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llrrROOUCTIOH 

ODG o~ the var1abloa that a!tecb t ho tlow s i t o and 

the sed1mnt d1 c 1n lurlnl obann ls is v tor t per 

turo.. Althcu h tbG role ct temferature hAs boon at 1cd b1 a 
numbezt ot tnvesti atora., 1t multiple orrects ore not r-

stood woll. ata hom pr Vious atud1••• &e'ltd.ngl;y, ve not 

been oons1stetnt. Aa retmlt, couolus1ona about t be .sr ~· 
ot temperature eh.a.n£e• ban been oontra.dictc17 6' !he only 

eeneraU7 ag:reod upon conclntsioD aeez:w · to be tba' tba ettoota · 

o:t kmpen.turo chan£•• CQn be voey aignitioant. 
In an ett'wt to reconolle pravious exper1Mntal 

and to cain additional tntormat1o:n, tho ortoota ot t mpera~ 

change• em now rea1stanoe and at:dimG:nt transport \rel"' f..J:Mtst1-

gate4 1n a laborato17 f'luu.~M tnveat1r at10D •• P • ae a 
part or a genwal eW<1l' on fluvial otumioa tbt.\ 1 in£ 
condUoted b7 tbe u. s. aeolog1oal S1lrvq at Col~o stato 
un1vers1~ (SimoM and other'•, l%l.J Simcma aa4 B1ohardson, 

1961). 

forturmte~, previous st001oa 1D an a-n .t1ume a..,.a 2-n. 
tlutiG on the t1'toot of fine sediment. on nov phenomena a>. J ,. 

Simone, E. v. Riob«rdson, and w. t. Bau.bi141 Witten 
co=r:unicat1on1 1961) b v. pr0914ect •GU 1Dai.p\ into the 

utura or ta perature ett'eou. 



. . 
penott1Pni. 

In th1a •~7t tba onl7 odiDOnt fftcel'lt 1D tbe 

c~rimantal sratn vas tho d • tt"ial, wbiob vas • !bat 

the cu.~pended Md1 t conoentr tions all&! tha total odir.:~SD' 

concentrations were <1 rived enure]¥ troll the bed 

OJ-d1nar1l,J', auch concentr Uons would be 4oala'Mted 
au~per3e4-bed-catonal con ntra'10tul aDS total t.t tonal 
CODHJ'l UODS, N oot1vol.)', 1ft 01'4 to &5s.treftnUato the• 
boa tb t1DO tment COM$tlt:t"at1cca ( 8h 1oa4 oaMentrattou) 

and total • iaant conoentrationo. F.owom, tor bnctne 1A 
th1a }'On the pretl:z " terial• baa DO' been used. n. 
reader abould be&r 1:n ld.n4 tb t t «ata aDI nalll2&'• pertd.D 

onl.7 to bed t rtal oono8ntr ttons. thl 4 ta aDd 
I 

tindirlp are c111oua 4 1D t•rms ot natural atftaa and data 

~ otbor investiraton .,.. ua.4 ~ 41sou-n4, 'bo protix 
ttbe4 · teri • baa bee irlol.udet! •• a part of tbo t• • 

Dtnn1t1ona ot a011a f4 tbe ~ taru ue« 1A bla 
port are aa tollovat 

~-.;;~tal ter1a1 that orS.&tMtea 

atheriDg or to·okt aDd tbat 1a tnnspcrte4 •• --~ s.n. 
or (!fll)Oa1 ted b7 wator. 

StaQimW .&:mentntJ.smt 'rbo nt1o ot tbt W1£b\ or sedimezi 

to ' ve1 bt or wte.r-ee41t:ent mixtUrot 1A parta per 1:11111on. 

£Gd11Wlt 'tha ~ a' azl7 eiwn t1 1a 
mo~ in suape~!.oJl 1n a tlu1d aD4 1a 1DtaSMd 1D · rut 
b the upwrc! o.po:oe u ot ttar'bllrleD' oana '• w 'b7 oo 1d 1 

8USPttJllf..on. 
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1sltal n.e~iaanta A prcttix ~or the tnzu. oonoentrat10ft tm4 

daohara• to denote to tall ty, :rerardless ot the mode· ot 
transport or thO aed1msn\ or it• sO't2re*. 

E1pple.IJ. Small t tr1anp.l a-r-sbapo4 u.n4 wawe ot\ the ohannol 
bottom tbat are sb4lar to dunes, but tbat ba" .uob ller an4 

· aoH w1tor11 amplltwea aM 1 !lftba. 

P\tMII Mancutar-sbaptd land vnoa on the Ohannel bottca 
tha~ have a cent1e 'Ups treat~ al.ope and a ateep 4ownatr a;a alopa. 

fl.nmJ :tsdt A bod ton :lrl wb1ch then aN no and w.wa 
on the e.twmel bottoa and the bo4 rel1et 1a flat. 

Standing )CADI' Cunedt Q'mllfltrioallJ-abaJ)ed san4 wvva 

on the channel bottom that remalll ~ •tat10Da%7• lath 

etenct1nc wwa tt. vat•~ ana bed ~t•oe• ue ?OU&blt parallel 
' 

and 1n pba#e at all timea • 

in~1d\mt!l 1, Canadt ·~-~shaped And •va• on tM 
ona.nrwl boltora that mw up•tHaa. · Wlth antt&mea• tba wate~ 
cm4 bed avfaCM• ar. S'Oucbl7 puoan.l uct 11l pba.•• coopt at 
t1MI vbG the wateJ'-IUrfaM ..... \Nll4 'Cpt tba Wcak like 

~V1'. 

tom nov t•dr""' 1 A oate1017 tor tlowt baYinc ~ torma 
ofi 1iJ.pp1o a, ripples on d'&me• • or dlDa. 

Jlpper nov''''-"' A eateaort to~ now hrr1xle w tons 
ot plane be4 vi\b .. dialmti ~veme:D,, atanc'Sna •w•, or 
anttdunos. 

; gool trm;1t wet motho4 ~ sam»ltna &1Uiptm 

sodimen 1n whiob a pler thAt oollAaota wto.aec11Dmt 
a1xture •wryvbeH at atrcwa wlootQ' la ~.at · 

.. 



.. ,. ... 

oonatant rato, throUghout most or tl:Mt depth of' •art1oula 
equall7 •paced aoro11 the tlov. Conoentratiou 4e~ 
~oa supha oollac.te4 br tiM ID Mthoc! an wloct1~11hW 
•an ocmcqtrauoaa. 

/ 



QUI f112N'r Aim PROCEDlm! 

A aohemat1o 4rav1n ot the nume ana reclrculaUOD •r•t•• 
ue4 tw th1a •tudT 1• ·~ 1n t1gure 1. ~ numo 1• 60 n 

long. 2 n vide an4 2-1/2 ,r~ d p, and baa l/2 1n. ol u-plaaatio 

walla en4 a lA in. ata1nl ss-ate•l plate bottoa. '.l'M ter-
ae~iment 111xtu:re t• hoirculated b7 pumpillg ri'Oil the tailbox 

tbrougb • p1pe baa'k: to the hea4 box. !he nov ete:ra tbe he4ad 

box tbrouch a an1 rold 411tusw and tbon :paooa tbrOtzlh a 
lattice ~ •~.arnna"-ont ~deb deore•••• th.a sin ol\4 

·enertt ~ the turbulent oa41cta. At ti!:lo• vheft S.t wa• Jteot•SUT• 

a 41ss1pator vaa used at the tl~ •ntranoe. 
the 4eptb ot ntN 1A the flume ~ OOGtroUec! \d. tb a 

vort1oal, adJustable ta1ll: ·te vbsn the nov va1 1D the 1011'0 
:re 1me. Whan the now vaa 1ft the uppu- HC1Mt a vou • 
placec! at tba exit o~ tbe .tlume to control both tbe. depth t4 

san4 1n ttw nw:ae and the depth ot nov .. 
A carriage that move• alonr rail.- on tbe tlw. wa used 

\ 

ror aupporiinl var.1oua • 8U11.nl wtrumanta. ~ carriage 1B 

built so that the s.u~ oan be mwa tnnaver••l7 u ll 

aa lon:l tu41nallT • 
Colcl wator an4 a= wN usee! to YU7 tbe vate temparatve 

1n the tlumo aDd c1rcul t1o..., a,•tn. Po~ tbe lov-t ~tUN 



6 
runa, a eonstant t~mporatur vas ma1nta1n 4 by cont1nuallJ 

adding wter from th main n allowing sotae reoircu ted tlow to 
~rain ott. For the birb-t~m~erature runs, a oonst nt emporature 

vaa maintained 1>1 ad tng at to the syato'l.'!l at tb tG11 box. 

'l'be bed mat rial us d 1n this stud7 vas aand a 

average m d1an atand r4 r 1 ~1amotor (~ deral Int~r
River :&;a1n Com~1ttee, 1 5'7A) or 0.)1 u and a s1& 

as ahovn in figun 2. 

Figur 2. - Coropos1te s1z d1stribut1on ot bec1 mat r1 

GD 

ency 

atribution 

• 

The aand, which vas obtained troa th bod or tbe l born Riv r 

neor aterloo, Nebrnska, orir.inally had an avera .o edian f~ll 

d1Qmet~r or 0.28 mmJ however• becsuse ot it1 previous u G in n 
8-tt wide flume, th~ matorial had co~rsened aomGWh t. The 

grndation ccotnc:1ent or the bed mat rial •b • ( p. ) 

aa ~ tennined tro1n a ooa:rpoa1t or all s ploa oollectad during 

th1 st'U 1 wa 1.5?. 
'l'hrou£hout the study, two runs, one hevinr a hiyh wat r 

tcmpsraturo 3nd th other hnv1ng e low vat r te13perature, ro 
made ro~ each diachergt, bar.;1c flume alope, and taU gate s tting. 

In the first run or each pair or runa the doaired di oharg 
/'\ 

vatoT to peratur (h1 b or l.ov) \101' otabl1abed, tho tail ~ 

was ad~ust d to produce a depth or tlov ot about 0.55 tt, ana tba 

slopes ot bed and wat r surt oe H allowed to adj ' to 
ooommod t tho H ltant hyd.raulio an<1 Md1metat o 1t1ona. 



During the periOd or tlna reqUired tor tho eyat to aoh 
•<tu111br1um, tho tail ate was adjuntc4 to mint 1n t (l re-
qui!-ed opth. Att•r equ111brium vo.a e.ohed, the t'1nal 

measurement• vore made. A run va• oonei ered to be 1n 

ct(luil.1br1'Cl)l 'tilhell the bed ccntiruration ro~ ease 117 

7 

the sm::e ow~ tbe lGneth or the t~. a:copt Mal" tn o.atra.noe 
an4 .nt, .nd vbeD the alope was rclat1volT oonatant v1tb re•poot 
totS... For tbe HOond nm 1D eaoh pair ot l'ml8t onl.7 tbe 

vatu tGmperatuN vaa ohanged ~. thG a7atem va• alloved to 
reach e~Ubrium, usuall71 without th• tlDv be1zl£ turned ott. 

~o limit tm. m=ber o~ wrtablea atteoUn,c aeCI1mer.di 

t an4 bai! l'Onlbne••• the depth vas kept eaasent1a117 

COllCtant tbrO'Qt.hout tbo •tutlT• Bowever, •• ~17 mentioned• 
the cSaptb 1D OD17 the ftnt I'Wl fd each pair ol nu _. 
:replat.!; 

'. 



liA 'l'A COttl.tCTION 

ith a rott«l\ o blo ~neyt un1f'Ol"Dl artoad1 

only in a ·•t t1a ica.l aenoe beeause ot the w . r•t 
ohangea 1n both tbe mag~1t~e and d1reat1on or tne 

a 

flo"• Ae a sult• r present.atiw avsrag n t ;~ll tb 

bas1o vnr1abloa hed to be obta~d by mnld.ng woct d. w 

~asur~onts ® ring relatively long period:J or a a.rte1-

eqtlil1br1w • reach d . 'lbe treque:nq and t h.& t1 period 

over vbi<th t .b.o maarll'l'~ts vero tan n depended UJ&inl.7 on the· 
bed toJ-ra. For ext.:ttple, a taw alope =easuremenb. ove.r a short 
t1mo were sut:r1oient ·to live a reliable avo-ft • vb.on the b$4 

fol"'l was rtpples1 bttt, DallY measur~ta over a l.oq t1rA· ~ro 

rec;.u1Nd Wbon tho bed 1"orm was c!hm~•. 

the ~sic ~ta tor th1. atud7 ro colleoW t"rol.1 ttdrl7 
equllibnwa nms that. rep:-t~utcn.t ·ditrer-m• bM ~ora~ (S1moM 82¥\ 
Richardson, 1961) htom pl=ne be4 and no ce4~t ~voaent to 
antidune,•- F1.tte-en wn ~teperf.l1rltn ~, tmd the otb.er 
tittoen were bigbo.te•nturv runs. 

TM basic data are Ustod 1ll ·table 1 a:nd tho J~:Gtbo4JJ -ea. 
to •aSU'.N 01' c&mpu'M ~· basio n.riAble• are aplainc:4 1D tbG 

/ 

follovl.q aeou~. 

I 
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'r:ater: "'yr..fage SlPMI. 
~at r-surtuc• •lopos~e~e ~ datermined from point- a a 

measurements ' O.f-;ttte rela t'ive liratei'-surfao'e -+ elev8' tf6rF at vat'ious 

placoa alQnB tho numo. 'When the wter au.rts a a:aoot h', or 
relat1vol.7 alilOOtb, sill le meaR.naents were =a e evert tvo r: t 

alCilf tho tlu:w. \:hen the vat.r .urtaoo •• rougb Am 
tluotuatinc , man,r m.oawrem&I1U vere ma<re at three 'Cations loqt 

the nu • • 
A slopo ws clotorzdncd troa eaeb. sot or measure nt.s 117 

f!!Aphing wate'!l-~aoe ele-vation <vel'su 41atance and drawine ac 
estimated aan U:ne. 1rl'hcn all the graphs tor a rem wro 11 

~etlfted, the awra_go ot on slope• Va.s ued •• the average alope. 

for tb::lt run, we~a• t when the £"ph# von not vell d t1nett, 
the slope wo• det rmined b7 a combin3t1oa ot ttt. arapb!eal 

~=etho4 an4 the least 1qUtro mttthod. 0n1.1 the alope MUurement•· 
that wero taken atter eqU1l1bl"1um ooad1t:tou ba" ~attained 

were UGed to eatabll•b the avora~r.e slope. Alao; vator-surt&ce 

elevations that retleoted noD-'l'Ul1t'oa tlow •' th• entrance an4 
cit ot the tll1ma wen di#oart!ed. 

On t!w avo.rqe, S alope seaJ"U.Haents vue taken 411Jlin! 
oacb. r=. The number ~ l!ldl Y1c!ual •a.ureMDta dependec! on 

the oond1t1on of' the tlow. 

UIQhs:tUI 

DU.ohllre- w• a.I'Uft4 vith • cal1t~•W mit 00 meter 
nd vate~e..u unocetel'. On t1>.e awrace, 8 l'M41DI• wn uMC! 
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to eotapUte the mee ~1ectmrgo. the ~axiwa dittaron~ 1n 

d1aotsarre botvean the J'\lJlSJ or. ca.oh pair ot ruu vaa 0.03 ora. 

W•t~r Xer~aratRt~ 

'~ater tomperature was 1umred wittl a meroury th 

Usually a bout 6 tea~ra t\ll'o HtJd1nv.o VC)!'e usee! 1n d termS nSnr 
thea mean tempenturo oE eact1 1nd.1~d'Ual nn. Por t e high-

temperatura .runa, tompet'aturaa var1od from 23.1t to 34.3ct and 

averaced 2~CJ ror the lov-t mperature 1'\lnat ther wried hoa 

7.0 to 14.7°C and averaced ll.6oc. !ho =-x1mus dirtGrenoo 
be tlieen the tempo~ turo c~ 8n7 low-ttnaperataH run and ttw 
awrage tuperatuft tor ell suob runs vas 39.6 ~rc"nt1 the 

ma%1J3ft.'la 4ut•renoe waa 18.3 peroeat roz tbe b!Jb-t m;pontve 
ruaa. Also, on the awnge, the varlatloa 1n t.laperattil'o a.ttizlr 
the J~WW vaa l.t.0c. 

tLtutth 
Individual deptbs \Jere 4ttt~rmin»4 at one-toot 1nterval& 

al.Oua the ~nteJt l!Jle ot t :ho nums b7 computlq tx-om. point• 

gage measurements the d1tt6NnOG 1n elevat1Clll1 bGtwaon 'tlltltor and 

bed m:rfaoea. The avcrap c!epth, 1n turn, vas o~t~ .rz.= tho 

individual daptba. OnlJ' tboae deptba measured 1n tb.e J)al"'C ot 
the tl.umG whare ·the f'lov vas staad1 and lmitona were 1l#ed to 

eatablisb tho average depth. &cause ot tbe rapid chtu:2pa 1n 

vator-ourtacc. elevat1oa ~t a pout and the sottt!ca ~ ttz. bod 

esp c1 ·1]¥ ~r11lc the r=t~ in tha upper t1.ov re&rtae, many depth 

JJo.aa\U"omanta bA4 to t.. aa4e to obta1n ~toouftk Wief• 4•ptba • 
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GencrallJ', · bout So depth mea sur ments vere 11aed S.n oocput1n the 
average depth tot- the run• 1n tb lo r-tlow regim and about lc.4?0 

WH UCod for the J"WlS 1n tb Uppor-tlov Nfi • :b8 average 

~ pth rcr the thirty ran• vaa 0.61 rt, and the aaz1 ovi t1on 
1n tb avera;•· deptb tor fm1 nm vaa 22 p ron' tro tb1a ova~ 

all averqa. 
!!cum Valogi$z 

call voloc1t7 a computed b1 dividing the Man ~ 1ac . • bJ 
the avera • tlov area C d eptb t1 th• wl.4th or tbe n > • 
Moan ~eloc1t1•• %'4nf8d froa 0.86 to 5.73 tpa. 

Total Sqdimgnt eopegn rgt1QD 
Samples ot the water-$0~1ment =ixtur• wre ta n w th a widtb-

depth, 1Dtegrat1n,r, total-lo d sampler at the tlume rlt to atnb-
lleh tbe veloc1tr-wo1ghtcad total udimont concentration. !n 

general, 10 samples, eaoh or ~hioh consisted ot about 86 pO\lr.Ws o~ 

wter-sediment mxturo, -.ore taken during a ftm. For runs 1n the 
lower tlow regime, th samples von collected tbrougbaut an 
awrage ~ 1o4 or 10 hours; tor tb runs 111 t'- upp r tlow gitle 
they vere colleotea throughout an aver4ge p nod or about~ hour • 
total sed1taent cone)fm.trat1cu. rang d troll o· to 29~00 po.n• 
million (ppm). 

~aRe~~ed-Sftd 1m~nt Qoneent:at1on 
Suspend d s• 1m nt vas ssepled t tho l:dddle of the .tl=e 

vith o. d pth-1nt tine sampler. The sampler con£1a:tec1 ~a 

3- x 11'+-i.ncb br nozzlo that waa connect to a 'h pump 

and t tach to wadi rod. The VAOUUtl pump va• \180d to 
ohi · a no=le ve oo1 t7 tbat va• approximately eqUal to t~ 
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mean veloc1t1 or the tlov. Abc>ut 0.9 ot tne depth $ aepled. 

lu"honevor it ~ possible, • mplec wero ta~n on the cr 1ts ot 
bet! rorms. Four samples, e oh containing about 6., pO\mds ot 
yat.er- e<liment mixture, were collAloted b,- t.be eqwal-tnnG1t 
rate metllod 1 tor eeob J'Ur1. 

In o~ run bav1n Mti. -unec (rUll no • . 17), tbe suapended-

1$ 1cent cone-.ntrat.1o.n v:a s11rhtl.y h1~her ttum the total 
IGH~~ln:ent ooncentration. Th1s · 11 hsvo 'b¢en a rerut ot tho 

#amp ling toe 1-."'lique O'l" ot amp l int too olot;e to the b d; 'but • 
pl"O bly merely 1nd1c tes t t ror tbi t'lov eond1tion the 

total s~di~nt cone ntrat1on an4 th~ suspended-e0d1ment . 
ccnoantrat1on are oqual. Co centrations ot suspellded sediment 
ranged hom 0 to 2 ,900 ppn. 

a1$l . t!.rat2t1~ 
Ded at rial vas atu:a~led tlu:rl.ng each. nn with ono-1nch 

d1~ter plcstiQ tubo b.1 collecting ru 1- depth coret at 5-ft 
1ntervt~ls along th nu.. For analrsis, all tbe <JON a tor eaob 

run woro co~posit~d. 

!:irt1e e- C,!%.;: pistrll?l!tlou. 
Pnrt1ol s.1ze distributions or tbe total sedi nt disoh r e , 

suspenCed-sed1lnent d1eeharget and bod u teri.al weH dl)termined 

by the visual accru:tUlation tube '1\.Cthod (Federal Inter-.: ·ntr; 

1. tho sajl" · 1n~ toehn1(£1le corrcsrttmr.! to th-o ~ m9thodj. bo~revar, 
bt3enuse w~t~r-s.~rU.ment muturc was not colleeted e-v · :;vhore a 
stream veloc1 ty t he ~ r.-· 10 r.-.e t boo was not ndhered to st iotl1• 
'robsbly, tne ~asured conoGntr tions are only aliph ty tr ront 

t an t hose t b.a t li'Dul b.4lve been ~tu;W"ed it tbe .tn u thOd had 
en U$od. 
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Riv r Basin Committee, l95?B). Graph ot tbo .1zo 1 tnb tiona 

were plo te~ on logarithmic prob b111t1 p ~or ror o run 1D 
o er to e t a·bl1 b tb lft 1 n t rnld rd t & 

r&dat1o coerr e1ed: • 'lbe d1aa ton :rd 

th st:e to \lh1ob SO r c nt, by wa1 pht, o 

rtna:r C1r coaraer.. ~ d t1on co ff1o1out 1 d 1. 4 1 
• t1 d~ •l/2 (- ... . ) 

( 16 
vhore 416 4att ,.. t 1.z a. ror wio-b 16 Cl4 84 o , 
roapttct1-. 17•· ot the 1s finer . 

alu ot/u stizo t or tho f4ll ve loot ty of b.e 

cater1al at th te~r turo ot OQO l"Uft, r computed by' 

ep~l11Di a co reet1 loo1ty to _ otandard fa.ll v lccicy or 
the = d1 tall diameter. or the com];)utAtS.cnat o sh tactw 
ot 0.1 vaa umed untt t 11 volo~1t1Gs or the median tall d1" tGroa 

en4 CGrr4'!ot1w veloc1t1ea re d torm1ned trom !a ~ea 2 and l+, 
roapoot1.,Bl;yt o!' ·B port No. 12• "So Fmldamentala or Part1 

Size Ana17£l1s• (Fo4 r 1 In~r-Ag no,- w ··#in Comi lcm, 

1957. ). '-'ha r;mao o~ hU v loa1t.le= of ~a =atanal :: freD 

0 . 12 to 0.17 rps. 1'be av a! .tall veloo1Q' o~ bGd materiel. 

top tho lov-~rattaft run o.l] :rp.. •• that or tbo biab-
tem. Gt\l.H l'1mS VU 0.16 tp • 



. . 
EFFECT 01" 71.~H . RA.TUI-.E O.~ f TUE SEDI '·rfTATIOlf num 

M• ~RTI tE ,...lARAC'l nrmcs 

C~es in to perature affect both ta ~en 1t1 .8M visco it, 
or now. In a natural stream dim~1 tie~ va~Tt beoau.s or 
tocp~ratur changes• a xi '!1 of' about l percent; ho.,'2ver, 

"11so-os1t1es e&n varr as much as a :out 150 peroent . In this 

st~ tn avenge -wt.it~r te raturoa ror the lov- 11 hi b.-

teoporature l"tms wor0 U.6 .and ~!).0°C1. r e1pect1ve11 , £or which 

the k1n~r..at1o v1sco:d ties are .3~ :x 1o-5 a.nd o.e x 10- 5' 

square teot po·xa secon - -a vnr1a tion of a bo'nt 52 percent • 
V1.scos1 ty Orl€ ethel' t.ltinzs t ati"c:~t.a tbc t-all ~loci ty or tho 

ec<l1ment p rt1ol.os. Thus; wb n VGl" tho toQporatu~ chn ·s, 

tho v1seo:s1ty onan es an4 1n turn , the tall velocity ot tbo 
sediment 1s altered. ""1r,ur 3 s.howl! the d.egree that tho fall 

veloa1 ty ot 1t.t"ennt siass or ll1lttlral ~and particles vartea 

Figure 3 - V: rintio ot fall VC?l001.ty with temperature tor 
d11"ferent nooinal d1 nm-eters (nutllrall,y worn "q\l'artz· :1~·~ ·;; 

~' ."L t .z 
partiolca bnVing a shape raotor of 0.7) •. · · 

w1 tb tellliperature. 

Bscnusa tho variation or vis~oslty ~th '~~por•tare 1s 
ci1f!"erm t tor ditrerf.tnt ntt1de, the riation o~ t11ll veloeit 

. ~ 

w1 th tcmpo:oature abo is .,.1r:t rent ror ditforont M.ui~s. .. • B. 

~-ons , E. v. Rtoh::lr :on, ana w. L. R ush.ild (wr1t:t n <wtumm1-

o .tion, 
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for various percentag.e d1sperc1cn.a ot b1'l!nton1t• aantl kaolin 1n 

weter. ~ d1spers1ora boh.&\'00 a non- vtonian nuid ' that 
1a, there vaa no con5t~nt proport1Gnal1ty taotor (v1sooe1t1) 
·bet-w4-en 'the rate ot 4 to·mnt10'll a~ tho lheu atreu. nte7 •l.so 

CO::ip'Utod t all V +"fl~et1 ties £O't' pnrt1cles havlnl sba~ 1"QCtoJ:IS of 

0.1 b1 unn, tho Wlasurod apparcmt vilsClos-1ty £or- hOb d1sper.cton 

vith the drag eoettlet•nt-rteynolds numb&J' rol.Gtion (Pocuol 
Inter-Arency lUver Baa1n Comtdse1on, 1957). 1ha aomputed hU . . 

velocities tor euoh d1sp ~sion vere clc:e to tnc#O m #UrOd 1n 

a visual aoaumul.aUo1l tube .1n wh!oh t he eo-ttl~ me iu:a wos tb8 

C!ispGnion. ~be ~oment botwo n tho computed and &~ 

t~ll velo.crities indicate:~ th:lt tba &lllJU nt v1$0ortty ~• 

tbe7 proeente4 oan bo uso-d w1 tb tb.e era£ eoot!1c1$nt-Roynolds 

nunber rol ttan to ec=puto fall vcloei ties 1.a lib d1s-perc1ons 
at YOl'iOU teu;pfiJJ'atl:lN • ftrul'O lt, wbich is based OQ Rob 

~gun lt .. Var1at1cn 1n tall veloe1ty ot median particle 1 ot 
Elkhorn Ri,t r, llebraaka san-d with tluU t~-e.nture 1n d1:at111J4 

wau:r and 1n ~ pucent, ey ve1ebt, d~7a10U ot kaoUn am 
bentonite. 

comput4t1on , shows t bti t tor a sa.~l• of Elkhorn 'R1 ? Stl whose 

me~itm tall !..rutetor 1u about 0.~6 mn, th& ab~lute nto ct 
change o£ tnll veloo1tt vitb t.mpercture 1• loa• v1th the wter-
cln:v di&pq)r ions than, ith· d1~t111ed water, at lea t, t boll\ 

t he r ange trom 10 to lto0c. F1s:w:-& S, llhlc 1• ctertve4 t'rom tbo 



F1~ S - n~lnt1Ye v riet1on or t 11 ~~loo1ty or ~ tan 
ptlrticle· siza or Elkhorn Rive:-, N'ebras B nd 1 th t l uid 

t~ p r ture in distill d wtor nd 1n 5 ~ret • bf 

1spers1ons ot k.aollD n.d b ntonite. 

16 

aurvet or 1~ tt, shows that rela·tivo rate a ot ch e ot tall 
velcaitJ witb to=PQraturo &loo are lesm with the voter-clay 
d1spers1ona than \d tb 1 stilled watlir. ntis gnph • 1 alto bG 

int rprctod to 1nd.1cate thnt vith wat~ola7 d1ap ·rs.10t'lc 1 whGn 
the tall voloc1t.)t or tbe parUeles 1s deoreue4 by a ehange 1n 
tho d1s~ers1on, tto rolat1vo rato o~ chaQge ~t tall veloc1t7 
vitb te~pc.raturo docrea•es. 'I'hWJ, oven thrmgh tho ae:11t10ll cf 
tin• tsG<l1 G11t may causa the v1scos1t1 ot a 41spers1on to vary 
w1 tb te~X'A'ttlh to a gr$Ster extent tbsn the YiiCO#itJ tJr d1 ;:;.-

tUlod wat"rt the not e.ttoct wq be that th• var1•t10D or tall 
ve1oo1t7 VS.th te porature is redtcecl. 

\ 

. ,. 
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Tbe tor temperatures ant! total sediment oone trat1cns 

ssoc1ate4 : v1ttl the pair or low- and h1eb-tcaDptratuH runs· 

shoW 1n Figun 6. In tb f1£Ur• atralght l1nea jciD the J"W".aS 

F!.ture 6- Tectpel"ntu.Na and tota1eedllwlt ooooctrat10Z'll r~ 

each p 1r t4 1"tUlS. 

or ach pdr. In the lowtlr now re me, the data 1n 1cate t at 
when the bed fCD'm s r1ppl s a ··tncre ae 111 t •apor•turo u · 
sn i.ncl'eaae in the total se.,i:Jlent ccncmtrat1ont vhen tb hod 

form was dmles wt tb rlppl a superpos d a temperatura tneraa 
cowred th& tot.al dirltmt concentration tQ dooreasot and 

tb bod f'or= waa dunes a temperature increase oausod either :m 
increaso or a d crea:o 1n tho tabl md1mont COnC$nt:- t1on. In 

- tllo trans1 tion betwen t b low r and ul'per rectmea ot nov an 
1nerca" in tapttatur. onused an 1ne:rease in the total di~t 

c-oneentr tion. : In tb upper tlow regJ. - ,, vben the bod ton 
plano or m1 ld ant1c!:\mo a incre-a$ 1n t .OQperA tuN c=u d ot. t ar 

an 1ncroe o:r a 4 Cl"'a e in the totnl ced1cen-t ocmcen - tion; 
b th boa ton was ontid~ - a tQpe.Jt:ttur<t !.ncrcue 
su od o in the tot~l :edi.msnt ocncontrat1on. 

1n t flow netst:lnoe that Nsul ~om t 

t emperatura cba e a. 1• lJl tbe r1 c 
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FirurG 7 - To~peratures and r s1atanco ooett1o1o t tor ch 

pair or nms. 

~o1n tho runn or oacb pair. In t G lo r flow r . ir= tho 

rcs1stonee to !'low l rally c'eoreae et \lhen tha te pBratur s 

ineroos d . In the up~r tlc reg1%!la mp r tur G• 

11 · t.~:Hi , were assoc t0d w1 th deere a e in tlowr :re i t ance. 
no· or, in the tran 1t1on bctwo.n low r a~ upp4J!' ro os or 
nov, tbo nov rcus1atance inor asod wh-en the teeperaturo va• 
ln<:r Md. 

In .. veral po1ra or runs the bod rorm vaa o-banged aa a 
r sult ct tho to~p~turo ehnngo (a a figures 6 and 7). 
Actually, the most dracat1c ohcn:ea .in bad tora oc~ in tbG 
throct pail-s or r'WlS' class1t1ed aa t.ran 1t1cm, particularly m 

runs 7 and 8. Ho-wever, bee u ot tho rongo c4 ooM1t1an 

cov~rod b7 the tGl"m "trana1t1o.n", the chonee 1n be4 torzt has 

not oo•n 1nd1eatea in the f1£tll'"el. ln tbe throe pQ.irG, tbo 
low-tenper"'ture rw.a wre stoo1ated w1 tb 1'elat1-nl7 flat beds 

(s~e F1fll.N 8)J \lb9Has, the high temper tuM l'W11 wore 

Figure 8 • Dad term 1n lOtf-te!l!peratllre tranai t1on nms-t 
1 c. nun • 

asso~intet! v:tth beds h V1n eli htlY w.tShcCJ out dunes. ( e 

nca.r_, 9). Also, 1n the low-t.m.perature tran•1t1on runa both 
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0 .. , Eed ron in r..teh-tll'»pGr.atul'o t s1t1on run : 

• Pl:ln ; E. nun , c. nun • 

the tlov r S.stancoa and t.!'-.e total aedimd co ·ratio r 

low, end 1n the .,..J.& t ~poratu~a t-r'"'nsi t1on ru..,. bo n tho now 
re:dst :nceG au~ tllo total s~d1mont conc~ntrat1ons · rc hi h. 

n bot 

tlov res1strule$ and sedil:Umt croneentration corros ~a 'W1 t tbe 

findinge or the:- studies . lt:lnc and, otb$r:a (194 ) reported 

that tor comparable mo9n e 11Y d1scbs:rgas· 1n tho Colc>r do River, 

"aily' wsponded-~d·roat.eriol c.lliscbarr;ea o.re two to three tit:.QC 

greater in the v!.:ot r than they are 1n the etUliomer. s trau (1954) 

.tound si · lar inoreasso in t hG Misso-gri MT~~. 

others (1956) reported that 1n tho l$.1 dle toup Rivtrr at \mnina , 

total b e-material ooneontration 1ner&ased When the · t~mperature 

dec-reased. They altto l'Gpcrted that thcr tlow !'es1 etnne~ 

doereasod when t 1e tempernture decreasoo . On the cth r · h t 

(193 ) obsorvec! that .e~dioont aonec.mtratioruJ inOl'ensed v· e-n the 

vat r tee aratun vas 1ncroas~et . I.1k~'ltise , ~~. a. V'Dotttto (v.r1tton 

com.~1cat1on , 1949) 1 o the brisis or bis studioa vitb flu!.ds 

having vastly dirt r e: -:t v1scos1tios , concluded that 1"lu1d bavin 

h.1gh viscos ty would 1n ~ost cc&es t-ransport, a lower total bsd· · 
t rial ~isehar e t a fluid havin a low v1aoos1ty; 1n otb...~ 

words, an 1ncrol'Sa 1n watar tcm.p.eratur shoul4 \l.S'\1all7 1naNa1SS 
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tho tot3l. ~~":~att!rial 61schn.rg~ . Othor experi~Wnters (J. s. 
Y.enown1 written conntmieotion, 1?42; nd Darton ana Ubtrt~, 

1953) i!dl rly hav 1nd1cat d that n increcn 1n te:nporcturo 

inc asea th. ~"1ment ransport. Dll:lt collected b7· n. B. 
Simons, E. V. Richard on, and • • t. U.aunhil.d (vritten 

c~t .cion, 1961) 1n the ~ nume as wa• uao4 1n this . tuq 
1ndietatG tb~t whon th \fir;eo 1tt is inero.ased 1>7 the &litlon 

or !ino ae i=ent (cOt:.p~rsble to an inCMaSG 1n visoo.sity b7 
.r~du<:tion 1n tqpernture), the tlow es1atan09 and bod-=torial 

concentr·att1on· m7 eithor increase or d orease1 tM chaur 

d pond Gn tho COlli'i t1ons ct nov. 
'.the ~Gt atrlld.ng teet:l t'rot1 tho <1 ta •N that both the 

tot 1 s di~t oonaontrat1on and tlov ro$l$tcnoe (and Dh ) 
c an e vhen t 'temp r turo otlnntes, coo ttt t tbe obaerwd 
chang :a ®l'l' or.ond L"'l on.e -way or aneth w1\h tbeae ob:;.G d by 

mo:st other t.west1tatora. Thes facts ceo part1cu.Ja ~11 
1g.n1ficant becaus t 1 1cato that t ottcota ot mpo turo 

chang 1, like tho rr cts or BOU ot 
direct and 1D the aaae ~1nction. 
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.ARAT;JSIS or Tmt DATA 

It baa be•n tcnmd bJ trf 1Dvest1g twa that ttle alae ~ 

be4 utu1al baa a conalderable erreot on the a-..nmt ot 
Ndilleftt traMpOI'tec! in allunel obarmela. Stsona '04 

R1obardlf0ft Cl961) tOUDd by oomparlnt the data eolleote4 tar 
dU'terent bed llater1ala· that t~ aiM or be4 Mbrl&lt ·~ 

. obaJ'aoterue4 b7 the Gdiaft atan\1ud Eall 41aJiatezt1 b a a 
1apon.nt ert•ot em tbe toru ot bed I'OUihD*" which, 1D tum, 
~teot the r te of aedlmeftt tranaporbttoa. DecrnM tt. tall 

d1ueter 11 ct•tarr.d.net1 troa .tall nloo1 \7 • ,._ YaJ'ta.t1cm ill 
bed foftl aru! other nov pheDOMDa tbat oocv vitb tittercx\ 

tall 41omct•n aotuaUr retleot tta. ertectt ot tbe tall 
.. wloe1t7 ot tu boct material. · !tma, wbeDeftr tbe "f1aooa1t7 ot 

the a6d.1mentarJ nu14 oba.DJ•• beclau• ot a tapeatvn otwlp, 
tbe taU nloolt7· obanr•• and tbt Wlunoe ot the be4 materlal. 
on the rate ot Hc111leJl' tnnapori aDd ~ tlov Ndaianoe la· .. 
albred. 

. .,. 
!be abea.r on tiM 'bed, • 1 baa bteDplottM ar.a.fJ.lat tb 

total bed-aattl'1al oonnntretion v1'b the ton ot bed roucbneu 
•• a \tdrd wri.able 1D F1PN 10. !he c!ata UM4 tor U. rrQb 

71pre 10- Balation between be4 abear aQIS total. ~4-utnial. 

conceAtrat10D ill a 8-tt. wid• tl1ae tor nlaUftlt OODattn\ 

~t•r tempe tare aDd 4eptb. 

• 
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were eollectod 1n an 8-ft nn ani! ye~ tor a t1v l)' 

oonnant water t '/%\per tuN ant! de tb (Sbo • nd Riob . aon, 

1961J Simou, M.char4eon, ant1 lb naon1 1961). A a1u4la.r 
eraph with dab troll thla stut17 altO baa l:»eM pre~r~ (s • 

n~ 11). 

Firtan 11 • flelatlon betl...-n ·bod sbeap and total sod 1 nt 
conoentration ror the lo,... and hirb-tompora.ture I"Wla. 

In both tig'Qrea tber. are tvo rel t1ooa. n.rure 10 ahova 

d1at1not relat1oca tor t~ 0.28 .u aand and tbe o.~~ and, 
and .t1BUro ll r.i · a sep rote relat1ora tor t~ low- &nd bigb-

t peratuN run•• ~aob curve tn tbea 1"lguMa ab.ova that 1n 
' 

the l.owtor tloY giJ:e the total #9 1ment ooneentr ttcn 1ncreaHa 

as the a hear art the bed lnoreaseat in the transi Uon• the 
conaenb>ftt1oo ~~ lna about constant• b'Cit tbt abear aUt,dcml)-

eoreaae•t l'nt1 bl the Uppe flow r$JiM tbe ooncentraUon 
incroaaes aa the abea.r on the bed 1noreasea. U..O the rate ot 
ohanp ot oon~entra t1o.a w1 th ahev, ella I d '! , la tbe rrea st 
in• the lover nov reglmG Ju•t b.ltoro tt» ad~.-n deorea 1n tlw 

ahou. It representative 1"&11 v~looitas are nbtt1tuted tor 

tb.• •1soa and tempi) turea lnd1os.te4 il\-t1F'Q!'8• 10 and n 
re~otiY 11t 1a apparont the.t thon ia a 41tterent atleD.Ji'-
ooncentr t1on relation tor each tall voloo1tr. 

~he relat1v posi tiona or tbe ~· 1n tb.e tv t1~a 
are somewhat d1tte ~. Posa1bl79 th 41tteremtea betve .n. tM 

rel tiona erlat b ue the tvo •nn4• c1nll inn. 10 :ve 

I 

' 



"-ifteren\ alae rrat..1at1ona1 Yber&alt 1n rirun 11, tba sia 
rra4at1on,... emlstant, xoept . •• it was modlt1ed b7 
teaporatur.. Hownr, tbe d1tterenoea co\ll4 alto roneot tbe 
e.tteot ~ 41nenAt d.H~ tlu.•. lll aur oaM • the nrure• 
lD!ioat. that tor • c1wn obonnel ahapo and cteptb, the..-. 18 
a reaSODably wll.dotlne4 rolaUon betwm the •• OQ the 
bed aDS- tbe total bmt·•terlal eoncantrat10D £or en~ 
dUtft4r!l' 4UVlbu.UOa ot tall wloeittH. of tbe beet •ttrl&1. 



A l'l 0 OR Tir . RRA RE E Ire! 

Three tuMaraontal relat1onah1pz; prort the ~sis tor a 

reneral qUal1tat1~ :xplanation or the ert ct or te perature 

oh oa on ud!unt transport and now resiatsn 1n lluvial 

ohannola. These r.lationsb1pa area (1) For e'hrJ' d1tter 

b.,d ut rial a1z gradation, nutd dium, depth , a ~ ba 10 

ebannel shape , th N opp ..,. to be a general 41scont1nuowa 

relat10D (sucb ae those 1n t1guros 10 and 11) between the ab~ar 

on tbe bod am tbe total d-matenal oonoentr ~ t1on1 (2) !the 
innu noe or the bed torial chang a whene't'V its 1"all. · 

veloc1t1•• chanael and (3) nu. tall veloc1t1tl~- or the bed 
/ 

• t rial Oballi• whenever the propnotiea ot ttw Attl1nc d1us 

change. 

~· 1npl1cation or these relationship• 18 tbat ror given 
depth and baa1o otuumel ahapet tho tall vel.oc1t1ea ot tho bed 

ca te1'1al ~etcrmine the rel•ticm between the abeaJt and the total 

bed-material oonc:antratlon ror a part1CNlar tlu1d Md1'\m, and 

tbat 1t the propertiea or tbo fluid media cb&D6•t th• tall 
velocities chazlp and a ZKN ra·lat10D between tbe abe~ and the 

\ 

tl)tal bed-uterial concentration is establlit.~ . Eeoauaa art~ 
part1cularl7 bed material bas J!S&n7 possible hU nloo1Uea, 
ma.ny 4U'terent r.altlt1ons betvoe.n tho sbilar an4 tba total beet• 

are poos1l>le . 
ma terlal concentn.ttOD/•wn tor a oonatant 4eptb and baalo 

ctw:uwl ahape. 

on tba tompo-r tun obongea, tbe taU ftloo1 t1 • or tbe 



beet material CbaflK8• '.rhes <thong a cnuao t he •hear on tho b d, 
the total bed-~ t r1 1 concontraticn, th flow r o st ce, an4 
sometimes tho form ot bed. rou hnesa to ch&nge. Th , a tao tore 

ad~ust until a state ot qu1librlum 1a r- l.lOho in w eh th. 1J' 

mutual aaaocd.otion ut1at1ea the speo11"1c rsla t1on be 

the choar nnd tho total bed-~t rial concentrot1on or tne nev 
depth and tho nev tall v loo1t1ea ot the bod ter • 

mutual obtmgea and tht>1r d1reot1on C! pend on tho utiv 

~olat1on betveon tbe or1 1 and DMV abe r-oonoentrat1on 
relations. 

In een ro.l, ther p ar to be tbre re s or t 1n 

vhiob te~porntur cban o• bav tho most etrect. Th t"irst 

aroa 1a 1nd1oatec! 1n f1 rea 10 and ll by the segments or ttut 

curws that wl"• et1ned tor the low r-t'l.ov r• 1me wh n tb 

ton ot beet raugbnese vas t10atl1 rippl a. In ttd.a part, the · 
~a• are almoat parall 1 to each ot~er. 'hus, lt tbe shoar 
ob.anres only al.t htly when tbe to :peratur changes, tbe . total 

'becl-ma terial concentration cht chnnge awreo1abl.7. ':he 

" ccmd aroa 1s 1n 1oated b7 the n r:renta or the ourvea vhere 

tbo sud~on deorM.&e 1n a bear• ooourred 1 then segments renect 
the tranaition betwe*U the uppor and lower · re~tme• or tlov 
when the rora or bGd rougtmea~ cbangi.Ml trom ~une• to plano 

bed. In thle area, 1.1' tho sbanr ch:lng • o~ al1gbtlJ', the 

total bed-material oonoontrat1on oould ehanl• draatto ll.J. 
~o th1r4 are la in lonted by tbo • nt• or tbe ourvo• 
that vezw dets.Dec! ~or th up ~tlow reat.. Ia th1• rea, 
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tho aunea aft rouf'bl1 parallel am haw flat alope • 

Consaquan'l7• a tempe ture ct.tlll• ldtr. ht ·lao cause a r t1vtl7 
la!' .• Oballite in the total bed•~~ater1a1 oonoentrats.on. 



In this stu4y, avt;rag ·water ter.1peratures ror tho low- end 

h1qb-t~mperature nms wero 11.6 and 29.0°C, r a tlv , ror 
vh1cb t he klnflmatio v1scos1t1tD are l.35 :x lo-5 .. o • . :x lo-S 
aqu~re teG~ per eeoond. rt1clea b3vtng shape tacto~ or 0.7 
and standard ra vel.oc1t1Ga equol to th9 1t'l n t .. toll 
Telocity or tho bod ttnteri.al have computed tall oo1t1o for 

these V1sooD1t1ea that avera e 0.13 &nd 0.16 teat G econd, 
respectively. 

Evon t houerh tbo apparent Viaoonty ot a vnto~tino 

aedimGnt 1apen1on aay vary witb tomperatuft to a greater 

extent tbnD tho \?is.oo~S.ty ot 41~»t1ll~d wat.rt tbo 'VGriat1oa ot 
the t'aU voloc1tieo or aand part1olea VS.tb "-tllpGJ' tun •1 bet 

loaa in tM vator-1"1no aediiMnt c11.-pe1'111on than tD ~1st111Gd 

vater. 
Chafttos in va ter tempero.ture onuso chant•• 1n tba socU.met:t 

concontrat1on, now resistance , .a'h~~i ;'?andi--=-tb&eat the be4 
f"on. TbG magn1 tc:!e and c11rect1on or the olumc•• at-e not tho 

aa:me tor an tlova. 
. .. ~ ... 

The 1'40a-t d?amatio bod r-on cbellle-a 1ri tlda atud7 were 
obso.rved vhen the tlov was 1n tho thnaiUoa M-tv.en ttut U}lpor-

and lowo:r-rlow recimea and the bed chanf:e4 hOII al11btl7. waabo4 
out 4unot to near]¥ a pl.arle bed. 



Tho observed. changes in flow ~ s1stanoe and a~iment 

transport oorrt1apond .in one way or Mothar witb the changea 
obtorvod b7 other 1nveat1 otors. 

Cr ph• be• d on data t2:'om an 8-rt vtd• tlum.o nd !'rom th1a 

atud7 •~ that with • basic channel shape and rolnt1v ly oonstant 
depth·. , tho relation botwcr n bod ohoar ond total. d-mn erial 

concentration ia v 11 dct1n~d tor · over7 ditterent tall vel.oc1tr 
or the bed material• rogo.rdlosa or "·bather the rall veloolty 1a 

d1treront becallse the bed material ia ~urercmt or beoause tho 

T1St:o::l1ty or tha aottltng moditan 1• ~1rterent. 

· WheJ:l the temperature otuntros, the rsll veloo1 t1 or the bed 

-=ter1al changes. 'l'his ehsnF.G oaus s the abMr on the bed, tho 

tot:.1l bed-material concentration, and the t1ow re1111taneo to 

adj.u.st until a stato ot oqu.1libr1um 1• roached 1n vbioh the 

~tual association or th•se ~r1oble• sat1at1ea the •peo1t1c 
ahoar-conQontrat1on relatiOB tor the nev t'!•ptb. o.Dd tho new fall 
Yeloci t7 of tbe bed teria.l. 

In rontral, there aeema to be threo cond1 tiona ot now vhcn 
temperature ehangoa cr1uao the rreatoat cbaniea, porcentag&w1ae, 
1n tbo totAl bod-aterial coneentrat1on. fblan oond1t1orua are 

vhen the 'be4 to.ra 1a ripple a., wbtm tb.o 'bed ton ·1a anUduneat 

an4 vben tbe nov 1• 1a tt. vanas. t1u rana•• 

I 
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