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Introduction 

A d cscri.ption of an adju stable recirculating flum e (designed primarily 

for the study of alluvial channels ) is presented . Details of the flume and 

instrumentation are described. A li.st of research publications and theses 

wit h their respe tive authors is presented . In addition , a list of p roposed 

r esearch studies is i nc luded . T wo copies each of publis h ed research 

r eports and 1 copy each of the abstract from published theses a re attached 

at the end of the report. 

T his rep ort covers the period October 19 59 to 19 64 inclusive . 

D es ign and Construction of Flume 

A . R. C hamberlain , M. L. Albertson , W . L . Haushild , D . B . 

Simons and E . V. R ic hardson , were responsible for the design and con

s truction of the flume . C . S . U. shop personnel constructe d the flume . 

C onstruction commenced D ecember 1958 and was completed O ctober 1959 . 

D etails of the flume (complete drawings are availab l e and have been 

given to many universities) and pictures showing 2 views of the flume are 

g iven in the appendix . 

The most imp ortant features of the flume are: 

a) P recise control of the longitudinal slope of the flume (by 

a syncronized syste m of motorized jacks ) . 

b) C lear L ucite walls the full length of flume (to allow ob 

s ervation and photography of bed forms and flow p henomena), 

c ) Stainless steel flume bott··;m (permanently corrosion 

r esistant) 

d) F ixed hopper at the head box end of flume(for the uniform 

a dditi on of sediment to t he upper end of t he flume), 

e) Movable hopper-spreader supported by the instrument 

carr iage track (for uniform d eposition of material 

thr oughout the lengt h of the flume ) 
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f) R ecirculating return from the head box end of the pump 

to the tail box sump (for maintaining t he sediment in con

tinuous suspension whi l e in transit from tailbox to head 

b ox). 

Instrume ntation 

The flume is equippe d with a manually oper a te d instrument carriage 

s upported by continuous and adjustable rails on top of the flume sidewalls . 

Ins t ruments that have been used with the carriage are as follows: 

a ) A P itot-static tube and m5.dget , inertialess vel ocity meters 

for measuring point velocities anywhere within the flume , 

b) An e l ectronic sounder (used in conjunction with a recorder) 

for mapping bed form profiles and recording their variation 

a nd movement with time , 

c ) R adio active tracer· equipment for d etecting the position of 

r a d io-act ive sediment p articles (proposed), 

d) P oint probe for determining water surface e levations and 

b ed form profiles , 

e ) A utomatic water surface fol.lower . 

Ot her forms of instrume ntation ar·e the orifice in the return pip e 

fo r meas uring discharge through the flume and an integrating sediment 

s ampler at the tail box end of the flume used for measuring sediment 

d ischarge . 

The flume proper was financed by . S. F . Gran: G - 40 13 . The 

electro-mechanical syncronized jacking syst m , t he instrument carriage 

a nd all other flume accessories were financed from C ol orado State 

Uni v rsity funds. 

The flume will be dismantled and r assemb led in the new Hydraulics 

L aboratory at the foothills cam p us in the immediate future. 

R esearch P apers and Th eses 

R esearcb leading to the following publications has been performed 
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in the 2' x 2' x 60' flum e . 

1 . M. S . Thesis - "Th e effe ct of fine d e diment on the mechanics 

of flow in alluvial cha.nnels, " by William L . Haushild. 

2 . M. S . Th esis - "Influence of temperature on sedi.ment trans

p ort and roughness in alluvial cha nne ls ," by Khalid S. 

Al-Shaikh Ali. 

3. P h . D. D issertation - "A pre lim inary study of the effect of 

gradation of b ed material on flo w phenomena in alluvial 

channels," by Niwat Daranandana . 

4 . Geological Survey Water-Supply Paper 1498-G - "Some 

effects of fine sedim ent on fl ow ph enom e na, " by D . B . 

Simons, E . V . R ichardson , and W . L . Ha ushild . 

5 . Journa l of the Waterways and Harbors D i.vision Proceedings 

of the American S0ciety of Civil Eng ineers - "C ontrol struc

tu res for sand-b ed channels , " by F . C . Stcpanich , D. B . 

Simons , and E . V . Richardson. 

6 . "F low characteris tic s of lnw wier structures in alluvial 

ch2,nnels ," by J . D . Lawson and D . B. Simons. 

7 . "F lume studies of t h e trans po::- ! of p ebbl e s and co bbl es on a 

sand bed, 11 by R . K . Fahnestock and W. L . Haushild. 

8 . A large par t of a 16mm sound movie 43 minutes long en

titl ed "Flow in alluvial channels II was pr oduced using this 

flum e . The film has had wid e acc laim in most parts of 

the world . 

C urrent St udies ow B e ing Conducted 

1 . M. S . Thesis - 11 Long itudinal hy draulic sort ing of bed 

material in a]} uviaJ. channe l s , 11 by Tariq Rafay . 

2 . M . S . Thes is 11StatisticaJ analysis of bed roughne ss 

patterns , 11 by J. H. Al ge rt. 
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P rop'.)sed Future Studies 

1. A b e d part icl e monitoring pr'.)gram us ing i s olated radio 

a ctive partic l es in the b ed , mapped by a radiation scanning 

d evice conn cted to a record er that continuously traverses 

up and down the flume. 

2. Further deve lopment of the drag wire principle for measur 

ing velocity , turbulence and lift and drag on individual 

p articles of var ious si.zes. 

3. Investigation of the effect of suspended sedime nt on the 

universal constant Kappa (velocity distribution in the 

verti.cal). 

4 . B ed fo ms in alluvial hannels and the fore s a nd actions 

that generate, modify and eliminate them . 

5 . The m echanics of the d eve lopment of armor and utilization 

of a.rmoring in stable c hannel works. 

6. The m echanics of sediment transport . 

7 . A study of the r'.)le of turbulence in open c h annel flow 

phenomena . 



THESES ABSTRACTS 

THE EFFECT OF Fl E SEDIME. TO T THE 
MECHANICS OF FLOW IN ALLUVJAL CHANNELS 

by 

William L . Haushild 

ABSTRAC T 
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The apparent viscosity of watcr-bentonite complexes are nine to 

t en times greater than that of clear water when the bentonEe concentration 

is 100 , 000 ppm, and the specific weigh t is abou1, 7 percent greater than 

that of water . 

The change in the sedim m properties was approximated by analyses 

in the visual accumulation tube with varbus bentonite in water complexes. 

T h e standard deviation for the bed materia] (d = 0. 54 mm) increased from 

1. 53 with clear water to 1.83 with 100,000 ppm of bentonite , the effective 

fa]l velocity decreased fr om 0 . 28 fps to 0 . 14 fps and the effective fall 
-3 -3 

d iameter d ecreased from 1 . 76 x 1 () ft to 0 . 9 8 x 10 ft. 

The forms of bed roughness , resistance i.o flow , and bed material 

transport for a water -bentoni.te complex flowing over a bed material in a 
I 

flum e study are the same as those occurring with clear water flowi ng 

over a finer bed material. The median size of the smaller bed material 

i s closely approximated by the effective median fall_ diameter of the 

orig inal sand in the water - bentonite complex. 
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I FLUE TCE OF TEMPERA. 'i , '., 0 ! 
SEDIME T TRANSPORT AND ROUGHNESS u · ALLUVIAL CHANNELS 

by 

Khalid S. Al-Shaikh Ali 

A BSTRACT 

Temperature variations affect the properties of the sedimentation 

fl uid which , in turn , affect the fall velocities of s ediment partic l es. Flume 

exper iments indicate that variations in the fa]l velocities , caused by tem

perature variations , can produce relatively large c hanges in bed material 

t ransport and resistance to fJ ow . The changes , which are not always in 

the sam e dir ecti on , are explained qualitatively on the basis that the "effec

t ive size II of the b ed material , a s char acter i zed by its fall velocity , varies 

with temperature and that the rel at ions between b ed material transport 

a nd shear and flow resistance and shear va y with the "effective size 11
• 



A PRELIMINARY STUDY OF 
T HE EFFECT OF GRADATIO OF BED MATERIAL 
ON FLOW PHENOMENA IN ALLUVIAL CHA ~ ELS 

by 

Niwat D aranandana 

A BSTRACT 
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A preliminary st dy of the effect of gradation of b ed mafr1 · ia ] sand 

wit h espect to th e b ed form , regime of flow , sediment transport :11 1d re

sis tance to flow was carried out in a 2-ft wid e , 6 ()- ft, long flume ,ti I.he 

Hydraulic L aborat ory , Cobr ado State University. Two types of ~;:1.1 1d were 

employed ; b oth had the same m edian fall diameter ( 0 . 3 3 mm) but iii f[ered 

c onsid erably in gradation (.:r = 1 . 27 and (;- = 2 . 07) . D e p~h and ternp,-rature 

were kept pract ically constant throughout the study. T he two sa111 I:; were 

investig ate d separate ly . 

A funct i onal relation between the dime nsionless C hezy codl'i c ient 
C ...jg- , tot 1 sediment conc entration Ct , a meas ·..1re of gradation ,:-· , I.he 

r at i o of sed iment fall velocity to fluid velocity ; , and en ergy s l11pc s 

was d eve] oped with the aid of dimensiona l analys is . 

T h e results of the study indicat e significant difference s in I lie b e

havior of t he two sands. B ed mater ia l transport for t he sand witl 1 llte large 

m easure of gradation u was a l ways larger than t he transport r a l. 1 · for the 

more uniform sand when subj ected to the same stream p ower or h11undary 

s hear . T he rang e of resistance t o fl ow caused by t he form rough111 •::;s was 

s mall r for the graded sand than for th e uniform b ed material wh,·11 th e 

b ed configuration was ripples , dunes , trans ition or antidunes . Tl 11•1·c was 

n o significant diffe r e nc e in res i s tance to flow caused by the grain 1·ough

ness of th t wo sands . 

A n acc urate e stim ate of t he total b e d material dis c harge f1,i · a 

s and with a m e dian fa]l d iameter of 0 . 33 mm and a measure of g 1·:u btion 

er r anging from 1 . 27 to 2 . 07 can b e obtaine d fr om the family" of c•111 pirical 
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curves which were d eveloped for a depth of flow of O. 5 ft and temperature 

of water sedime nt mixture of 20°c. For ot her cond itions the curves can 

b e u sed but results are less p recise becaus e of lack of data. 

The validity and flexibility of current sediment transport equations 

whe n app li ed to the uni for rn and graded bed material sands were t ested. 

The modified Einstein's p rocedure appea r s best if the stream discharge 

a nd the sus p e nded load concentration can be p r edeterm in e d . Ei nste in ' s 

m ethod i s b est whe n the c omput ation is b ased on one representative size 

range, the b ed mater ia~ i s well graded (a- = 2 . 07) and upper regime con

ditions prevail. Bishop 's p r ocedure gives good resuli.s for t h e ] ow and 

intermedia.i,e valu es of IS • 



CO~ TROL STRUCTURES IN ALLU \rJAL CHANNELS 

by 

Fred erick C . Stepanich 

ABSTRACT 

The r e liability of a control str uctu . e as a stage - meas urement d e 

vi ce was investigated by use of a 2-foot wide , 60 - fo ot long r ec irculating 

flu me . Such a meas uring device s h ould b e indep e ndent of upstream and 

downstream b ed form and flo w c nditions . 
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Twenty -three structures were studied which inv olved the following 

fi ve struct ure roug hnesses : sand grains , 1 /2 inc h , 1 inch, 2 inch and 

4 inch rock. A uniform sand O. 33 mm in di ameter was used a.s the flume 

b ed material over which flow was ad j usted t:J generate t h e upstream b ed 

form s of ripples , dunes , ripples superimposed on du nes and a transition 

regi on of was hed out du nes. St age m eas u.rements for constant di scharge s 

were take n upstr eam , d ow nstream and along the structure at 15 pos itions . 

In all runs 43 50 items of data w e r e collect d. 

Wate r-sur fa ce p , ofil es , st&,ge-discharge curves, total h ea.d-dis

ch&,rge curves and coefficient of d isc harge- discharge curves resulted from 

the analys i s of the data . Ii: was fou nd that certain combinations of structure 

slope , roughness and approach length provide the means for establis hing 

a rel iable stage- discharge curve . The use fulness of the p r ototype struc

ture are limited to an intermediate range of flows . Small fl ow measure

m ents are limited b e cause of the effect of structure roughness and large 

flow measurements are limited b ecause of the effe ct of submerg enc e . 

Consideration was given to poss ibiliti es of taking sediment samples on 

the structure. 



10 

A PPENDIX 
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