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ABSTRACT

Although a river occupieéea small'portion of the.catehment,
'ite'role in shaping the landscape is enormous. The river and
the adjoining plains and es a matter of fact,.the'wﬁole catch-
ment undergees'changes with time. Some of the Changes are man
induced As a result, the same flood volume(caused by 51m11ar
precipitation) occurred in the past does not behave today in -
the same manner as it d1e earlier. The_planform might gets

| changéd and.seﬁere_aggradation/degradation might'take place.
These in turn,chaege the ﬁature'of the flood flow;'No systematic
study on these aspects df flood movement in natural fivers
could be found in the available literature.

| In this study, three important aspectS'have been identi--
fied and the literature has been surVeyed to fevieﬁ the effect
of channel proceéses on flood_floﬁ and routing. They are:

(1) resistance. to flood flow, (Zj general.aggradation'or
degradation, ceusing the flood water levei to change, aﬁd

(3) Planform modifying the characteristics.

The stage-discharge.relafionships are important for
discharge computations'and some flbod_routing me thods like
Kaliniﬁ-Milyukbv method using rating curves. - The shape of the
hydrograph also gets affected by’ channel processes. Both;
'these aspects have been d1scussed in the report. |

- The Muskingum method of floqd routing is used in many
countries. This method uses the past fiow records to arrive
at values of two peraﬁeters. These parameters reflect only

the river system existed at time of observation in the past
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and as such cannot eeceunt fprethe chahgesetﬁet occhrted[
would occur to thelriver due to various channel processesﬁ
Certain other hydrologic flood routing methods teke.fhe'
geometry of the river for esteblishing the parameters.'For
instance, the Muskingum- Cunge method account the plan area
of submergence during floods and slope, the Kalinin- -Milyukov
m@thod takes care of the volume of river reach 1nv01ved in
flood movement. These methods can be used to -Toute the

floods tak1ng the effect of channel geometry 1nto con51derat10n
to some extent Hydraullc flood routing exp11c1t1y accounts
for the chahnel geometry and hence may be preferred. However,
availabielmethods of computing the changes in geometry due

'to various channel processes are inadequate;

. After studying Speeific cases of river changes

fhe folloﬁing main cenclusioné have been arrived. 'The river
,env1ronment undergoes changes at varlous rates. The change
mlght be seen in 10 ‘years to 30 years A single flood event
could change the river drastlcally-as seen in'Rupicon fiyer.

In any caee.fidod:routing sh6u1d take‘into accoﬁnt the effects.
'in the parameters. Alluvial-ri?er'queis could provide. a

practicel'solution to this problem.
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1.0  INTRODUCTION

‘A river channel at ahy'single location reflects the.
geology, geomorﬁholqu;,biology,'climate'and hydrdlogy of a
drainage basinj(kllgp,IQBS). They undefgo-continuous changes
due to channel'processes. The wofd_pfoceés-hormally includeé
all of'natural actions that producé the river-system..The
magnitude and frequency cf runoff events can be a major factor
determining the character of a river chénnel. Fof eXample;.
river channels characterized by high peak.dischafgé_cén'be
very different from_those_characterizéd by a relatitely uni-
form flow although both rivers may have the same mean
discharge. All effects of climatic differences therefore
should reflect in the'changés of-erosiohal and depositional
processes. A compariéon of geometry of perennial streamsl
of humid and sub-humid'regidns_with that of ephemeral streams
of semlarld region demonstrate that 51gn1f1cant differences
exist. But these studies [Leopold et al,1964) are only
qualitative. Tectonic effects are found in Iraq where
‘Diyala River, a tributary of the Tigrus near Baghdad was
altered. Modern flood and r1ver control problems in Brahma-
putra river are enhanced by these tectonic movements(Coleman,

1969). The following aspects are considered in this_repoft:

1. Resistance to flood flow caused by bed forms
2. " General ‘aggradation or'degfadation cauSing flood water
level to change in a river.

- 3. Plan form, which modifies the flood characteristics.
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4. Stage-discharge relations, used-.in flood studies

5. Shape of the hydrograph

Hydrologic flood routing methods and hydraulic flood
- routing methods have been found in the literature. The

adequacy of these models are also described in the section 8.



2.0 RESISTANCE TO FLOOD FLOW

| An alluvial boundary is formed in cohesive or non-cbhesive
materials that have béen and éan be transpofted by the stream.
The non-cohésive material generally consists of silt(0.004-
0.062 mm), sand (0.062-2.0 mm) or any combination of these.
~An alluvial boundary can be moulded into many configurations
by the flow as shown by Gilbgrt(1914).  The movable alluvial
boundary increases the complexity of-analySis._ Systematic
study on resistance tb-flow was undertaken in U.S5.Geological
Survey by D.B.Simon, and E.V.Richardson(1962,1963). A complete
documentation and degcriptiOn of ali basic data collected from
1956-1961 by.the USGS is available in their professional paper
462-L(1966). As é result of the above study, the following

classification of bed configuration were made:-

1. Plane bed without sediment movement

2. Ripples

3. Ripples on dunes

4. _Dunes f

5. Plane bed with sediment movement
6. Mﬁidmw&

7. Chutes and pools;'

In their original classification, they suggested 8 types
of bed forms. These bed configurations are listed iﬁ,their
order of increasing stream power, which is expressed as the
product of shear -stress and velocity. This sequence is

applicable for bed materials having d50 less than 0.6 mm For
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material coarser than these ripples will not form. These forms

are shown in Figure 1.

2.1 Plane Bed

| Prior to the beginhing of motion i.e. flow on a plane
alluvial bed, the problem of resistance to flow can be success-
fully treated as one of rigid bed hydraulics. The beginning
of motion is described adequately by Shield's diagram,although
some deviations are noticed in the case of non-uniform sedi-
ment materials. The Manning's 'n' for no bed ma?erial movement

appropriately lies between 0.012 to 0.014.

2.2 Ripples

These are small triangle shaped elements having gentle
upstream slope and steep down stream slopes. Resistance to
flow is larger and the Manning's ;n‘ is found to lie between

0.018 to 0.03.

2.3 Dunes

These are larger sized elements similar to ripples. ‘ihe
height of the dune vﬁries between 6 cm to 30 cm and the léngth
between 60 cm to 300 cm.'(corréSponding dimensions observeq
'

in the natural rivers are given in section 2.7). Manning's 'n

in this case varies from 0.02 to 0.04.

2.4 Plane Bed with Motion

,With subsequent increase in stream power dunes might get
washed and plane bed méf result. JHowever, for certain sizes
of bed material this may not occur. In the case of plane bed

there is a considerable material movement. The Manning's 'n’



drops down and varies between 0.015 to 0.018.

2.5 Antidunes

These are defined as a strain of symmetrical sand
waves which are in phase with a correspoqding train of symmet.
trical water surface waves. Wave breaking can be noticed.
Based on observations at the glaés-walléd section of the
flume, Simon et al.(1961) mentioned that when antidunes broke:
the water in the crest moved upstream, the water close to the
bed almost ceased to move till they vanished and shortly
thereafter, normal flow was resorted. The Manning's 'n' ranged

from 0.010 to 0.013.

2.6 Chutes and pools

At very stéep slopes, alluvial channel flow changes to
what has been called Chutes and pools. Resistance to flow is
véry large. The Manning's 'ﬁ' varies between 0.02 to 0.04.

In view of the above classifications the flow in alluvialt
channels can be divided into two distinct flow regimes with a
transition zone, viz., lower flow regime and upper flow regime.

Bed forms have several important effects. First bed
forms locally distort the vertiCaI velocity profile and reverse
flow in the separation. Secondly, béd roughness is controlled
by dune size rather than grain size. The form roughness
affects energy loss and as a result also affects velocity a?d
depth of flow. It has been noticed that ripples have an effect
of doubling of channel length in the River Jizera in

Czechoslovakia ( Martinec,1972).



2.7 Field dbsérvations
.It has been ébserved that in the fall of the year the
average stage of Missouri river between Sioux city, Iowa and
Omaha decreased by about two feet {60 cm) and averaged dep}h.
‘by about one feet (30 cm). This chﬁnge,in-depth occurred with-
-out a decrease in discharge. The only noticeable change wés
temperature. Sonic sounding of thé-bed profile showed that
the bed configuration was changihg dunes fo'plane. These
observations are in good'agreement with that.of-USGS experimen-
.tal studies. |
The stofage of water caused by the breakinglof antiaﬁne
as mentioned in the section 2.5 could be seen as ruging of dis
charge is alluvial streams with steep slopes. That is, with
antidunes water is stored and released in the upper reaches of
the stream in a random haphéiﬁrd.manner. But in some cases
a systematic pattern of surges, as antidunes break, is also

noticed. .



3.0  DETERICRATION OF BED AND BANK

Lane (1955) includes an impressive list of examples of
degradation or aggradation in natural streams. In many of the
cited cases, the causes was induced by man. Very typical is
the increase of sediment load due to-hydraﬁlic mining. The
Sevendah river in Malaya, where the river bed rose 21 feet in
the years 1922-1933 due.to addition.of sediment from the hydrau-
lic mining of tin. The degradation of Colorado river dowﬁ- |
stream of Hoover dam is worth mentibﬁing. The bea dropped by
an average of about 15 feet in the vicinity of the dam. Livesey
(1963) points out that tremendous difficulties are encountered
in the field in predicting the rate of degradation as wcll as

total degradation.

3?1 Accretion of River Beds

The rivers in Pakistan bring enormous quantities.of
debries from hills since ages and deposited the same in their
basins. This continuous deposition has deteriorated the river
channel due to accretion, resulting in higher flood levels énd
greater flood damages. The following table 1 provides some
relevant gxtract as obtained from Choudry (1976).

Table 1: Average Annual Rate of Accretion

River Station - Annual Rate of accretion
. (mm)
Indus ' Kalabagh - 16.46
Mithankot 59.44
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Sukkur ' 46.94

Kotri : 18.59
Jhelum Jhelum bridge ” 6.09
Trimmu 58.52
Chenab Alexandra bridge 20.12
Rivaz bridge 41.45
Ravi Shahdara' 24.99
Sidhnai 15.24

Sutlej Islam 42.67

The Rio Grande at Albuquerque, New Mexico(Richardson,
1976) has aggraded its bed which is at present several feet
above the old town streets. This aggradation is attributed
to the decrease in peak discharge during-spring runoff. The
decrease is éaused by irrigation development upstream. IThe
smaller peak flows will not transport the sediments brought
in by the tributaries.

The town Niebrara,Nebraéka(Richardson,1976) had to be
movéd on to higher ground because the river bed has aggraded,
flooding low areas. The aggradation was caused by backwater
from Gavins point Dams on the Missouri river (U.S.A.). The
backwater caused decrease in river slope, velocity and the

transport capacity of the flow.

3.2 Degradation
The Nile river (Richardsoh,1976) as a result of high
Aswan dam is undergoing changes. The degradation downstream

is controlled by three diversion dams between high dam and



Cairc. There is ,however, a tendency for the Nile to establish
a new méander pattern as the result of the change in discharge
hydrographs. _ :

Clear water diversion into South Boulder Creek in
Colorado is another classical example. Originally South
Boulder Creek was a small mountain stream. Water was diverted,
from western slope through tunnel to Séuth Boulder Creek,
increasing the flbw by a factor 4 to 5. The additional water
eroded the banks and degraded the'channel. begradation was
as great as 15 tn 20 feet before measures were taken to
stabilize the Creek {Richaardson,1976).

Streams transporting little bed material load are
relatively narrow, deep and sinuous. Low sinuosity streams
have a gradient very near that of the valley slope and these
streams have a low percentage of §ilt aﬁd clay in their
channels. Depending on the type of rocks exposed within a
drainége basin, the load of a river might change from gravel
and sand to silt, clay etc. Rivers draining areas of rela-
tively coarse or sandy sediment load and continued to flow on
a2 slope which is today essentlally that of the valley itself.
An increase in sinuosity and the accompanying decrease in
stream gradient reflect the need to dissipate the energy.

The rivers with sandy channels-have low sinuosity and the
rivers with high silt-clay channels have high sinuousity. There
are some exceptions to this conclusion. For example, streams
draining the mountain meadows of South Park,Colorado ére;
meandering although their bed composed of cobbles. .Bed
-armouring is said to be the cause of such meandering (Schumm,

1971).
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Changes in discharge and sediment load in a river may
change the planform also. For example the highly sinuous
relatively narrow and deep Cimarron river of Kansas(U.S.A.)
was destroyed by the major flood of 1914. Between‘1914 and‘
1939, the river widened from an average of 50 feet to. 1200
feet and the entire floodplain was destroyed. Large floods
moved considerable sand and caused this transformation. The
precipitation data indicate that the years 1916-41 were
generally a period of below average precipitation. Thus,
during years of low runoff and high flood peaks, the Cimarron
river was converted from a narrow sinuous channel character-
ized by low sediment transport to a very wide, straight
river with large bed load. These changes were apparently
the result of climatic fluctuations. Agricultural activities
within the basin may have increased the flood peak and the
sediment loads by destruction of natural vegetation.Towl
{(1935) reported that the length of the Missouri river from
the mouth of the Big Siour river to the mouth of the Platte
river was about 400 km. in 1804. 1In 1935, the length
between these two tributaries was about 240 km. which is
40% shorter. Towl attributed this change to the cutting of
timber on the flood plain and the great flood of 1881.
Apparently, this and the subsequent floods straightened and
widened the river. This transition caused 40% increase of
gradient since over the shorted course the level difference
remained constant. |

3.3 Bank Erosion
The river bank is divided into two parts according to

11



United Nation'$ publication(lQSSj. They are the upper part
which is subjected to relatively strong currents and the
lower bank wnich is foundation of the upper bank. The lower
bank erosion is known as toe failure (Planiappan,1984). Thf
banks are not subjected to erosion in all phases of different
flood stages. Usually some portion remains unaffected by
erosion and this portion is carved only during high or excep-
tional floods. As a result the upper bank has been divided
intd two zones by Sen(1966). They are : (1) free board zone
wﬁi;h_is affected only at high and serious floods,(ii) Fore
,éﬁqfe_zohe which is covered by water by usual floods as shown
“in figure 2.

T —BANK FULL STA6E
< FREE BOARD

’<§\\" ***** SAMLL FLOOD STAGE

—— r— —— —

Figure 2 - River Bank Details

As far as lower bank is concerned toe erosion takes place

at the minimum water level.

It is observed that maximum flow velocity occurred close
to the concave side of the meander curve during falling flood
,Stage and the maximum velocity shifts towards the centre of

the channel during the rising flood stages. Bank erosion is

12



maximumiduring falling stages Mathes{1941). There are six
causes of bank recession as per United'Nations(1953). They
are: (i) Removal of soil particles by currents or waves, (ii)
Sliding erosion due to increase in slope,(iii) The collapse of
upper bank material by toe eroszon caused .by eddies,(iv)
sloughing when saturated with water. (v] Slxding due to seepage
flowing back into the river after the flood recession, and
(vi) Piping in a sub layer whlch removes sufficient material
due to the movement of grpundwater-to the river. A study on
the field observation on the river Bhagirathi can be seen in

Sen (1966) and briefly discussed in section 7.5.
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4.0 PIAN FORM

4.1 Braided Channel
A braided river is wide with multiple channel divisions

as shown in figure 3 by isiands or bars. Braiding is one of

NEAR DIBRUGARH IN EASTERN OF THE va

DIBRUCARH
TOTAL BRAIDING INDEX .53

NEAR GAUHAT! IN THE WESTERN PART OF THE VALLEY

TOTAL BRAIDING INDEX 8.7 ]
SCALE 1:330000 {( APPROX. ) PALASBARI

Figure 3 -Braided River

the way that alluvial rivers achieve equilibrium among the vari-
able of discharge sediment characteristics and slope. Lane(1957)
concluded that generally the two primary causes that may be res-
ponsible for braiding are: (1) the stream may be supplied with
more sediment than it can carry resﬁlting in deposition of part
of the load, and (2) steep slope which produce a ﬁide shallow
channel where bars and islands from. Either of these factors
alone or both could be responsible for a braided pattern. If the
channel is overloaded with sediment, deposition occurs the bed
aggrades and the slope of channel increases in an effort to main-

tain an equilibrium. As a result, velocity increase, multiple

channel develop and cause the overall channel system to widen.
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The multiple channels which form when bars of sediment accum-
- ulate within the main channel, are generally unstable and change
position with both time and stage.

Another cause of braiding is easily eroded banks. If
the stream banks are ero&ed,.channel widening takes place
together with islands. The.braidéd stream is difficult to
work with because it is unstable. It changes alingment

rapidly. Even large flood would be shallow and unnredictable

4.2 The Meandering Process

Alluvial channels of all types deviate from a straight
alignment. The thalweg oscillates transversely and initiates
the formation of bends. The secondary currents, thalweg
shifting, sloughing of the banks, non-uniform depsotion of
bed load, debris such as trees etc. arc causes for meandering
of streams. As the meandering progress, the meander loops
moves at an unequal rate because of unequal eroaibility of
the banks.

The word'meande:'originates from the Meander river
of South-west Turkey which clearly shows the winding course
characteristics of a meandering river. The ratio_between the
channel length and valley length is known as ‘sinuousity(r)’.
In practice, a meandering river will not have a single
sinuousity or follow a sine function. However, Inglis
(19475 founﬁ the various wave length ) , as shown in figure 4

is proportional to the square root of the bankful discharge.

15



Figure 4 - Meandering River

LO6 S

LOS @

Figure 5 - Discontinuous State-discharge Relations
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5.0 EFFECT OF STAGE-DISCHARGE RELATIONSHIPS

Computation of discharges for a given stage hydrograph
is an important aspect in flood routing. This is because
sys tematic stream gauging produces continuous stage measurements
at high frequency that is suitable for flood routing. In order
to convert them to discharge hydrograph,_a stage-discharge
relationship is adopted. In this section the effect of channel
_processeé on the above relationship is given. The usual me thods
of determining discharges by such relationships fail to account
underlying relation in alluvial streams. This is because in
alluvial streams neither.the bottom nor the sides of the channel

are fixed.

Discontinuities occur in state-discharge relations, as
shown in figures 5, as dunes‘are washed away ( Dawdy, 1961).
Bedforms in rivers with varying discharge are often out of
equilibrium with prevailing flow. For example during the
rising of flood peak, development of dunes lag behind the
fast rising discharge and large dunes belonging to peak
discharges may even occur on the failing limb. The dune steepness
(height/length of the dunes or ripples) appear to adjust

in such a way that they offer maximum resistance to flow

17



(Yalin{1977) jand thus serve as an efficient energy dissipation
mechanism.

Hence when rating curves are used for computation of dis-
charge the discontinuities should be noted and incorporated
properly in flood studies. Sometimes rating curves are used
for establishing routing parameters for flood routing tech-
niques like Kalinin-Milyukov method. It is important to know
the discontinuity that occur due to channel processes while

establishing the mean rating curve for use in flood routing.
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6.0 EFFECT ON HYDROGRAPH SHAPE

The flood at a site is represented'as.a hydrograph of
flow. This hydrograph, when fouiéd through a river reachl
will get its shape shifted along the time scale and may get
_distbrtéd involving reduction in magﬁi;udg of:peak without
violating the continuity of.flow. .The-flbod-routing is done
by means of cértain mathemétical fofmdlaeror éléorithms.
Physically this changes in the shape Qf-the_hydrbgraph are-
caused by different channel'characteristics like‘floﬁd plains,
slope etc. In this section the effect of flood.plains, meander
“etc. have been brieflyidiscussed. _
A flood hydrograph can be divi&ed into three parts; the'

rising limb, the peak, and the falling 1imb.

6.1 The Rising Limb

This portion of hydrograph suggests that the drainage
basin has a steep slope and a narrow.flood plain which may be
unvegetated. A uniform rise in the rising.limb indicates
uniform intensify'of the rain over the catchment; -For the same
dischafge the rising limb of the hydrograph corre5pond§'to
a larger sedlment load a hlbher veloc1ty and a smaller depth .
of flow than that in case of falling 11mb(Mor1sawa 1968).
flat rise of the hydrograph indicates a flatter drainage basin
slopé or a'dense growth of the végetation in.the basin or a
broad flood plain, or a combination of these.. A very flat,
 slow and uniform rise may indicate that the channel is fed

mainly from ground water sources.
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6.2 The Falling Limb

“This part of'tﬁe”hydregreph'is_the result of wifhdrawal
of water in excess of the'iﬁfiew eo the channel. Thls portlon
'is less dependent on the time varlatlons in the. preC1p1tat10n
or infiltration, but 1arge1y dependent on physical features
of the channel alone. H1gh'slnuepsity_of the channel slows
down the process of recession because of low water velocitye
in such channels. A low fate of receseion_also indicetes.

a high resistance to flow and low sediment discharge.

6.3 The Peak |

| | A steep rise and a steep fall are assoc1ated with a
very sharp peak. A slow rise and flatter recession are gene-
rally essociated with a_broader peak. Groune water fed

‘channels may have broad peaks.

The shape of the routed hydrograph can be related to
the characteristics like sinuousity etc. But their relation
to the routing paremeters are not yet known. Considerable

research studies are needed still.
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7.0  EFFECT OF FLOODS UPON STREAMS

The following examples illustrate the.changing river
environment due to flood. The examples are not intended to
_present a complete study on the changes caused..Mére extensive
documentation can be seen from the-diffefent references cited

therein.

7.1 Changes on the Eel River and Rubicon River

The climatic chérécteristics of the Eel river basin
- are highly conducive to fluvial érbsion. Most precipitation
and runoff occurs during winters moﬁths when evaporétion is
insignificant and -the erosive power of the stream is maximum,
The effect of floods upon streams channels and sediment source
in this river basin has been well documented by Waananen et al.
(1971). In December 1964, the Eel rivef experienced a flood
with a return period greater than 100 years. Precipitatidn in
some location exceeded 510 mm in 48 hr. period. This caused
‘the river stages to rise by as much as 4.6 m above previously
recorded Stageé. Stream bank erosion, land slides and sheet
flow erosion produced tremendous sediment yields. For a 3 ‘day
‘period beginnihg on 22nd December,1964, the suspended sediment
discharge on the Eel at Scotia,California was found to be

9 Kg. This éxceedéd the yield of 85.3 x 10° Kg. for

105.2 x 10
the previous 8 years. Hickey(1969) found that as a résult
of the flood sediment disposition, the stream bed elevation
raised to 1.8-2.4 m the ficinity of the confluence of the

21
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Mlddle Fork of the Eel and Black Butte river. He also nofed
that the dep051t10n also continued durlng the next water year.

The Rubicon and American rivers drain a part of the
western flank of the Sierra Nevada_in California. The Rubicon
rises north east of Pyramid Peak in Eel Dorado county at an
elevatlon of 8700 feet above mean sea level A torrential
rainfall of 22 inches in § days occurred in December, 1984,
There were no meteorological indication that such an unusual
storm would occur. All ﬁrecipitation occurred in the form
of rain. This caused heaVy runoff from storms of late December.
The rainfall in the month of November maintained high soil
.moisture providing a rapid runoff. Further, the low temperatures
of the winter caused freezing of the ground at the higher
elevations. The Rubicon river experienced such a'huge flood
‘third time in 9 years. There are no conccrrent hydrographs
for any of the three major floods at successive gauging stations
on the Rubicon river main.stream and hence no flood routing
.procedure was used to compute hydrographs (Scott,1968).

The Hell Hole dam. 51tuated on this river is a rockf111
‘dam.as shown in Figure 6.

Once overtopped the loose rockfill was rapidly reduced
and the surge was expelled in 1 hour at an average flew of
7300 Cmecs. A massive surge as shown in Figure 7 begain its

passage through uninhabited cényon.
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It has been reported that a slow initial rise followed by
a terrific amount of debfis,followed by the wave risihg ét about
60 cm per minute occurred. Four of the 5 downstream bridges
collapsed. Average velocity of the'wave‘was 6.7 meters per
second over the entire route sedimentaty deposits in and along

the channel were severely eroded by the surge.

.Efosion of terraté gravel was mainly due to lateral cutting
~ than scour. Only a minor amount of bed rock removal occurred.
Most of the seciment mater1a1 was derived locally Wlth slumping
6f boundéry terrace deposits. These were introduced apparently
into the.flqw on the receding stage when.competehcy was conti-
nuously decfeasing. Therefore, for more material was éupplied
than the channel could.trén5port. Muéh of the extremely coarse
material supplied from the sideé-df the channel was'either not
moved or moved only shert distances. Thus .the chief effect of
this surge is to introduce coarse sediments fo the active stream
channel with a net agradation in the thalweg. A 'V' shaped
_channel was modified to a 'U' shaped channel as shown in
Figure 8. |

Nearly flat topﬁed berm occurred continuously on both sides
~of the channel in the upper moét reaches but downstream they.
~are confined to protected areas behind bed rock projections or
inner banks of the bends. Berms.compoﬁed of rockfill derived
at the dam site_wefe seen until 15 km from the dam site. The
berm surface usuaily slopes géntly'towards the present channel
and where berms ére present on both sides of the channel they“'

occurred ‘at approximately the same level. It is also noticed
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that the coarsest detritus at or neér the surface. This reverse
grading of deposits relates to the depositional dynémics possibly
to the dispersive stress forcing large particles to the surface
during movement; rather than coarser particles remaining a

lag deposit after removal of fines.

In the reach immediately downstream from the dam, coarsest
debris occurs in the center of the chﬁnnel. Through the middle
of the area of berm formation, the pool-riffle patteyn becomes
mofe pronounced. The terrace liké_bérms are ahalogous-fo
common alluvial terraces formed by chanhel'aggradation
followed by incision of a lower channel. The ferrace like berms
were formed by a single flood_event'and that the bed material
is almost entirely of boulder siie. Thus once deposited, the
berm wgdld be unlikely to be eroded at a lower water level.
This acts as an.armour layer. Macroturbulent conditions
transportéd bqulders in suspension well above the berm surface.
The material composing the berms.howéver was deposited from
the bed load, which 1océlly moved as thickISubaqueous debris
-flows or é series of gfavel waves. The top of the continuous
berms may'represent the approximate level of bed load flow or
wave movement attained in the main channel rather than any
stétic.aggradational surface. The berm surfécé waé continuous
across the channel at one period dpring.the surge. Bed.load
movemenf may have been continuousjin the center of the channel
and, as the material move& out of fhe-reach, the présen; low
water channel could have been left as bésicaliy a depositional
father than an erosional feature. On végetated banks, down-

stream, discontinuocus ridges of sand formed in areas of low
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velocity. Further downstream the surge caused terrace like
berms with normal alluvial gravetl.

The sequence of berms suggest that the movement of bed
material was episodic in response to a single flood wave length
the failﬁre of the structure was gradual and continuous.

The single flood event has resulted in the drastic change
in bed and the shape of the river. This gravel/boulder bed
effect is very different from the earlier bed to the floods.
Bed sediment movement of the river would reduce drastically
at these locations. These are to be taken into account while

routing the floods in the future.

7.2 The Kankai River

With the assistance of the Asian Development Kankai project
has been implemented in Nepal in 1979. Because of the inter-
action of floods and channel processes the river bed degraded
and the banks erosion took place. The hydraulic structure
failed. Some studies on design aspects have been carried out
by Nippon Koei Co.,Japan. However; the'complex interactions

showing the effect of channel processes have not been studied.

7.3 The River Kosi

The Kosi is well known for its shifting and the flood
problems. Since 1731 when it was said to be flowing close to
Purnea, it has shifted westwards through a distance of 110 km.
to its present position. The attention to its fast changing
course was first drawn by Hélmes (1965).

The river rises in Tibet and after traversing through

Nepal and India for about 725 km. distance it joins the river
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Ganga at Kursela in North Bihar as shown in Figure 9

| N
y MLEVEREST ) T

3
KHATMAND "

Figure 9 - The Kosi River Basin

The catchment area of'the Kosi is approximately 59,300 sq.km.
The maximum and minimum discharge are 26,300 cumecs and 283
cumecs respectively. The annual sédiment load is 95 million

m3 The Kosi river bed is bouldery in the Himalayas. Further
downstréam, the bed is sandy. During floods (S.V.Chitale,

1984} the river occupies the entire width and forms a very

wide and shallow section. The Kosi is known to have shifted

110 km in about 250 years. In order to keep the river confined
embankments were constructed. The barrages have also been
cdnstructed to provide relief. However, because of the excessive

'scdiment load the river bed aggradation is inevitable. Barrages

however reduced aggradation to some extent but caused the same at
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upstream. The continuous rise of bed levels cause rise in the
high flood level endangering the embankment. The Table 2 gives
the estimates of the bed levels and flood water level as pro-

vided by S.V.Chitale(1984).

The rivef Kosi has a steep gradient of about 1.5 m per
km. in the gorge upstream of Chatra. From Chatra to Bhimnagar'®
where a barrage has been construcfed'ﬁnder Kosi project the
river has an average flood gradient of 0.873 ﬁ per km. (Sanyal,
1980) in a 42 km. reach. Downstream of the barrage the flood _
slope considerably flattens to 0.455 m per km. Flood slope
of the river Kosi corresponding to 4000 m3/s as given by Sanyal
is shown in Figure 10. This rapid change in the gradient
of flood slope in a comparatively short distance is attributed
by Sanyal to the special characteristics of Kosi.

Due to these special aspects of Kosi the usual flood routing
methods can only be a gross approximation and will not be
suitable. Mathematical models for alluvial rivers are to be
taken into consideration. But yet as on today no model available
in the literature can solve the problem. Since floods with a
breach of embankment would be disasterous, solution to these problems

is an.urgent need of the country.

7.4 The Brahmaputra River

This river originates in a great glacier'mass in the
Kailas range of the Himalayas in South West Tibet at an eleva-
tion of 5300 m and fldws through China, India and Bangladesh
for a distance of 2880 km before draining into the Bay of Bengal.

The Brahmaputra covers an area of 5,80,000 Km%. In Assam, the
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Brahmaputra flows in a highly braided channel characterized by
the presence of numerous bars and island as shown in figure 3.
Most of the bars are transient in nture and changes their
location and also changes their shape. They are submerged
during high flows in the summer. The hydrologic regime of the
river responds to the seasonél rhythm of the monsoons and to
the freeze, thaw cycle of the Himalayan snow. Nearly 80% of
the annual flow occurs in the rainy seaéon (May through October).
The river carried heavy sediment load. The banks of the river
are highly fraiable. Coleman(1969) observed the bed forms ranged
from few centimeters to 15 m in their height. Aggradation after
earthquake was severe. The flood discharge spilfs and inundates
large area since flood level rises with aggradation. As a conse-
quence stream bank erosion is also noticed.

With the present days technology the floods in this river
can not be routed taking into aCcouﬂt the various channel

processes.

7.5 The River Bhagirathi

This is an important distributary of the Ganga. It is an
old river and is a right arm of the river Ganga and flows
towards south into West Bengal. This river joins with Jalangi

and gets the name Hooghly.

The lower Bhagirithi has been studied by Sen (1966) and Basu
et al.(1970). The details of the field survey etc. are available
with the River Research Institute, West Bengal. The valley is
nearly rectangular as shown in Figure 11 and has an arca of

466 kmz. Flood water can move easily towards east of the river
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than the west. However, at large floods the entire region is
submerged. In the olden da&s the discharge of the river
Bhagirathi in different months of the year.were much more than
those of recent years. The single important cause behind this
reduction in the amount of'discharge is the gradual reduction
of carrying capacity of the river. At the offtake the sénd
deposits acts as a barrier to the uéual supply from parent
river (Ganga. |

The ‘general tendency of the river is to shift towards
west. The magnitude of meander was said (Sen,1966).t0 be
normal in the past and this was probably because of high
discharge. But later meanders became severe. Because of human
iﬁterference like embankments changed the river course
unnaturally as shown in figure 11.

Because of the special changes in the river character-
istics the model calibrated with the earlier floods could

not be used.

7.6 The River Manali

This river rises in the Western Ghats in Kerala. After
meandering about 40 km. it joins Kurmali river to from
Karuvanﬁoor river and fipally drains into the back waters. The-
river is ephemeral. During June to September heavy rains of
south west mbnsoon the.ri?er is flooded every year. The river
has a dam at Peechi which is about 20 km. from Trichur, and the
river is used for navigation and other purposes. Due to the
meandering characteristics the flood routing parameters needs

up dating every time.
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8.0 FLOOD ROUTING METHODS

Flood routing is recognized as.a procedure used to
determine the hydrograph at one point on a stream from the
known hydrograph at an upstream point. The hydraulic methods,
- the hydrologic methods are two major class of routing methods.
The hydraulic methods are based on solutien of the basic
differential equation for unsteady flow. The hydrologic
methods make approximations to these equations.

Numerous hydrologic methods of flood routing have
been delveloped. For details any standard text book on hydro-
logy may be referred. -The Muskingum method is popular. This
method uses ﬁast flow records and determines the routing
.parameter based on the observed hydrograph. These parameters
are satisfactory for the floods observed in the river environ-
ment in which they have been observed. But the river conti-
nously undergo changes and hence they do not provide adequate
ways of accounting the changes in the flood routing. Certain
other hydrologic methods take the channel geometry into consi-
deration to establish the parameters. The Muskingum-Cunge
method uses information.on plan area of submergence during
flood movement and the bed-slope. The Kalinin-Kilyukov method
account for the volume of water in the river reach and the
rating curve alongwith bed slope. These methods may be
preferred to Muskingum methods.

Hydraulic methods directly uses the channel geometry

where as the former methods try to reflect them in the routing
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parameters. Hence they can account for the changed river
 environment while routing. : -

In either case the determination of changes caused due
to channel processs is necessary. The methods for the .above

are 'still inadequate.. Coy



9.0 CONCLUSIONS

Natural processes and man made changes alter the river
environment affecting the flood flow. Large and rare floods
also bring in a total change in the river bed and planforms
as seen in Rubicon river. fhé;;-changes méy take place in
a short spell of time or over a.long period. The model
parameters calibrated using past flow records cannot be used
if appreciable changes in the river is noticed.

The resistance to flow increases as the bed form height
increases. The bed forms are seen to vary from plane bed to .
ripple and then dunes before being washed away by the flow.
The variation in the Manning's 'n' is enormous that flood
routing model cannot have a constant roughness factor. This
can be solved by using a water and sediment routing model with
variable roughness factors.

The planform is linked to the total sediment that the
river carries. The planform changes affect both travel time
and attehgg}ions. But their effect on routing parameter 1S
yet to be ;tudied.

In some flood routing methods like the Kalinin-Milyukov
method rating curves are directly used for establishing the
routing parameters. The stage-discharge relati;nship in a
river is affected due to loose boundary of the channel. It
affect; flood flow computations and needs an attenuation.

The shape of the flood hydrograph has been discussed
with special reference to channel processes.

It has been seen that hydrologic methods like
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Muskingum-Cunge,Kalinin-Milyukov methods may be preferred to
Mpskingum method - The former methods can take the information
on channel geometry The hydrolglc methods try to reflect

the effect of channel geometry through the routlng parameters.

. .

of the river d1rect1y and hence may be preferred to hydrologic
methods, while routlng floods | |

- However, the methods for the determxnat1on of the
changes caused due to channel processes are at present
inadequate. They need further Studies. Each of the: aspects
described in this report needs further research alongwith
field observations and studles for evolv1ng better flood

routing methods accounting the channel processes.
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