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Considerable evidence ﬁns accumulated 1hd1¢étii§lﬁhntnteﬁperature

exertr a néterinl effect on the transportation of»chtlent.by*tlawing‘ ‘
vater. Perhaps the most striking indication is in %the record of sediment
discharge above the Imperial Dam, a Buresu or‘Reclamation‘structurﬁtbn;ghe
Lewsr Colorado River, which was called to the writers' attention by Royf!.
Joss, Hydrographer, United States Bureau of Reclnnstion,‘Yuna,fArizbnﬁ;
These date indicate that a much larger load of‘aedilent>1g#earr1ed‘by the
.river during the winter than during the summer‘forfupprqélnately the‘aﬁlo
flow. Since the only spparent explanation:for the quzﬂéitativézditfcrence_
of sediment discharge at these tvo'ppriods ofvthe year is the vnriutionk

of temperature of the water, this phenomenon initiated a general inquiry

into tha'probable effect ¢f temperature on: the trnnéportation»of szdiment

in flowing streams.

The results of the sediment observations. are nhovnfon.rigure,l, vhiéh
gives the water Qischarge, water temperaturc, sediment coheentrqtion and
sediment load at the Tsylors Ferry aedmixt.agnplmgfsuuon}oﬁ th#;Coléndo
River from 1943 to 1947, inclusive. These data were collected bLy the Office
of River Control, United 8tates Bureau of Reclametion, Boulder City, Nevada,

funﬁer‘thm direction of C. P. Vetter. It will be noted that for s given
;diécharge,’iha“uedilcnt:loadxnay be as much as 2-1/2 times as great in

.winter as in susmer. The conditions in this reach of the Lover Colorsdo
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River are exceptionally faborable to indicating any effect temperature .

say have, as the number of variables vhich might affect the sediment load
is much less thnn'in'nost rivers. This station 1s located dovnstream. fran
Lake Meade and Lake. nsvauu, in vhich the sedi:ant coming dovn the COIOrndo ’
is dopositod, and clear vater is dischnrgodsfrom them, ,%Boeause:ot thc |
rogulating effect of these two reuervoiro, the flov of thc rivur 1s
unusually- uniform. There 1is very little local inflov botveun Lako Eavnsu
and Taylorg Ferry and the sediment carried by the rivur 1; alnout antirely
picked up from the streambed. Approximatsly 70 pereent‘af~thilfload-is
cogposed of rine‘und very fine sand. Thic*aifgan:is thﬁrcfortJQuch;frncr
than most streams from greait tluctuations‘of ﬁatersdiuéharge and:or-load 
of sediment brought into it by tributaries. Becunnezof’tﬁe:relatively' |
constant conditions, the effect of temperature would be much more uppafcnt
than in an ordinary. strean. ‘ |

It will bz noticed that although the sediment :concentration fluctuates,

‘being generslly larger in winter than in summer, th;rn‘is'&1nt1nct;tenddncy

of the sediment concentration and sediment discharge to become smaller -
with the passage of time. vThis,ia due to the gradual coarsening of the .
riverbed from vhich the load is picked up. Size analysis of :the bed and
suspended sediments showed that thayﬁgrndually.bce1107§oarle:, as shoin‘on :
Pigures 2 and 3, respectively. As the bed became coarser, ‘the vutorlvué‘ﬁ
not able to pick up as large a load as befors, but the;particle=|1zefor

the material that 1t\did-§1ck up wvas coarner; Tho,priﬁciﬁcl oh@pgeq;iﬁ :
sediment load vere therafore due to the. changes of vaterjdigehlrem, thé -
coarsening of the bed, the changes of tiuyerature-ef the water, nnd“ﬁo.libly

some other unkrown . csuse vhich fluctuatss vith the scasons and may be vholly
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or partly ‘the - effect or’ tempeuturc

An attunpt ‘yas ud.e to: coupute t.ho mgnitude ‘of the fluctutioms
assumed to be: d.u.e to teapenture ’ .by elininating the eftect or the vuria-
tion of wvater flowv .and atren‘bed coarsening. v 'rhe rirst atep vasB to '
elininatc the effect of water discharge. !‘ra many - obuerv:tions 1t has
been found that the sediment load 1in nnturl.l atrom variu roughly ‘as
the square of the discharge. This wvas expreued by ‘an gquation Qg = KgQy2,
vhere Q‘"is ‘the sediment load in tons per :&ny, K‘ is a constant;mdxq;,::is

the water discharge .>1nAaecond-feé‘t. The values of K, were ffouud,;'for all i

ind .

the sediment observations end plotted against calendar time as indicated on
Pigure 4. Thia ahova approximtely vhat the relative: mgnituda of the
sediment load would have bGeen had the discharge been uniform. An average
line A-B was then. dravn through .the values of K, , sloping. gruiully down-

vard to 1nd.ica.te the approximnte va.rintion which ‘the vnluo of K would ‘have

had if temperature fluctuations hed not been present. .'rhe;eslqpe:or, the lmc z

and the lover values of K, represented'by 4t, .are duefté the -comrsehing‘-fof

the bed as time went on. The ratio of the values of K, as computed tron o

the observed data to the value of K, obtained from.this average lipe kshbuld
give e comparison: or thn mgnitune of the fluct.untion: due to tenperature

| 'rhe magnitude of tho m*cio ol che fluctuating Ka value to- ..he grcdully
chaneins K, value ¢f the average line vas plotted spinat the vater |
temperature at the time of: cbservation, with tbe rosult .glven: .on !‘igure h

‘This shows that the ratio w”used with increasing »tupomture at . a rate

.

sufficient to make the avorage loed. at tho tue of 1ovoet tanpenture ubout o

2-1/2 times the. mmge load at the tm or highest tellpercture




It will thus be seen that vhether or not this flucfmtion iu due to‘ :
temperature, it is of =0 large a ngnitude that 1ts caus: must be deurlinad
if accureate Analyses are to Lo nde o? many sediment actionl in t.he Lonr
Coloradc River, and other simiiar streams. Theleai.unt load shge?m on
Pigure 1 is the total loo.d carried by the stream. Computations ‘Qére
carried out to determine vhether the effect of this cause was the same on
particlee of Aifferent sizes. The total lotd was broken into four pn,rts,
each part composed of particlec of s psmall size range, the four ’parts ,
covering the entire range of sizes carried, vhich was from O.kimm to
0.569mn. The lomd in each size range was analyred in the sa@eb,:};y as
previously described for the totnlnloml. For sizes rrdl 0.Okkmm to 0.295mm
the temperature effect seemed to be very close to that shown on Figure b, |
Yor the size 0.295mm to 0.580mm the change vith teﬁpeuturo ﬁn negligible. |

The results shown by the 1943 to 1947 data vere confirmed by the records
collectsd at Red Cloud Ca'ble, Taylors Ferry and Imperial Dmite for the ymrs
1935 to 1942, inclusive. During 1935-19&2 the sedmnt locd aml wvater
discharge were determined by mgnurenent., but the vater tupontux_-e, vas
not recorded. In preparing these dsta, a curve of ‘cﬁo fluc!:fﬁtion of
temperature throughout the year sas drn.\m up by averagina the teg,pertturo
curves as determined for the years 1943 to 19k7. Using the tmcratm
from the average curve for the date on vhich each msurmat yu taken, |
Pigure 5 vas plotted, in the seme manner as used in securing Pigure k.

Thig shows practically the same fluctusticn of sediment load with

temperature as obtained for years 19%3 to l9h7, but the scatier of thn ‘

points was greater; probtbly becsuse the ten»tu.l tcmporatma varied some-

vhat from the values obtained from the average temperature curve,
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'rha only record ot expsruwnts found vhich dealt with the efrect of

temperature on the movement of sedment vere those of 50_9_/ vbo experuented

wvith the movement of coarse uteriul in a glnm-ulled flulo in Gemny. |
He used water vith temperastures ranging from 2° to 45° c y “and found very -
much greater movement or material et the highor tenperatures. This etfect
is Just the opposite of that rouzxd in the Immr Color-.do River, vhere t.he
movement wes greater at lower temperstures. In hio amlylis of his resultc,
Eo does not aliov for the resistance of the aidu of his flume,. Ho's experi-
ments have been analyzed by ®instein, who found that vhen_ this re,szitlnee‘ _
vas taken into account, ellowing for the effect of ten}eratm’ on its magni-
tude, the movement of sediment was practically the same at }nll tmnturu
for the sams sheﬁx‘ on the stresumbed.

In his studies of the meandering of slluvial rivers, J. P. fri@dken-l—a/
o'baerved’ that in his models, when the temperature fell belov about 60' f, vith
the coarse sand which he used, riffles tendsd to form and reduce éhoﬁ amount
of sediment trausported. If bcgd load movement is found to increase with tcn-
perature vhile the suspended load decregbes vith temperature, determinatios
of the quantities of sedizent transportation in a ﬁatura.]. stream 12 iikaly
to be very complex. |

In his studies of the sediment load of the Missouri River in 1929-1931,
Dr. L. G. Straub noticed that the sand carried in suspension by thi:s river
at XKaneas City in winter was materially greaisr than in susmer, For the am |
dlscharge. *

A study vas also made of the effect of tempsrature on the transportation
of scdiment as indiccted by the various formulae vhichk hcve been pmbo‘sod for

camputing the amount of sediment which would be transported by a stroas of

""‘Tmor's“ TeTer to rulerences at end of report.

5




tiovingrvater. The formulas o! Behoklituohil and -Straub-— / ‘a0 no;xcongidor '
eny téuperat;rererracta. ‘The bed (material) 1ﬁadxfornn;§aof:lins;ainll/‘”
shovs & asmall effect, the 1cad,decroﬁsiusvwith“dicreasingfténmeruiurc. iThé
‘magnitude.of=this effact'decridaeSrés“the particleﬂsize'otitha’inésriii“éai-  .
.ried increasss. The Lane-xnlinski—/ relations ror suspended 1ond conaider w@ .
-effect . of the temperature on .the pichup of: naterial from the: bed, but show
decreaaing trunsport of the material in: suupenaion, with 1ncrcaaing teupern- ’
ture., This dirferonce fs & runctiou of: the change of settling rate of ‘the |
“sediment particles with teuperature, ‘due to the chunge ot the vileosity of

the water. The Knlinskt—/ ted-losd" fbr:ula shovs 8 very: sligh azrgctzof
temperature, due to the change of denaity:gr.theﬁwnter'vith1bempcratﬁrn,‘

| Since the load of the Lower COIOradOJRivcrAwné~cu¥riedu1n~§ﬁspeﬁsion,

the results should be analyzed as a problem: in. suspended load: novuuent, “The
fiuid mechanics of this phenomenon is now- fairly wel1 undorntood ag ras#rds
the transportation of the sediment particlea after thny hnve bccn rliaeé frana
the bed into suspension by the effect of the turbu;ence of tht watey, but a
‘aatisfhctory analysis of the- ruiaing of the particles from the bed to coﬂhine
with this transportation in suspenaion;hun»not~yetabeen uurked:out._'The‘
effect of temperature on the t:unsﬁort&tion;cf sediment alrosdy in suspension
is due to itsc effect on particle settlingfrate;aps«uantiorngghovu,sbutcthﬁ"
nagnitude_cf'thebereffects»arevuuch”less«than th&né 4zdicated. by the. Lower '
COIOrndo;Riverfobservations. 81nce the teuperature crrecta on tranaportation
-0f -sedinmen?t alrdady‘in suspenaion;are o? leluer uagnituae, 1tcfollevaﬂthat"»
most of the effect of . temperature 9bnervwd 4n the COIOrado River. dbserva-

tions 13 ‘due - to tna ptcking up.of the naterial from- the stre-nbed.

The - 3tudy described: hnrein wna part-of an 1nvestigation of the control

of. sedinent in the Middls Rio Grande, initiated by ths. Sedimentation: adbeallittca
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of tho !'cdnral Intemgenoy ‘River . anin Committea. 'rhe utud.y vu urried

‘ont undmr thn diroction of J. E. Hu-noek, hnd of tho Buretu or Reelmtion'l-
hyumulic J.aboutories ) Ruurch and Gcology Division, anch of Denign nnd
Conntruction, dn; Denver, COJ.Orndo. L. N. HcClelhn nnd R. !‘ Bhnkn m
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h‘m or ‘the branch l.nd diviaion, reapectively.
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