m-"1 ___ __ -t----------
l 
2 

3 
4 

30 

29 

i j 
27 I 

28 I 
26 I 
25 1· 

21 

22 I 
24 I 

i 
I 

0 
0 

0 
0 

24 

9 
56 
33 

168 
2 51 

80 
274 
196 
498 
307 

227 
273 ! 

196 
8 

1 
2 48 

20 I 1 520 
735 19 

1 .. 110 ! 20 20 
. 9 I 1480 
, 1 2 1 1'1 so 

11 I 1 s 10 

14 I 5 340 

13 2100 

15 119000 
16 14700 
17 29900 
1 8 17 400 

l .854 
I 

I 1.021 
I 
I 
I 

1 . 0 19 
. 837 
. 8 54 

1.038 

1. 1.035 

1.071 
1.019 
1.035 
1.051 

• 969 

.916 
.• 950 
1. 00 3 
1.001 

.979 

1 . 001 
. 935 

1 . 051 
1.051 
1. 215 

1. 56 
1. 44 

! 1. 46 
I 1. 50 
I 1. 58 
l 
I 
l 

1.52 
1.57 

1. 62 i 
j 

1.52 
1.65 

! 1.50 
! 1.49 
' l 1. 46 
I 

I • 
1.64 
1.59 
1.45 
l. 4 2 

1. 64 
1.50 
1.56 
1. 48 
1. 56 

0.1 26 

.1 51 

.1 27 

.157 

.131 

.1 64 

.1 26 
,1 56 
. 134 
.1 65 

.1 31 

.1 61 

.1 30 

.165 

.1 29 

.1 6 3 

I .129 
I .1 5 5 

I
I 

0
131 

.1 58 

I 

I 
I 

I 
I 

j 

.114 

.1 54 

.11 9 
.,148 
.1 30 

0~890 

1~030 

. 896 
1.062 

•• 939 

1.104 
. 891 

1 ~058 
.936 

1.108 

. 923 
1.086 

• 915 
1 ~105 

• 91 2 

1.099 
909 

1.054 
• 91 8 

1 .06 7 

. 826 
1,02 9 

. 851 
1. 030 

.916 

1 -
! -

I 
I 
i 

l 
1 . 

! 

I ! 
i I 

; Pl ane 

I Plane 
Ripp les 
Ripples 
Ripples 

., Dunes 

I Dune s 
, Dunes 

/ Dunes 
Dunes 

Dunes 
Dunes 
Transi t ion 
Transition 
Transit ion 

Trans ition 

Trans it i on 
Transiti on 

jAntidunes 
iTrans i tion. 
' IT .. 
1 r ans1t1on 
/Antidunes 
:Transition 
!Antid unes 
lAntidunes 
! 
I I ! I 

1.049 1.49 .1 62 1.090 i ! , , Antidunes 

l 

No Movement 
No Movemen t 

Rippl es 
Rippl es 
Rippl es 
Rippl es 

Supc r rose 
Superpos e 
Superpose 
Sup e rpo5 e 

Ri prJ es Sup c q .>osc 

Plane £3cd 

Mild 
Plane Bed 

Pl ane nr.d l Mild 
I Pl ane Bed 
I Mild 
I 

I Mild 

Mild 
1.160 1.59 .1 28 .904 i ~ I Antid unes 
1 . 527 1. 8 9 .1 55 l.052 :

1
· i 

I 
Antidunes I 

1.103 1.52 . 131 .920 . l l J\ntidunes 
1.231 1.60 .1 57 1.063 I Antidu11es , - ------L--------<-------- __ .... . ___ _:__i___ - - --- ---- ~ __ ______ __ L__ _ ________ ____ _ 

d' c e ffec tive fall u i a~eter . 
d = 1.05 X 1~3 ft 

f 
• 
h .. 
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Run 

1 
2 
3 
4 
6 

5 
0 

20 
8 · 
8A 

8E. 
813 
8C 
80 

: 7 

14 

1 4A 
14C 
140 
19 

9 
10 
18 
181\ 
l8B 

18C 
15 
15A 
158 
15C 

13 
11 
16A 
l6 D 
16C 

17 
1 7A 
1713 
12 
- --

Table .--Basic variables f o r r uns \•dth d = 0.5 4 Dllll sancl ' in t he 2 f oot Flume. 

S lope Disch . Dep th Velocity Viscosity Temp . 
X 10 2 

X 10 5 

ft/ft cfs ft ft/se c ft 2 / ,.,. ,. °c 
l 2 

0 .016 1.06 0. 61 0 .89 1. 20 - 15.9 
.019 1.1 2 .60 • 96 1.16 - 17 .4 
.026 1. 21 . 62 1.00 1.17 - 16. 9 
.038 1.59 .59 1. 37 1.1 4 ...... 18 .0 
.170 2.45 .72 1.74 1.1 2 - · 18 .6 

• 201 3.12 .81 1.95 1. 10 - 19.2 
• 336 4.28 • .t)l 2.39 1. 24 - 1 4. 7 
• 338 4.74 .72 3.36 1. 08 .... 20.2 
• 351 3. 82 ,.78 2.51 1.11 - 18.9 
• 331 3. 82 . 84 2.33 1.12 1. 31 18 .7 

'• 

.248 3.69 . 88 2.15 1.00 L46 23.3 

.293 3.84 . 85 2. 30 1.04 1.70 2l 5 
.294 3. 8 3 • 86 2.28 1.02 1.79 22.4 
.1 98 3.77 • 72 2.65 .o. 96 13:20 25.0 
• 388 3.42 • 72 . 2.44 1.06 20.6 i . t .. 

.399 4. 77 .89 2.74 1.10 - 1 9 .3 
• 366 4.78 .82 2.95 o.98 1. 27 24.3 
.377 4.80 .87 2.82 1.03 1.74 22.2 
.339 4.84 • 70 3.51 1.02 2.41 22.3 
. 408 3.82 • 76 2.58 1.04 ... 21. 5 

.4 33 4.1 6 • 72 2.93 1.15 - 17.7 
• 486 5.33 . 64 4.30 ·1.01 - 20.3 

• 520 7.62 • 71 5.44 1.02 - 22.6 

.508 7.57 • 76 5.11 1.02 1. 44 22.5 

• 790 7 .59 .69 5.62 1..00 . 1.70 23 .3 

• 900 7.59 .10 5.54 o .. 99 3. 00 23.7 

.551 6.94 .74 4.75 1.04 -·- 21 . 7 

.550 6.99 .75 4.76 1.02 1. 47 22 . 5 

.5 37 6. 96 • 75 4. 73 0.99 2.27 23. 7 

.628 6,99 .73 4.85 o.99 2. 98 24.0 

• 565 
I 

6. 37 .72 4.52 1.14 - 18 . 1 
.768 7. 48 • 66 5.80 1 08 ... 19. 9 

,.930 7, 82 . 67 5 .92 1'.00 11. 351 23.5 

1.075 7 . 84 .66 6.03 0. 96 1.93 25. 0 
1. 305 7 . 86 .6 5 6.14 o .. 96 2. 32 25 . 1 

1.175 7. 89 . 65 6.21 1.02 - 22.~ 
1. 365 7.83 . 6S 6-.17 1.02 2.211 22.~ 

1. 928 7 . 86 • 68 5.87 0.99 2.60 24. 

J. ~d38 7.84 .6 4 
·-- -- -· 

6.27 1.1 7 ; - 16. 

Total loa d 
W. L. Bed Tota l 

PPM <la t e rial PPM 
PPM - - -

- - -
- 0.6 0.6 
- 14 14 - 333 333 

- 346 346 
- - -
_. [2450 2450 

- 1020 1020 
5740 1050 6790 

14500 660 15200 
20600 ~ 8 42 21 400 
24300 040 r5300 
63700 1 s21 . 64200 

- p. 090 . . 1090 

- 11700 I 1700 
I 

I 11300 9580 !1760 
22400 11840 124200 
44100 ,2960 47100 

I - 11 300 1 300 
I 
l - 11520 1520 

- 12690 2690 
- 13330 3330 

13200 b4oo 10600 
I 

37900 19730 47600 

587001 22300 81000 
- 3330 3330 

1 4200 4350 18600 
40900 4710 45600 
58600 76 40 66200 

- 3350 3350 

- 5690 5690 
11 200 5600 16800 
31500 10300 41800 
44500 15800 60300 

- 9!8C 91 80 
3%00 2380( 63400 
51 9'00 5000( 1u2000 

- 260 )( 260C() 

t-
! 

dxlO~ 
ft 

--
-
-

1. 647 
1.539 

1.499 
-

1. 621 
1 . 58 5 
1. 417 

1.673 
1. 483 
1.594 
0 . 787 
2. 224 

l 1. 6671 
I 1.532 

, 1. 739 1 
1. 296 
l. '! c 3 

1. 421 
1. 706 
1. 870 
1. 804 
1.5 53 

1. 421 
1 . 821 
1. 519 
1. 476 
1. 247 

1.847 
2.067 
2 .198 
1. 496 
1.132 

1. 460 
1. 214 
1.460 
1. 486 

CJ 

-
-
-
1. 34 
L 66 

L 6 
·-
1. 52 
1.55 
1.58 

i.47 
1. 67 
1.75 
2.92 
1.55 

1. 4 
1 "6 
1.6 
2.9 

4 

4 
1 

1. 56 

1 • . ~ 
1. 4 

e 
7 

1 .61 
l.62 
1. 6 

1. 4 
1.5 
1. 8 
3. 1 
2.6 

1. 6 
1. 4 
1.3 
1. 7 
2 . 2 

1.7 
1 .. 6 
1.3 
1.7 

1 

3. 
8 
7 
9 

0 
6 

3 
3 
2 

4 

3 
0 
4 

--· ------- - -----·- · 



/ Tabl:e . -.:·Ba sic va ri abl es for r un s \vith 0.54 mm s a nd in the 2 -foo t Fl ume • 

' 1 
• I .. 

Bed Ma t e ri i\ l San·ct J/l aves 
u .~ WT L ll V 

s dxlO., 

ft 
fps f ps 

ct xlO "' 
. ft 

ft f t S:-pm 
l 

J - o. 258 
.... • 26 2 

1 
2 
3 1. 585 

1. 526 

1. 640 

1. 53 • 261 0.47 0 .03 0 . 0001 

• 4 
6 

5 

0 
20 

8 
8A 

8E 
8[3 
8C 
80 
7 

' 14 

' 141\ 
j 14C 

14!3 
19 

·'~ 
~ 9 

f 
to 

>1s· 
11 18A 

:1. 18D 
lOC 

." is 
11 5A 
l 15D 
1_15C 

1.575 
1. 565 
1 . 716 

! 1. 903 
1. 699 

1.55 .264 
11 . 6 7, . 2 66 

1

1

. 1.5 j . 268 

1.56 .2_54 
1 1. 51 • 271 

1. 48 • 267 
1.4: . 265 

' 
. 258 

l 
1. 968 ! 1. 45 . 278 
1. 949 1. 49 . 274 
1.772 1. 47 . 276 
1. 706 1 . 51 . 282 

. 262 
. 252 
. 248 
. 208 

1. 804 1. 53 . 272 I -

1. 903 
1. 837 
1. 8 37 
1. 837 
1.788 

I 1. 549 I 1. 824 
1.870 
1. 8 37 
1. 837 

I 1. 919 

I 
1.732 

1.50 . 268 
1. SC • 280 

i 1.53 . 275 
1. 48 . 276 
1.54 . 274 

l 
I 
I 
i 
I 

I -. 270 
• 250 
. 228 

I 

l 1. 5(.~ I 1.6~ 
I 1.4c; 
, 1. 48 

i 1. 4: 

1. 4 , 

L 48 
1. 52 

I
I 1. 4S 

·1. 44 

l 

. 263 -
271 ! -• I 

• 216 I -
.276 i .262 
, 2781 , 237 

• 219 I • 20s 
o 274 I -

. 276 i . 261 
• 279 
. 280 

. 232 
• 213 

,= i 1. 730 

I 1. 68s 
I 1. 654 
l 1. 632 
j 1 .. 343 

1-
1. 711 
1. 643 
1.500 

1.695 
le544 

1. 388 

1.689 
1.522 
1.388 

5.,0 

4.o I 
4 .3 

3.6 I 
3.8 I 
3 . 6 
3.6 
4. '4 
0.7 
3 .3 

4.0 
5 . 8 
5 . 8 

4.2 

4.2 

.10 

. 35 

• 26 
• 30 
• 17 
. 23 
. 20 

.19 1 

. 20; 
• 24 ! 
. 081 
.17 1 

I 
. 20 1 

I 

. 20 1 

.1 9 : 

~16 1 
I 

.1 8 1 

I 

I
I H!~ 

" I - ! . 13 1. 713 1 • 6\- • 2 6 5 1 - - = j 
· 11 f 1.509 1.62.210 1 - - - l 

I ~!" ( , ~ 713 i , ~ 45 : ~;~ .
1

1 : ~~! ~: ~~; : : ! 
, 16C I l.8J7 ! 1.38 .282 . 232 1.497 - - I 

111 
1 

1. 69() 1. 46 • 216 ! - - - - l 
·17A 1.83? 1.42 . 2761' · . 233 1.532 - - ! 

. 0004 
. 0047 

. 0080 

. 0054 

. 036 

. 012 

. 012 

. 0073 

. 010 

.011 

. 0062 

. 012 

. 021 

.030 

.034 

.01 8 

. 022 

Bed Form Remarks 

Plane 
Pl ane 
Sand Waves 

Soru e Movement 
Some Move1:1en t 
IArtif ici a lly 

Plane 
Dunes 

Dunes 
Dunes 
Transition 
Dun e s 
Dunes 

Dunes 
Dunes 
Dunes 
San d \'Javes 
Dun es 

Transiti on 
Transition 
Transition 
Transit ion 
Transit ion 

Ind uced 

One Dune front 

Dunes . 

I 

b:;: 
~ un s 
IP l ane 
tr.Junes 

I 
Tr ansition ~unes 
Transition /Pl ane 
St andin g \'lave ~ 
standin g lfaves 

St anding Wav e ~ 

An ti -Dunes I 
S tanding \fave~ 
St anding Wave: 
S tandin g ifaves 
S tanding Wa ves 

S tanding Wave s 
Stand in g Waves 
St anding \faves 
Anti -Dune s 
Anti-D un e s 

Anti-D un es 
Ant i-Dun es 
Anti -Dun e s 
An ti -Dunes 1 2 . 100 1.40 . 280 . 221 1.441 - - . 1 

1. 847 1.s8 .261 1 - - - - I 
- ---J.--+---J.------'-----..1-- --L--........l----..:...L..------ - ...jJ........- - -- - ·-

w' F,1 / '"'"· , 7 .- ., &r• l,~11, . ..,.~ f ,. q i11,u•• •J 

d • f ff ,. , I :~, f ;1 fl di:/..,, f~ ,,.. 

- ; 

\ 
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