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The deposit ion of water-borne gravel, sand and s ilt has long bee n 

recognized as one of th e most trouble some prob le ms incident to t he operation 

and mai ntenance of m any o f  t he i rrigati on and power can als of the West. 

Inor dinate expen di tures of time, Jaber , a nd money are made annual ly on this 

account. The reduction in th e carrying capacity o f  a canal used for the 

delivery o f  water f or �ither i rrigat ion or power means direc t financial 

loss. Furthermor e, the inert m aterial d epOsited upon irriga te d  land 

decreases in most cases the fertility of the soil, and, whGn an excessive 

amount raises the land surface near the margin of the f ield, this inter-

feres with the spreading of the irrigation head evenly over the field. 

Periodic cleaning of the channel has in some cases resulted in such an 

accumulation that the spoil banks are now approachin.,; a limitinG condi tion. 

As a means of correcting these conditions, lab oratory studies have 

bee n made ove r tho past years in the attempt t o  de velop pr actical me ans f or 

ridding c hannels of bed load deposit, The investigat ion .. of this problem 

. bas been carrie d on primarily at the hydraulic laboratories at Fort Coll ins 

lJ 

by the Division of Irri �;a.ti o n, Soil Conservation Service of the u. s. Depart-

men t of Agric ulture, in cooperat ion v.ri th tho Colorado N:,Ti cultural I;xperiment 

Station. Various scheme s h ave been inves tigated and emerging from these 

investigations have com e two practical means of solvi ng the problem of pr o-

tectint; channels from be d load deposits, namely, the v ortex tube and the 

r iffle deflector-vortex tube sa.n:l trap. These devices will be described 
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later. They are carable of cat chinG the bed .lo ad as it is rroved along 

by the f lor,oring water. Extremely f ine m aterial carried in suspen sion cnn 

only be recovered by r ed ucing the flow in the ch annel t o  a v ery low 

velocity th us permittin · the fine sand to set tle as bed load after w hich 

the d eposit can be sluiced out by suita ble f low regulation. 

The Vortex-Tube 

The main feature of t he vortex-tube sand t ra p  is a tube with an open

ing along the top side, laid in the bottom of the ch annel at an ancle of 

aboot 45 degree s  to the axis of flat<. The eleva tion of th e top edge or lip 

is the same as the bottom or t;rade o f  th e chan nel. As the water flows over 

the opening, .a p rono unced whirlinb or vort ic al motion is set up within the 

tube, ard a spi ral-flow action extends th roughout it s length. This whirling 

cross-stream draws in the bed load as i t  p asses over the lip of the open ing 

and car r ies it t o  an o utlet at the downstrea m end of the t ube whence it is 

discharged in to a sui table slu iceway for disposal. 

Labor atory as well as field te sts indicate that the o ptimum a ctio n 

of the vor tex tube o ccu rs when the velocity of the -wuter passing over the 

lip is a t  o r  nenr the c ritioal, that is, the velocity head i s  equal to one-

h alf the depth of wuter at the lip of the tube. In the la bor atory various 

shapes, sizes and length of tubes were studied. For a particular setting 

with a velocity of about 3 fee t  per second over the lip, 10 to 15 percent 

of the total flow wusted tbr ou€;11 the outlet, it was found tho.t th e rate of· 

rot at ion near the outlet wns more thnn 200 revolutions per min ute and f or 

this condi tion sand and heavy brUVel, s tones as large henvs eeGs, were 

readily ejected. Furthe r inve sti�;a tions o f  a 4-inch tube of uniform 

diameter showed a maximum rot at ion of the .spiraled f low to be 300 revolu-

tions per minute and c reated sufficient ener�;y t o  IDV€L" cohbl e. s:tDnE __ _ 
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we ighing 7-ft pounds nt n imiform rc.te of about i foot per second. The 

disto.nce moved was a b out 7 feet and the mean velocity of flow over the 

lip of tre trap was 6.6 feet per second. The axis of the tube was at 

30 degrees und s lop ed towurd the outle t 2 in ches in 4 feet. Discharge 

of th e t ube was 3 percent of t be total fl ON. When tre 4-in ch tube was 

set at 45 degrees, v e loci ty of flow at 6.9 feet the Il11ximum rote of rotation 

w as 5 00 revolutions per second and the ene rgy developed was capable of 

transporting c obblest ones havir:g a weight o f  3 3/4 to 4 pounds. LEtboratory 

tests on a vortex tube indi cute t bD.t t he efficienc y in troppint; out tm bed 

load mu ld approximnte at least 90 p ercent. 

The vo rtex-ttbe sand trap has been t ried in the fieJd and in some 

cases it has been e. failure w hile in other instnnces it m s proved su ccess

ful. For ins tal lati ons that m ve been ineffectiv e tV>.o things have been 

wrorg. F:irst, tre velreity in the canal has been t oo low, and s ecom, 

the tu be has b een s et below e;rude o f  the chenn el. In the Jack ron Dit ch , 

at tpe Bell vue le.borutory, a vor tex t ube he.s been in operati on since 

April 1935 and has proved to be su ccessful. The struc ture is of conc rete 

8 feet wide, ve rti cal wulls, and the floor rises sl i@ltly from t he fron t 

end t o  the lip of tm tube and slopes dovmward from t he tube t o  the 

downstream end of t he f loor. The t ube itself is cast of concrete, the 

dil:liOOter at outlet enl being 8 inches and at the bacl<: end 6 indle s. 

The tube is J£.id at an angle of 45 degrees t o  th e axis of th e cbD.n n el. 

The capacity of the Jackson Ditch is upproxime.tely 60 second-feet mld 

duri ng per iods of moderate to low rive r stage, the d iversi on in the ce.ml 

is ll secorrl-feet. It appea rs that the tube is e specially active at th is 

minimumflcw1 no tests have b een made on thi s particular installation but 

evidence of tbe d eposit accumulated at the end o f  the outlet definitely in

dicates trot th is sand- trap is hii?}lly successful. 
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The Riffle-Van e  Deflector 

This type of sand t rap con sists o f  a series of cur ved sheet metal 

van es, each a pproximat ely in the shape of a qu adrant of e. cir c le with top 

edge rolled. The sheet meta l van es e.re attached in a vert ical position to 

the s mooth floor of the strugture, Vib.ich ms a Jateral s lope. Experimen ts 

were m ade with deflectors of va rious si zes end s pacing and in some c ases the 

action in movint; the bed load was surprisinbly e,u od. \'Jhen the r iffles v.ere 

set in line n ormal to the axis of t he ccn.� the bed load was moved 

lo.terully e.t 90 degrees to tm l ine of f low toward the rut l et immediately 

downstream from th e line of riffles. The curvatu re of the riffle produced 

the effect which moved the lo ad laterally and the flow of water over the 

ri ffles resulted in a condi t :ion whi
_p

h m aintained th e bed loed in e. ri dge 

do wnstrerun from t m riffles. The action of the riffle s was appP.rently 

independent of the depth of flow. Under maximum corrli tion s of chan ne l 

ve loc ity it was su rprising to fin d that the e nergy developed was suff icient 

to rove large cobbl estones, in fact, sizes which wou ld not pass throuiJ:l a 

4-inch square open ing. Observation s  were made where the line of' ri ffles 

point ed upstream at an angle o f  45 degrees and with proper sett ing of' the 

vanes, it was found that the bed load could be carr ie d successfully upstrea m 

behi nd the l�e of ri!tles. No parttcular advantae;e from a practical stand

point v.ould be gain ed in setting the rif fles at thi s extrane Bnble . 

Field tests he.ve been made of this type of so.nd t rap but the y have 

not been llighly successful, one of t he disadvantages bein g the fact tr...at 

considero.ble debris lodges on tre riffle s and thus destro ys the efficien cy 

of the trap . One instelltation v.e. s n:ade in the �lan npmr.ker Ditch, near 

Golden, Colorado, where a ser ies of 6 s et s  of rif fles wus placed in a 

clnnn el 6 feet w ide. The riffle s v.ere 6 inches high. Test of this t rap 
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indi cated th at it renDVed snn:l from the dit dl at the rate of about 15 pou nds. 

per s ec o:rrl. It is believed tm t if attention is giv en t o  the renoval of 

loiged material on th e vanes; su ch as roots, grass, troo brenche s end 

other fibrous mterial, thi s typ e of sand trap s ho uld be highly effective. 

The r iff le-vare deflec tor sam trap is not intended for wi de channels, 

however, is sui table for moderate velocities of 2 t o  3 feet per second. 

The Riff]B Deflector-Vortex Tube 

The most promising sand trap device thus far developed is the 

riffle deflector-vortex tube type. In gene ral, this device consists 

of a series of curved riffl es placed on t he bed of the channel, whereby 

the bed loo.d is rroved laterally to the side of the c han nel wmre it is 

taken off t hrouGh srre.ll vortex tubes outlct tine; into a common compartmen t. 

This co mpartrrent i s  pro v:i,ded with e.n outlet w hich carries thG total trap 

load back to the r iver downstream from t ho diversion dam or deposits it 

in basins as vcste material. The riffles in plan are r:arnb oli c, have a 

ver tical face of about 1! feet, tho top surfac e slopin£ downward to a 

feather edge in an axial distan ce of about 5 feet. Sin ce the riffles . 

ure identicallY curved in plan, they are placed on e again st the ott..eT. 

Tl'E number o f  riffles depend s upon the nature o f  the bed load, For coorse 

sand �d grovel fcwer riffles would be required, whe r ens, for fin e sand 

the number of ri ffles would be greater, b ut in no case probably exceed

ing o. set of 10 or 12 riffles. 

Tl1i s type of trap is f lexible, in tim. t it can be readly adapted 

to eitrer narrow or •'l.i..de chenJJ.:el s  an d for flews rDI:biil€ from less thm1 

10 to more than 2000 second fee t. For cha nnels rer:ging from 20 to 50 feet 

in width i t  is ruc;e;ested tmt tho two sets of r:j.ffle s be pro vided 

wmreby tre b ed load is crowded to tre middle, or nxis, of the chrumel, 
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and the shor t 10 r tex tubes from the riffle s discharge in to a narrow com part

ment built alone th e center line of the c hannel. .An o utl et pipe carries 

th e trapped sand ani water back to th e river. F or channel s  re.ngi.ng fran 

.50 to 100 feet, a double i nstc.llo.tion is recommQild ed. The outlets f rom the 

two installa ti ons ar e joi n ed and a suitable outlet pipe is p rovided which 

passes belo w th e bed o f  the canal ani under th e ca nal bank. Tests in the 

laborator y on th e r i ffl e deflector-v<rtex t ube type of trap indic ate t hat 

it is capable o f  capturing 90 percen t or more of a "NeiGhed sampl e i ntr oduced 

upstream fran the riffles. 

Several field instaJ.lat io ns hav e been :r:ad e of th is type o f  sa nd trap 

and in a ll cases ha ve been su ccessful , not only in catching bed lo ads of 

relativ e ly coarse materi al b ut also of very fine sarrl. As a n  experimental 

ins tallatio n o f  s u ch a trap was hlilt of timbe r in the Sheep Creek Ditch 

near Torrington, :iyol!ling, wh icll w as capable of l::an dling v ery fi ne sand. 

Tre riffle s \..er e fash i oned out of 1 x 6 boards, the ve rti ml secti on of th e 

r iff:JB being a 1 x 12 boa rd bent to the desired curve, In th i s casB .the re 

were 6 s ets o f  rif fles and 3 s...'lor t 4-inc h vortex t ubes. One of the objections 

to t h i s  insta.llation was the fact t hat turrblewaeds persis ted in cloggi ng the 

short tubes, A double �:�and trap of thi s  typ e was bui lt at the heading of 

th e S uppl,y Canal to the C. F. & I. Steel Uorks in PUebl o at the, heading 

near Florence, Color ado, on t he Arkan ffiS- Riv e r. This i..'1stallatio n has 

been successful b ut some di ff icult y was exp e ri enc ed at fir st, in th at 

no prov ision was rm de fbr re guJa t ing the dis cba rge of the vor te � t ubes 

in to the common colle ction compartmm t. A slide g:tte was later pro vi ded, 

which very m aterial ly i mproved tho action of the trap. No t ests h ave been 

m ade on this p a rti cular ins tallation, bu t after 3 y ears of conti n uous use, 

obser vatio ns al ong the can al dovnEtreamfr omthe l:eadi ng i ndic ate that the re 
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is very li ttle, if any, river sand found in th e chmnel � It is the refore 

assumed th at t he effic iency of th is installatio n i s  very epod. 

Because of t he nature of this brief disc us sian no attempt i s  rmde 

to include detailed drawings o f  these different designs. If, in t he event 

t hat any o rganization is interested in tb.is problem, plans of these 

va riou s structures can be obtained at the of fice o f  the Division of 

Ir rigation an d \'later Conservation, Soil Conser vat ion Sarvice, Colorado 

Agricultural Experimen t Station, Color ado A & J: College, For t Collins. 
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