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DEGf.ATION BELOW.. DAMS. 

I. Introduction--
During the last half a o entury , a peculiar 

phenomenon has been obse rved by many engineers working with 

hydraulic structures, on alluvial or sandy rivers. Wheneve r 

a dam or a weir is constructed across such rivers, the bed 

downstrea.n of such an obstruction starts lowering and 

this effect continuea·for a long time and long distance 

do':mstre am, depending on factors like discharge, siee of 

the bed material, duration of floods, slope of the river 

etc. This phenomenon has an important bearing on Jdesign 

of dm-.rhatrea:i1 pile line and impervious apron in the 

case of \\e Lre, a:t.c1 design of' turbine: ch·aft t·.llv:)s of. 'p)�.1er 
I 

pls.nts do-vmaJ.:.rea� 1 of t�·-e d o.r.1e . ':'his is because, as a 
I 
I 

re81.,ll l:. of lowering of the be d, wa.te
'
r level drops E..nd the 

foundations of the structures re endangered,while draft 

tabes which were previo;J.sly under water are now exposed. 

This effect hc:ts been observed by many 

enulne8rs fro:1 most o ::'  tl:e :::o·_mt:i.,.:_es d·.lrlng the last three 

or four de cades, on rivera like Xile in Egypt, �'lisconsin, 

Eio ·Gra.n"e,Arkc..nsas,S�.crament.o,Yuba, Red1 South Canadiaan, 

Color·ado,_ in the United States; Indus, Sutlej, Chenab in 

India; and Saa.lach in Ge rmany. 

Lo\tering of the bed or a stream 

or river in nature is called by geologists as degradation, 

and since this phenomenon is the re sult of the same causes 

as that which commonly occurs in streams, it can be reffered 

· to as degradation. In some hydraulic litera.turq , the term 

used is r-etrogre ssion· for the same phe nomenon, but as the 
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term degrada tion is \vid.E:ly used for many years, in the 

following pages, the te!m used for this pjenomenon is 

de g1 ada ti·on. 

Apart fro� the danger to the hydraulic 

structures and power plants, degradation also affects, locks 

in navigable r ivers, outlets of the sewers etc. In fact the 

det;.rad::.tion has become more or leas a basic phenomE:non in 

river engine ering and it has far reaching effects. 

An attempt is made in this paper, to 

C -Jmpile various data on degrad ati on ar.d try to analyse it. 

2. SCOPE OF S�uDY. 

Recently attempts are belnE made to treat 

I 
this basic phenomenon more or less mathematically,so as to 

i 

pre4ict the de eradation results ih future, when the various 

factors reaponsi ble for it are known. But a s  these treatments 

are still in primc>.ry stage and a1 e not confirmed by d egrad .�tion 

result s, in t�·:i s pape:c , only a mention is :aade of these 

methods , avoiding more details. 

The various data on different 

rivers in many countries like America, Egypt, India, is 

collected and analysed. q.1alitatively. Civil engi neers are now 

a day s realisi ng the importance of degradation, because of 

majo r failures of weirs. etc.- like tnat of Islam weir-due to 

lack of proper under·atandinE of these effects. Hence it is 

hoped- , that this paper will give some �omentum to the 

engineers to become more conscious of' degradat!:>on, while 

designing hydrauli c struct.tres like de..ms, weirs, Barrages, 

power plants, navigation locl·:s etc. on alluvial rive ra. 
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3.  HIS TOFh 
The degradation or retrogression of the river 

bed b&lbw the dam in movabl e bed rivers is �ot a very rece nt 

discovery. The earliest mention of this topic is found in 

"Irrigation Hanual" by l·'ir. I·iull ins , p·..t blished in I890. \vhile 

dlscussin,s his e:-:perlence in ?<Iadras Province in India, he 

write s -

" Retrogress ion of levels in the river bed is a nearly 

inev itable result of build ing - a weir." 

In his book 11 Irrigation )'/arks in India 

(I905, pp . II::;) Buclcley sa y s -

"A wei r constructed across a river in \-thich this a.�tion 

is in pr -ogres s, stops the e1·osion abovE the w.eir by 

forming, the permanE::nt bar at that point. But the cutting 

action below the weir is not checlced, and the bed of 

the stream is gradually cut away.The action may be slow 

but by still degrees, the head on the weir is increased 

and the toe of the tallus of the weir· is attac�ced. 11 

In United States a lso this phenomenon was noticed 

as early as in I9I7 . �r. Gilbe rt G. K. in his "�ydrauli c  

t·!ining in Sierra Nev2.da." (Ref. NO . I . )  Clear-ly differentiated 

between scouring and desrada.tlon below dams. He says-

11The sc ou 1 · - due to falling water is taken c are of by the 

quarry rock inse-rted as a rip rap at the toe o�· thedam, 

while the result of excavation was a general · pro file 

with continuous descent downstream from the edge oi the 

ba.rrier. This featu re of tl1s descent as wel l as v-,e fact 

t::at, t·lG reduction of the s·1rface below the da.m included 
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the who le width of the river bed, leaves no doubt , that the 

redoJ.ct l.onwas caused by t:le application, to the river bed, of 

flood dischar·ge that was free from the bottom load and 

t�erefore competent to e c �v ,te the loose material ove1 which 

it p as sed." 

A similar reference is foun.::1 in the "r-.eport For 

The Failure Of Islam \�eir" in P unj ab , India written by Islam 

In quiry C om �ittee . 

4. PHENOM!:.NON 

When a dam or a weir is c onstr uc ted across a river 

a reservoir is caused by the dam. I f  the bed of the river is 

actually m ov in g, in its natural course , when the water 

from s�ch a reservoir is released , , it staz·ts lowering the 

bed dmmstr·eam of the dam, by c ar:..yin g away the bed material. 

This action may oz· m·:y not e:c·tend sever11l miles downstream, 

and m2.y" continue for· a lon g tim!i, depending upon the size· 

and gradation of the be . materi al , a!ld hyd�aulic pr op er t i es 

of the river . The lowering of bed level occurs firstly just 
. 

downstream of the dam, and it gradually extend.s downstream 

to ·a point where t�e stream has pi cked u9 a capacit y l oad 

as determined by the prevailing slope anG disc harge of the 

regulated flow. This effect i s  many times dangerous . It is 

c al led as degradat ion. 

This phenomen on is e� tirely di fferent 

from what is know� as scouring and therefore it must be 

differentiated from t:�e l at te1 · . 0 f course the effect of the 

two phenomena is the same viz. lowe""ing the bed lev e l of the 
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stream. But the main di f fer ence is in c�uses which produce 

them. Scourins results from hiGh velocity wate:r pass ing over 

the dam and it extencs at most only a few hundred feet down 

stream of the dam. degradation e f fect is due to disturbance 

in equilibrium betwee� incomins and out going bed material 

a.nd it is spread many miles downsream. In the immediate 

v ic inity of the dam both a�tions may occur. 

5. CAUSE OF D��fADATION. 

But in fact, the cons truct�on of a 

barrier is only or;.e of the ways in which the degrada.t ion 

s tarts. The cause o f  degradat ion is �ore basic. As lon5 as 

the material coming at a po int, is equal to the a�ount o f  

m�terial goins away from that point , there will be a sort 

o f  equ ilibrium and there fore there will be no lowering or 

degradat ion a t  tha t place. �ut when the dam or �ny kind of 

barrier is constructed across the river, downstre�m of the 

dam , the ID!O!.terial comins in is s topped and hence the 

equilibrium is disturbed and t ere fore th�re is a general 

lowering of the river bed . 

Gener ally all of the bed load and 

a great percentage of the suspended load will be deposited 

in the reservoir behind the dam, the a:nount of the latter 

be ing dependent on the size .if tz!e reservoir. As the s olids 

are removed from the watei, equ ilibrium no longer e xi sts 

between the bed load, slope, and discharge in par t of the. 

river downs trea;I; of the dam. The v1ate1' releasee:. fro:u the 

reaez�oir will h�ve a tend ency to attain the equil ibrium 

by p icking up the material from tha bed. Hence condit ions 
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that will make the stream to p i c k  up hi gh sediment lo ad , 

Wi l l  natural ly be conducive to hi ��er rat e s o f  degradation . 

The conditi ons favourable for high sediment l oad s are --

I. Gre ater discharge 

2. Ste ep s l ope o f  the bed 

3 .  Heavy sediment concentrations 

4. Fine non cohesive material in the bed� 

In general, th e degrad atio n t ake s place in any 

reach of the river when more sediment is c arried out of a 

se ctio�, than i s  brou&�t in by the water ente ring it. The 

rate o f  deg radation depend s  on the me.g.ni tude of difference 

o�· inflowin;:;.. and outflowin5 sediment . If under natural 

cond i t ions , a section of a stre a� i s  in a b�lanced state , 

with sediment in flow equal to sedime�t outflow, any cau se 

which wi ll d e crease the i nflow , without equally decreas ing 

the outflow wil l  c au s e  degradati on. 

Other causes of degradation--

(A) As an exampl e, the res:...tl ts �n Che e ry Creek naar 

Denver Colorado ( U. S. A. ) m9.y be c i ted . In the bed of this 

creek , very l ar ge pool was formed due to rem oving o� large 

quantities o f  s and for building purposes. Hence the sediment 

lo ad comin g from upstream, was all naturally stored in that 

pool and water pe.ss ln s downstree.m of the pool was carrying 

sediment , much less than its c apacity to car ry load . A s  a. 

result of this, the degradation started and it re su lted in 

lowering the bed of the creek by a mlxtmum of about I6 feet. 

The s ewer outl e ts were exposed due to lowe ring of water level . 
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( B )  In many in stances , when ri v·ers are divided into t\·ro or 

more branche s, as in t�e ca se of de ltaic river s ,  it i s  not 

po s sible for every branch to maintain a stage of equi librium 

in respect of sediment flow. If the sediment load is in 

exce ss of transportation capacity of any one of the branche s, 

deposJ.tJ.on or aggradat:"Lon w5. l l  occur inthat channe l, while 

degradat.Lon is bound to oc.�ur in the other channe l. Even 

though such cases of aggradation have been reported in the 

ca se of Ganges River in India , and Yellow River in Chin3,, 

unfortunately data is not avai lable as re5ard s degradation. 

(C) Degrade.tion on tributaries..--

\�i th a stream sy stem functioning 

norma lly� there is a ba lance of tendencies between the f low 

of the main stream, its gradient and the debris carried by 

it and tho se simi lar f'mctions on it s tribut!try. The addition 

of the tributary brings about a f'latter gradient in t>e main 

stream , for some distance above the junction , while at and 

below the junction such steeper s lope is estab lished as may 

be required for the movement of the added deb1·i s. The 

tributary as a rule has a le sser run off and a steeper 

gradient than the main stream, its characteristic s being 

reflected in it s own flood p lain, where it has attained the 

favourab le conditions for the transportation of it s own 

debr·is under its own conditions of f low. 

If the flow of the 

main stream is regu le,ted. '\Thile the tributary remains 

unregu lo,ted, sooner or late1 , condi tiona at the junction 
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or two will become critical beca use of the absence of flood 

flow in the main stream, w hich was formerly available tor 

the removal of the sediment and debris from the tributary. 

The tributary now having to assume the role of main stream 

cannot cope with with the wider streambed and flatter gradient 

of the latter. If conditions are favourablQ degradation in 

the tributary starts. 

Some times the lowering of the levels 

does not stop at the main trib utary but also �o�s to 

subtributaries, causing troubles at bridge s and road culverts. 

This has been observed in the case of many streams in Iowa. 

If the equilibrium between sediment load 

and the disc harge is destroyed and if the strtch of river 

has unerodable material--sayrock outcrops etc.--the 

natural tendency Of the river will be to eat away the banks, 

or if the river is crooked, cutting away the inside · of 
-

the bends and thus gain sufficient sus?ended load before it 

attains e quilibrium . This has ocq ured in the case of South 

. Csnedian River below Conchas dam. At sever�l locations in the 

reaoh where the canyon has given way tenporarily to gravelly 

hills, the river i� orodingthe inside of the be nds �a-s a result 
c.Y of ·ten�A to stre.ightenthe channel and attain· equilibrium. 

( Ret. No.26.) 
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6. BED MATERIAL. 
The hy draul i c properties of the stream 

determine the competency of the flow to erode and transport 

the load, whereas resistance offered by the load to the 

erosive and transport action of the stream is determined by 

the composition and formation of the bed. 

While considering the effect 

of bed material on degradation of the river, size ofmaterial, 

gradAtion, ita apeeific gravity, density, depth of deposition, 
t" -. =-· . '"' . 

and extent along the river length are the !actors which mu�t 

be taken into consideration. 

The bed mat�rial is tranoportJd 

by the stream mainly in two "trays viz. as a suspended load 

wtiich is �ar�ied integrally with water and as a bed load 
I 

vhich is dragged along the bed �ith smaller velocit1ea 

than that of water. This transporting power of th� stream 

depends on the turbulance· in the stre�.m it.eelf. 

Ii' tpe bed 

material is heterogeneous, the maximum size up to wh1ch 

the stream �ill remove the mate rial, depends upon the 

. discharge , slope, turbur-ance etc. Material above this size 

vill not be moved. If the requirements or the stream as 
regards its sediment carrying capacity are pot satisfi�d, 

the material from farther do�stream will be removed. 
Once the requirements are satisfied, there will be no 

degradation downstream. As is the case qrdinarily, tho 

stream bed is compo sed of noncohesive material covering &11 

sizes. As said above , since the wat�r can most easily 
�move small size material, during the process or degrada�ion 
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proportionally greater quantity of smaller sizes are removed 

than the coarser ones and the material gets coarser. As the 

material has become coarser in this region, next year, the 

stream will pick up relatively smallamount of material from 

this reach of the river; and hence it will c9.use degradation 

farther downstream every year. Plate No. I shows size 

analysis curves of the bed material at various places on 

Colorado River (U.S.A. ) b elow Hoover and Parker dams. They 

show that the proportion of fine material.�ecreased , with 

the time after the release of clear water from the reservoir 

or in other words the material of the bed became coarser. 

If on the other handthe bed material 

1s of relatively uniform size, most of the requirements of 

the stream as regards its capacity to carry the sediment, 

c an and probably will be satisfied within a short distance 

below the dam or the barrier, and hence the degradation 

effects will not go farther downstream. If the thickness 

of this material is limited then a time may come , when the 

. material immediately downstream of the dam will either g�t 

coarser or a new and perhaps a hard strata as of rock e�c. 

may be reached. In either of the cases, such a strata will. 

fulfill the requirements of the stre to a smaller extent, 

and hence degradation will travel downstream with years. If 
the thickness of the relatively uniform size material is 

indefinite, the deg1·adation effect will be localized in the 

immediate downstream vicinity of the dam.In fact this is 

very dangerous because it will result in lowering of the 
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tail water level and ( a) Hydraulic gradient will increase 

(b) Hydraulia jump 'rtill move downstream and there· fore the 

depth of water on the downstre am will decrease.As a result 

of this, the net upward pressure on the apron increases, 

and there is every possibility of destruction of the apron 

·depending on the value of upward pressure.(c)Foundation 

of the dam will be exposed rapidly . In the case of Islam 

Weir on Sutlej River(India),in two years , there was 6.5 feet 

lowering of the tail water level. (Ref. No. 3.) 

The sediment transporting 

capac ity of the stream is satisfied by�bed material and by 

tpe banks. 

It may happen t:1at the bed material is so 

coarse that the stream cruu1ot carry it e ither as suspended 

load or as bed load.In such a case two effects may be observed. 

(a)As we have seen above, the degradation will move dovmstTeam 

and pick up material available. (b) The etream will have a 

natural � tendency to satisfy ita capacity by removing the 

material from the banks. This resu+ ta in widening the rj.ver 

bed. If the river is meande ring and has bends, the bends 

may be straight ened up. This has been observed in the case 

of South Canadian River( Re f. No.26.) 
But the quality of the 

onlY 
be d mate �ial is not the �factor controlling the depth to 

which degradation will occur. If there is any obstruction 

of an unerodible material such as rook, bould�r, heavy clay 

bottom,lenses of heavy gravel etc. it hinders or stops the 
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degradation, because it controls the water level upstream. 

This causes the degradation eftect to move downstream. 

7. SLOPE OF TP£ STI\EAi-1. 

As said before, due to the construction 

of a dam, most of the sediment load of the river ls stored 

in the reservoir, that is caused by the dam. Due to this, 

depletionof sediment load·, the equilibrium between the slope 

discharge, and the bed load is disturbedln the portion , 

downstream of the dam. The water fLowing over the dam, is 

ls clearer compared to that flowing before the construction 

of dam. It is necessary to have steeper slope , to carry a 

miXture of sediment and wate:c than clear water alone. 

Therefore, as a result of the flow of 

clearer water, the river bed has a tendency to readjust its 
I 

slope, so as to conform with the requirementsof clear water , 

released from the dam. In this readjustment, the clear water· 

picks up material from the river bed , degradation results� 
1; 

and in the end the profile of the river bed is rotated about 

some polnt or control in the river, where the water leve1. 

is held constant. This control in t11e river may be a 

downstream rese rvoir or a �,a ground or submerged sill 

erected expressly for this pu_rpoee or a rock ledge in the 

bed, a·lake,.gulf,or sea into which the river flows. 

Thus on Rio Grande River (U.S.A.), due 

to the construction of Elephant Butte dam, the slope of the 

river between Elephant Butte dam and El Paso, changed from 

4 feet per mile to I.5 feet per m i le . ( Ref . No . I9.) 
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Degradation of the r iver cont inueJLUnt il the 

reservo irhas aggraded or s ilted up completely.subsequently 

the entire sed iment load passes over the dam, because it 

cannot be stored!',&bove the dam. Many t imes a.s the flow i s  

d iverted and only the clear water is taken, for irr igat ion, 

even though the flow is reduced, the total sediment load 

remains the same. Hence the flow do�stream, is now not 

suff icient to carry the same amount of mater ial, and the 

stream w ill have the tendency to increase its bed slope, 

to that requ ired to carry the load with lesser d is cha rge . 

In the case of· Yuba River(U.S.A.), a · b arrier 

was .bu ilt up across it, to stop the debris from hydraul ic 

m in ing. The construction of th is barrier vas complete in 

I90S ;the flood of I906 · filled the reservo ir completely. 

In "J-907, the barrier was destroyed· and the river rega ined 

its or iginal slope. (fief. No. I.) 

8.EFFECTS OF DEGRADATION. 

Effects of degradation may be 

d ivided in to two main sections, viz. 

(a)Effects lead ing to dam fa ilure. 

(b) Other effects. 

(a) Effects lead ing to dam failure. 

The greatest disadvantage 

of degradat ion is usually that it endangerethe safety of 

the dam. Th is can happen in follow ing ways: 

(I) In the case of dams where hydraul ic jump is 

used as an energy diss ipation device, it is so des igned 
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that the elevation of water surface after the jump and 

tail water elevation are the same. If however, the tail 

water level for the spillway is reduced due to the reduction 

of downstream bed level, tr:e jump will Llove do�mstream. 

In the worst case, the jump may be moved off the down stream 

end of the apron or out of the stilling basin. When , in 

such a way, the jump forms out of the apron, there is 

only a thin layer of water on the apron, which has only 

a small weight to resist the upward pressure beneath the 

apron. In des igning these aprons, the downward pressure 

of the tail water depth is taken into cons ideration,in 

balancing the upward thrust. Hence the reduction of tail 

water depth over the apron, may result in increasing the 

ne� upward lift, and if this upward pressure exceeds the 

weight of apron and weight due to the depth of water, 

failure of the apron may occur. Same thing has happened 

on Wisconsin River(U.S.A.) at Prairie Du Sac. The tail 

water level started lowering gradually, until a stage 

reached when the jump would not for�n on the apron for all 

the discharges. -This lowering of the tail water at Prairie 

Du Sac was 6feet after which it was rather stabilized 

and hence it d id not endanger the safety of the dam. 

(Ref, No.5 ) 
(2) If a concrete or earth dam is constructed 

on pervious foundation,_ there is another source of danger. 

The reduction of tail water incre ases the effective head 

which is the difference between head and tail water levels. 
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Hence, the degradation rna�:· bring about an increase in the 

probability o f  failure· from the piping where the water 

seeping beneath the structure emerges from the ground. This 

i s  bec ause , seepage is dire ctely proportional t o  the head. 

Hence the fa cto r o f  safety against the fai lure by piping 

i s  reduced. Sec ondly, the lowering o f  the level at the 

downstream, o f  the dam, will reduce the length of the path 

of seepage,which mean s that upli ft will be increased. Many 

times the reverse filter provided at the down stream end of 

the dam is destroyeddue to degradat on. Therefore the . 
protection against piping i s  removed.Even if the reverse 

filter is not destroyed, lowering o f  the bottom c lo8e to 

th7 dam may cause the position of the eyi t point of the 

seepage, t o  change from that point where it passes through 

the filter t o  s ome oter point where no filter exi st s , and 

therefore the probability of failure is greater. 

(3) I t  may so inc re a se the drop of water at 

the dmmstree.m edge of the spillway apron, that the apron 

is undermined and caused to fail and hence the dam may · . 

fail. This is probably the reason for the failure o f  the 

dam on Yuba River.in U.S.A. ( Ref. No.I. ) 
(4) The l owering of the tai l water level 

may so change the action o f  .energy di s s ipation devices 

b�low the spil lway of the dam a s  to greatly inc rease the 

s c our at the downstream edge of the dam and thus cause 

the undermining o f  the dam spillway. The action of most of 

the devices provided at dams for di s sipating the energy 



of flowing water, so that it will not produce dangerous 

scour, is very sensitive to shanges in elevation of the 

downst�eam water level.( Fe f . No . 4. ) Therefore as a result 
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of degradation, an energy dissipation device wh1oh was 

functioning normally before degradation, may not work vith 

the same effic i ency after degradation. There fore in the 

design of epillway ,it is necessary to study the action 

of the proposed devioes, under tne entire range of tail 

water levels,whioh would occur at all discharges upto 

the maximum, at all s tage s of degradation from the normal 

conditions to maximum lowering. 

(5) Lowered water levels due to the 

degradation,by increas i ng tre net head· acting on the 

structure, decreases ita factor of safety against sliding 

and overturning. Except in unusual cases, these effects a:;:e 

not going to be very large and they can be easily allowe d  

for by increasing the factor of safety. 

( b ) Other effects--

( 6) · Effect s of degradation on power plant--

These effects of degradation on the po�er 

plant are both advantageous and disadvantageous. 

Fir stly , when the tail 'd'a ter level 1 s lo\Tered as a result 

of degradation, the head available is naturally augmented . 

This means ,greater head is available for. power generation . 
;, �-·· i 

Such an increase in pow�r, has occurred in the case of power 

ple.nt at P rairie Du Sac on Wiecons1nF·1ver(Ref.No.5), and 

also at Uppe nborn power plant of Munich:· in Bavaria , 

I' 
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Germany on Saalach R1ver(Ref.No.2). In many cases increase 

in power output reeults.But untill recently,while designing 

the power plant, degradation is seldom anticipated or any 

speo1al provision made for increase in head,in the design 

of plant. At Junction dam on Ma1nstee River in Michigan 

(U.S.A.), when the dam eas constructed in 1917, taking into 

consideration the previous experience with Croton dam on 

Muskegon River, ths Junction_dam draft tubes were placed 

iO feet lover than necesaary,But even this amount proved to 

be insufficient,for the draft tubes have been corrected 

since, and later a �eir was built to stabilize the 

he&d .(Ref.No.5) If such a provision is not made either 

intentionally or unintentionally,the increased vaccum at 
I 

the. turbine runner level may cause severe cavitation pitting 
I 

of·the turbine and if the lowering 1s great enough, the 

exit end of the draft tubes may be exposed to such an extent 

that air may enter them and destroy the draft tube action. 

This vill greatly reduce the power output. A power plant 

deaigned for this will be more e xpensive because--

( a) Deeper foundations have to be built , below the water 

level. Hence excavation and pumping coat increases . 

( b ) More conorGte will be required because height is increased . 

(7) Many times lowering of the bed does not stop at the 

main river, but it may extend to tributaries and subtrlbutaries 

also.This is because lowering of the water level in th� 

main river increases the velocitY of the tributary and 

therefore its bed is liable to scouring.This has been 

I' 

1. 
' 
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observed in s ome of the stream s  in iowa. 

(8) Lowering of the river bed by degradat i on increases the 

capac ity of ri ver channel to c arry the flood flo�. thus it 

reduces the height of flo od s.Creating art i ficial degradation 

by construction of big reservoi r s  and thu s increasing the 

capacity or rivers, i s a method that has been suggested as 

a po ssible soluti on t o  the flood problems or Yellow-R1ve�_1n 

China and Kosi River in India. If a reservo ir site of 

suffic ient capacity could be found on the Yellow River,at 

the head of it s delta , in whi ch it could depo sit part of 

it s s ilt, the water, after leaving the reservoir,would 

again take up a l oad of sediment from the river bottom and 

carry it to the sea , thus excavat ing the large quantity of 

earth from the river bottom and caus ing a levering of the 
I 

bed. The pract i cability of such a scheme depends on a 

favourable topograpi c condition , and other factors. 

( 9) Lowering of the water level due to degradation,reduces 

the height of ground water table in the adjo ining fields. 

Thi s improves the cultivat ion and fac ili tates the drainage. 

( lO) Sewer outlets shall have to be protected against the 

sc our which wi ll resul t from drop in grado,whioh will be 

produced where the sewe� jo ins the stream.P1pe line s and 

sewers whi c h  were buri ed beneath the stream bottom nay be 

exposed and threatened with destruction.Thi s  has occurred 

in Cherry-Creek near Denver(Colorado.). 

(ll)Reduc tion of tail water may expo se to the air,pile 

. foundation s of bridge s, abutments,and· o ther struc ture s 

Which may lead t o  the deterioration of piling. 

. .  

:I 
. ' 

I' 
I 

'I 

I 
, I 

. I 
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(12)A large reservoir dam may cause degradation below a 

series of diversion dams,many miles downstream,as in the 

case of Colorado River. 

(l3)Degradation may cause the lowering of water level at 

the existing irrigation intakes and make the diversiOn for 

irrigation more difficult. 

(14) Degradation may cause substantial powering of navigable 

depth over the sills of locks in the case of navigable rivers 

thus lessening the navigable depth. In the extreme case, the 

lock may be useless. This has happened at many places. Due 

to degradation,a lock on Wisconsin River was lese efficient 

because ,the navigable depth was reduced. Dr1eco has 

reported the construction of a lock and a dam on the Oder 

I 
River at Raneom,as a result of a reduction of navigable 

I 
depth and exposure of the pile foundations of a. lock at 

Breelau.Dutch engineers,on Meuse River,were forced to 

ab andon an ambitious channel rectification programme planned 

for this river,because they found that many stretches wouid 

no longer have navigable depths during the low water 

season.(Ref.No.l7.) In one instance,channel improvement 

for navigation on Upper Missiccippi River at St.Louis,was 

followed by channel degrading which lowered the low water 

level at that city by about 4feet in the course of 10 years. 

I' 
' 



(9)COMPUTING THE MAGNITUDE OF PROSPECTIVE DEGRADATION. 

In recent years,many attempts ar0 being made to 

treat this phenomenon of degradation, more or less 
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mathematically and oome at a figure vhich will give the 

degradation effect.The many variables involved in this 

process make the problem more difficult to have any clearcut 
procedure. The influencing variables can be summarized ae-­

(a.) Ve�ocity pattern. ( b ) Discharge pattern. (o) Ohannol 

hydraulies,aa depth, width,slope etc. ( d ) Size distribution 

of the mater!&! at various depths. (e)Ex1stenoe of the 

downstro� controls,suoh as rock outcrops. {f) Sediment 

load· ,transported by the stream;amount of storage behind the 
dam oto. 

I In e stimating the prospective degradation,because 

of the many assumptions made,the accuracy of the results 

is highly questionable. The basic requirements for an 

accurate degradation estimate vill be as follows---

(a) One should have an adequate knowledge of the lave of 

sediment transportation;the amount of sedime nt of each siz e 

that ce.n be transported by flows o! variable depthe and 

slopes with stroam beds of various composition, must be 

known. 

(b) Knowledge of the d pth of b� material which is stirred 

u� or turned over by the flo�ng water during the degradation 

process , is es s ential . As the ater from the dam picks up 

more of the finer material from the bed and carries it 

downstream,thus making the bed coaraer,the rapidity with 
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whi ch thi s  c o arsening action takes place d epend s upon the 

depth s i f  the b ed mate ri al wh i ch i s  worked over , be c auee 

the de epe r  thi s l ayer i s , the grea t e r  must be the amount o f  

f i ne r  frac t i on s  c arried away , to produce a given coarsening 

and there foregre ater the t ime requ ired to move l arger quantity . 

( c) Relative frequency o f  thi s  turn ove r , at e ach depth mu st 

al s o  be known . 

( d) Knowledge o f  the length o f  pi ok up di s t ance ne c e s sary 

fo r the wat e r  t o  flow , be fore i t c an pick up the maxi mum 

l oad whi ch i t  i s  c apable o f  carrying , i s  ne c s s sary .  

_ { e ) I n  add i t i on to vert i c al l ower i ng o f  the bed , ve mus t  

al so c on s ider t h e  late ral sc our . I t may happen that , a ft er 

the1 s t re a.m  i s  de epened , the tendency to widen by cutt ing 

th� banks may c ont inue . 

Gene ral pro c edure for such an e s t i mat ion i s  given below--

The first s tep i s  to c o ll e c t  info rmat ion , such as 

b e d  materi al s i z e , the i r  depth s , alope o f  the river et o . 

Sev eral method s are then availabl e , for estimat ing the 

t ran sportab i l i ty o f  the bed mat eri al , fo r  th e range of s tr9am 

d i s c harge . Following are some o f  them--

( l ) Tractive F o rc e - -

Trac tive forc e .:: r· d . s .  

Where - - y . .:: 62 . 5  lb s/c ft . 

d ;: Depth o f  l'Ta t e r . 

s .:: Sl ope o f  the stream . 

Hence for a c ertain range o f  d i s charge , th e  t ract ive fo rce 

can be c omput e d . From thi s  value , the mean d i ameter of the 
part i c le s , that c an be mov ed by th i s forc e , c an be found out . 
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. ( 2) C ompe tent bottom v e l o c i ty - -

The s iz e  o f  t h e  b e d  mate rial , that t h e  stre am can 
tran s port , i s o ften con sidered in terms bo ttom velo c i ty or 

velo c i ty ne ar the bo ttom . C urve s of c ompe tent botto m  velo c i ty 

again s t  diame t e r  o f  th e particl e s  are giv en in" Interna t i onal 

A s so c i at ion o f  Hydraul i c  R e s e arch J ournal � S e c ond M e e t ing, 

8to c kholm , 7 -9 , v i  1948 . The bo t t o m  veloc i ty i s  u sually 0 . 5  
to 0 . 7 time s the mean v el o c i ty . F o rmer c o e f fi c i ent i s  sui table 

for very de ep r iver s , wh i l e  the l at t e r  for shal low rive r s . 

( 3 ) Bed l o ad transport - -

A rough gue s s  c an b e  obtained i fthe value s o f  

( s lope X hyd . rad i u s ) , fo r  the range o f  d i s charge are obt ained 

f�r s t and then appl ied to E ins t e in , ' s bed l o ad curve s to 

obt ain the maximum t ran sportab l e  s i z e . 

From th e s e method e ,  we c an know the maxi mum 

s i z e  that c an bo transported by a given d i s ch arge . As an 
-

e xamplc , suppo s e  in a c e rt ain stream , mate r i al greater th an 

about 50 mm . a i z e  i s  unl ikely t o  b e  tran sported by a d i s charge 

o f  100 , 000 c f e . Now l ooking at the s i z e  analy s i s c urve for 

the b ed mat e r i al of the stre am , we can say , that about 2� o f  

the bed mat e r i al i s  l arger than 50 mm . e i z e . H ence w e  hav e  

mat e r i al i n  the b e d  th at wi ll e f fe c t ively create an armor 

for given hyd raul i c  c ond i t i on s . A s a rough rule , a l ay e r  of 

nont ran s porta.ble s i z e  mat e ri a.l , e qual to th e di ame t e r  of the 

l arge st e i z e  mate rial found in the bed , w i l l  c reate an e ffe c tive 

armor . Let u s  furthe r  a s sume that s iz e  analy s i s  and ac tual 

o b s e rvation ind i c at e , th at the· maximum . si z e  o f  bed mate ri al 
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i s  be tween 4 and 6 i nch e s . Henc e , we need a l aye r  o f  materi al 

6 inche s thi c k , of  mat e r i al greate r than 50 mm . ( 2inche s�) to 

ge t e f fe c t iv e  armo r . 

In 1 ft . depth , we have 12 � 0 . 22 =. 2 . 6 " in depth o f  

materi al gre ate r th an . 50 mm . s iz e . 

Required th i ckne s s  o f  mater i al l e s s  than 6 " size is 6". 

Henc e de pth of turn over to obtain 6" of material l e s s  

than 6" s i z e i s  6/2 . 6  � 2 . 3 ft . 

Materi al moved out will  be 2 . 3- 0 . 5 � i. 8  ft . in th i ckness 

Hence th e  de grada ti on w i l l  be about i . 8 or 2 ft . 

Oth e r  factor wh i ch mu st a l s o  be found out, i s the poi n t  

downs tream o f  the dam , u p  to whi c h  the degradat ion w i l l. 

reach . I t  c an be s tat ed that , 1n general, the amo unt of 

v o l umetric de gradati on down s t re am , w i l l  be a d i rec t r�.m c t ion 

o f  the &mount o f  mat e r i al retained in and above the re servoir 

are a . ( Ref . No . 27 . )  

On Saskat ch ewan River in C anada, a d i fferent pro c edure 

i s  fol l owed in arriv i ng at the probable de gradat ion . 

I mmed i ately b e l ow the st il l ing b a s i n , the 

tran sport ing c apac ity of th e  stream will have a de fini te 

value , bec au s e  wate r  surfac e s l o pe has a de finit e v alue . 

As  mO s t  o f . the sediment settl e s  up stream o f  the dam , the 

wat e r  c oming down fro m th e  dam will have 7, ero sediment load , 

and hence the e ro s i on �ill have to be in fini tely l arge , 

ov e r  an inf i n i t e ly smal l di s t anc e , in order that the c apac i ty 
of th e  water i s  immadi ately sat i s fi ed . Ho;.r evor, an a s sumpt i on 

i s  made that , th e  full l o ad i s  p i c ked ove r  a dictanco o f  

1000 ft . , and th e refore the above di fficulty is  overcome . 
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The c omputational proc edure is as fol lows . The channel i s  

divided into re aches o f  lOOO ft . After the first step , s cour 

ha s taken place over the first reach only . The back water 

curve , c orresponding to the nev situation i s  c omputed . 

From this b ack water curve , the transporting c apacity i s  

determined . It i s  found that , on the first reach, the 

c apacity i s  reduced from 100% to 7 6% . On the second reach , 

and those following, it is still loo% . During the se c ond step , 

7 6% is eroded on the f i rst reach and 24%. on ·. the s e c ond reach . 

During the given time inte rval of 10 day s, this gives a certain 

amount of erosion . From the new bottom profile , the new back 

water profile and new traneport1ngc apacities are computed . 

The first reach has now a capacity of say, 62% , the second 

9 8% , and the third and the following reache s 100% . The 

procedure is repeated untill the de sired ob j ective is 

r�ached . ( Re f . No . 28 . ) 
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�10)  C ONTROL O F  DEGRADAT I ON . 

There i s  no e f fe c t ive me thod o r  way 

i n  wh i ch de grad at i on c an b e  c ompl e t e ly stopped . But i t  c an 

b e  c ontro l l ed i n  a de f i n i te reach t o  a c e rtain e xtent . 

( a ) Progre s s  o f  degradat i on i s  somet ime s s to pped o r  

hindered b y  an ob s t ru c t i on o f  une ro d i b l e  materi al , such a s  

ro ck o r  mas s  o f  boulde r , heavy c l ay b o t to m , ro c k  ree f , l e n s e s  

of heavy grav e l  etc . They form t h e  c ontrol o f  water l evel 

at that point . O f  c our s e , wh i l e  they l i m i t  the l owering o f  

bed at and above that po int , they c anno t  s t op degrad at i on 

down s tre am o f  them . V ar i o u s  e xampl e s  c an be c i ted in 

support o f  thi s s tatement . 

B e c au s e  o f  th e pre s en c e  o f  a l arge 

i s l and , imme d i ate ly down s t re am o f  th e dam on Wi sc on s in River 

at P rai r i e  Du Sac , the l owering o f  the tai l water level , wa s  

not apprec i ab l e  unt i l .  1 9 20 , when th e i sl and was c o mp l e tely 

remov e d . From then unt i l  1 9 3 2 , the re c e s s i on of tail wat e r  

wa s more rapid . ( Re f . No . 5 ) 

I n  th e o f  Red R i v e r  below Deni son 

d am ( U . S . A . ) ,  the mini mum tail wat e r  l evel wa s c omputed. for 

the d iver s i o n  s t ru c ture s ,  on th e b a s i s  of a ro c k  re e f  that 

exi s ted at t h e  l oc at i on , and in ac c o rdance w i th the pre sent 

ind i c at i on s , th e  c ontrol appe ar s t o  be s tabl e . ( Ref . No . 24 ) 
A s  an e xt rem� c a s e , the c on t rol may extend , some 

mi le s along tl ! e  s t ream . H enc e de gradat i on w i l l  star·t below 

th at c ontro l . As an e xam ple , j u s t  d o wn s t re am from the 

recently c on s t ruc ted Boy s e n  d am o n  the Wind Riv e r ,  in 

Mont ana( U . S . A . ) , i s  a rocky c any on , wh e re the bed mat e r i al 
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o f  th e stream , for many mi le s , i s  l argely very coarse and 

rel at ively non movable . No appre c i able degradat ion i s  to be 

expected in thi s section , but degradati on i a  e xpec ted , 

downstre am o f  the c any on , where the s t re am enters into a 

wide valley with a bed o f  movable material . 

( b )  C onst ruct ing a dam o r  a ser i e s  o f  dams , al so helps 

in c ontrolling the de gradat ion . By the construct ion o f  a 

ser i e s  o f  dam s , the fl ood flows are equal i z ed . Transport ing 

powe r o f  wate r  in a stream , inc rea s e s  at a faster rate than 

the first power o f  the d i s charge , and th erefo re , a  given 

volume of water will c arry more sediment a\;ay from the 

stream b ed , d o wn stream from the dam , i f  the flow i s  at a 

high rate , th an i t  iiill when the flow i s  l ow . Equal i z ing 

the flow , there fore , make s the transport ing power low and 

thu s decre a s e s  the sed iment tran sported , and degradation 

whi ch re sul t s from i t . S e condly , cons truc tion of a d am ,  

al so dec rease s the slope o f  the river , thereby reduc ing 

the velo c i ty a:t:ld hence c apac ity of t:·1e  flovr ,  to pic1\: up 

the materi al . · :hi s  has been ac tually observed on C olorado 

River where � seri e s  o f  dams--Hoover , Dav i e , Parker , and 

Imperial --i s conetruc t�d . In the c a se o f  Ma.instee River , 

the cp�struc t i an o f  Junct ion dam , re sulted in. lowering o f  

tail water l evel by 10 . ft .  Xo c ontro l  thi s  and i n  o rder 

to stabil iz e the bed , another weir had to be construc ted 
. ·-... . .  

down stream .  The de g:ca.dat ion was t e mporarily reduc ed . ( R� f ·� ·�o . 5 ) 
Another case c an be c i ted. on Arkan s as River ( U . S . A . ) 
A flood that o c curred during the construc t i on o f  John 

• 0 

· I  



Mart in dam i n  1942 , depo s i ted about 12 , 000 ac re feet o f  

sediment above the inc ompleted dam and lowered the river 

bed at a 5age s tation , s everal �il e s  down s t re am by about 

3 ft . to roc k  and gravel . A dive r s ion struc ture , some 5 m i l e s  

b e l o w  the r iv e r  gage , wa s  bui l t  immed i ately and before the 

end o f  s�mme r , the low flow pro fi l e .  at the riv e r  gage had 

re ached i t s  fo rmer elevat ion . ( Re f , No . 24 )  

I n  the case o f  Naga Hamadi 

Barrage on the N i l e  Rive r , the amount o f  fall was 2 . 3  ft , 

after 8 y e ar s  o f  operat i on . Actually a sub s idary we i r  has 

had to be buil t , below the barrage , to keep the head on i t  

w i thin pte sc ribed l im i t s  during s ummer . ( Pe f . No . 25 )  

( c ) In such a way , when a s e ri e s  o f  da�s i s  cons tru c t ed ,  

the flood i s  reduc ed down s t ream o f  the dams . Sediment l o ad 

c arried by t ributarie s enter th e stream , in degrading reach . 

Thi s  load may c on s i st o f  co arse material o f  s i z e s , wh i ch , 

the reduced flow in the main stre am i s  inc apable o f  c arry ing , 

but whi c h  the stream i n  natural c o nd i t i on moved along 

dur ing flood pe ri od s . Such coarse material w i l l  settl e 

i n  the s t re am channel and c au s e  an aggrad ing c oncH t i on that 

may o ff s e t  the de gradat ion or even c au s e  net aggradation . 

( d ) I n  many Indian river s , wh i ch are sub j e c t  to degradat ion 

e f fc t , i t  i s  found that , afte·r fe\-1 y e ars o f  de gradat i on , an 

ag0rading o f  river channel star t s  and many t i me s the river 

bed l evel go e s · a  l i ttle h i gher than the ori ginal .  Thi s i s  

found in the c a s e  o f  rivers l ike Sutl e j , C henab ,  etc . Thi s 

i s  due t o  many re a s on s . A common prac t i c e  on the I nd i an 

I ,  
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Rive r s  i s that , in summer when the flow i s  small , oc c a -5i onally 

the gat e s  o f  the barrage are opened , so that a l arge % o f  

s e d i ment c o l l e c t ed above the dam , i s  all owed to go down s tream . 

I t  i s  thi s  s e d iment , that e i ther l e s sens the d e grading e ffect 

or ac tually o ff s e t s  i t . S e c ondly , the intake s of irrigation 

work s , take c l e ar water , l eav ing the s ediment i n  the rive r . 

Thi s i s  many t ime s mad e  po s s ible , by the u s e  o f  rai s ed s i l l s  

f o r  the int ake s tructure s , or by some other d ev i c e s .  A s  a 

re s ul t  o f  thi s , the wat er flowing down stream , c ontains more 

sed iment l o ad than it c an c arry . Thi s  c au s e s aggrad a t i on • . 

Thi rdly , whe n  the d i s c harge i s  l o w ,  i t  c arr i e s e xc e s s ive 

s i l t  whi ch c au s e s  aggradat i o n . 

,_ 

I .  



i_ll ) EXAi1'PLE S OF DEGRADAT I ON ON VARI OUS RIVERS . 

( a) Riv e r s  in Uni t e d State s  o fAme ri c a . 
C olorado River---
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I n  i t s  virgin s t ate be fore the d iv e r s i on s  were 

made , the C ol orado River i s  e s timated t o  have carried an ave rage 

o f 17 , 7 20 , 000 acrefeet o f  water annual ly acro s s  the internat i onal 

bound ary in to M exi c o . Annual flow _ vari ed from about �000 , 000 

to 25000 , 000 acre feet . The C o lorado River carri e s  a tremendous I 

vol ume o f  silt and in. i t a v i rgin s t ate , ranked as one o f  the 

gre at e st in c ompar i son ivi th other m a j o r  a i l  t c arry ing streams 

of the ''forld . 

At pre sent , the d am s  on the port i on o f  the river 

under c on a ide ra t i on , are as fol lows- -

No . Name . M i l e s  below Hoov er . Date o f  c l o sure . 

1 ·Ho over 0 

2. Davi s .  67 

3 . Parker . 142 

4 . Imperial . 290 

Feb . l , l935 . wate r  appro ached 
maximum l evel in 1941 . 

Diver s i on acc ompl i shed in June 
1948 . Spil lway c l o sed on J an 1950 

Sto rage in da� began on July �938 . 

Bed o f  the River--In the area between Parker and I mper i al d ams , 

about 147 mil e s ,  the river fl ows through a wide v al l ey fo r s. 

con s iderable part o f  i t a l ength . Huch o f  the port i on , i a o f  

alluv i al ty pe , w i th a width o f  2 to 5 mile s . 

Ero s i on and s ed imentat i on - - For many y e ar s  pri o r  to the 

c on stru c t i on o f  Ho over d am , the river c arried great quant i t i e s  
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of s i lt brought from the drainage are a s  during the f l o od 

flow . Some o f  t h i s mater i al , was depo s i ted i n  the river channe l 

and some was c arri ed t o  the mouth o f  the riv e r . During the 

s e a s o n s  fo ll ow ing the rl o o d  flows , p a  rt of th� sediment was 

picked up from the riv e r bed and c ar r i ed furthe r down s t re am . 

The n e t  re sul t wa s the bed e l evat i on o f  the river s t �rted 

ri s ing gradu&�.l l� . 

W i th the c o n s t ru c t i on o f  H o ov e r  dam( l 9 3 5 ) , 

the c ompl ete s ed iment l o ad o f  the riv e r  was t r apped in the 

L�e M e �j ( fo rmed by Hoov e r  dam ) and c l ear wat e r  �as rel e a sed 

from the d run . The ·t�e..t e lf  b e i n g  free o f  s e d i me n t  l o ad s b e g�n to 

s c o u r  the depo s � t , w� i ch had b e en l a i d  d own in e ar l i e r  y e ar s . 
) 

Fo l l owing the be gining o f  s t o rage and part i al fil l i ng o f  

Lake Moh ave ( fo rmed bjr Dav ."L s darrt ) , the po int o f  d e gradat i on 

' moved d own s tre a;n o f  H o o v e r  d am by 67 m i l e s . W i th the c o mpl e t i o n  

o f  P a rk e r  d am and that o f  ! mpe r l al d am( 1938 ) , t1-vo depo s i t o r i e s .  

we re fo rm ed f r o m  th e mat e r i al removed and two o th e r  po i n t s 

on the r i v e r  be c ame s ub j e c t  t o  d e grada t i o n . 

Bed mate rial u i z e - -

Plate 1 show s , the bed material s i 7 e  apaly s i s  

b e l o w  H o ov e r  dam an� between P ark e r ·  and I mp e r i a l  d am s  at 

d i f fe rent t im e s . Thu s i t  c an b e  s e en that in Feb . l93 6 , i . e .  one 

y e ar after the c o mple t i on o f  H o ov e r  d am ,  50"/o s i z e  o f  the b ed 

�at e ri al , 40 m i l e s v e low H o ov e r  d am wa s 0 . 2 rnm . , wh i l e  i n  De c . 

19 lfl , i t  c o ar s e ned t o  0 .  3 6  mm . S i m i l arly , 12 m i l e s be low P arke r  

dam , 50 % s i z e  o f  the ma� r lal , c h anged f:�m 017 mrn . to Brnm . fro m  

Au� . l938 t o  S e p t . 1949 . 

' ! 

I . 
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De grada t i on - -

I n i t i al s torage above ·pQYke r dam took · pla c e  in 

Jun e  1938 , rai s ing the water level appro ximately 9 ft . In Jan . 

1 9 50 , the s e cond s tage o f  storage t o ok plac e . Following tho 

ini t i al c l o sure o f  the rive r , the bed i mmed i ately down s tream 

wa s sub j e cted to renewed d e gradat i on . About 60 mile s dovn 

s tre am o f  P arker dam , the average bed dropped 6 . 5  !t . between 

Dec . l947 andJ une 1949 . By Sept . 19 5l , the total d rop uinc e 

• r • 1947 was 7 . 8 ft . 

W i th the clo sure o f  Parker dam in 19 38 , and 

re sul t ing rel e a s e  o f  c l e ar wate r , the river bed below the dam 

started degrading . Mat e r i al s  in amo unt s  up to 41 mil l i on tons 

per year· we re removed . 

Aggradation - -

When there i B  a seri e s  o f  dam e  l i ke that o n  the 

C ol orado r ive r , the mate r i al d e graded below upstream dam , i s 

depo s i t ed  in l ake o r  re servoir c re a t ed by thG downstream dam . 

Same thing h a s  happened in thi s c a se . By 1946 area above the 

Imp e r i al dam , wa s  filled w i th e ed i ment , and almo st ent i re loSd 

below Parker da.m wa s c arried , ov e r .  ·the I mper ial d am through 

C al i fo rn i a . A s  a r e sul t , the bed b e l ow I mper i al d am aggraded 

s l i ghtly , during the s i x  y e ars 1946 t6 1952. 

Thi s i s  a striking e xamp l e , wh e re th e con­

struc t i on o f  a d am  on alluv i al river , ha s  c au s ed depo s i t i on ,  

gradually e xt end ing farthe r  �d farthe r  up s t re am . Thi s l l;lvel 
' 

vill t end to appro ach a s l ope , e qual to that o f  the river , in 

i t s  ori ginal c ond i t ion , be gifu�ing at the c re s t  o f  the dam . 

. I 
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The rapid ity of thi s trend , depend s l argely on the sto rage 

volume available , and the rate o f  s ed iment supply . Thi s action 

was rapid in the case o f  I mperi&l dam , because the sed iment 

lo�d was gre at and the storage volume below the c re st of the 

dam w a s  c ompar at ively smal l . 

Some o the r e ffects also take place 

· apart from degradation and aggradat i on , by c onstructing a dam 

such as Hoove r . Seri ous c on se quen c e s may fol low , be cause we are 

� h igh flood !lows , which in the natural state o f  the river . 

serve to clean the river bed o f  accumulated vegetation , and 

evan to s cour sub stant i al amount o f  ac cumul ated sediment o f  

the bed o f  the atre am . Th i s and other c ause s , brought about 

by t�e c onstruct i on of Hoover dam , added to the del t a  formation 

upst�eam , from the Parker dam re se�o ir , c re ated serious 

s i tuati on along the rive r , betwe en the town s of Needle s  in 

C al i fornia , and Topock in Ariz ona , where a true river bed 

c e a s ed t& e xi st and water s tarted flowing , through innumerab�e 

channel s  and sloughs creat ing a v i rtual swamp . 
. 

Simil ar de gradat ion e ffe c t s were ob s e rved , belo w Laguna 

d� on C o lorado nive r ,  on the border o f  Arizona and the 

C a l i fornia state . Laguna dam wa s compl eted j u s t  before the 
. 

summer flood o f  1909 and i t  c reateda re servoi r , having a capac ity 

o f  about 20 , 000 acre f e e t . Much · o r the sed i ment settled in 

re s e rvoi r . The c omparat i v e l y c l e a r  water ,  pi cked up and 

c arried down stream a l arge quant i ty o f  bed materi al . 
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Yub a  River- - -

As a re sul t  o f  hydraul i c  mining, a large 

quant ity o f  debri s wa e coming down the Yuba river . The depo s i t  

at some plac e s , was found t o  be as deep as 8 5  ft . · thi c k . At 

Mar,y sv ille( s e e  plate $ . ) , i t was 1 5  t o  25 ft . th ick . Thi s 

mat e r i al va s mo stly gravel , eand , s i l t , e tc . · 

For the cont rol o f  Yuba river and fo r impounding 

a portion o f  i t s  detri t al load , a  barri er was c on struc ted , 

about 14 mil e s  above Mary sv il le , where the fl ood channel o f  

the river i s  about 1500 ft . wide . The part 9f the barri e r ,  

&bout 6 ft , hlgh , was compl e ted in 1904 and the second part 

ot another 8 ft . above the forme r , was c ompl eted in 1905 , 

thus making t otal he ight e qual to 14 ft . The basin cre ated . 
I 

by the !iret stage o f  c on struct i on �as filled by th r iver 
i 

vith detrltua , chi e fly gravel , dur ing the f i r s t  winter . In 

order to study thi s e f fe c t , a pro gram �as s et up . It inoluded 

.
tvo survey s o f  the bed o f  the rive r ,  above and below the 

barrier , one b e fo re the comple t i on o f  the second uni t  and 

other after the flo od s  o f  the river had brought down the ir . 

load Q! detritus and he av i e r  port i on s  o r  it had been arre sted 

in the basin . 

The barri e r  waa afterwards breached and deatr�yGd 
by the flo od of March 1907 , where upon the ori g1nal pro file 

o f  the rive r chanel was immedi at ely r.e stored . 

The ini t i al slope o f  the riv er bed in the vic inity 

of the barrier was about 16 ft . to a mile and there was a 

rapid incre a s e  upstream to 22 ft . per mile . At Mary sville 

. ·  
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near the mouth the river , \'There the chie f  mat e rial i s  sand , 

the sl ope i s  about 6 ft . per mile and it increase s upst ream 

a s  the mat e rial change s suc c e s s ively to coar s e  sand , fine 

gravel , and c o ar s e  gravel . The ere c t in o f  first � ft . o f  the 

barrier in 1904 c aused a fill ing during the flood stage s o f  

the ensuing winter,  whi ch extended at least li  mil e upstream 

and probably somewhat more , reduc ing the ave rage slope in 

that region to about 12 ft , per mile . When the second unit 

was added to the barri er , increasi ng i t s he i ght by 8 ft . 

depo s i t i on again began and flood o f  January 1906 , in fill ing 

newly formed basin , extended i t s  depo sition up stre am about 

1 . 7 5  mile s ,  reduc ing the average grade for that di st ance to 

about 9 ft . to a mile . The subsequent storm s  o f  the s ame winter , 

ext ep.ded the area o f  the fill s ,  s omewhat farther upstreSJil and 

nearly re stored the sl ope 12 ft . per mile , which had be en 

c re ated by the floods o f  pre c e eding winter . 

The whole body o f  the mat e 1 i al arre sted by the barri er 

in the wint e r and the spring of 1906 , as computed from the 

c om·pari sion of c ontour map a me.de before and after that period , 

wa s 1 690 , 000 cub i c  yda . Thi s materi al  could be clas s i fied· as 

0 . 6  % le a s  than 80 me sh per in . size ; 1 . 8  % le s s  than 8 

me sh per in . s ize ; and remainder ranging up to boulders 1 ft . 
in di ameter , the greater part bo1ng relatively fine mat erial . 

Maximum di scharge between Oct . 1 ,  1905 and Oet . 1 ,  

1906 as recorded about 5 m il e s  above the barrier was 4eooo 
c . f . s .  whi l e  the minimum d i s charge was 5550 c . r . s .  At 900 ft � 

down s t ream o f  the b a:r·rier the bed was lowered by 18 ft . 
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At 1600 rt . downstre am o f  the barri e r ,  the bed was lowered 

by 12 ft . Sin c e  these po ints are relatively at short di s tance 

downs tream o f  the barrie r , the above e ffect may be a combination 

o f  degradati on and scouring. From the picture s given in Ref .  

No . 1 ,  i t  c an b e  seen that , the top o f  the apron was about 

12 ft , above the bottom o f  the river bed , ·- . · : though i t  i s  not 

known how high was . the apron , above the bed be fore degradation . 

Red River- --

The Red River pro j ec t  i s  mainly , a  flood control 
and power pro j e c t , located on the Red river on the boundary 

betlre en Oklahoma to the north and Texas to the south . The dam 

i s  a rolled fill struc ture with l ength 15?00 ft . and maximum 

hei ght 165 rt . above the no rmal stream bed elevat ion . 

The Red river r i s·e a in the eaetern part o f  J.Iexico , 

562 mile s above the Deni son dam , while a number o f  intermi tent 

stream s  meet i t  in the semiarid Llano Estacado or staked 

plains o:f' Texas Pa.nhand.le . Then it fl ows ea stward and south 

easterly about 1313 mile s to i t s  junct ion with Mi s s i s s i ppi . . 

river . The total d rainage area ,  abo·ve the Deni son dam i s  35291 sq . 

mile s . 

The ri er at the dam s ite , has a hi story o r  heavy 

sediment loads and studies indi c ate that , the average rate o f  

s ed imentation i s  about 19 600 acre feet pe r  year . 

The c l o sure o f  Deni son dam was made on July 27 , 1942 . 
Immediately after the clo sure , thirteen de gradation range s were 

e stabl i shed vithin fir e t  17 mile s downstream of the da.m , in 

July a.nd August 1942 . The spa.c1ng o f  the se range s vari ed from 
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� to� 3 m1le s , 1ncreas 1ng progre s s ively downstream . In 1946 

the sy stem was e xtended , approximat ely 100 m i l e s  downstream 

of the dam . 

Repeated survey s , made on the se range s in the first 

17 mil e s  below the dam , show the degrading e f fe c t  of water 

rel e a s e s  between Julyl942 , the t ime of clo sure of Deni son dam 

and Dec . 1945 . Signifi c ant flows have pas sed during 19 41 , 

1943 , and 1947 , all o f  whi ch have c aused a de grading �effe c t  

on the river bed and t ail water l evel , for a di scharge o f  

5000 c . f . s . ( Se e  Pl ate No . � ) . Al so Pl ate No . 4 shows the 

pro gre s sive measured and e st imated tail water level s on the 

. Red river below Deni som dam. I t  will be s e en that , at h i gh 

di s o harge s , there i s  comparat ively l e a s drop in tail water 

level , the.n at l ower d i scharge s·. 

"From the stream bed pro file shown in plate 3 , it 

may be observed that , the river bed at the first bridge , 

l o c at ed appro xi mately 2 m i l e s  below the d am , has re tained 

i t s  ori ginal l evel . �Unimum tail water for the design o f  

· diver��on outl e t  works and the power hou s e  was c omputed 

on the bas i s  of the ro ck re ef , that exi s t s  at the l o c ation 
J 

I 
and in ac cord ance "fl i th the ind i c at i ons , the �ontrol · appears 

to be stabl e . At the s e c ond bridge howsver , there ha s been 

some degradation and i n spec tion reveal s that , there are some 

ro ck out�rops . At the thi rd bridge s i te , approxi mately 3 mil e s  

down stream , there i s  evidence that some channel degradation 

ha s o c ourred . Ho�aver , the pre sen c e  o f  a fairly s table c ontrol 

for a short d i s t ance down stream , i s bel i eved to influenc e  

I 
' 

I 

' I 



the channel s tabi l i ty at that po i nt . I n the 17 mile reach 

below the dam , an  estimated quan t i ty of 2900 acre fe e t  o f  

materi al was removed i n  a little more than 3 y e ars . 
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Pl ate No . 4  shows the s i z e analy s i s  curve s , fo r  the 

bed material , below the Den i son dam at var i o u s  mile s ( Ee f , No. 24 ) 

Arkan sas River - - -

From the sourc e o f  Arkan s a s  river to C anon 

c l ty { C olorado ) , about 100 m i l e s , the s tream i s  a typ i c al 

mountain torrent and thi s s e c t ion i s  charac t eri sed by a . .  · 

seri e s  o f  narrow val l ey s , separat ed by short cany ons . Be low 

C anon c i ty , the riv e r  eme rge s in to a po rt i on o f  great plains 

fo r the next 50 miles, up to Pueblo . It i s  in thi s portion 
I 

o f  .the r iver , that l arge quant i t i e s o f  sediment are picked 
I 

up , from the drainage ar ·ea and river b ed .  Much o f  thi s 

mat e r i al i s  gravel and b ouldera . Below Pueblo,the Arkansas 

ri ver i s  charac teri sed by low bank s and broad sandy bed 

whi c h  is sub j ect to c on s iderable me andering . Thereare about 

7 or 8 tribut ari e s  wh i ch j o in Arkan sas river betwe en Pueblo 

and J ohn Martin dam , in the length o f  about 110 m i �e s , and 

they c arry l arge quant ities o f  s e d i ment during the summe r 

month s . 

The slope o f  the riv e r , above John Marti n  dam 

i s  about 6 to 8 mile s  per mile . Between Pueblo and Jphn MArtin 

d am , and in general in plain a re a s , the so il s are hi ghly 

var i able in o r i gin , depth , and t e xture , but for the mo s t  part 

they ar e he avy and e a s i ly e rodibl e .  
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The dam i s  l o c ated on Arkan s a s  river , in Bent County , : olorado , 

I t  i s  a concrete grav i ty struc ture , 1 644 ft . long, l 20 ft . 

high , to gather wi th e arth fill s truc ture 2600 ft . long . 

Purpo s e  o f  dam Flood c ontro l and I rri gat ion 

Drainage area s.bov e dam 18933 s q_ . mil e s .  

Spillway c apac i ty 639 200 c . f . s .  

Clo sure o f  dam Dec . 1942 . 

Since 1940 , ten flood s have been re corded on Arkansas river 

just downstream of John Martin dam , with peak di scharge s 

over 6000 c . f . s .  The maxi mum di s charge was in April 1942 , 

and i t  amounted to 23600 c . f . s .  

Thi rteen degradat ion range s were e st abli shed in the 

channel o f  Arkansas river between John Martin dam and Lamar 

( about 20 mile s ) . The re sul t s  o f  degradat i on range survey s 
I 

below John Martin dam , ind 1 c ate that , 223 ac re feet o f  the 

material was removed from the river channel , betrreen the 

d am and Lamar , during 1943 to 19 51 . The movement within thi s 

reach was e xtensive , much o f  it wa s widely redepo.si t ed .  

Degradat i on occurred betwe en the dam and the ra�ge 
' 

6 ( about 7 . 5 miles ) ; aggradation took plac e between range 

6 . and 8( about 4 mile s ) ; degradat i on between the range 8 and 11 

( about 4 mil e s ) ; and aggradat ion below range 11 . Large st 

quantity o f  materi al removed from thi s reach o f  20 mile s ,  

was 17 5 acre feet , betwe en 194L� survey e.nd April 1945 s urvey . 
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Wol f  Creek---

Wol f  C reek i s  an important tributary o f  North 

Canadian River , above Okl ahoma city , Oklahoma. The dam 

structure i s  of rolled earth fill type , with its l ength 

11325 ft . and maximum hei ght of 81 . 5  ft . above original l evel 

of stream bed . 

Furpose Flood control pro j ect 

Drainage area 17 35 sq. miles. 

above the dam 

Spillway 

C losure 

The capacity is 21QOOO c.f.s . 

The embankment section of ths dam was 

clo sed on Jan. ll,l941 ; while normal 

operation began on June 11, 1942 . 

Since the Wolf Creek has no important tributaries, 

the source of i t s  sediment cannot be localised. It is bel ieved 

that , most o f  it i s  furnished by the medium depth heavy 

pl ains soil , the shallow plain soil , end the very shallow 

hil ly soil . 

In the period of 194l-1949,the · reservoir was partially 

drained three time s- - ( 1 )  In 1942-43 to permit the original 

survey of sedimentation range s , below conservation pool 

elevations . ( 2 ) In Oct . l943 , the pool was lowered in an 

attempt to replenish the water supply of Oklahoma city . 

( 3 ) In 1947 , it wasalmost completely drained,for the 

purpo se of pl anting aquatic veget ation in the conservation . 

lake bed area , to serve as protection and source of food 

for fiah . 



Degradat ion - -

Ten degradat i on range s were establ i shed acro s s  

the valley o f  Wol f C r e ek , between the Fort Supply dam and 

the confluen c e  o f  Wol f C re ek wi th the North Canadian river . 

The s e  vera e st abli shed in Deo . l944 and re surveyed in June 

1949 . I t was found that , in thi s range o f  5 mil e s , during a 

period o f  four and hal f years , 2 68 acre feet o f  materi al 

wa s removed . The se range s are loc ated in an are a , where the 

wind acti on has a conside rabl e  e ff e c t  upon the valley 

profil e . Henc e i t  i s  qui te di ffi cult to di fferenti ate between 

pro f i l e  change s due to rele a s e s from the d am , and change s 

due to wind ero s i on or depo s i t i on . Thi s degradation re sulted 

in a lowering of 8 ft . intail wat e r  level for low flowa . 

Pl at e  5 shows the measured and e st i mated tail water l evel s 

at v arious di s charge s below Fort Supply dam on the Wol f 

C r e ek . 

Rio Grand e - -

Rio Grande river f l o w s  through the central part 

o f  C olorado state and c entral part o f  New Mexi c o . El ephan� 

Butt e  Dam was c ompleted in l915 . Prior to the c onstru c t i on 

o f  thi s  dam , the channel was shi f t 1ng, due to i t s  lengthening 

dur i ng the y ears of low flood . and due to e ro s i on and 

change in ali gnment during high flood s . Pro i r  to tha 

construc tion o f  dam , the d i scharge at El Paso ( 130 m i l e s  

down stream o f  the dam ) during the spring runoff was about 

2000 c . f . s . , wh i l e  h i gh e st d i scharge pas s ing El Paso was 

24000 c . f . s .  
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Since the storage operat ion started in 191 5 , the ent i re 

d i scharge o f  Rio Grande has been retained in the re servo ir , 

e xc ept a s  rele ased for irrigation use . I t  must be s t ated that , 

in thi s  pro j e c t , the river channel it self i s  used as irri­

gat ion c anal . H i ghe at d i s charge at El Paso , since the dam 

was construc t e d ,  i s  1 3500 c . f . s .  

There are two sourc e s  o f  flow below Elephant But te 

d am .  One i s  the regul ated di scharge for irrigation demand , 

as released from the re servoir , whi ch var i e s  from 500 to 

2500 c . f . s .  Other source  is the drainage between Elephant 

But te dam and El Paso ; thi s was maxi mum 8000 c . f . s .  in 1916 . 

Thi s  drainage c arri e s  a gre at amount of  sediment with it . 

The river c arri e s  a he avy sedim�nt l o ad . The average 

s i l t  content o f  the river water i s  1 . 65 % ,  whi l e · the 

maximum i s  about 10 % by weight . Frac t i c al ly all o f  the s ilt 

i s  settled out in the re s ervoir , c reated by the dam . Soon 

after the dam was con s truc t ed , the clear water started 

de grading the river bed , immedi ately below the dam and in 

a short peri od degradation downstream of  the dam ,  wa s 7 
to 8 ft . , whi l e at di stanc e s  50 t o  100 mile s , i t was betwe en 

2 and 1 ft . 

In 1917 the river bed slope below the d am ,  was as 

follows- -

· First 100 mil e s  

Next 3 0  mi l e s 

Between El Pa so and 

1 5  mil e s  downstream 

4 ft . per mile . 

3 . 5  ft . per mile . 

2 . 8 ft . per mile . 
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The 1 9 32 survey has revealed that , a  decrease in gradient 

has resul ted j ust below the d am , due to heavy detritus from 

smal l  e t reams , which the regul ated river flow is unable to 

mov e . 

Due to the regul ated flow and a series o f  d am s  in the 

pro j ec t , maximum flow s were reduced more than 50 % ;  m e an  

annual flows were reduced 3 0  % . To r educe the maintenance 

c ost , desil t ing devices were provided to all canals etc . 

and there fore , all the sediment was retained in the river 

c hannel . Due to the consumption o f  water by i rrigation , the 

channel was al most closed below I nternational dam( l 43 miles 

Elephant But te d am . ) . The absence o f  l arge floods ha s o f fered 

no opportunity , for the sc ouring act lon, and the river channel 

below El Paso , has fil led with s and sediment to a p oint 

where it i s  h i gher in many pl a c e s , than the ad j oining farm 

area a . This has helped in o f f s e t t i ng the degradation. 

However , the ch aracter o f  bed material in the s tream 

bed , has changed below El ephant But te dam . Since 19 1 5 , the 

material has changed from q 1ick s a.>·1d to sand , coarse sand , 

fine gravel , and gravel . 
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South C anadi an River- -

General -- The C onchas dam i s  l o c at ed on the South C anad i an 

river , in the s t at e  o f  New Mexi c o ( U . S . A � ) . C onchas re s e rvoir 

i s  a dual purpo se structure , that i s  for flood c ontrol , a s 

well as for i rrigat i o n . Through out ent irely 130 mi l e s  below 

the d am , the river i s  c onfined t o  a narrow c any on s e c t i on ,  

be fore it emerge s in to a reach o f  low h i l l s . In thi s  c anyon 

s e c t i on , the r ive r bed o c cupie s  the ent i re floor of the valley 

and during the low flow period s , the channel c on s i st s  of a 
serie s o f  shal l ow meander s . H i gh f l o \-r s  o c c upy the who l e  bed 

and extend up the cany on wall s , from i 5  to 20 ft . 

Slope and bed material - -

I The s l ope o f  the river , j u s t  above the dam i s  about 

5 . 6 ; ft . per mile . Below the C onchas dam , the s lope i s  5 . 1 

ft . per m i l e , l evel l ins some what to 4 . 1  ft . pe r mil e , 7 5  

m i le s  down stream .  The bed mat e r i al i s  i n  the fo rm o f ,  a 

depo s i t  o f  s and and gravel , over the o ri gi nal sand stone . 

Pr i o r  to the construc t i on o f  dam , the riv e r- bed at the dam 

s it e , c o n s i sted o f  c o ar s e  s and b l anket o f  10 ft . average 

depth , over ly inga 5 to 6 ft . s t rat a o f  c l ay and gravel . 

The finest material found near the d am , in quant ity , was 

c l a s sed as med i um to c oarse s and , wi th at taining a prominent 

port i on about 30 or 40 m i l e s  do� s t re am . 

Di s charge and Flood s - -

Normal flow o f  South C anad i an riv e r , near the dam 

s i te , vari e s  fro m z ero to 50 c . f . e .  wi th flashy flood flows 

even up to 3�000 c . f . s .  The fol l owing tab l e  giv e s  an idea 



about the fl o o d  flows and flo od d i s charge after the dam 
I 

wa s c onstruc ted . 

Date Flo od Di s charge c . f . s .  Flood · Flow m i l l ion 
c . r . � . 

May 17 , 19 41 .  1 8 , 100 1 1 60 

June 7 , 19 41 .  1 62 50 1 17 0  

June 9 , 1941 .  1 37 50 1 180 

Sept . 24 , 1941 .  1 2500 2 600 

April 24 , 1942 .  38 300 1 1 50 

Sept . 2 , 1942 .  31000 1 140 

Sinc e 1 9 39 t o  19 1�8 , tte re were four ma j or fl ood s , 

re sul t ing in s pillway d i s ch a.rge , wh i
"
ch reached a maximum 

rat e o f  about 38000 c . f . s . O therw i s e  there w a s  no flow 

re1 eas e , exc ept 5 to 7 c . f . s .  from the powe r hous e . 
I 

De gradat i o n - -

thi s ty pe of
.

fl ow has brought about a n e t  degradat ion 

o f  7 000 a c re feet of mat e r i al , from the river bed ove r  a. 

d i s t anc e o f  20 mi l e s  downstream from the dam . The maxi mum 

l owering o f  the low water prof i l e , lO ft . begins about 1 . 25 

mi l e s  below the dam , and c ontinue s at thi s magni tude for 

4 . 5  mi l e s  bel ow the dam , d e c re a s i nt; t,o a n e &L i gible val ue 

2o II! i l e s below the darn . B e e;}_ n_nins at a po int about 1 mile 

b e l o w  the d am , the riv e r  bed has e roded to ro ck out c rop s , 

forming a s e ri e so f  pool s , becaus e the s e  out c ro p s  ac t ed as 

c o n t ro l ing po i n t s  for the wat e r  l evel ; The s e  p o o l s  c an be 
obs erved in the first 5 m i le s . The p r-e sent bed surfac e in 

the f i r st five mile ' re ach is who l ly ro ck and l arge grav el 

· and i t  i s  apparent that , al l  the mat e r i al of the s i z e o f  
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med i um gravel and smal l e r  h a s  been removed . Small grav el 

and c o ar s e  s a.nd bee;i n s  to show at" about 6 m i l e s  down s tream . 

At s everal l o c at i o n s  i n  the rea c h , the river has a. t e ndency 

t o  e rode the i n s ide o f  the bend s , thu s s trai ghtening the . 

channel and c ompen sat i n g  for a change o f  sl op� due t o  

d e gradat i o n . The s e  are t h e  reach e s where the c any on give s 

'-vay t emp o rari ly to grav e l l y  h i l l s .  

Wi s c on s i n  E i v e r - - -

The W i s c o n s in R i v e r  h a s  a b ed o f  s andy materi al 

wh i ch c ont i nuo u s ly mov e s do· .. rn s t re am , i n  a s t re t c h  near the 

Prai r i e  D� Sac d am . The movement o f the s and in the for� o f  

s and b ar s  , i s  e v ident at the s t r e am gaging s t at i on at ·Mu s c od a  

( W i s c on s in ) , many mi l e s  down s t r e am o f  the d am . A t  thi s 

gagi n g  s t at i on , whi ch 1.-T a s  e st ab l i shed , at about the s ame 

t i me , a s the P ra i r i e  Du Sac dam w a s  c on s t ru c t ed , i t i s  a 

c o mmon prac t i c e  t o  ob s e rv e  a s and bar , up s t re am from the 

gaging s t at i on , during the e arly part o f  o pen water s ea s on . 

A s  the s e a s o n  progre s s e s , the bar s move c l o s e r  to the s t at i on , 

finally reach ing i t ; and a t  the s ame time a normal depth 

o f , f rom 8 t o  9 ft .  at t h e  gagins s t ation i s  replac ed by 6" 

to 1 ft . o f wat e r  ove r  the sur fac e of bars . 

The hydro - e l e c t ri c  powe r plant at Prair- i e  Du Sac 

( wi s c on s in ) , wa s  pl ac ed in o pe rat i o n  in 191Lt . The me an flow 
of the Wi s c o n s i n rive r ,  as re c o rded at Muscod a  gaging s t a t i o n  

dur i ng 191 5 - 1942 was about 821� c . f . s . ( T rans . A . S , C . E . l9 50 �  

A general l o we ring o f  th e t a i l  water and o f  th e r i v e r  
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bottom down s t re am from the plant , bec ame o bv i ous , a few 

y e ar s  l ate r . The e.ve ra3e rate of rec e s sion o f  the monthly 

t � i l  wate r  l ev e l s over 17 y e ar period , 1915- -1931 inclusive 

w a s  0 . 43 ft . per y e ar . From 1932 to 19 36 it was about 0 . 1 
ft . pe r  y ear , while the m i nimum monthly tail water level was 

prac t i c ally c on s t ant from 1937 to 1944 . 

Pl ate 6 show s the v ari ation o f  12 monthly mean 

low t ail wat e r  l evel e ach y ear with year s . From that i t  can 

be s een that , during the f i r s t  few y ears , th e s e  drops in the 

wat e r l evel s w e re more rapid , when t�e f iner material w a s  

being remov ed . A fter ward s the bed material we.s c oarsened , 

�nd therefore the bed o f  the river as wel l as the above 

ment ion_ed typ i c al wat e r  l evel s we re stab i l i z ed to some 

e xtent . A s  a re sult of degrad at i o n , the tail water l evel 

dropped to such an e xtent that , apparently the j u.w.p would 

not form on the apron for all the di scharge s .  

A s  said on page 14 , thi s movement o f  the j ump i n 

dOim s t re a.m dire c tion , 1 s v e ry dangerous to the structure . 

Usually there i s _ a considerable d i f ferenc e in we.ter l eveJ. q 

be fore and aft er the hydraul i c j ump , and \•Then the j ump mov e s  

down s t r e am ,  t o  s uch an e xt ent that i t  would not form o·n the 

apron , the depth o f  the water on the apron i s  reduc ed . I n 

normal c our s e , the upl i ft on the dovm stream apron , i s bal anced 

by the weight o f  the apron e..�d ue i S}1t of the \-tater on the 

apron . Redu c t·i o n  of the d epth of water on the apron , there 

fo re , apparently incre a s e s  the upl i ft ,  and if the we i gh t  of the · -

tail water depth plus that o f  th e apron i s  l e s s  than the 

upl i ft , the apron will bur s t . 
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There fo re durir:g l 9 29 , hyd.raul i c  model t e s t s  Here c arried 

o·ut ,to determine a method o f  reduc i ng e xc e s s ive ero s ion o f  

the river bed , immediately downs tream o f  the dam . A  temporary 

and cheap method o f  wooden baffl e s  wa s de s i gned andconstructed 

in 1930 . 

The river being nominal ly nav igable , a lock was 

prov ided , during the c on s t ruct i on o f  dam . Th i s lock i s  3 5  ft . 

X l70 ft . with i t s  l i ft that reache s exc ept i onally h i gh 

maximum o f  34 ft . the s i l l  o f the lo ck was about 6 ft . above 

the bed . As the degradat i o n  in 18 y e ar s  was o f  the o rder 

of 7 . 5 ft . , i t i s  clear that the l o c k  must be usele s s . 

Mi s souri Riv e r . - -

Fort Peck dam , on H i s souri river in north 

e as �ern Montana , i s  the l arge st earth fill dam in the world . 

The primary purpo s e o f  Fort Peck pro j ec t , i s to i mprove the 

navigat ion in the river below S i oux c ity , I owa , vr i th the 

inc ident al purpo s e  of flood c ontro l ,  prevent i on of bank 

ero s i on , hydro -electri c pmver and i rrigat io n . 

Some fac t s about thi s d am are a s  fol low s - -

Length o f  the dam 

Max . width at the base 

!-taxi mum height 

Area o f  the re s ervo i r 

Drainage basin 

Mean d i s charge 

Maximum d i s charge 

Spillway c apac i ty 

21 , 026 ft . 

4900 ft . 

2 50 ft . 

245 , 000 acre s . 

57 , 7 25 Sq . m i le s . 

6620 c . f . s . 

2 5 , 000 c . f . s .  

2 50 , 000 c . f . s .  

. I 

'I 

' I 
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All exc ept the last 100 miles o f  Mi s souri river, above 

Fort Feck dam , i s  considered to be stable , nonalluvial river. 

For some distance below the dam , the river has all the 

characteristic s  of �� alluvial s tream .  Average slope o f  the 

bedo f the river i s  0 . 9 4  ft . per mile . The river at Fort 

Pe ck dam was not con sidered to be  a heavy sediment c arrier 

prior to :the construct ion of the dam . 

Different degradation ranges were establi shed 

in May 1936 , and measurement s have been made at interval s 

o f  about six months . Follovring table gives  some degradation 

re sult s , at different ra.nge s . ( The rates  and total 
i s  for 11 . 5  year s ) · 

Range No . , 3  4 5 6 

River milage 6 . 8  7 . 5 9 . 6 13 . 8  
below dam . 

Average lowering 0 . 39 0 . 08 0 . 22 0 . 18 
o f  bed . ft . /year 

1:,otal lowering 4 . 52 0 . 96 2 . 59 2 . 01 
ft . 

lowering 

7 

26 . 6  

0 . 05 

0 . 54 

8 

46 . 8 

0 . 03 

0 .'30 

Data for the mechanical analy s i s  of the bed material 

for range numbers 2A and 5 ,  shovring the change s that have 

o_ccurred , in the compo s i tion of the material in the channel 

bed , i s shown in I'le..te 9 . ( R� f . No . 24 . ) 

The above table and the mechanic al analy s e s  

curve s , show two things-- ( l ) The material get s  coarser as  

the degradation continue s .  ( 2 ) A s  the materi al get s  c o ar ser 

the rate of degradation decrease s .  

Based on the observation and some basic  as sumption 

it  i s  e stimated that , 5900 acre feet o f  material has been 

removed , from the river channel , up ·to range 8 ,  in the se 

11 . 5  year s . On the bas i s  of volume , the river bed has been 



lowered, an average o f  1 . 24 ft , during 11 . 5  year period o f  

record . 

At the end o f  195l , a  t o t al o f  34 permanent and 61 

temporary range s have been e st ablishrd. These ranges cover 

a r e ach of approximate l y  1 67 river miles, e xtending from 

Fo rt Peck dam down stream t o  range 1 6, which is located 2 6 . 5  

mil e s upstream of the confluence o f  Missouri. and Yellow 

s tone river . 

From the recent survey , it is evident that , at some 

se c tions on these ranges, considerable lat eral ero sion has 

t aken pl ace . Hence degradation is many t imes repre aented in 

term 3 o f  the cross sec tional ar e a .  

Thus , at range s 5, 6B , and 7 C , which are about 9 . 6 ,  

2 l , and 38 miles downstream o f  the d am, the increase in the 

cross sectional area , b etween 19 48 and 1954 was , 4900 , l8 50 ,  

and 1400 Sq . ft .  respectively . 

LOwering of wat er l evel , for s pecific di scharges was 

also recorded at v arious gaging s tations . Be tween 1950-54 , 

this l o�er1ng o f  w . L . for 10 , 000· c . f . s . disch arge was as 

foll ows--
.. 

NO . Gaging Stat ion . JUles below dam. Lovering in 

1 .  7 . M1le 8 . 4 1 . 1 

' 2  � Range 6B . 21 0 . 65 

3 .  Frazer 36 . 2 0 . 55 

4 .  Oswego 45 . 7 0 . 40 

5 . Wol f  Point 7 2 . 4 0 . 40 

ft . 

AT Culber t son, l54 miles d . s . , there was o . 25 ft . rise in 7 rears . 

• ! 
'· 

. ' 1 
' 

' •  

. . . 
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( b ) Rivers i n  I ndia-- - -

Mo st o f  the degr adat ion e f fe c t s  in the case o f  r ivers 

in I nd i a , hav e  o c curred in northern part of Ind i a , where there 

i s  a very thi ck s trat a o f  al luv i al materi al . A greater part 

o f  it i s  c al l ed I ndo -Gangat i c  plain . 

One o f  the great failure s o f  weirs on al luv i al materi al 

whi c h  o c c urred on Sutl e j  river , wa s  that o f  I sl am we i r . Thi s 

i s  many time s c all ed a s  I sl am barrage . Barrage i s  a gat e  

c ontro l l ed wei r , ri ght ac ro s s  the river wi th the cre st 

usual ly at one l evel . Thi s wei r  i s  one o f  the four s i milar 

structure s ( Feroz epore barrage , Sulemanki barrage , I sl am 

barrage , and Pan jnad b arrage . ) , bu i l t  on Sutl e j  river in 

Pun j ab , as d iver s ion s t ruc ture s for c anal s of that val l ey 

pro j ec t . 

I sl am weir i s  1 621 ft , l ong with 24 o p enings o f  60 

ft . span each . Impel� i o u s  and bro ad upstr e am and down s tream 

apron s , o f c onc ret e , were prov ided for i t . The downstream 

apron slope s dovm for some d i s t ance andthen e xtend s  in 

hori z ontal d i r e c t i o n , ending wi thout a cut o f f  wall . Down 

stream o f  the c oncrete apron, were c oncrete bl o c k s  and he avy 

rip r ap .  The b arrage sust ained a maximum h e ad o f  18 ft . 

and was put in to aerv i c e , in the spring o f  1 9 27 . By November 

of that ·ye ar , the bed downstr e am hed dropped 2 . 3 ft . The 

bed l owered to 5 . 5  ft . by Dec ember 1928 and it had reached 
6 . 5  ft . by May l 9 29 . At thi s stage , the water l evel down s tream 

was 4 ft . below the flo o r  o f  the w e i r . The s c our re sul ting 

from thi s drop w a s  so s evere th at , a l arge por t i on of the 
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downstream apron was de stroyed , and finally s i x  bay s o f  the 

structure c ol lap s ed . 

After the rec on st ruc t i o n  of the barrage , pro c e ss 

o f  aggrad ation s t arted , th e  level reaching its highest value 

in 19 42 . The p roc e s s  o f  aggradati on was . however followed by 

a p er i od of d e gradat i on . The lowe s t  leve l s  were reached in 

19 47 , when the downstream levels were 6 ft . lower than those 

in 19 42 . Th 1 s  d e gradat i on re s ulted in a lo s s  o f  c ontrol to 

some e xt ent , at the barrage . For h l gher . d i s ch argea , i t was 

found thatthe j ump moved downstream . In 19 47 , model stud i es 

were c arri ed out ��d i t  was found that , for high dis c harge 

i nten s it i es , the depth i s  about 2 ft . too small , to form the 

j ump at the toe of the glac i s . Al eo i t  was experimently 

found , two rowe o f  rec tangular staggard blocks are a be at 

devi c e  for thi s  lowering . The s e  bloc k s  were ac tually c ons­

truc ted in March 19 49 , in the depres s ed b ay of the wei r . 

After the flood s o f  l9 50 , with the r ectangular blo c k s  i n  

p o s ition , there was s i lting j ust down stream of the 

apron . ( Re f . N o . § )  

Serious degrad at ion h a s  t aken place in the c ase of 

Feroz epore and sulemanki weirs o f  thi s  pro j e ct . At the former 

the d e gradation reached a maxi mum o f  5 ft . the s ame y e ar 

it was put i n  to serv i c e ,but the bottom sinc e then tended 

to ri se � This i s  no doubt due to the fill ing of the re s ervoir 

up stre am and tendency towards the re s t o rat i on of the normal 

supply of mater ial from upstream . At sulemanki weir , the 

degradati on wa s noticed the f i r s t  y e ar of it s servic e .  
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It reached a maximum o f  6 . 2  ft . � n t� e s a c c nd year, but then 

r e c overed to 4 ft in the thi rd y e ar . The r i v e r  bed at all 

the s e  stru c t ur e s i s  c ompo sed of s and and the r iver has a 

s l o pe o f  about 1 . 1 ft . per m i l e . 

Thu s , a s a re sul t  o f  desradat i on o f  the 

o f  these  river s , while the l ow wat e r  l evel s hav e  been found 

to drop from 4 t o  7 ft . the maximum flood l evel s hav e not 

been known t o  have dropped by mo re than 1 t o  1 . 5  ft . ( Ref No . l 5 )  

S i m i l ar e f f e c t s have a.l so been ob s erved on I ndus 

rive r . Spe c i f i c  d t s cha1· ge curve s at Bachal shah were s tud i ed 

from 1923 to 1 9 42 , and an average ri se o f  0 . 1 ft . per y e ar 

was f o�d . E achal shah i s  1 m i l e  below Sukkur barrage . The 

bafrage was c ompl ete in 1 9 31 . From 1931 to 1935 , there was 

heavy degradat i on and then a s t e ep ri se o c curred at a rate 

o f· f our t ime s the av er age of 0 . 4  f t . pe r y e ar . ( Re f . No . lO . ) 

On p �ge 53 , i s giv en the degradat ion and agsradat ion 

e f fe c t s  on the r iver beds down s t r e am of some of the we i r s  

in I nd i a  and Paki s t an . 

The inspe c t i on o f  thi s t ab l e  shows 

that , in mo st o f  the F- iver s in I nd i a  and Paki stan , in the 

b eginn ing there i s  degrad at i on , whi c h  i s  sl owly recovered 

and a ft e rward s there i s  a net ageradat i on . A s e xpl ained some 

where in thi s r eport , th i s may be due to foll owing c au s e s .  

( a } Aggradat i on o f  the r iv e r  o c cur s , when a l arge po rt i on o f  

c l e ar wat e r  i s  d rawn by an i rr i ga t i on c anal , l eav ing the 

s ed i ment l o ad , partic ul arly the c o ar s e  mat e r i al , to be c arri ed 

by the reduc ed flow . 
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( b ) When the river d i s charge i s  l ow , it c arri e s  down , an e xc e s s ive 

s i l t  charge ; thi s che c k s  the d egradati on of the river bed and the 

depo si t i on o f  the s il t  start s .  

( c ) At low flows , 1 . e .  u sually in summe r ,·i t  i s  a c ommon prac t i c e  

o n  the se rivers i n  Ind i a  and Paki stan ,  t o  open the gat e s  o f  the 

wei r  o c c a s s i onally , so that the s i l t  stored above the dam i s  then 

flushed down . Thi s o ff s e t s  the degrading e ffect and some t i m e s  

n e t  aggradation re sul t s .  

f<.I VE.� 
W e i t' 
0�)'1� \" 

De�p''\.do. 1-ic'>) 

Perio d  
R_.,n_ c f  ,Qec;IU.f 

\_. 

Chu " "b 
\<..h<ln k..i 

SuHo?j 
Ri.l po. r-
1� <6 :2... 

-

. 

- - - - - - - - - ·  •"' l 

de I, lwr-. . 

f<A:>u. l 
' ctq 1 
f- . '5  tt ·  5- 0 

1.�'11 - 9 <o  "1-rnl'he J •<'. �I1 

0 .  64- K-/'1 1'0. y 
. J 

4-. 5" 

a.�f Opt (c, t-:�, 

Cn-11 p l 2  � e  
P-'!C -• 1<? •j 

1-o 5 · 5  

0 -7� 

2- 0 

i.ct 1 0  
SkcMi 'j 
djro.d llri� 

lC! i 0 ·· l ') 

1 - 0  

i -0' 

f 
I 
I 
. 



54 

• 
( c ) D e gradat ion o n  N i l e  in Egy pt - -

Bed d e gradati o n  i s  revealed b y  a pro gre s s ive change 

�n the gage d i s c harge re l at ion , where in the water l evel at 

whi c h  a c erta in di scharge pa s s e s  ge t s  lower and l ower . Thi s  

effect has been observed below the pre s ent A swan dam , the S ennar 

dam , and the Naga Hemad i  B arrage on the N i l e  river . I t mu st 

al so have taken place below the E sna Barrage , but no data i s  

av ai l ab l e . 

In the c ase o f  ASwan dam , the readings o f  A swan gage 

fell by about 1 f t . ·  immed i ately aft er the compl etion o f  the 

dam in 1902 . The total fall up to 1 9 5 3  i s  about 3 ft . Thi s 

fall has not b e en r e gul ar . I n 1925 , for exampl e , the gage readings 

were actually h i gher than what they were in 1903 . 

In the c ase o f  Sennar dam , a  l o�ering o f  the gage 

reading at Makwar( Abou t  57 60 ft . down s trea� ) , t othe e xt ent o f  

3 . 6  ft . was ob serv ed aft e r  9 y e ar s o f  operat 1 on . Thi s waa r eport ed 

by the Sudan I rri gat ion Adv i ser in Feb . l9 34 . I n that note i t  

wa s stat ed that , b ed de gradation b e l o w  the dam , did not reach 

Wad E l  Hadded , 2 3  mil e s  d o wn s tream . I n spec t ion of re cent report s . 
however shows that , between 1930 and 1950 , there i s · a  net fall 

of 0 . 49 ft at that gaging s t ati on . 

In the c a s e  o f  the Naga Hemad i barrage , th e  amount o f  

lowering w a s  2 . 3  ft . aft er 8 y e ars o f  operat ion . Actual ly a 

sub s idary wei r  had to b e  c on s t ruc t ed below that bG.rrage , to 

ke ep that: head on i t , during summer wi thin pre s c ribed l i m i t . 

Rec ent inv e s t i gat ion shows that , the bed degradation below the 

barrage i s  s t i l l  go ing on . but at a �uch lower r at e . ( R, f . No . 25 )  



( d) Degradation on Saal ach River i n  Germany . 
An e xc ellen.'.:. e xampl e o f  de g:·e.de.t l on and e f f e c t  o f  

control s t i s  the pro fil� o l  the Saa.l ach Piver ll belovr Rel che!l..hall 

r�sE(r-voi r ,  in B avaria. . He:::-e the degr·?.d�tion in eight yQars was 

suff i c i ent to endanger s er i ou s ly th·� sa.fety of a p!er of � 

ra:il road b�idgs 3 mil e s  b elow the d� . Degradati,ou was al e . � 

glil.t e s  with aill a at river bed l evel , mucp. o f  the bed l o a.C.  

p� aed through dlU'ing fl ood s e.nd the lc\'lering was s l i ght . 

AS shovm in pl ate 8 ,  the riv�r bed down strE!C!.fJ 
fro� tr.� dam re�eede� almo st 10 ft , in a l ittle more than 

21 y ears , or at a rat e o f  0 .  5 ft . pE:.r y e �r ,  
. ' 
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