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DEGRATION BELOW. DAMS.

I. Introduction-- .
During the last half a century,a pecullar

phenomenon has been observed by many engineers working with
hydraulic structures, on alluvial or sandy rivers. ¥Yhenever
a dam or a weir 1s constructed across such rivers,the bed
gpwnetream of such an obstruction starts lowering .and
this effect continues ‘for a long time and 1long distance
do'nstream, depending on factcrz like discharge, sige of
tne bed materlal, duration of floods, slope of fhe river
etc. This phenomenon has an 1lmportant beerlng on ’deslign
of.dowhstrean plle - line and lapervious apron in tkre
case o welre, and deslgn of turbine draft tabes of'power
plonte dowvms’irea:r of tie dome. This 1s because, as a
resuli of lovering of the bed, water lecvel drops erd the
foundations of the structures sres endangered,whlle draft
titbes which were previously under water are now exposed.
This effect has been observed by man;
engineasrs fro:: moat o7 the zountiles during the last three .|
or four decades,bn rivers like Ille in Egypt, Wisconsln,
Ilo Gran'e,Arkansas,Secramento,Yuba, Fed, South Canadlaen,
Colorado, in the United States; Indus, Sutle], Chenabd in
India; and Saalach in Geirmany.

Lowering of the bed of a stream
or river in nature 1is called by geologlsts as degradation,
and since this phenomenon 1s the result of the same cauces
as that wnich commonly occurs in streams, 1t can be reffered

"to as degradation. In some hydraullc literaturg , the term

used 1s retrogression for the same piienomenon, but as the

-
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term degradation is wildely used for many years, 1in the

following pages, the te:m used for thils pi:enomenon 1s
de giadatlon.

Apart fron the danger to the hydraulic
structures and power plants, degradation also affects, locks
in navigable rivers, outlets of the sewers etc. In fact the
decrad~tion has become more or less a basic phenomenon in
river engine ering and it has far reaching effects.

An attempt 1s made 1n this paper, to

compile varlous data orn degradation ard try to analyse 1t.

2._SCOPE OF STUDY.

Ikecently attempts are being made to treat
thle baslc phenomenon more or 1less mathematlcally,so as to
preélict the degradation results 1n future, when the various
factors reesponsi ble for 1t are known. But as these treatments
are s8tlll in primary stage and are not confirmed by degredation
results, in ti:is pape:, only a mention is 1ade of these
methods , avolding more details,
| The various data on différent
rivers 1n many countries like America, Egypt, India, 1s
collected and analysed gualitatively. Civlil engineers are now
a days realising the importance of degradation, because of
ma Jor fallures of welrs etc.- iike that of Islam weir-due to
lack of proper understanding of these effects. Hence 1t 1s
hopsd. , that thils paper will glve some momentum to the
engineers to become more consclilous of degradathon, whille
designing hydraulic structires like dems, weirs, Barrages,

powelr plants, navigation lociis etc. on alluvlial rive rs.



3._HIS TOFY.
The degradation or retrogression of the river

bed bzlow the dam ir movablc bed rivers 1s ~ot a very rece nt
discovery. The earliest mention of this topic 1s found 1n
"Irrigation Manual" by ¥r. Mullins, piblished in I890. Whlle
discussing his experience ir Madras Province in India, he

writes-

"FKetrogression of levels in the river bed is a nearly

inevitable result of buildlng a weir."
In his book "Irrigation Works in India
(19065, pp . IIZ) Buckley says-

"A welr constructed across a river in which this aztion
is in progress, stops the erosior. avove tnhne weir by
forming the periianent tar at that point. Eut the cutting
action below the welr is not checked, and the bed of

the stream 1s gradually cut away.The action may be slow
but by still degreecs, the head on the welr is increased
and the toe of the tallus of the welr 1s attacked,"

In Jnited States also tihls phenomenon was nqticed
as earlv as in I9I7. Xr. Z2ilbert G. . in his "Hydraulia
*ining in Slerra Nevada" (Ref. NO. I.) Clearly differentiated
between scouring and degradation below dams. He says-

"The scou: due to falling water 1s taken care of by the

quarry rock inscrtied as a rip rap at the toe oI thedanm,
while the result of excavatlion was a general profile
with contlinuous descent downstream from the edge oi the

barrier. This feature of thi¢ descent as well as tre fact

tiat, the reduction of trhe sairface below the dam 1included
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the whole width of the river bed, leaves no doubt , that the
redactionwas caused by the application, to the river bed, of
flood discharge that was free from tke bottom load and
tmerefore competent to e cavite the loose materlal ovei wnlch
1t pas sed."

A similzar reference is found in the "lFeport For
The Failure Of Islam Wei:" in Punjab, Indla written by Islam
Inquiry Comuittee,

4, PHENOM-NOX

When a dam o:r a welr 1s constructed across a river
a reservolr is caused by the dam. If the bed o7 the priver 1s
actually moving, in its natural course , when the water
from sach a reseirvoir 1s reléased‘, 1t starts lowerlng the
bed downstream of the dam, by cariying away the bed material.
This action may or m:y not exrtend severnal miles downstream,
and mzy contlnue for a long timg¢, depending upon tnhe size
and gradation of the be materlal, and hydraulic properties
of the river. The lowering of bed level occurs firstly just
downstream of the dam, and 1t gradually extends downstrean
to a point where tiie stream has plcked uv a capaclty load
as determined by the prevalling slope and discharge of the
regulated flo#. This effect 1s many times dangerous. It 1s
called as degradation.

This phenomecnon 1s entirely different

from wnat 1s known as scouring and therefore it must be
differentiated from ti.e latte:r.Of course the effect ol the

two phenomena 1= tne same viz. lowe.ing the bed leval of the
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stream, But the main difference is 1n c-ouses which produce
them. Scouring results from high veloclty wate: passing over
the dam and it exvtends at most only a few hundred feet down
stream of the dam. degradatlion effect 1s due to disturbance
iIn equllibrium betweer incoming and out going be:l material
and 1t is spread many miles downsream. In the lammedlate
viclinlty of the dam both aztlions may occur.

5. CAUSk OF DiFADATION.

But in fact, the construction of a
barrier 1s only one of the ways 1n which the degradatlion
starts. The cause of degradation 1s more basic. As long as
thé materlal coming at a point,l1s equal to the amount of
material going away from that polnt , there wlll be a sort
of equllibrium and therefore there will be no lowering or
degradatlon at that place. Tut Qhen the dam or any kind of
barrier 1s constructed across the river, downstream of the
dam,the m=aterial coming 1n 1s stopped and hence the
equllibrium 1s disturbed and t erefore there is a generai
lowering of the river bed. b

Generally all of the bed load and
a great percentage of the suspended load will be deposited
in the reservolr behind the dam,the amount of the latter
belng dependent on the size 1f the reservolr. As the sollds
are removed from the wate:, equlllbrium no longer exlsts
between the bed load, slope, and discharge 15 part of the.
river downstrea:m of the dam. The watelr released from the
reae1volr will heve a tendency to attaln the equillbrium

by plcking up the material from tiie bed. Hence conditlons
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that will make the stream to pick up high sediment load,
W1ll naturally be conducive to higher rates of degradation.
The conditions favourable for high sediment loads are--

I. Greater discharge

2. Stezp slope of the bed

3. Heavy sediment concentrations

4., Fine non cohesive material in the bed.

In general, the degradation takes place in any

reach of the river when more sediment 1s carried out of a
sectlop, than 1s brougnt in by the water entering 1t. The
rate of degradation depends on the magnitude of difference
o inflowin: and outflowing sediment. If under natural
conditions , a sectlion of a streazn 1s 1n a balanced state,
with sediment inflow equal to sediment outflow, any cause
which will decrease the inflow , without equelly decreasing
the outflow will cause degradation.
Other causes of degradation--

(a) As an exanple, the resualts in Cheery Creek near
Denver Colorado (- U. S. A. ) may be cited. In the bed of this
creek, very large pool Qas formed due to removing of largé
quantities of sand for buildlng purposes. Hence the sediment
load coming from upstream, was all naturally stored in that
pool and water passlinz downstream of the pool was carrying
sediment,'much less than 1its capacity to carry load. As a
result of this, the degradation started and 1t resulted in
lowering the beé of the creek by a maximum of about 16 feet.'

The sewer outlets were exposed due to lowering of water level.



e

S —————

———— T ST

(B) In many instances, when rivers are divided into two or
more branches, as in tne case of deltalc rivers, it 1s not
possible for every branch to malntalin a stage of equilibrium
in respect of sediment flow. If the sediment load 1s in
excess of transportation capacity of any one o7 the branches,
deposition or aggradation will occur inthat channel, while
degradation 1s bound to occur in the other channel. Even
though such cases of aggradation have been reported in the
case of Ganges Kiver 1n India, a2nd Yellow River 1in Chins,
unfortunately data 1s not available as'regards degradation.

(C) Degradation on tributaries-~-

With a stream system functloning

normally, there 1s a balance of tendencles between the flow
of the maln stream, 1ts gradient and.the debris carried by

i1t and those similar functions on its tributzry. The addition
of the tributary brings about a flatter gradient in t'e main
stream, for some distance above the Jjunction, while at and

below the Jjunctlion such steeper slope 1s established as may

be required for the movement of the added debiis. The

tributary as a rule has a lesser run off and a steeper
gradient than the main stream, its characteristics being
reflected in 1its own flood plain, where 1t has attalned the

favourable conditlons for the transportation of 1its own

debris qnder its own conditions of flow.

If the flow of the

main stream 1s regulated while the tributery remains

unregulated, sooner or later , conditions at the Jjunctlion
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of two will become critical because of the absence of flood
flow in the maln stream, w hich was formerly avallable for
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 letter. If conditions afe favourable degradation in
the tributary starts.
Some times the lowering of the levels

does not stop at the maln tributary but also gogs to
subtrlbutaries, causing troubles at bridges and road culverts.
This has been observed in the case of many streams in Iowa.

If the equilibrium between sediment load '
and the discharge 1s destroyed and 1f the gtrtch of river
has unerodable material--sayrock outecrops etc.--the
natural tendency of the river will be to eat away the banks,
or 1f the river 1s crooked, cutting away the inside - of
the bends and thus gain sufficient‘suspended load beforse it |

attains equilibriuam. This has occured in the case of 8South

. Canedian River beiou Conchas dam. At severgl locations in the

reach where the canyon has given way toeaporarily to gravelly

hills, the river ig erodingthe inside of the bends ‘28 & result

<y :
of-tam%ﬁkto stralghtenthe channel and attaln equilibriumn.

(Ref. No.26.)



6. BED MATERIAL.

The hydraullc properties of the stream
determine the competency of the flow to erode and transport
the load, whereas resistance offered by the loed to the
eroslve and transport action of the stream 1s determined by
the composltion and formation of the bed.

While considering the effect
of bed material on degradation of the river, size ofmaterial,
srgdat;on, its apecifig gravity, density, depth of deposition,
and éxte;t alohg the river iéﬁggn-afe the factors which must
be taken into consideration. )

The bed matgrial 1s transportad
by the stream mainly in two ways viz. as a suspended load
which 18 ¢arrioed 1integrally with water and as a bed load
wvhich 18 dragged along the bed with smaller velocitles
than that of water. Thlis transporting power of the stream
depends on the turbulance in the stregm itself.

I3 the bed
material 1s heterogeneous, the maximum size up to which

the stream wlll remove the materlal, depends upon the

‘discharge, slope, turbulance etc. Material above thls size

will not be moved. If the requirements of the etream as
regards 1its sediment carrylng capacity are not satisfled,
the materisl from farther downstream will be removed.

Once the requirements are satisfied, there will be no
degradation dowﬁstreag. As 18 the case ordinarily, tho
stream bed 1is composed'of noncoheslive material covering &11

slzes, As sald above , since the water can most easily

remove small size materlial, during the process of degrada‘ion
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proportionally greater gquantity of smaller slzes are removed
than the coarser ones and the material gets coarser, As the
material has become coarser 1n this reglon, next year, the
stream will pick up relatively smallamount of materlal from
this reach of the river, and hence 1t will cause degradation
farther downstream every year. Plate No. I shows slze
analysis curves of the bed materlal at various places on
Colorado Kiver (U.S.A.)Db elow Hoover and Parker dams.They
show that the proportion of fine material decreased , 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 requiremeﬁts of
the stream as regards 1ts capaclty tb carry the sedilment,
- can and probably will be satisfled within a short dlstance
below the dam or the barrier, and hence the degradation '
effects will not go farther downstream. If the thickness '
of this material 1s limited then a time may come , when the
" material immediately downstream of the dem will either gwt
coarser or a new and perhaps é hard strata as of rock etc.
may be reached. In elther of the'cases, such a strata will.
fulfill the requirements of the stream to a smaller extent,
and hence degradatlion willl travel downstream with years. If
the thickness of the relatively uniform slze material 1s
indefinite, the dsgradatlion effect will be localized in the
immedlate downstream viclnity of the dam.In fact this 1is

very dangerous beceuse 1t wlll result in lowerlng of the
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tail water level and (a) Hydraulic gradient will increase
(b)Hydraulic jump will move downstr?am and there fore the
depth of water on the downstream willl decrease.As a result
of this, the net upward pressure on the apron 1ncrease§,

and there 1s every possiblility 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 om Sutle) River(India),in two years, there was 6.5 feet
lowering of the tall water level. (Ref. No. 3.)

The sedlﬁant transporting

capacity of the stream 1s satisfied by bed material and by

. the banks.

It may happen that the bed material 1s so
coaerse that the stream cannot carry 1t'either a8 suspended
load or as bed loed.In such & case two effects may be observed,
(a)As we have seen above, the degradation will move downsgream
and pick up material avallable. (b) The stream will have a
natural  tendency to satisfy 1its capacity by removing the
material from the banks. This results in wldenlng the river
bed. If the river is meandering and has bends, thé bends
may be stralghtened up. This has been observed in the case
of South Canadian River(Ref. No.26.)

But the quality of the

bed material 1s not théﬁ?;ctor controlling the depth to
which degradation will occur. If there 1s any obstruction

of an unerodible material such as rock, boulder, heavy clay

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

This causes the degradation effect to move downstream.

7. SIOPE OF THE STEEAH.

| As sald before, due to the construction
of a dam, most of the sedliment load of the river 1s stored
in the reservolr, that is caused by the dam. Due to this,
depletionof sediment load, the equilibrium between the slope
discharge, and the bed load is disturbedin the portion ,
downstream of the dam. The water flowing over the dam, 1is
18 clearer compared to that flowing before the construction
of dam. It is necessary to have steeper slope , to carry a
mixture of sediment and water than clear water alone.

Therefore, as a result of the flow of

clearer water, the river bed has a tendency to readjust its
slope, 80 as to conform with the requirementsof clear water,
released from the dam. In this reédjustment, the clear water:
picks up material from the river bed, degradation results;
and 1n the end the profile of the river bed 1s rotated about
some point or control in the river, where the water level

18 held constant. This control in the river may be a

dovmstream reservoir or a de=,a ground or submerged sill

erected expressly for this purpose or a rock ledge in the
bed, a-lake, gulf,or sea into which the river flows.

7 Thus on Rio Grande River (U.S.A.), due
to the construction of Elephant Butte dam, the slops of the
river between Elephant Butte dam and El Paso, changed from

4 feet per mile to 1.5 feet per mile.(Ref.No. I9.)
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Degradation of the river continuea.untll the
reservolrhas aggreded or sllted up completely.subsequently
the entire sedlment load passes over the dam, because 1t
cannot be stored-above the dam. Many times as the flow 1s
diverted and only the clear water 1s teken, for 1rfigation,
even though the flow 1s reduced, the total sediment load
remains the same. Hence the flow downstream, 1s now not

sufficlent to carry the same amount of materlal, and the

. 8tream willl have the tendency to increase 1ts bed slope,

to that requlred to carry the load with lesser dlscharge.

" In the case of - Yuba River(U.8.A.), a barrier
was bullt up across 1t, to stop the debris from hydraullc
mining. The construction of thls barrler was complete 1in
I905;the flood of 1906 fillled the reservolr completely.
In i907,the barrler was destroyed and the river regalned
1ts original slope. (Ref. No. I.) -
8.EFFECTS OF DEGRADATION. |

Effects of degradation may be
divided 1n to two maln sections, viz.
(a)Effects leading to dam fallure.
(b) Other effects.
(a) Effects leading to dam fallure.

The grestest disadvantage
of degradation 1s usually that 1t endangersthe safety of
the dam. Thls can happen 1n followlng vays:

(I) In the case of dams where hydraulic Jump 1is

used as an energy dlsslpation device, 1t 1s so deslgned
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that the elevation of water surface after the Jump and
tall water elevation are the same. If however, the tail
vater level for the spillway 1is reduced due ﬁo the reduction
of downstream bed level, tre jump will move downstream.
In the worst case, the Jjump may be moved off thé dovwnstream
end of the apron or out of the 8tilling basin. When , in
such a way, the Jjump forms out of the apron,‘there is
only a thin layer of water on the apron, which has only
a small welght to resist the upward pressure beneath the
apron. In designing these aprons, the downward pressure
of the tall water depth is taken 1n£o consideration,in
balancing the upward thrust. Hence the reduction of taill
water depth over the apron, may result in increasing the
net upward 1ift, and if this upward pressure exceeds the
welght of apron and welght due to the depth of water,
failure of the apron may occur. é&me 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 Jjump would not foramn on the apron for aif
the discharges. This lovwering of the tall water at Prairie
Du 8ac wag 6feet after which 1t was rather stabilized
and hénce it 41d 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 tall water increases the effective head

which 18 the difference between head and tall water levels.
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Hence, the degradation ma)y bring about an increase in the
probabllity of fallure from the plping where the water
seeping beneath the structure emerges from the ground. This
is because, seepage 1s directely proportional to the head.
Hence the factor of safety agalnst the fallure by piping
is reduced. Secondly, the lowering of the level at the
downstream, of the dam, will reduce the length of the path
of seepage,which means that uplift will be increased. Many
times the reverse filter provided at the downstream end of
the dam 1s destroyeddue to degradaton. Therefore the
protection agalnst plping is removed.Even 1f the reverse
filter 1s not destroyed, lowering of the bottom close to
the dam may cause the position of the exltpolnt of the :
seepage, to change from that point where 1t passes through
the filter to some oter point wﬁere no filter exists, and
therefore the probabllity Qf fallure 1s greater. _ ‘ |
(3) It may so increase the drop of water at !
the downstream edge of the splllway apron, that the apron'
1s undermined and caused to fall and hence the dam may
fall. This 1s probably the reason for the faillure of the
dam on Yuba River in U.S.A.(Ref. No.I.)
(4) The lowering of the tall water level
may 80 change the actlon of energy disslpatlon devices
below the splllway of the dam as to greatly increase the )
scour at the downstream edge of the dam and thus cause
the undermining of the dam splllway. Thes actlon of most of
the devices provided at dams for disslipating the energy
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of flowing water, so that it will not produce dangerous
scouy, 1s very sensitive to shanges in elevatlion of the
downstream water level.(EFef.Vo.4.) Therefore as a result
of degradation, an snergy dissipation device which was
functioning normally before degradation, may not work with
the same efficlilency after degradation. Therefore in the
deelgn of splllway,it 1s necessary to study the actlon
of the proposed devices, under tne entlre range of tall
water levels,which would occur at all discharges upto
the mayimum, at all stages of degradation from the normal
conditions to maximum lowering.

(5) Lowered water levels due to the

degradation,by 1increasling tre net head'actlng on the

—structure, decreases 1ts factor of safety agalnst sliding

and overturning. Except in unusual cases, these effects a:e
not golng to be very large and they can be easlly allowed
for by increasling the factor of safety. !
(b) Other effects-- o I
(6) Effects of degredation on power plaﬁt--
Thege effects of degradation on the power
Plant are both advantageous and disadvantageoﬁe.
Firstly, when the tall water level is lowered as a result
of degradation, the head avallable 1s naturally augmented.
This means ,greater head 1s avallable for power generation. '
Sueh en increase in égﬁ;r, has occurred in the case of power

plant at P rairie Du Sac on Wisconsinkiver(Ref.No.5), and

also at Uppenborn power plant of Munich’ 1n Bavarla,
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Germany on Saalach River(kef.No.2). In many cases increase
in power output results.But untill recently,while designing
the power plant, degradation 1s seldom anticipated or any
special provision made for increase in head,in the design
of plant. At Junction dam on Mainstee River 1in Michigan
(U.S.A.), when the dam eas constructed in 1917, taking into
consideration the previous experience with Cfoton dam on
Muskegon River, the Junction dam draft tubes were pleced
10 feet lower than necessary,But even this amount proved to
be insufficient,for the draft tubes have been corrected
since, and later a welr was bullt to stabilige the
head,.,(Ref.No.5) If such a provision 1s not made either
intentionally or unintentionally,the inecreased vaccum at
the turbine runner level may cause severe cavitation pitting
of the turbine and 1f the loweriﬁg 18 great enough, the
exit end of the draft tubes may be exposed to such an extent
that air may enter them & destroy the draft tube action.
Thie will greatly reduce the power output. A power plant .
desgigned for this will be more expensive because--

(a) Deeper foundations have to be built,below the water
level. Hencé excavation and pumping cost increases.
(b)More concrete will be required because height i1s increased.
(7) Many‘times lowering of the bed does not stop at the
main river, but it may extend to tributaries and subtributaries
also.This 18 because lowering of the water 1evelyin the
main river increases the veloclty of the tributary and

therefore its bed is liable to scouring.This has been
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observed in some of the streams in 1lowa.

(8) Lowering of the river bed by degradatior increases the

capacity of river channel to carry the flood flow. thus 1t

reduces the height of floods.Creating artificial degradation

by constructlion of bilg reservolrs and thus increasing the

capacity of rivers,is a method that has been suggested as

& possible solution to the flood problems of Yellow River in

China and Kosl kKiver in Indla. If a reservoir site of
sufficient capaclity could be found on the Yellow River,at
the head of its delta, in which it could deposit part of
its s8ilt, the water, after leaving the reservoir,would
again take up a load of sédiment from the river bottom and
carry it to the sea,thus excavating the large quantity of
earih from the river bottom and causing a lowerling of the
bed. The practicability of such a scheme depends on a
favourable topograhlc céndlition,and other factors.

(9) Lowering of the water level due to degradation,reduces
the height of ground water table 1n the adjoining fields.
This improves the cultivation and facllitatss the drainage.
(10)Sewer outlets shall have to be protected agalnst the
scour which will result from drop in grede,which will be
prroduced whers the sewer Jjolns the stream.,Pipe lines and
sewers which were burled beneath the stream bottom nay be
exposed and threatened with destruction.This has occurred
in Cherry-Creek near Denver(Colorado.).

(11)Reduction of tall water may expose to the alr,pile
foundations of bridges, abutments,and other structures

which may lead to the deterloration of piling.
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(12)A large reservoir dam may cause degradation below &
serles of dlversion dams,many miles downstream,as in the
case of Colorado River.

(13)Degradation may cause the lowering of water level at
the exlsting irrigation intskes and make the diversién for
irrigation more difficult.

(14) Degradation may cause substantial powering of navigable
depth over the 8llls 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 degradetion,a lock on Wisconsin River was less efficient
because ,the navigable depth was reduced. Drlsco has
reported the construction of a lock and a dam on the Oder
River at Ransom,as a result of a reduction of navigable
depth and exposure of the pille foundations of a lock at
Breslau.Dutch engineers,on Meuse River,were forced to
ebandon an ambitlous channel rectification programme planned
for this river,because they found that many stretches would
no longer have navigable depths during the low water
season.(Kef.No.17.) In one instance,channel improvement

for navigation on Upper Missicclippl RIver at St.Louls,was
followed by channel degrading which lowered the low water

level at that clity by about 4feet in the course of 10 years.
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(9)COMPUTING THE MAGNITUDE OF PROBPECTIVE DEGRADATION,

In recent yeers,many attempts are being made to
treat this phenomenon of degredation, more or less
mathematically end come at & figure which wlll give the
degredation effect.The many variables involved in this
proceas'make the problem more difficult to have any clearcut
procedurs. The influencing variables can be sumemarized as--
(a) Velocity pattern. (b) Discharge pattern. (&) Channel
hydraulices,as depth, width,slope etc. (d)Size distribution
of the material at wvarious depths, (e)Existence of the
downétream controlse,such as rock outcropa. (f) Sediment
‘load',transported by the streamj;amount of stor;ge behind the
dem eotoc.,

| In estimating the prospective degradation,beceuss
of the many assumptlons made,the'accuracy of the results
is highly Questionable. The baslic requirements for &an
accurate degredation estimete will boe as féllows---
(a) Cne should hgve an adequate knowledge of the lawe of
sediment transportation;the amount of ssdiment of each size
that can be transported by flows of variasble depthe and
8lopes with stroam bads of various conposition, must be
knovn.
(b) Knowledge of the depth of bed materisl which 1s stirred
up or turned over by the flowing water during the degradation
process, is essentlal. As the water from the damr picks up
nmore of the finer materisl from the bed and carries 1t

downstream,thus maklng the bsd coarser,the rapidity with
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vhich this coarsening actlon takes place depends upon the
depths if the bed material which is worked over,because
the deeper this layer 1s,the greater must be the amount of
finer fractions carried away,to produce a given coarsening
and thereforegreater the time requlred to move larger quantity.
(c) Relative frequencyof this turn over,at‘each depth must
also be known.
(a) Knowledge of the length of pick up distance necessary
for the water to flow,before ltcan pick up the maximum
load which it 1s capable of carrying,ls necessary.
(e) In addition to vertical lowering of the bed,we must
alsé consider the lateral scour.lt may happen that,after
the stream 1s deepened, the tendency to widen by cutting
the banks may continue.
General procedure for such an esflmation i1s given below--

The first step 1s to collect informatlon,such as
bed material size,thair depths,slope of the river ete.
Several msthods are then avallable,for estimating the
transportebllity of the bed material,for the range of stream
discharge. Following are some of them--
(1)Tractive Force-

Tractive force = Y-d.s.
¥here -- Y. = 62.5 lbs/cft.
d - Depth of water.
8 - Slope of the strean,

Hence for a certain range of discharge,the tractive force
can be computed. From this value,the mean diameter of the

particles,that can be moved by this force,can be found out,
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(2) Competent bottom veloclty--

The size of the bed material, that the stream can
transport,1s often conaldered in terms bottom velocity or
veloclity near the bottom.Curves of competent bottom veloclty
against diameter of the particles ars given in"International
Assoclatlon of Hydraulic Research Journal, Second Meetilng,
Stockholm,7-9,v1l 1948. The bottom velocity 1s usually 0.5
to 0.7 times the mean‘veloclty.Former coefficient 18 suitable
for very deep rivers,whille the latter for shallow rivers.

(3) Bed load transport--

A rough guess can be obtalned i1fthe values of
(slope x hyd.radius),for the range of discharge are obta;ned
fairst and then applled to Einstelh,'s bed load curves to
obtaln the maximum transportable size.

From these methods, we can know the maximum
size that can be transported by a given discharge. As an
example,suppose in a certailn stream,materi&l greater than
about 50 mm.size 18 unlikely to be transported by a discharge
of 100,000 cfa. Now lookling at the size analysis curve for
the bed materlial of the stream,vwe can say,that about 22% of
the bed materlel 1s larger than 50 mm.slze. Hence we have
materlal in the bed that will effectively create an armor
for given hydraulic conditions. As & rough rule,a layer of
nontransporteble size materlal,equal to the dlameter of the
largestsize materlal found in the bed , will create an effective
armor. Let us further assume that size analysis and actual

observation indicate,that the maximum. size of bed material
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18 between 4 and 6 inches. Hence,we need a layer of materlal
6 inches thick,of material greater than 50 mm.(2inches) to
get effective armor.
In 1l ft. depth,we have 12X 0.22 - 2.6" in depth of
material greater than 50 mm. size.
Required thickness of material less than 6"size 1s 6",
Hence depth of turn over to obtain 6" of material leas
than 6"slze 18 6/2.6 — 2.3 ft.
Material moved out will be 2.3-— 0.5=1.8 ft. in thickness
Hence the degradation will be about 1.8 or 2 ft.
Other factor which must also be found out,i1s the point
downstream of the dam, up to which the degradation will
reach. It can be stated that,in genéral; the amount of
volumetric degradation downstream,will be a direct function
of the amount of material retsined in and above the reservoir
area. (Ref.No.27.)
On SaskatcheQan Kkiver in Canada,a different procedure
18 followed in arriving at the probable degradation.
| Immedlately below the stilling basin, the
transporting capacity of the stream will have a definite
value, because water surface slope has a definite value.
As most of.the sediment settles upstreem of the dam,the
wvater coming down from the dam will have zero sediment load,
and heﬁce the erosion will have to be infinitely large ,
over an infinitely small distance,in order that the capaclty
of the water 1is immadiately satisfied. How ever,an assumption
1s made that,the full load 1s picked over a distance of
1000 ft.,and therefore the above difficulty 1s overcome.
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The computational procedure is as follows. Thé channel 1s
divided into reaches of 1000ft, After the first step,scour
has taken place over the first reach only. The back wéter
curve , corresponding to thé new situation is computed.
From this back water curve, the transporting capacity 1s
determined., It 1s found that, on the first reach, the
capacity 1is reduced from 100% to 76%. On the second reach,
and those following,it 1s still loo%.During the second step,
76% 18 eroded on the first reach and 24% on the second reach,
During the given time interval of 10 days,thié gives a certain
amount of erosion. From the new bottom profile,the new back
water profile and new transportingcapacities are computed.
The first reach has now a capacity 6f say,62%,the second
98%, and the third and the following reaches 100%. The
procedure 1s repeated untill the desired objective 1is

reached, (Ref.No.28.)
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(10) CONTEOL OF DEGRADATION.

There is no effective method or way
in which degradation can be completely stopped. But 1t can
be controlled in a definite reach to a certain extent.

(a) Progress of degradation i1s sometimes stopped or
hindered by an obstruction of unerodible material,such as
rock or mass of boulder,heavy clay bottom,rock reef,lenses
of heavy gravel etc. They form the control of water level
at that point. Of course,while they l1limit the lowering of
bed at and above that polnt,they cannot stop degradation
downstream of them. Various examples can be cited in
support of this statement.

Because of the presence of a large
island,immediately downstream of the dam on Wisconsin River
at Prairie Du Sac,the lowering of the tall water level,was
not appreciable until 1920,when the island was completely'
removed.From then until 19322,the recession of tall water
was more rapid. (Ref.No.5)

In the of Red River below Denisén
dam(U.8.A.), the minimum tail water level was computed. for
the diversion structures, on the basis of a rock reef +that
existed at the location,and in accordance with the present
indications,the control appears to be stable.(Ref.No.24)

As an extreme case,the control may extend, some
miles along ti:e stiream. Hence degradation willl start below
that control. As an example, just downstream from the
recently constructed Boysen dam on the Wind kKiver, in

Montana(U.8.A.),1s a rocky canyon,where the bed material
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of the stream,for many miles,is largely very coarse and

relatively non movable.No appreclable degradation is to be

expected in this section,but degradatlion i1s expected ,

- downstream of the canyon,where the stream enters into a

wide valley with a bed of movable meterial.

(b) GConstructing a dam or a series of dams, also helps

in controlling the degradation.By the construction of a
series of dﬁms,the flood flows are equalized. Transporting

power of water 1n a stream,increases at a faster rate than

the first power of the discharge,and therefore,a given

volume of water will carry more sediment away from the
stream bed,downstreamfrom the dem,if the flow is at a -
high rate,than 1t will when the flow is low. Equalizing
the flow,therefore,makes the transporting power low and
thus decreases the sediment transported,and degradation
which results from 1t, Secondly, construction of a dam,
also decreases the slope of the river,thereby reducing
the veloclity aﬁd hence capacity of tue flow,to pick up
the material, ’his has been actually observed on Colorado
Kiver where g series of dams--Hoover,Davis,Parker, and
Imperial--1s constructed. In the case of Malnstee Kilver,
the éonstruqtion of Junction dam,resulted in_lowering of
tall water level by 10 ft. Jo control this and 1n order
to stabilize the‘bed,another welr had to be constructed
downstream:The deéradaiion w2s temporarily reduced.(ﬁényo;%)
Another case can be cited on Arkansas River (U.S.A.)

A flood that occurred during the construction of John
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Martin dam in 1942,deposited about 12,000 acre feet of
sediment above the incompleted dam and lowered the river
bed at a gage station,several nlles downstream by about
5> ft.to rock and gravel, A d;version gstructure, some 5 miles
below the river gege,was bullt immedlately and before the
end of summer,the low flow profile. at the river gage had
reached its former elevation. (Eef,No.24)

In the case of Naga Hamadl
Barrage on the !ile River,the amount of fall was 2.3 ft,
after 8 years of operation. Actually a subsidary weir has
had to be bullt,below the barrage,to keep the head on 1t
within ptescribed 1limits during summer.(Ref.No.25)
(c) In such a way,when a serles of dams 1s constructeqd,

the flood 1s reduced downstream of the dams.Sediment load

carried by tributaries enter the stream,in degrading reach.

This load may conslist of coarse material of sizes,which,
the reduced flow in the main stream 1s incapable of carrying,

but which the stream in natural condition moved along

" during flood perlods. Such coarse material will settle

in the stream channel and cause an a2ggrading condition fﬁat
may offset the degradation or even cause net aggradation.
(d) In many Indian rivers,which are subject to degradation
effct,1£ 1s found that,after few years of degradation,an
agsrading of river channel starts and many times the river
bed level goes-‘a little higher than the original. This 1s
found in the case of rivers like Sutlej,Chenab, etc.This

i1s due to many reasons. A common practice on the Indien
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Rivers 1sthat,in summer when the flow 1s small,occa-Blonally
the gates of the barrage are opened,so that a large % of
sediment collected above the dam,1s allowed to go downstream.
It 18 this sediment,that elther lessens the degrading effect
or actually offsets 1t. Secondly, the intakes of 1rrigation
works, take clear water,leaving the sediment i1n the river.
This 18 many times made posslible,by the use of raised sills
for the 1ntake structures,or by some other devices. As a
result of this,the water flowing downétream,contains more
sediment l1oad than 1t can carry. This causes aggradatlon.
Thirdly, when the discharge is low, it carriles excessive

811t which causes aggradation.
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Lll) EXAMPLES OF DEGEADATION ON_VAKIOUS RIVERS,

(a)Rivers in United States ofAmerica.
Colorado River---

In its virgin state before the dlverslons were
made, the Colorado Eilver 1s estimated to have carrled an average
of 17,720,000 acrefeet of water annually across the international
boundary in to Mexico.Annual flow varied from about 5000,000
to 25pO0,000 acrefeet.The Colorado River carries a tremendous
volume of silt and in its virgiln state,rahked as one of the
greatest in comparison with other major s8ilt carrylng streams
of the world,

At present,the dams on the portion of the river
under consideration,sre as follows-- |

No. Name. Miles below Hoover. Date of closure.
1 ZEHoover 0 Feb.1l,1935. water approached

maximun level in 1941.

2. Davis. 67 Diversion accomplished in June
1948. Spillway closed on Jan 1950
B.Parker. 142 Storage in dam began on July 1938.
4.Imperial. 290
Bed of the River--In the area between Parker and Imperlal danms,
about 147 miles,the river flows through a wide valley for a
conslderable part of its length.Much of the portlion,is of
alluvial type,with a width of 2 to 5 miles,
Erosion and sedimentation-- For many years prior to the

construction of Hoover dam,the river carrled great quantities
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of 811t brought from the drainage areas during the flood
flow.Some of this material,was deposited in the river channel
and some wasg carried to the mouth of the river.,During the
geasons following the 7lood flows, pa rt of thé ssdiment weas
picked up from the river bed and carried further downstream.
The net result was the bted elevation of the river started
rising grsduallu.

With the construction of Hoover dam(1935),
the complete sediment load of the river Qas trapped in the
Lake Mead (formed by Hoover dam) and clear water was released
from the dam,The watey belng free of sediment load,began to
scour the deposit,wnich had been lald down in earlier years.
Foilowing the be gining Bf storagze and partial filling of-

Lake Yohavas ( formed by Davis dam ),the point of degradation

‘'moved downstream of Hoover dam by 57 miles.With the completion

of Parker dem and that of Imperial dam(1938), two depositories .

were formed Tiromn the meterial removed and two othker points

on tire river became subject to degradatlon.

Bed material gize-- "
Plate 1 shecws,the bed material size analysis

below Hoover cdam and between Parker and Imperlal dams at

different times.Thus it can be seen that in Feb.1936,1.e. one

year after thé compleiion of Hoover dam,50%size of the bed

naterlal ,40 miles velow Hoover dam was 0.2 nm.,while in Dec.

1941,1t coarsened to 0.35 mm. Similarly,l2 miles below Parker

dam,50 % size of the material,changed fiom 017 mm.to 8mm.from

Aug.1938 to Sept. 1949.
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Degradation-- :

Initial storage above Parker dam took‘ﬁlace in
June 1938,raising the vater level approximately 9 ft.In Jan.
1950,the second stage of storage took place.Foliowing the
initial closure of the river,the bed immediately downstrean
was subjected to renewed degradation.About 60 miles down
stream of Parker dam,the average bed dropped 6.5 ft. between
Pec.1947 andJune 1949.By Sept. 1951,the total drop since
1947 vwas 7.8 ft. 3

With the closure of Parker dam in 1938, and

resulting release of clear water,the river bed below the dam

started degreding. Materials in amounts up to 41 million tons

per year were removed.,
Aggradation--

When there 1is a series of dams like that on the
Colorado river,the materisl degraded below upstrean dam,is
deposited in lake or reservoir created by the downsiream dam,
Same thing hes happened in this cese. By 1946 aree esbove the
Imperial dam,was fllled with sediment,and almost entire load
below Parker dam was carried, over the Imperial dzm through
California.As a result,the bed below Imperial dam aggraded
slightly;during the six years 1946 t& 1952.

' This 1s a striking example,where the con-
struction of a dam on alluvialriver,has caused deposition,
gradually extending farther and farther upstrgaa.This level
will tend to approach a slops,equal to that of the river,in
its original condition,beginning at the crest of the dam.
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The rapidity of thils trend,depends largely on the storage
volume avallable,snd the rate of sediment supply.This action
was rapid in the case of Imperisal dam, because thoe sediment
load was great and the storage volume below the crest of the
dam was comparatively small.

Some other effects also take place
apart from degradation and aggradation,by constructing a dam
such as Hoover.Sericus consequences may follow,because wWe are

§q¢ﬁ5 high flood flows,which in the natural state of the river,
serve to clean the river bed of accumulated vegstatlion, and
evan to scour substantial amount of éccunulated sediment of
the ﬁed of the stream.This and other causes,brought about
by the construction of Hoover dam,added to the delta formation
upstream,from the Parker dam reservolir, created serlous
sltuation along the river,between the towns of Needles in
California,and Topock in Arizona,where a true river bed
ceened thd exlst and water started flowing,through innumerable
channels and sloughs creating a virtual swamp.

Simillar degradation effects were observed,below Léguna
dam on Colorado River, on the border of Arizona and the
Celifornie state.Laguna dem was completed Just before the
summer flood of 1909 and 1t createda reservolr,having a capacity
of about 20,000 acre feet. Much of the sediment settled in
reservolr. The comparativelyclear water, picked up and

carrled downstream e large quantity of bed material.
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Yuba Rilver---
| As a result of hydraulic mining, a large
quantity of debris was coming down the Yuba river.The deposit
at some pleces,wae found to be as deep as 85 ft. thick.At
Marysville(see plate 8.),1t was 15 to 25 ft.thick. This
material was mostly gravel,sand,silt,etc.:
For the control of Yuba river and for impounding
a portion of 1ts detrital load,a barrler was constructed,
about 14 miles above Maryaville,where the flood channel of
the river is about 1500 ft.wide.The part of the barrier,
about 6 ft, high,was completed in 1904 and the second part
of snother 8 ft; ebove the former, was completed in 1905,
thus making total height equal to 14 ft. The basin created
by the first stage of construction was filled by the river
with detritus, chlefly gravel, during the first winter. In
order to study this effect, a program wes set up. It included
tvo surveys of the bed of the river, above and below the
barrier, one before the completion of the second unit and
other after the floods of the river had brought down their.
load aQf dstritus and heavier portions of 1t hsd been arrested
in the basin, |
The barrier was afterwards breached and destroyed
by the flood of March 1907, where upon the original profile
of the river chanel was immediately restored.
| The iﬁitiél g8lope of the river bed in the vicinity
of the barrler was ebout 16 ft. to a mile and there was &

rapid increase upstream to 22 ft. per mlle. At Marysville
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near the mouth the river, where the chief material 1s sand,
the slope is about 6 ft. per mile and it increases upstream
as the mateirlal changes successively to coarse sand, fine
gfavel, and coarse gravel. The erectin of first 6 ft. of the
barrier in 1904 caused a filling during the flood stages of
the ensuing winter, which extended at least 13 mile upstreanm
and probably somewhat more, reducing the average slope in
that region to about 12 ft, per mile. When the second unit
was added to the barrier, increasing ite height by 8 ft.
deposition agaln began and flood of January 1906, in filling
newly formed basin, extended 1ts deposition upstream about
1.75 miles, reducing the average grade for that distance to
abou£ 9 ft. to a mile; The subsequent storms of the same winter,
extended the area of the fills, somewhat farther upstream and
nearly restored the slope 12 ft. per mile, which had been

created by the floods of preceeding winter.
The whole body of the mate:lal arreated by the barrier

in the wiﬂter and the spring of 1906, as computed from the
comparision of contour maps made befqre and after that periéd,
was 1690,000 cubic yds. This material could be classified us
0.6 % less than 80 mesh per 1n. size; 1.8 % less than 8
mesh per in. size; and remainder ranging up to boulders 1 ft.
in diemeter, the greaster part bosing relatively fine material.
Maximum discharge between Oct. 1, 1905 and Ost. 1,
1906 as recorded about 5 miles above the barrier wes 48000

c.f.8. vhile the minimum discharge was 5550 c.f.s. At 900 ft.

down stream of the barrler the bed was lowered by 18 ft.
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At 1600 ft. downstream of the barrier, the bed was lowered

by 12 ft. Since these points are relatively at short distance
downstream of the barrier,the above effect may be a combination
of degradation and scouring. From the pictures given 1n Ref.
No.l, 1t can be secen that,the top of the apron waa about

12 ft,above the bottom of the river bed,. - though 1t 1s not

kmown how high was the apron,above the bed before degradation.

Red Rlver---

The Red River project 1s mainly,a flood control
and pover project,located on the Red river on the boundary
between Oklahoma to the north and Texas to the south. The dam
18 a rolled fill structure with length 15200 ft. and maximum
height 165 ft.above the normal stream bed elevatlon.

The Red river rises in the eastern part of Mexico,
5624miles above the Denison dam,while a number of intermitent .
streans mect 1t 1n the semlarid Llano Estacsdo or staked
plains of Texas Panhendle.Then it flows eastward and south
easterly about 1313 miles to ite Jjunction with Mississippi .
river.The total drainage area,above the Denison dam 1s 35231 sq.
miles,

The river at the dem site, has & history of heavy
sediment loads and studies indicate that, the average rate of
sedimentation 1is about 19600 acre feet por year.

The closure of Denlson dam was made on July 27,1942,
Immediately after the closure,thirteen degradation ranges were
established within firat 17 miles downstream of the dam,1n

July and August 1942.The spacing of these ranges varied from
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? to. 3 milles,increasing progressively downstream.In 1946
the system was eﬁtended,approximately 100 miles dowvmstreanm
of the dam.

Repeated surveys,made on these ranges in the first
17 miles below the dam,show the degrading effect of water
releases between Julyl942,the time of closure of Denison dam
and Dec. 1945, Significant flows have paesed during 1941,
1943, and 1947,all of which have caused a degrading .effect
on the river bed and tall water level;for a discharge of
5000 c¢.f.s.(See Plate No.z).Also Plate No.§ shows the

progressive measured and estimated tall water levels on the

-Red river below Denlsom dam.It wlll be seen that,at high

discharges,there 1is comparatively less drop in tail water
level,than at lower dlscharges,

From the stream bed profile shown in plate 3,1t
may be observed that,the river bed at the first bridge,
located approximately 2 miles below the dam,has retalned

its original level.Minimum tall water for the design of

‘diverslon outlet works and the power house was computed

on the basis of the rock reef,that exlsts at the locatlén,
and in accordance with the indicaticns,the control appears

to be stable. At the second bridge howeaver,there has been
some degradation and inspection reveals that,there are some
rock outecrops.At the third bridge site, approximately 3 miles
dovnstream,there is evidence that some channel degradation
has ocourred.Howsever,the presence of a fairly steble control

for a short distance downstream,is belleved to influence
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the channel stability at that point.In the 17 mile reach
below the dam,an estimated quantity of 2900 acre feet of
material was removed in a little more than 3 years.

Plate No.4 shows the size analysis curves,for the

bed material, below the Denison dam at various miles(Ekef,No.24)

Arkansas River---

From the source of Arkansas river to Canon
city(Colorado),about 100 miles,the stream 1s a typical
mountain torrent and this sectlion is characterised by a <
series of narrow valleys,separated by short canyons.Below
Canon city,the river emerges in to a portion of great plalns
for the next 50 miles,up to Pueblo.It is in this portion
of fhe river,that large quantities of sediment are picked
up, from the dralnage aresa and rl&er bed, Much of this
material is gravel and bouldera.Below Pueblo,the Arkansas
river 1s characterlised by low banks and broad sandy bed
wvhich 1s subject to considerable meandering.Thereare about
7 or 8 tributaries which join Arkansas river between Pueﬁlo
and John Martin dam,in the length of about 110 miles,and
they carry large quantities of sediment during the summer
months,

The slope of the river,above John Martin dam
is about 6 to 8 miles per mile.Between Pueblo and John MArtin
dam,and in general in plain areas,the solls are highly
variable in origin,depth,and texture,but for the most part

they axre heavy =nd easily erodible,.
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The dam is located on Arkansas river,in Bent County, Zolorado,
It is a concrete gravity structure ,1644 ft. long,120 ft,

high,togather with earth fill structure 2600 ft. long.

Purpose of dam Flood control and Irrigation
Drailnage area above dam 18933 sa.miles,
Spillway capacity 639200 c.f.s.

Closurs of dam Dec. 1942,

Since 1940,ten floods have been recorded on Arkanses river
Just downstream of John Martin dam,with peak discharges
over 6000 c.f.s. The maximum discharge was in April 1942,
and 1t amounted to 23600 c.f.s.

Thirteen degradation ranges were established 1n the
channel of Arkansas river between John Martin dam and Lemar
(aboﬁt 20 miles).The results of degradation range surveys
below John Martin dam,indicate that, 223 acre feet of the
materlial was removed from the river channel,between the
dam and Lamar,during 1943 to 1951. The movement within this
reach was extensive,much of 1t was widely redeposited.

Degradation occurred between the dam and the range
6 (about 7.5 miles);aggradation took place between range
6 and 8(about 4 miles); degradation between the range 8 and 11
(about 4 miles); and ageradation below range 11. Largest
quantity of material removed from this reach of 20 miles,

was 175 acre feet,between 1944Asurvey and April 1945 s urvey.
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Wolf Creek---

Wolf Creek is an important tributary of North
Canadian kiver,above Oklahoma city,Oklahoma. The dam
structure 1s of rolled earth fill type,with its length
11325 ft. and maximum height of 81.5 ft.above original level
of stream bed,

Purpose ¥Flood control project

Drainage area 1735 sq. miles,

above the dam

Spillway The capacity ;s 219000 c.f.s.

Closure The embankment section ér the dam was

closed on Jan.11,194i; while normal
operation began on June 11, 1942,

Since the Wolf Creck has no important tributaries,
the source of 1ts sediment cannot be localised.It 1s belleved
that,most of it 1s furnished by the medium depth heavy
pleins soill,the shallow pléin soli,and the very shallow
hilly soil.

In the period of 1941-1949,the reservoilr was partially
drained three times--(1) In 1942-43 to permit the original
survey of sedimentation rangea,below conservation pool
elevations. (2) In Oct.l943,the.pool was lowered in an
attempt to replenish the watsr éupply of Oklahoma city.

(3) In 1947, it wasalmost completely drained,for the
purpose of planting aquatic vagetatlion 1n the conservation .

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

for fish.



Degradation--

Ten degradétion ranges were established across
the valley of Wolf Creek,between the Fort Supply dam and
the confluence of Wolf Creek with the North Canadian river.
These were established in Dec.1944 and resurveyed in June
1949.It was found that,in this range of 5 miles,during a
period of four and half years, 268 acre feet of material
was removed,These ranges are located in an area,where theA
wind action has a conslderable effect upon the valley
profile.Hence 1t is quite difficult to differentiate between
profile changes due to releases from the dam,and changes
due to wind erosion or deposition.This degradation resulted
in a lowering of 8 ft. intall water level for low flows,
Plate 5 shows the measured and estimated tall water levels
at various discharges below Fort Supply dam on the Wolf

Creek.

Rio Grande--

Rio Grande river flows through the central part
of Colorado state and central part of New Mexlco.Elephant
Butte Dam was completed in 1915.Prior to the construction
of this dam,the channel was shifting, due to 1ts lengthening
during the years of low flood. and due to erosion and
change in alignment during high floods. Proir to the
construction of dam, the discharge at E1 Paso (130 miles
downstream of the dam ) during the spring runoff was about
2000 c.f.s.,while highest discharge passing E1 Paso was
24000 c.f.s.
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Since the stofage operation started in 1915,the entire
discharge of Rio Grande has been retalned in the reservoir,
except as released for irrigation use. It must be stated that,
in this project, the river channel itself is used as irri-
gafion canal .Highest discharge at E1 Paso, since the dam
was constructed, 1is 13500 c.f.s.

There are two sources of flow below Elephant Butte
dam. One 1s the regulated discharge for irrigation demand,
as released from the reservoir, which varies from 500 to
2500 c.f.s. Other source 1s the drainage between Elephant
Butte dam and El1 Paso; this was maximum 8000 c.f.s. in 1916,
This drainage carries a great amount of sediment with 1it,.

The river carries a heavy sediment load.The average
811t content of the river water 1s 1.65 %, whils the
maximum 1s about 10 % by welght.Practically all of the silt
is settled out in the reservoir,created by the dam.Soon
after the dam was constiructed,the clear water started
degrading the river bed,immediately below the dam and in
a short period degradatlion downstream of the dam, was 7»
to 8 ft.,wvhileat distances 50 to 100 miles,it was beiween

2 and 1 ft,

In 1917 the river bed slope below the dam, was as

follows—-
" First 100 miles 4 ft. per mile.
Next 30 miles 3.5 ft.per mile.
Between El1 Paso and 2.8 ft. per mile.

15 miles downstream
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The 1932 survey has revealed that,a decrease in gradient
has resulted Jjust below the dam,due to heavy detritus from
small streams,which the regulated river flow 1is unable to
move,

Due to the regulated flow and a series of dams in the
project, maximum flows were reduced more than 50 %; mean
annual flows were reduced 30 %.To reduce the maintenance
cost, desilting devices were provided to all canals etc.
and therefore, all the sediment was retailned in the river
channel., Due to the consumption of water by irrigation,the
channel was almost closed below International dam(143 miles
Elephant Butte dam.).The ebsence of large floods has offered
no opportunity, for the scouring actlon,and the river channel
below E} Paso,has filled with sand sediment to a point
where it is higher in many places, than the adJoining farm
areas.This has helped in offsetting the degradation.

However , the character of bed material in the stream
bed, has changed below Elephant'Butte dam.Since 1915, the
material has changed from qilck sand to sand,coarse sand,.

‘fine gravel, and gravel,
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South Canadian River--
General-- The Conchas dam 1s located on the South Canadlan
river,in the state of New Mexico(U.S.A.).Conchas reservoir
is8 & dual purpose structure,that 1s for flood control,as
well as for irrigation.Through out entirely 130 miles below
the dam;the river 1s conflned to a narrow canyon sectlion,
before it emerges in to a reach of low hills.In this canyon
gectlion,the river bed occuples the entire floor of the valley
and during the low flow periods,the channel consists of a
series of shallow meanders.,lilgh flows occupy the whole bed
and extend up the canyon walls,from 15 to 20 ft,.
Sloﬁe and bed materlal--

The slope of the river, jJust above the dam 1s about
5.6 ft. per mile. Below the Conchas dam,the slope 1s 5.1
ft. per mile,levelling some what to 4.1 ft. per hile, 75
miles downstream. The bed material is in the form of, a
deposit of sand and gravel,over the orliginal sand stone.
Prior to the construction of dem,the river bed at the dam
site, consiested of coarse sand blanket of 10 ft. average.
depth,over lyinga 5 to 6 ft. strata of clay and gravel.
The flnest materlzl found near the dem,in quantity,was
classed as medlum to coarse sand,with attalning a prominent
portion about 30 or 40 miles downstrean.
Discharge and Floods--

Normal flow of South Canadian river,near the dam
site,varies from zero to 50 c.f.s. with flashy flood flows

even up to 28000 c.f.s. The following table glves an idea



about the flood flows and flood discharge after the dam

¢

was constructed.

Date Flood Discharge c.f.s. Flood Flow million
May 17,1941. 18,100 1160 orfer
June 7,1941. 16250 1170
June 9,1941. 13750 1180
Sept.24,1941. 12500 2600
April 24,1942, 38300 - 1150
Sept.2,1942. 31000 1140

Since 1939 to 1948, trere were four major floods,
resulting in spillway discharge,which reached a maximun
rate of about 38000 c.f.s.Otherwise there was no flow
release,except 5 to 7 c.f.s. from the power house.
Degradation-- _

This type of flow has brought about a net degradation
of 7000 acre feet of material,from the river bed over a
distance of 20 miles downstream from the dam,The maximum
lovering of the low water profile,lO ft.begins about 1.25
miles below the dam,and continues at this magnitude for.
4.5 miles below the dam,decreasing to a negliglble value
20 miles below the dam.Feginning at a point about 1 mile
below the dam,the river bed has eroded to rock outcrops,
forming & seriesof pools,because these outcrops acted as
controling points for the water level;These pools can be
observed in the flrst 5 mlles.The present bedsurface in
the first five mile reach 1s wholly rock and large gravel

and it 1is apparent that,all the meterial of the size of
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medium gravel and smaller has been removed.Small gravel

and coarse sand begins to show at about 6 miles downstreamn.
At several 1locations in the reach,the river has s tendency
to erode the 1inside of the bends, thus straightening the.
channel and compensatiﬁg for a change of slope due to
degradation. These are the reaches where the canyon glves

way temp orarily to gravelly hills.

Wisconsin Flver---

The Wlsconsin Elver has a bed of sandy material
which continuously moves downstream, in a stretch near the
Prairie Du Sac dam.The movement of the sand in the form of
sand bars ,1s evident at the stream gaglng station at'Mﬁscoda
(Wisconsin), many miles downstream of the dam. At this
gaging station , which was established,at about thé same
fime,as the Pralrie Du Sac dam was constructed,it is a
common practice to observe a sand bar,upstream from the
-5a51n5 statlion ,durlng the early part of open water season.
As the season progresses,the tars move closer to the statlon,
finally reaciring it; and at the same time a normal depth
of,from 3 to 9 ft. at the gagini station is replaced by 6"
to 1 ft.of water over the surface of bars.

‘The hydro-electric power plant at Prairie Du Sac

(wisconsin),was placed in operation in 1914. The mean flow
of the Wisconsin river, as recorded at Muscoda gaglng station
during 1915- 1942 was about 8R14 c.f.s. (Trans.A.3,C.E.1950)

A general lowering of the tall water and of the river
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bottom downstream from the plant, became obvious, a few
years later,The everage rate of recession of the monthly
t211 water levels overr 17 year period, 1915--1951 inclusive
was 0.43 ft, per year. From 1932 to 1935 1t was about 0.1
ft.per year,while the minimum monthly tall water level was
practically constant from 1937 to 1944,

Plate 6 shows the variation of 12 monthly mean
low tall water level each year with years. From that it can
be seen that,during the first few years,these drops in thé
water levels were more rapid , when the finer material was
being removed.After wards the bed material was coarsened,
and therefore the bed of the river as well as the above
mentioned typlcal water levels were stabllized to somé
extent., As a result of degradation,tne tall water level
dropped to such an extent that,apparently the Jump would
not form on the apron for all the discharges.

As sald on page 1l4,this movement of the jump in
downstream direction,is very dangerous to the structure,
Usually there 1s a considerable difference in weter levels
before and after the hydraulic Jjump,and when the Jump moves
downstream,to such an extent that it would not form on the
apron,the depth of the water on the apron is reduced.In
normal course,the uplift on the downstream apron,is balanced
by the weight of the apron end welzht of the water on the
apron.Feduction of the depth of water on the apron,there
fore,apparently increases the uplift,and if the weight of the:
tall water depth plus that of the apron is less than the
uplift,the apron will burst.
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Therefore durirg 1929,hydraulic model tesis were carried

out ,to deteramine a method of reducing excessive erosion of
the river bed,lmmediately downstream of the dam.A temporary
and cheap method of wooden baffles was designed andconstructed
in 19320.

The river belng nominally navigable,a lock was
provided, during the construction of dam.This lock 1s 35 ft.
X 170 ft., with 1ts 1ift that reaches exceptionally high
maximun of 34 ft. the sill of the lock was about 6 ft. above
the bed.As the degradation in 18 years was of the order

of 7.5 ft.,1t 18 clear that the lock must be useless,

dissourl River.--

| Fort Peck dam, on Missourl river in north
eastern Montana,l1s the largest earth fill dam in the world.
The primary purpose of rFort Peck project,is to improve the
navigation in the river below Sioux clty,Iowa,w ith the
incidental purpose of flood control, prevention of bank
erosion,nydro-electric power and irrigation.

Some facts ebout this dam are as follows--

Length of the dam 21,026 ft.

Max.width at the base 4900 ft.

Maximunm helght 250 ft.

Area of the reservoilr 245,000 acres.
Drainage basin 57,725 Sq. miles,
Mean discharge 6620 c.f.s.
Maximum discharge 25,000 c.f.s.

Splllway capacity 250,000 c.f.s.



All except thé last 100 mileé of Mlssourl river,above
Fort Peck dam,1s considered to be stable ,nonelluvial river,
For some distance below the dam,the river has all the
characterlistics of an alluvial stream. Average slope of the
bedof the river is 0.94 ft. per mile,The river at Fort
Peck dam was not conéidered to be a heavy sediment carrier
prior to the construction of the dam.,

Different degradation ranges were established
in May 1936,and measurements have been made at intervals
of about six months.Follovwing table giveé some degradation

results,at different ranges.(The rates and total lowering
is for 11.5 years)

Range No. - B 4 5 6 T 8
Kiver milage 6.8 7.5 . 9.6 13.8 26.6 | 46.8
below dam, '

Average lowering 0.39 0.08 0.22 0.18 0.05 0.03
of bed. ft./year

total lowering 4,52 0.96 2.59 2.01 0.54 0.30

ft.

Data for the mechanical analysis of the bed material
for range numbers 2A and 5,showing the changes that have
occurred,in the composition of the materlal in the channeih
bed,1s shown in Plate 9.(Ref.No.24.)

The above table and the mechanical analyses
curves,show two things--(1)The material gets coarser as
the degradétion continues. (2)As the material gets coarser
the rate of degradation decreases.
Based on the observatlion and some basic assumption
it 1s estimated that,5900 acre feet of material has been
removed, from the river channel, up to range 8,1in these

11.5 years.On the basis of volume,the river bed hes been



lowered,an average of 1.24 ft,during 11.5 year period of
record.

At the end of 1951,a total of 34 permanent and 61
temporary ranges have been establishrd.These ranges cover
a reach of approximately 157 river miles,extending from
Fort Peck dam downstream to range 1l6,which 1s located 26.5
miles upstream of the confluence of M;ssouri and Yellow
stone river,.

From the recent survey,ii 18 evident that,at sonme
sections on these ranges,consliderable lateral erosion has
taken place.Hence degradation 1s many times repregsented in
terns of the cross sectional aresa,

Thus,at renges 5,6B, and 7C,which are about 9.6,
21,and 38 miles downstream of the dam,the increase in the
cross sectional area,between 1948 end 1954 was,4900,1850,
and 1400 Sq.ft. respectively.

LOwering of water level,for specific discharges was
also recorded at various gaglng stations.Between 1350-54,

this lowering of w.L. for 10,000 c.f.s.discharge was as

follows--
NO. Geging Station. - Miles below dam. Lawering in
1. 7.Mile 8.4 1A
‘2,  Range 6B. 21 0.65
3. Frazer 36.2 0.55
4, Oswego 45.7 0.40
5. Wolf Point 72.4 0.40

AT Culbertson,l154 mlles d.s.,there was 0.25 ft.rise in 7 rears.

ft.
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(b) Rivers in India----

Most of the degradation effects in the case of rivers
in India,have occurred in northern part of India,where there
i1s a very thick strata of alluvial material.A greater part
of it is called Indo-Gangatic plain.

One of the great failures of welrs on alluvial material
which occurred on Sutlej river,was that of Islam welr.This
is many times called as Islam barrage.Barrage i1s a gate
controlled welr,right across the river with the crest
usually at one level, This welr is one of the four similar
structures (Ferozepore barrage,Sulemankl barrage,Islam
barrage,and Panjnad barrage.),built on Sutle] river in
Punjab,as diversion structures for cgnals of that vdliey
project.

Islam welr is 1621 ft,long with 24 openings of 60
ft. span each., Impervious and broad upstream and downstream
aprons,of concrete,were provided for it. The downstream
apron slopes down for some distance andthen extends 1in

horizontal direction,ending without a cutoff wall. Down _
stream of the concrete apron,vere concrete blocks and heavy
rip rap. The barrage sustalned a maxlmum head of 18 ft. ‘
and was put in to service,in the spring of 1927.By November
of that -year,the bed downstream hed dropped 2.3 ft. The
bed lowered to 5.5 ft. by December 1928 and it had reached
6.5 ft.by May 1929.At this stage,the water level downstream
was 4 ft.below the floor of the welr.The scour resulting

from this drop was so severe that, a large portion of the



51

downstream apron was destroyed,and finally six bays of the
structure collapsed.

| After the reconstruction of the barrage,process
of aggradation started,the level reaching its highest value
in 1942, The process of aggradation was.however followed by
e period of degradation.The lowest levels were reached in
1947 ,when the downstream levels were 6 ft. lower than those
in 1942.Thls degradation resulted in a loss of control to
some extent, at the barrage.For hilgher discharges,it was
found thatthe Jjump moved downstream.In 1947,model studies
ware carried out and it was found that,for high discharge
intensities,the depth 1s about 2 ft.too small,to form the
Jump at the toe of the glacis.Also 1t was experimently
found,tvwo rows of rectangular staggard blocks are a best
device for this lowering.These blocks were actually cons-
tructed 1n March 1949,in the depressed bay of the weir.
After the floods of 1950,with the rectangular blocks in
position,there was silting just downstream of the
. apron.(Ref.No.6)

Serious degradation has taken place 1in the case of
Ferozepore and sulemankl weirs of this project.At the former
the degradation reached a maximum of 5 ft., the same year
it was put in to service,but the bottom since then tended
to rise.This 1s no doubt due to the filling of the reservoir
upstream andtendency towards the restoration of the normal
supply of material from upstfeam.At sulemankl welr,the

degradation was noticed the first year of 1ts service.



It reached a maximan of 5.2 ft.in tre szacrnd year,but then
recovered to 4 ft in the third year. The river bed at all
theée structures is composed of sand ard the river has a
slope of about 1.1 ft. per mile,

Thus ,as a result of degradation of the
of these rivers,wnile phe low water levels have been found
to drop from 4 to 7 ft. the maximum flood levels have not
been known to have dropped by more than 1 to 1.5 ft.(Ref No.1l5)

Similer effects have also been observed on Indus
river.Specific dischairge curves at Bachalshah were studied
from 1922 to 1942, and an average rise of 0.1 ft. per year
waé found.Bachalshah is 1 mile below Sukkur barrage.The
barrage was complete in 19?1. From 1931 to 1935, there was
heévy degradation and then a stgep rise occurred at a rate
of four times the average of 0.4 ft. per year.(Ref.No.1O.)
On p=2ge 53,1s given the degradation and aggradationl

effects on the river beds downstream of some of the weirs
ir India and Pakistan.

The 1inspection of this table shows
that ,in most of the Kkivers in India and Pakistan,in the
beginning there is degradation,which is slowly recovered
and afterwards there is a net aggradation.As explalned some
where in this report,this may be due to following causes,

(a) Aggradation of the river occurs,when a large portlon of
clear water 1s drawn by an irrigation canal,leaving the
gsediment load,particularly the coarse material,to be carried

by tze reduced flow.
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(b) When the river discharge 1s low,1it carries down,an excessive

811t charge;this checks the degradation of the river bed and the

deposition of the silt starts.

(c) At low flows,l.e. usually in summer,it 1s a common practice

on these rivers in Indla and Pakistan, to open the gates of the

welr occasslionally,so that the silt stored above the dam is then

flushed down.Thls offsets the degrading effect and some times

net aggradation results.
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(c) Degradation on Nile in Egypt--

Bed degradation 1s revealed by a progressive change
in the gage dlscharge relation,where in the water level at
which a certaln discharge passes gets lower and lower.Thils
effect has been observed below the present Aswan dam,the Sennar
dam, and the Naga Hemadl Barrage on the Nile river.It must
also have taken place below the Esna Barrage,but no data 1is
avallable.

In the case of ASwan dam,the readings of Aswan gage
fell by sbout 1 ft. immedlately after the completlon of the
dam in 1902. The total fall up to 1953 1s about 3 ft.This
fall has not been regular.In 1925,for example,the gage readings
A were actually higher than what they were.in 1903.

In the case of Sennar dam,a lowerling of the gage
reading at Makwar( About 5760 ft.downstream),tothe extent of
3.6 ft.was observed after 9 years of operatlion.Thls was reported
by the Sudan Irrigation Adviser in Feb.1934.In that note 1t
was stated that,bed degradation below the dam,did not reach
Wad E1 Hadded, 23 mlles downstream.Inspectlon of recent rePorts
however shows that,between 19350 and 1950,there 1s a net fall
of 0.49 ft at that gaging statlon.

In thé case of the Naga Hemadl barrage,the amount of
lovwering was 2.3 ft.after 8 years of operation.Actually a
subsldary welr had to be constructed below that barrage,to
keep that. head on 1t,during summer within prescribed 1limit.
Recent investigation shows that,the bed degradation below the

barrage is still golng on.but at a much lower rate.(Ref.No.25)



(a) Degradatibn on Saalach River in Germany.

An excellen. example of degzxedatlon and effect of
controls,ls the profile ol the Saslech REiver,below Relchenhall
reservolr,in Baverla.HdHere ithe degradstien in eight years was
gsufficient to endznger sericusly the ssfeiy of e pler of s
rail roed bridgs 2 milez below the dam.Degradatloun was ale:
obgerved at Innworks,Upper Bavaria . As éhis,dam,consisied ¢f
gates with s8illia at river bed level,much of the bed loacd
passed through during flocds and the lowsring was slight.

AS showvn in plete 8,the rivar bed dJownstrecn
from the dem rsceedeld almost 1C ft,in a little more than:

21 years,or at a rate of 0.5 ft. per year,
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