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Subject: Sediment problems on i r r iga t io r ,  project.! i n  the  United States 

Sediment ha8 been defined as: Fragmental mater ia l  tram- 
ported by, suspended 'in, or deposited by water o r  a i r ,  o r  accumulated 
i n  beda by other natural  agents; any d e t r i t a l  accumulation such as 
loess .  Sediment problema on i r r igatdon projects, therefore,  are  any 
problems on these projects which involve the movement o r  diapoaition 
of s o i l  materiel  i n  OP by water. Xn general, the sediment problems 
on i r r i ga t ion  projects fall i n t o  six classea, as follows: (1) f i l l i n g  
of reaervoirs, (2) scour or  deposit  in canals, (3) control  of esdiment 
entering canals (4) enlargement of s t r e w  o r  drains,  (5) aggrading 
streams, and ( 6 )  degradation of stream beds below dama. The purpose 
of thia report is  t o  discus8 b r in f ly  theae problems and the mean8 of 
eolving them, with par t icular  reference t o  i r r i ga t ion  projects in the 
United Statas.  

FUi inn  of Reservoirs 

F i l l i ng  of reservoirs is  probably the most important trouble 
on i r r i g a t i o n  project8 in the  United States.  The l o s s  i n  tUer country 
alone due t o  f i l l i n g  of reservoirs was estimated by tho United Statea 
S o i l  Conservation Service i n  1947 a s  $50,000,Q00 per pa r .  The principal 
masans why t h i s  large loss  does not stimulate more ac t ion  t o  t r y  t o  
rumove the  cause i s  because most of the  rsaenroirs a r e  r e l a t i ve ly  young 
and are therefore only s l i gh t ly  f i l l e d  with redbent ,  and the inconvena 
ienae a t  the present time due t o  the f i l l i n g  i a  r e l a t i ve ly  mall.. A s  
the reservoirs beccxna more axxi more f i l l e d ,  the l o s s  will bacaraa more 
noticeable, and more and more a t ten t ion  will be given t o  preventing 
of it. Thus, although the loaa of reservoir  capacity procaede a t  a 
canparatively uniform rate, the trouble cauaed w i l l  be f e l t  a t  a rapidly 
mounting r a t e  i n  the future. 

There are several wayrr by which the ra te  s f  deposition of 
sediment in reservoirs may b~s reduced. Aside from the  expame involved, 
the  beet method of keaping.aediment out of reservoirs ie the keeping 
of it i n  i ts or ig ina l  place on the watershed by s o i l  aonsexvation meas- 
urea whiclr reduce the ra te  of erosion of the land surface o r  i n  the  
stream channels of the  drainage area. Under favorable conditions, much 



prohibitive.- I n  the best r e k i l t s  clan be- obtained under condi- 
tiona of low re l i e f ,  scour resistant aofl and sufficient r a in fa l l  to  
produce rapid growth of protective vegetation. 

Scouring out of resarvoira is moderately effective i n  only 
a few cases. Conditions requimd f o r  succeas are narrow, steep res- 
ervoirs  f i l l a d  with comparatively f ine sediment W c h  can be flushed 
with a relat ively large flow of water when the reservoirs are prac- 
t i c a l l y  ampty. 

Considerable attention has been givem t o  the reduction of 
the r a t e  of f i l l i n g  of reservoirs by discharging the sediment brought 
down t o  dams by density currents which carry sediment d o n g  the bot- 
t o m  of the reservoir beneath the clear  water stored in it. Although 
some benefit may be secured by t h i s  method, sufficient knowledge re- 
garding the action of donsity currents i s  not yet available t o  enable 
an accurate appraisal of the effectiveness of this method. 

Peraons inexperienced i n  the ways of aediraent a re  apt  t o  
think of it f i l l i n g  a reservoir in the asme way as water does, namely, 
fill the lower part of the basin first and then the  higher levels,  
preserving a practically level  surface of sediment in the r e e s ~ v o i r  
as it fills. Such, however, is not the case, and the reservoir f i U a  
with the top of the deposited sed-dent having more or l e s s  of a slope. 

This has both advantages and disadvantages, as compared with 
a level  surface. I f  i t  filled in with a level  surface, the sediment 
would f i r s t  fill the r e a ~ r v o i r  below the level  of  the out lets  where it 
would cause no trouble, as it would not reduce the effective capacity 
of the reservoir. Depositing on a slope produces some reduction of 
effect ive capacity a t  nearly a l l  levels  of the reservoir, beginning 
as soon as water i s  stored i n  the rsaemoir.  The principal advantage 
of a aloping surface of f i l l i n g  i s  that  a reservoir can hold a larger 
volume of sediment than it can of water. This advantage, however, is 
secured a t  the expense of f i l l i n g  of the channels and often of the 
valley with sediment upstream from the water in the reservoir to  higher 
levels  than tine water being stored in the basin. This sometimes destroys 
the  arabi l i ty  of considerable areas of land upstream from the reservoir 
and will in time destroy inprovements which are same distance above 
reservoir level .  

Since in any reservoir sane slope of the stream wU.1 be nec- 
essary to  carry the sediment from the upper t o  the lower end of the 
reservoir, when a reservoir is  f i l l ed  with sediment a t  the downstseam 
end t o  the spillway level ,  it will be filled at the upper end of the 
reservoir to  a higher level.  Therefore, practically a l l  reservoirs 
#iU eventually fill t o  above spillway level a t  tho upstream end. 



important that  accurate estimates be made before resemt&irs are oo; 
structed of how rapidly they w i l l  be filled, in order that  none are 
constructed that will f i l l  too rapidly to  juet i fy the i r  construction. 
To make these predictions, it i s  necessary t o  know, i n  addition t o  
the storage capacity of the basin, (1) the amount. of aedhent brought 
down by the stream, (2) the density of the sediment which w i l l  be 
deposited i n  the b a s h ,  (3) the proportion of the sediment deposited 
above spillway level, and (4) the proportf on of the inflowing sediment 
that  i s  daposited in the basin. 

The amount of sediment brought down to  a reservoir can best 
be obtained by measuring the sediment l o w  over a s q r i e ~  of years by 
frequent sampling. Considerable atudy has been given to  the method 
and instnunentation f o r  th is  sampling, and i f  carried out over a 
suff icient ly long period, reasonably accurate predictions can be made, 
provided conditions in the watershed do not change. 

The density of the sediment depends on the part icle  size 
composition of the material brought into the reservoir and the d e n t  
t o  which the deposited sediment is p e d t t e d  t o  dry  out. L i t t l e  data 
arc avaCiabie on the proportion of sediment deposited above spillway 
level.  This factor  is commonly ignored, which is on the safe side 
when estimating a ra te  of filling. The advantages of the d e c r e a m ~  
rats of f i l l ing resulting from f i l l i n g  above spillway le9el w i l l  be 
offaet t o  a large axtent by the damages uhich result from it. L i t t l e  
quantitative data are available on the proportion of tile ediment 
which is deposited in the  basin or the "trap efficiency" as it is 
called. For large reservoirs, until they are nearly full, this eff i-  
ciency i s  usually close t o  100 percent. The trap efficiency increalses 
with the  size of the sediment and for  sand sizes, i a  ordinrarily cloae 
t o  100 percent. 

After a reservoir is  put in to  service, periodic surveys are 
usually required t o  tell how fast it i a  filling up, in order t o  be 
able t o  keep at a l l  times an accurate account of the water storad, as 
t h i s  knowledge is necessary f o r  the most eff icient  use of the water. 
A great deal of survey work has been done, aad the methods have been 
developed which are the resul t  of extensive experience. 

Scour and Deposit i n  Canals 

Scour or deposit i n  i r r igat ion canals i s  another important 
aspect of the sediment problems of i r r igat ion systems of the United 
States. This is ordinarily spoken of as tho nstmble channepl problem. 



or  f i l l  with ~ediment t o  an undesirable-extent. I n  general, unstable 
c h a ~ s i a  can be divided into three clarsea, (1) those *ere scour but, 
not depoait occu~s,  (2) those in which deposit occurs but which do 
not scour, and (3) those in which both scour and deposit occur. 

The f i r s t  class of channels usuellg carry water with l i t t l e  
or  no sediment, and the scour depends on the t ract ive force o r  shear 
around the periphery of the channel. I n  the past, scour was ccmmonly 
related t o  mean canal velocity, but it has long been known that when 
bui l t  i n  the same material, large canals could carry water a t  a higher 
velocity without scouring, than small ones. The problem of scour i n  
canals has recently been the subject of an extensive study by t h e  
United States Bureau of Reclamation, and new methods of c a d  design 
t o  prevent acour, based upon tract ive force o r  shear distribution, 
hava been developad which, it is believed, constitute an improvement 
over the methods formerly in use. 

The second class,  canals in which depoait but not scour 
occurs, ~ r d i n a r i l y  w e  found where heavy sediment loads are trans- 
ported in canals with banks and bed of material which are highly 
relsiatant t o  scour. The design of th=.,;c canals is a problem in 
sediment transportation. Although conaidarable progress has been 
made in recent years in perfecting methods of computing the sediment 
carrying capacity of canals, t h i s  phase of the problem i s  not yet 
adequately solved. 

The third class,  canals hhich both scour arxi deposit, also 
usually carry heavy irediment loads but d i f fer  fran Class 2 in that  
they are constructed in eas i ly  erodible material. In th i s  case, t h e  
problem is to  so chrmse the shape arwi slope of the channel that the 
heavy sedimant load w i l l  be carried wit,hout scouring the banks. It 
is probable tha t  the fine material carried in suspension in the  water 
sometimes alao enters t h i s  problem when it tends t o  make the bank 
more resistant t o  scour. This .type of problem has been extensively 
dealt with i n  M i a ,  an@l methods of handling it have been developed 
which are reasonably auccenshtl. Unfortunately, the formulas developad 
frequently involve factors which have been learned by experience but 
which are not readily used by one lacking t h i s  experience. 

The deposits of sediment in canals are in many cases a very 
troublesme and expensive feature of i r r iga t ion  project operation. 
It is often the most costly i t a m  in project maintenance. Before the 
construction of Hoover Dam, one large project on the lower Colorado 
River paid over a'rnjllion dollars a year t o  krep its canals cleaned 
out. Where heavy deposits occur, the securing of space t o  depoait 
the excavated sediment d o n g  the c d s  eventually becanes a problem. 



When a canal of sa t i s fac tory  shape and slope, capable of 
aarrping t h e  required aediment load cannot be obtained, it i a  neccbsearry 
t o  reduce the amount of sediment which w i l l  be aupplied t o  the  canal. 
A great var ie ty  of devices have bean developed t o  accomplish t h i s  
purpose. The design problam in t h i s  case includes tb.e select ing of 
the  t y p  of device best  f i t t d  f o r  the  conditions a t  hand. 

One of the most widely used methods of reducing the sediment 
taken in to  i r r i ga t ion  aanals is  t o  loca te  the intake on the outside 
of a bend on the stream from which it diverts water, as extensive expo- 
rience has shown tha t  intakea so located take in l e s s  aediment than 
those placed in s t ra igh t  s t re tches  o r  on the inside of the  bends. 
Structures f o r  reducing the sediment a re  frequently divided i n t o  two 
classss:  (1) excluders, which a re  located just  upstream from the 
canal head gates and prevent the sediment from entering the canal. and 
(2) extractors,  ejector8 or  eliminators which a re  usual ly  located juat 
downstream from the headworks and extract  o r  e j ec t  the  sediment fram 
the c d s  a f t e r  it has entered them. Deposits i n  canals usually a re  
heaviest near t h e i r  upper ends, and a common method of removing such 
deposits is  t o  scour than out by allowing the water t o  escape from 
the canal  t hxugh  a s luice  located soant distance domrstream from the 
headworks. This is somatimes done by continuously using part of the 
canal flow and in other cases by occasionally flushing out the  depos- 
i t ed  section, with the en t i r e  canal flow. 

A great var ie ty  of devices have been used f o r  excluders o r  
extractors.  This subject has been studied most extemively in India 
and Pakistan, but some work has been done in many countries. The 
following discussion is  based on a study of the subject from all 
available l i t e r a t u r e  ra ther  than jus t  in the United States.  Prac t ica l ly  
all of the devices used involve one or  more of nine t y - e s  of action. 
These types of action a re  as follows: (1) the s lo t ,  (2) the step,  
(3) def lect ing vanes, (4) drawing off of slower moving currezlta, 
( 5 )  separation of top and bottom water, (6) the skimming weir, (7) 
gr i l lage,  (8) curved currents, and (9) s e t t l i n g  basins. Of these types, 
Numbers 1, 5, 8, and 9 are  most frequantly used. I n  some cases, two o r  
more of these actions a r e  combined i n  a single ins ta l la t ion .  

The s l o t  is a depressed trough or  channel across the bottcgl 
of a canal i n to  which the sediment drops as  it passes down the canaJ., 
and from which it i s  washed out by a flow of water. The s t ep  i e r  sane- 
what re la ted t o  both the s l o t  and the  s e t t l i n g  basin. I n  it the bot- 
t o m  of the canal is  gradually depressed, fo-g a small basin, at  the 
downstream end of which the bottom r i s e s  abruptly t o  the normal canal 
bottom l e v e l  again. A gate i s  placed i n  the canal bank just  ups t rew 
fram the step through which the sediment which deposits in the baain 
can be flushed out. 
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the  material rolling along the bed o r  oarried i n  the water near the  
channel bottom, away from an opening through which the  water fo r  irri- 
gation i s  drawn. Drawing off of the slower moving currents is  a means 
of removing the sediment from i r r iga t ion  water. The e l o m r  moving 
currents a re  usually a t  the bottom of the channel where moat of the  
sediment is carried, and these currents a re  more eaaily deflected 
than the f a s t e r  currents. A s luice in the aide of the  channel wi l l  
therefore draw out more water from the slow moving bottom currents 
than tho f a s t  moving top or.as, and the water drawn out w i l l  contain 
much more than the average concentration of aediment carried by the  
canal. 

Since the concentration of sediment of a d  or la rger  pa* 
t i c l e  s ize  i s  much greater near the bottom of a canal than near the 
surface, by placing a horizontal diaphragm across the  canal scene! dis- 
tance above the bottom and wasting the water which passes beneath the 
diaphragp, most of the coarse stdimant can usually be tsken out with 
t h i s  water. 

So-called skimming weirs are  often used t o  keep sediment 
laden water out of canals. They were supposed t o  skim off tho top 
water which has a s m a l l  load of sediment and allow it t o  pass in to  
the canal, while the remainder of the water with its heavier sadi- 
ment load goes on down the stream. They do not act  t h i s  way, however, 
as the water passing over the weir comes both from the  bottom as well 
as  the top of the channel. They separate out only the par t ic les  uhich 
are  too heavy t o  be l i f t e d  up over the weir by t h e  currents which r i s e  
from the bottom and flow over tha weir. 

In streams which carry very coarse material  such as  cobbles 
or  boulders, these are sometimes separated out by drawing the water 
from the bottom of the stream through a grillage of bars which scpsretes 
out the cobbles and boulders and allows them t o  r o l l  on down the stream. 

The action of curved currents is the same as  tha t  involved 
in placing the canal intake: a t  the outside of tho bend, as previously 
mentioned. 

Set t l ing basins are enlargements cf the channel i n  wfiich 
the velocity and the turbulence is reduced, and the sediment s e t t l e s  
t o  the bottom from whence i t  i s  flushed or  pumped out. This type of 
basin will 'move  finer sediment than any of the others. Theoretically, 
as much sediment as  desired can be removed fram the water i n  a s e t t l i n g  
basin, but it is rare ly  practicable f o r  i r r iga t ion  t o  remove a high 
percentage of par t ic les  much smaller than sand (or  below about 0.06 m 
dieunsterj from the water. None of the other deviues previousl j  dis- 
cussed w i l l  separate out material  much f ine r  than sand. 



but am3 require more than others.- The types of device appl.i&,ble we 
often somewhat l!mited by the amount of surplus water available. 

I n  India and Pakintan, where sediment loads are high, the 
aedimerrt i s  often distributed among the canal. bmcheo, much as the 
water ia, using devices samewhat a J d a r  t o  those mentioned above. 

Hyd?raulic models have been sxtensively used t o  predict the 
action of excluders an3. extractors, axui although the model thelory f o r  
the sodiment movement and deposition is not well established, they 
work u,urpria*hgly well. 

Sediment i n  the i rr igat ion canals may cause a great deal of 
trouble, but it can in name cases be a great benefit. Suoh sdimont 
may i~nprovr:, the land on which it i s  placed, because it brings t o  it 
certain valuable materiala which f e r t i l i z e  the so i l ,  or Improve the 
texture of the so i l .  In general, it may be said tha t  the addition of 
sediment t o  t h e  s o i l  will improve i ts  texture i f  it brings t o  tho 
s o i l  the part icle  sizes which the s o i l  needs to  obtain an op t~mm 
composition. Sediment may make the texture worse if it changerr its 
composition in the opposite direction from that  which would be best. 

Ehlar~ement of Streams Used as Drains o r  SUPP~Y Channels 

One of the nost troublesme problsms on sane i r r iga t ion  pro- 
jects in the United States is the enlargement of the stream8 used as 
drains t o  carry off the waate or seepage water from irr igat ion projrscts. 
These conditions are apt t o  happen in irrigated regions having con- 
sidarab1.e slope. Frequei~tly, these streams have adjustad t h e i r  size 
ard 81-ope t o  the anall flows they carried before i rr igat ion wasl intm- 
&aced, and the addition of the extra flow of water from seepage or 
waste of an i rr igat ion project causes them t o  scour out end deapen 
their  beds. If the material tPrough which they flow is eas i ly  eroded, 
large gulleya are fowed,da~tmsigg valuable land and. bridges along the 
stream. Much sediment m y  be carried donnatream d depoaitd in 
r e s e ~ o i r s  and canals of i r r igat ion pro:ecte. 

One sure remedy f o r  th i s  case is t o  build overfall  dams at 
intervals along the stream, over which the water f a l l s ,  thua r s d u c i ~ g  

t ions the gradient between the dams suff icient ly ao that  scouring cond* 
are not produced. However, as  these dams must be strong enou*. t o  
withstand the occasional large flood which w i l l  occur in the atreem, 
they are apt t o  be too expensive. Another way is t o  carry the waste 
flow i n  a separate canal with paved sides ard bottom or with drop 
structures a t  intervalo in which the energy can be d i so ipa td  without 



flood flows, they oan be muah cheaper. In  some cases, riprap on the 
banks axxi bed w i l l  accomplish the purpose, but often the stream slope 
i s  too steep f o r  th i s  method of protection. 

A s  an exmple of t h i s  type of d i f f icul ty  may be cited the 
case of Five Mile Creek on the Riverton Project i n  Wyoming. This 
stream haa a slope of about 22 fee t  per mile and sometimea carr ies  
as much as 300 second fee t  of seepage and waste water. Figure 1 
shows the nature of t h i s  creek in i t s  original condition and Figure 2 
shows a section of it which has greatly enlarged. Were it not fo r  the 
fac t  tha t  rock ledges are encountered in  the banks and bed a t  intervals,  
much worse conditions would have resulted. Measurements show that  
about 2 million tons of s o i l  per year are removed from the bed and banke 
of t h i s  stream. A t  times the rate  of removal reaches as high as 20,000 
tons per day. This stream discharges into Boysen Reservoir i n  which 
t h i s  sediment wil l  deposit. Unfortunately, there i s  no known practicable 
way a t  maaonable expense of remedying t h i s  situation. 

A samouhat similar case i s  on the Gering Drain on the North 
Plat te  Project i n  Nebraska. Here a drain was con~ltmcted t o  
carry off the mate and seepage mter frerm the Gering Valley. The 
material through which the drain nuw i s  easi ly eroded, and the slope 
of the v d r y  waa too steep, causing the drain t o  enlarge rapidly. 
Figure 3 shows the enlarged condition of th i s  drain. The enlargement 
of the channel causes storm ra infa l l  t o  run off very rapidly, accentu- 
at ing still further the scour, causing the loaa of numerous bridges 
aad much valuable farm land. I n  a single flood the damage was 
estimated at  $400,000. 

A similar condition sometimes resul ts  when natural streams 
are used fo r  supply channels. For example, water is brought in to  
Sunshine Cmek in Wycuning from another watershed and stored i n  a ma- 
ervoir fram which it is  relsased h.. n the supply t o  the i rr igated land 
downstram, i s  inadequate. The stream below the reservoir runs through 
easi ly erodible material mli haa a steep slope. The flows i n  the stream 
are now much larger than theiy were before, and the bed is deepening and 
widening, as shorn in Figures 4 d 5. Trouble has been eqerienced in 
streams from the addition c~tf water from other watersheds, even when the 
beds are composed of cobbles aDd boulders. 

Fram the foregoing, it will be seen tha t  in p lan ing  irriga- 
t ion enterprises, it i s  important t o  anticipate the d i f f icul t ies  that  
w i l l ,  ar ise  from these conditions and t o  avoid them as  f a r  as possible. 



The problem of aggrading stream8 can be i l l u s t r a t ed  by 
describing the  s i tua t ion  i n  the  Middle Rio Grande Valley i n  New 
Mexico. Here the  bed of the r ives  has been r i s ing  and i s  now above 

o the s t r e e t  l eve l  of the  businese aection of Albuquerque, a c i t y  of 
about 100,000 population and one of the f aa t e s t  growing c i t i e s  i n  the  

b: United States .  This condition hae resulted f r m  four causes: 
(1) upstream from Albuquerque where the Rio Grande merges frcm the 

4 mountains, a la rge  volume of re la t ive ly  c lear  water is diverted f o r  
i r r iga t ion ,  leaving l e s s  water t o  carry off the more heavily s edhan t  
laden water from the plains area fur ther  dometream; (2) the s edhen t  
movament from the  plains  area ha8 been increased by overgrazing with 

I resu l t ing  sheet arosiori and gullying; (3) i r r i ga t ion  water is diverted 
from the r iver  in  the Middle Valley, and the sediment i n  t h i s  water 
is  p a r t i a l l y  removed and returned t o  the stream; and (4) a number of 
low i r r iga t ion  diversion dams have been constructed in the r iver ,  and 
experience has shown tha t  under the  conditions i n  t h i s  stream, euch 
dams ra i se  the r i ve r  beds f o r  long distances upstream. The resu l t  of 
t h i s  increase of sediment load combined with a reduction of the  water 
available t o  carry it and the obstructing of the channels by dams i s  
t h a t  t h i s  section of the r i ve r  bed i s  r i s ing  at a r a t e o f  about 1 inch 
per year and is causing a r i s e  of ground-water l eve l  in  the i r r iga ted  
areas tha t  threatens t o  waterlog the laad, as well a s  threatening the  
sa fe ty  from floods of Albuquerque and the  other towns along its courss. 

The remedy worked out f o r  t h i s  case is combined flood control  
and sediment storage r e s e ~ o i r a  on two of t he  most heavily asdimsnt 
laden streams of  the valley combined with extensive improvement of the 
stream channel. This work i s  estimated t o  coat about $45,000,000 and 
i s  a very expensive undertaking, but i s  absolutely necessary if  this 
valley is t o  be prevented from gradual decline into ruin. 

Degradation Below Dams 

When a dam i s  constructed i n  a stream in which coarse sedi- 
ment is moving with the flow of the  water, i f  the  dam stops the move- 
ment of t h i s  sediment, the water passing the dam picks up a new load 
of sediment from the bed downstream, thus causing a lowering or 
tvdegrading" of the bed. I f  the movable bed mater ia l  is deep and of 
comparatively uniform size ,  the bed may be lowered considerably. 

0 

. - This action has been known f o r  more than a half  cent,ury, 
but only  in about the last 20 years has it been widely recogxized. 

4 If the dams are  not designed f o r  t h i s  lowering, they may be badly 
damaged, and in one case i n  India an important i r r i ga t ion  intake dam 

1 fa i led  due t o  t h i s  action. I n  t h i s  country on the Pecoo River in New 



Mexico, the Fort Sumner Dm i n  Mew W c o  was so seriously threatened 
that an ent irely new dam had t o  be bui l t .  Figure 6 shows the condi- 
t ion a t  the original dm; the bed of the r iver  a t  the t h e  of construc- 
t ion of th i s  f i r s t  deun baing about a t  the  level  of the  apron which is 
now about 9 fee t  above the river bed. Figure 7 shows tho condition 
of the spFIlway at the opposito end from Figure 6 and also shows the 
apron high above the present bed level.  The degradation m y  extend 
long distances downstream and cause trouble t o  s tmcturss  there. 
Figure 8 shows a rock-fill weir on the Colorado River built  t o  raise 
the water* up t o  maintain diversion into an irr igat ion canal where 
degradatior. was caused by a dam 55 miles upstream. 

Degradation takes place more rapidly on staep streams with , 

fine nancoherent bed material. L t  may continue u n t i l  a rock ledge 
downstream is uncovered which stops further lowering. The lowering 
of the bed level  occurs f i r s t  near the dam and gradually &ends 
downstream. The water removes the f iner  bed material and leaves a 
sort  of paving on the stream bed which cuts down the ra te  of.move- 
ment. Although not yet obsewed, it is probable that  large flood 
flows in tne future w i l l  remove more o r  leas  of t h i s  paving cLnd set 
up a new cycle of lowering. Approximate estimates aan be made of the 
extent of the lowering which will occur, but the proceas i a  laborious 
a d  time-consuming. 

Collection of Sediment Data 

For the working out of the best solution of any case hvolv- 
ing sediment, an accurate knowledge of both the quantity and part icle  
aiza of the sediment i s  necessary. Since sediments cmpoaed of differ- 
ent size particle0 act  very djffemntly, it is  necessary to  know the 
size i n  every case i f  accurate are t o  be made. In recent 
years considerable effort  has been expended in the United States in 
devising apparatus and procedelees for the accurate measurement of the 
sediment load in streams and f o r  determining the size of the sediment 
particles involved. The collection of such data has been rapidly 
increasing, and is usually carried on in connection with the stream 
gaging program 

Conclusion 

From the foregoing information, it uill be seen tha t  sediment 
problems on irr igat ion projects in the United States often are severe 
m d  the uause of such expense. I n  many cases good remedies f o r  these 
d i f f icul t ies  have not been found, but by careful planning, they m y  
sosnetimes be avoided and in most cases, the d i f f i cu l t i e s  can be reduced 
by intel l igent  handling. I n  the future, more attention is l iksly to  
be given t o  these problems, a s  they tend t o  bczome more seven  as t h e  



ear l ies t  projects in the United States generally used clear water, 
but m c m t l y  streams carrying more sediment are being developed, on 
which sediment problems gile more l ike ly  t o  .be troublesame. G r e a t  
benefits w i l l  result  from well directed research in this field. 
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Original condition of Five Mile Creek, Wyoming. 

-- - 
Present condition of part of Five Mfle Creek, Wyoming. 

FBOURL 2. 
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Enlarged condition of (38- main, Nabra8ltr. 
FPQURE 3. 

Enlarged section of Sunshine Creek, Wyoming. 

FIGURE 4, 



Hiil)r basks due to added flow in Sunshine Creek. W p d ~ g .  

FIGURE 5. 

Degradation at left end of Ft. Sumner Dam, New Mexico 

FIGURE 6. 



. ,  
Degradation at right end of ~ t .  sumner Dim, ~ r r  ~ e x i c i .  

FIGURE 7 

Weir on Colorado River made necessary by degradatbm ' 
caused by dsm 55 miles upstream. 

FIGURE 8 .  


