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CHAPTER - 1

INTRODUCTION

. If we follow the Greek root of the word (geo=>
), we accept it as a study of landforms.
e pﬁenmf-uhs-feamnes-aa.lamd-suﬁhnas,
ncludes.careful measurements of such.eat
i amdhempﬂaahistewf-ﬁweipfermaﬁmpaad
Geomorphologists from time to time also study
local geomorphology is being used more and more
2d n, for mitigating natural hazards such as floods and
es and roads of the future. Geomorphology, therefore,
disciplines including geography, geology, engineering and
s firmly in the domains of geology and geography, and basic
introduction to both disciplines. The subject takes one to
rdinary features such as the channel of a stream flowing

el that has been lined with concrete by engineers for faster

T

EOMORPHOLOGY
hich processes such as rumn'rmg@ﬁrﬁ%ﬂﬂiﬁﬁﬁﬁ studied in
s geomorp/ ology: Different branches of process geomorphology
arphalogy, glacial geomorphology, etc. depending on the
that shapes the landforms. Processes such as rumaings"vﬁt“’e'r,
areassociated with Mw’a&vglaeiab-aea/rhmandmaasrah

in Wi

;lf a geomorphologist is working on the effect of - tectonic
or she is studying tectonic geon fologysStudy of the
nslandforms is called sﬁwaﬁwal«-geamaﬁ;zho/agy.and the
yence=-of=climates-ons=landforms is dealt in ehmatic
the hmewJedg’éWﬁfph‘ology-'for—ﬂaod*p‘f’é‘\?@ﬁﬁow '
n-etc:, is appliedmgeam’a'r’pﬁb‘/dgx An account of tha

h.features,

———imye

%\@gutters. Further downward, by converging these gutters .5

UVIAL GEOMORPHOLO GY - P

Iandforms' and processes found over a large area is féﬁ;’r&- 7
Geomorphologists Who try to build theories that explain how the processes wiork
landforms aré formed, carry out theoretical geamarphalagy.. Davis was an
theoretician. These days theoretical work often evolves in model building. .The' mode!
be physical models or they could be simulation models done on @ computer. These mo
not only are useful in explaining how changes happen 10 landforms and sediment as
ble changes if some aspect

processes operate, ict possl

of the controlling environm
is disturbed. Such model building,
book. In spite of geomorphology being an

specialization is common within geomorphology.

ent such as reinfall pattern, v
however, is advanced rese
interdisciplinary

arch and not included in this
broad-based subject,

1.3 RIVER MORPHOLOGY

Land surface of the earth, is marked by irreg
B’ring water spouts, then the wa

glaciers melt or S
a tendency of the water to take the shortest route. During th

ularities.
ter flows outward and dow
is period the water flows like little

treamlets or rivulets are formed.

treamlets unite with many others and form s
dually downward. In this way a complete drainage system

t%taries are formed. Such a concentrated flow of water,
as River. Geomorphologists and geologists.
tream of water bearing waste of land from
s the trunk stream and all its branches

still downward such s
streams join with the main one gra
with many, outgoing and incoming tri
formed by the union of several streams, is known
have come to define the word *river* broadly as a s
higher to lower ground, and as a rule to the sea ; or @

in a river system/
Among the most conspicuous feature
important, as'they are responsible for much o

parts of the earth.

In 1802 John Play fair laid the simple law that "Every river appears to consist of 3 main
trunk, fed from a variety of brandhes, each ruaning in & vélley proportionate to its size and &l
of them together forming a system of valieys, communicating vith one another, and have
such a nice adjustment of their declivities, that rone of them join the principal valley, eithar on
too high or too low 8 level, a circumstance shich viould be infinitely improlabls, if each of
these valleys were not the work of the stream that fowss i it (Fig. 1).

s of the landscape, river courses ere mest

f the denudation of the land surface over large

but also may have the power to pred
egetation cover, or stability of land

dels

As a result when rainfall occurs or
nward and there is

treams. Again, many other .
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River running in a valley

iver varies almost from moment to moment. The flow of @
the amount of the precipitation and the local hydrological
BTy Water, O thgmnd-lmmediateiy-afmemm
flow during a-part-of the yeare.grduring the wet season of
pleaittent .',.--'_-v*-"f”‘fu—
aial. An extreme case of the flow is widﬁ in the hot desert
for months or even years but after a sudden thunderstorm the
ty is that the flow may only endure for an hour or two.

exterior flow i.e. mix to the sea are exoreic.

ER MORPHOLOGY

as a fundamental geomorphic unit (Chorley, 1965), as most of
- surface are sculptured by the action of the river itself or by
d cape forming processes. Fluvial erosion develops some distinc-
ercut, river-cliffs, water-falls etc., during the transport of the
re 'uced in the river bed, again deposition can give rise to a flood
ited material is, accumulated. At the margin of the glacier, due to
s are developed and glacial origni materials are transported and
the river-this is known as fluvioglacial deposits. In the arid region
ivulets are developed which also indirectly influence and control "

evelopment in accord with the zeolian processes by removing the

“mix with the water suiface within the country, aré known as; -

B
o coastal zone the river can operéte in co”hﬁ
Although river mey not be th
Il cases but still it is responsible for m
the analysis Of river's process
hology- i
o G e d
an Use. Not only. for drinking |

materials. In th
and develop different features:
development of valley form in2
produced by other Processes. Therefore,
important than any other processes of the geomorp

&WV Ger is, elsovimportant forf its significance to hum . .
riuemeamalsaw_gmsgdmﬁrmﬁﬁ -~ =vigation, fishing, power gen ,
vilizations were settled along the

timb.emneeneat'fﬁﬂﬁﬂmﬁomﬂ:lii};ﬂ@mn mainly the early ci
ctions are still present despite the lid

sides of the rivers, attra
cause damage. River is important in geographical study mainly for three reasons. 7
¢ landforms of the earth surface,

directly responsible in the development of the major 12 : ace;

.@é‘ﬁaﬁ; it is indirectly relatewtwwaw ’
domin;ted landscapes andﬁ[@y, it is very useful to human being. Therefore the study of
river is significant in the physical geography.

bility of the rivers to flood

IVER MORPHOLOGY :

he 17th century. In 1697, Guglielmini

hannel flow and he was probably the first
9 only the flow of the river was

inking form and processes.

1.5 A CHRONOLOGY OF THE STUDY OF R

MaJ:or hydraulic researches were started in t
established some of the basic concepts of open €
important writer on fluvial geomorphology. It was until 188

recorded and the flov/ recorder Powell laid the foundation for |
Actually in late 18th century scientific enquiry on river basin was started. Development in

the calculation of velocity, discharge and sediment transport by Bernoulli, Chezy, Manning
and Brahms provided the foundation for studies of fluyial processes. It was nearly 100 years
later, in 1841, the erosional and depositional processes were recognized by James Hutton
and the laws of erosion were formulated by Surrell. Subsequently on the basis of the study
in Henry Mountain Gilbert established the theory of dynamic equilibrium in relationships
between the processes of channel erosion and bed resistance. In 1914 based upon the
observations he isolated many fundamental features of fluvial processes.

ment was introduced by Hutton, popularized by

Playfair in 1802 and later adapted by Charles Lyell (1797-1875), that is the term
uniformitarianism which® implies that the ' Present is the key to the past.' This theory based
on the assumption of ‘Unlimited time for landscape evolution’ (Petts and Foster 1985).
Darwin (1809-1882) established the time-scale of earth's evolution, it estimated thi &ge of

the earth at some 4.6 billien years. After that a new/ era has brought in the scientific warld.
in fluviel studies v/as delayed until Davis he:
f the landscape largely depend upoa the

Another model of landscape develop

~In twentieth century, development
established the theory that the formation @



e stages of the river systems, In 1945 Ho
"

establish

sl geomorphology whid
] Le d ul ,,E:a:\;

nd, ’r.eiﬂ ectin

s surface are formed by the action of the river;
' not only the erosional and depositional features
t are discussed. Along with the discussion of the.
y-jolning rills and gullies form of the drainage

age form Indicate the hydrological characteristics
of topography, flood character etc. channel flow
l.e. nature of flow, causes of changing amount
Drainage and channel
aracteristics and the geological history of an area,
ttern and the causes of their development aré taken

iscussion of the changing drainage pattern changing
is included.

1:; spects of river geography.

ifferent hydrological and topographical
etric methods. To depict the
f river bed sediments can be
| analysis the

characteristics d
through different morphom
ical and chemical analysis 0
ology along with the study on the physica

fferent aspects of life is, 210 discussed.
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\ﬂAINAGE_BAsm -

@Wa&ﬁ@ﬁﬁlwﬁamwroaﬂwahgmm@igtn@amfnagam
drainage basin’is @ portion of the Earth's surface that contains @ main stream anc
tributaries and is bounded by a drainage divideMfhe-entire-area that collects the
aﬁawmwwmlmmmmmtheudrafnage‘b;sinfb%tare;
(Fig. 2.1). The main or trunk stream and its tributary streams that drain the basin aréa
collectively form the drainage network. e

ORCER NUMBZER
1 i3
2 10
0 2
4 1

DRAINAGE BASIN

BIFURCATION RATIO
R, =363

Nl.'MBER_ OF STREAM S
=

Fig. 2.1 A 4™ order drainage basin. A. An example of Horton analysis of

drainage  network. The line shows the relationship between

number of streams and stream order.

Tho ahape and sic ” 3 gy .
ze of th vably o N
: : 0 the drainage basin can corceivatly affect stream discharge,
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DRAINAGE SYSTEM AND PATTERNS Eﬂ’é
&

daee  rivers wuch as the Nile, Amazon, Wm; Mekong, Parana, W’
" amut, Niger, Mackenzie, VOIg: Ob, Euphrates, Danube, Darling, Zambezi
drainage areas In sne million square km. Under a given climatic
e basin det tal volume of rainwater recelved and, hence,
15 have large average discharge.
runoff of some major rivers of the wiorld
Drainage basin area Annual runoff
; (thousand km?) (m’s™)
i 2849 2222
; 7049 : 101181
; 1169 | 4761
; 3690 42653
b 990 39996
17 3100 19046
87 2090 9301 |
)53 1760 2539
3230 18123
] 963 5583
414 1730 23095 J

'(f1980). * = Ganges + Brahmaputra

rapidly the runoff will reach the main river as well as the
inoff reaches quickly and for elongated basin, such s the
e is a longer delay in the arrival of flow after heavy rains.
that as the basins enlarge, the stream length increases and
nd longer. Therefore, a majority of rivers have elongated

ND PATTERNS
of drainage natwork of a p'artECUIar region is approachied in
e approach and (2) genetic approach. The descriptive
' the characteristics of tha forms and-patterns.of the streams
pproach invBlves the investigation-of the evolution.of ..
n to tectonics, lithologies and structures. Thus, {’dﬁinage'

S e

0

of drainage systems are consequant streams, S
antecedent and superimposed stream

resequent streams, |
and subsequent evolution of any inage system in 2 regi
nature of initiel surface an

determined and controlled by two main factors viz. 1d €
dips end strikes of rock

nd Qﬁeologicai ctructure (e.g. folds, faults, fractures, joints, rogleb
and types of rocks)QStreams of drainage systems are divided in two broad categories or{
basis of the adjustment of the streams to the initial surface and geological structures e.g.

sequent streams (which follow the regional slope an
ctructures) such as consequent streanis, subsequent streams; obsequent streams

and resequent streaimns, and @/insequent streams (which do no
slope and are not adjusted to geological structures) such as antece

super.'mposed streams. |-

MEHC CLASSIFICATION OF STREAMS

The position of every stream in a drainage network i
slope of the land curface and by the differences of rock resisten
can be classified as consequent subsequent, obsequent,

streams (Johnson, 1932) (Fig. 2.2).

s etc. :
Ml

=15

The origin

a

dent streams and

s determined by the naturé of initial
ce. Accordingly, the streams
resequent and inseqguent

13 INSEQUCNT STREAM

€ = CONSEQUENT STREAM
0+ OBSEQUENT STREAM

[I[1] ResisTANT ROCK
R* ﬂEsEWﬁHT STREAM
Se sU!sﬁeUENTSTﬁEA-\I

SOFTROCK :
T[] wanree :
1

Fig. 2.2 Genetic classification of streams

d are well adjusted to geological

t follow the regional :




the slope of the land surface. Consequently, the
e parallel to the direction of surface slope. Such a
quent stream. However, if a stream flows in a direction

quent stream, it is denoted as obsequent [i.e. op(positecon)
[l.e. re(con)sequent] or secondary consequent stream is the
 of the consequent stream but at a level lower than the

e generally younger that the consequent streams in agﬂ,

eakness (faults, joints, etc.) in the urderlying rocks may
path to the stream, giving rise to. a subsequent stream.
ubsequent stream is one that is "sequent’ to the underlying
arison, an insequent [i.e. in(con)sequent] cr *not consequent’
control of the underlying bedrock structures, and develops over

eans the ‘form’ (geometrical forms) of the drzinage systems and
of streams in particular locality or region. The lecation, number and
1t streams of a particular region depend on tre nature of slope,
k_ al characteristics, tectonic factors, climatic conditions, vegetal
there are much variations in the environmental conditions of
ence there are also spatial variations in drainage patterns. Though
some regions may be similar but not the same, but there are some
s yhich enable us to distinguish different drainage patterns.
patterns are divided into Lhe following types: (¥ trellised pattern,
3 centrifuga! radial pattern, (#) centripetal pzttern, (5) annuler
attern, H’ﬁﬁdete:mfnate or confused pattern, w)’h/erringbone pattern,

age pattern is the most common form and looks like the branching
\(Fig. 2.1). Dencritic drainage is commonly encountered in areas of
S)ithology and in areas with les;@.)minent;regional slopes. A

of the dendritic pattern is the presence of tributagy streams
lions. Although the tributaries join the main stream at all angles,
: :ahl-/ less than 90° are prevalent. A variety of dendritic drainage is

il cmaae sl ksibiakariac
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joining the master ctream at acute angles.
ally steep slopes.

{ narrow yzlleys with unusu
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A

, M{Trellis Pattern

Fig. 2.3 Types of drzinage pattern
X

(f s

Trellis drainage patterns looks similar to their namésake, the common garczn trellis. It is

characterized by elongated tributarig_fpylrm.u_aLBIIEI or sub-parzl'el to theM—'
(Fig 2.3 A and E). The main primary and seco tributaries join the main_ stream at

right angles. Such patterns were first identified for the Ridqe‘and 1fﬂalley Pr-:w_mce of the

Appalachian Mountains of North America. The trellis drainage is @ whiarsctenistic of folded
mountains. Down-turned folds called synclines form valleys in which resides the main
channel of the stream. Short tributary streams enter the main channel at sharp angles as

they run down sides of parallel ridges called anticlines. Tributaries join the mzin stream at
: drainage are observed in Ara.lli Hills neaf

nearly right angles. Examples of this type of €0 ; .
Abu, Rajasthan; in Cachar District, Assam; in Aizaw| District, Mizoram; ard in parts of

Chotanagpur Plateau in India.
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that have undergone faulting.
4 trated in places were

Movement of the surface due to faulting off-sets the direction
tributary streams make shape bends and enter the main

ar drainage pattern displays orthogonal (right angle)
Il as the parent streams (Fig. 23D and K). This is
derlain by rocks with right-angled joints, fractures,
-i_Erellis pattern, the rectangular pattern is more regular
-essarily elongated and parallel to the main stream.
attern include the Norwegian coast and the gorge of
ctoria Falls (Zernitz, 1932). In India, such type of drainage

. Hills (north of Alwer, Rajasthan), on the Satpura Dome

- :‘ir% ?desh) and in the hills to the east of Cuddapah town

qulat pattern /s a modified type of rectangulzr drainage which
. joints, faults, lineaments do not intersect at right angles.
y streams following these weak zones join the main stream at
han right angle (i.e. acute and obtuse engle respectively).

: ¢ :
T N
ge pattern or centrifugal pattern dev
ed by the streams, which diverge from 2 central higher point in &Il
_ hat dome structures, volcanic cones, batholiths and laccoliths,
 (Qelands, mesas and buttes, and isol ed uplands favour the

al pattern (Fig. 2.4). The streams emerge at the central point

nd drein down the slopes in all directions. Since the streams

hence they are basically conse

Ea wheel or the radii of a circle.
it exhibits the best example of radial drainage pattern at ma

n is found in regions
ance and thus are concen

elops around @ central elevated

quent stregms. These streams

If we take the entire drainage
cro-

| Drainage Pattern
is opposite to the radial drainage

racterized by the strezms which converge at a point which i5

ssion or @ basin. This pattern is formed by a series of streams which after
rrounding uplands converge in a central low lznd which may be @

d drainage pattern (Fig. 2.5)

o

—_— %

ora bésin or a crater lake. The Kathme

petal drainage pattern wherein ary stream
ctonically formed circular basin. This pattern is typica
s of the United States where basins exhibit interior drai ;
these streams feed ephemere! lakes, wihich evaporat
ds as salt dissolved in the
ter evaporates away. ¥

depression;
example of centri
converge in the te
southwestern portion:

wetter portions of the year,
during dry periods. salt flats are created in these dry la%e be

water precipitates out of solution and is left behind when the v/a
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2.5 Centripetal drainage pattern
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2\.4/.6/A/nnular Drainage Pattern ®
* ic formed wtzn the tributaries of the

Annular pattern, also known 25 ‘circular pattern

¢ is formed 72N 1he W= =2
rna_ster consequent streams are. developed in the form of a circle. Such pattern (Fig. 2.6)
is developed over a mature and dis cted dome mountain characterized by a series 0f

sliernate bands of hard and soft rock beds. The differential erosion of hard and soft rock
beds results in the truncation of the beds which produces’ ringed belted structure
wherein relatively resistant beds project outward whereas the weaker (soft) beds form
circular clefts. The master consequent streams emerge at the top of the dome and
radiate in all directions down the slope like radial drainage pattern whereas tributary
streams develop in the clefts formed due to erosion of soft beds, assume arcuate shape
and join the master consequent streams and thus annular drainage pattern is formed. At
a much later date tributaries of circular subsequent streams, which join the radial
consequent, are also developed and thus the drainage pattern becomes a special case of

Fig. 2.4 Radial drainage patte.rn
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pattern /
7 ,
in @ narrow valley flanked by steep ranges. The tributaries
udinal master consequent

d
' cides of parallel ridges join the longit

ork of the upper 50N and

embles

t acute angles (Fig. 2.7)- The drainage netw
exzmple of pinnate drainage pattern. This pattern res
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OWarbed Drainage Pattern -
a rare kind_of drainage pattern, w
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Barbed drainage pattern,

headwaters and is limited in extent.(Ln a normal stream, the
are such that they always point downstream. However, sometimes
point upstream. This is referred to as barbed draipage pattern-

indicates contral of geological structure or reversal of the drainége due to stream pira
titing of the surface because of tectonic movements. The tributaries join their ma:
streams in a hook-shaped bend. Such pattern is generally developed due to r

(Fig. 2.8). b
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slso known s rib_pattern (lie the rib bones of human

ntainous areas where broad valleys are flanked by parellel
. The longitudinal consequent strearns, a5 master streams
arallel valleys while tributaries, as Jateral consequent,
es of the bordering parallel ridges join the longitudinal con-
o courses of the tributaries are straightened because of
le c between the ridges and the longitudinal consequent
!JS the tributaries are not allowed to adopt sinuous course-and
ent at acute angles (Fig. 2.9). The term herringbone has been
bones of herring fish (mainly spine bones). The upper Jhelum
,rfeceives numerous tributaries from both the sides and thus
ge pattern. The rivers occupying east-west trenches in the
pettern. The Tamar Kosi, a left bank tributary of the Kosi river,
. of the Ghaghra river), the Rapti (znother one), the left bank

IANGE

500M

IANGE

which are parallel to each other and
developed on uniformly sloping
The western coastal
he streams
in straight

paltern comprises numerous fivers,

opa. This pattern is more frequently
beds such as cuestas or newly emerged coastal plains.
ant severzl examples of parallel drainage pattem? vihere t
estern flanks of the Western Ghats drain
parallel drainage pattern has also
be pointed out that 2 subparallel

ces from the w
to empty Into the Arabian Sea.

ern Coastzl Plzins of India. It may
sentially 20 Yinitial drainage pattern’ (Fig. 2.10).

DRAINAGE SYSTEM AND PATTERNS E?']
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I 5
b partial disarrangement of the former

Fig.2.10 parallel drzinage pattern

2.4-11 Irregular Pattern

s the term implies,
treams. Su
Often the drainage in-rece
haracteristics (Zernitz,
d numerous lakes and
m. In other words,

| any system
served in regions that have

ly glacieted regions reveels
1932). Modified streams,
swamps represent total or
the existing drainzge

does not revea
ch a pattern is ob
nt

This drainage pattern, @
design of the main and tributary s
recently experienced retreat of ice.
alous and undeveloped network ¢
courses, an
drainage syste
ded the last ice invasion. &\(,y
9

éé.

F DRAINAGE NETWORK DEVELOPMENT g @
eFieneers'aWFdedyfdev’éiaﬁrﬁéﬂmimsthempassage*of time.~@née

nge;drainagea‘nemgrkrexp

Ujl_e;dnafﬁ'é“@'é“sﬂnitiaEe'd‘fOVEﬁameww:developedalamdnsu,ﬁ{ace, it mndeagﬂeﬁahangessinm‘tesms
A( w@g@&u@uta;yﬁsueamspsmeamlIengmyandrbasinva‘rea. The growth of a drainzge

network closely res om the s2p'ing stage to'a fi

.ﬂ" grovin tree with large branches an

S Glock (1931) attempted to trace th

development of @ drainage network in a region characterised b
humid climate. He proposed a model of drainage network development and described five

phases of the evolutionary development of a drainage network (Fig- 2.11). The drainage
netviork was assumed to have been initiated on a newly established p2in, formed either due

to tectonic uplift or due to the recession of sea.
al drainage network is establist=d on an undissected ‘

Cln_the in,fgia__l;iaa_pbase, a skelet
plain. The number of main streams is small and the inter-stream area is large. This is
cterised by the extension ©f all the major streams

followed by a phase of elongation, chara

anom
abandoned valleys, discordant

is very different from that which prece

g 2 5 PHASES O

LS
+

A

gs the growth stages of a treg,
d numerous small branches.

ainage patterns during thg’

e sequence of dr
y simple rock structure and

)

a
3

S o -

atic arrangement or %




“ bares

, by headward erosion. The nu ber of tributary streams and the average stream length

increases. During the e baan phase the small streams multiply rapidly. The network
spreads,QInvades Interfluves and drainage density increases. Further
development lead e of maximum extension. This is the stage of fully

Integration

Maximum
Exteasion
Elaboration %

‘gtg

Time ————— P

, _:Fig. 2.11 Phases of drainage network Development

Is the stage of mtegrat/on whu:h is eﬁaﬁ@@ /1055 C mﬁﬁm

ger During this phase the number of sma!lor strﬂams decreases to
dscape is dominated by major streams. Like the initiation stzge, in this
able lack of streams over a large proportion of the land surface. This
ng as the landscape remains undisturbed by tectonic movementis or
:he stages in the growth of a drainage netv/ork proposed by Glock have

identified six common types of drainage patterns: dendritic,
radial, annular and parellel. ~The main characteristics,

and examples of these types of dramage pattern are sho'-'n in

P
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‘/Pﬂrther down slope, s=veral such small v/atercou

"

Ta "2'.12"_H'ajdr'dra_ patterns %7

Types of Main Characteristics Controlling F

prainage x :

patterns 3 s'\'
|

Dendiitic Tree-like (Greek dzndron, a tree) Areas of c_ornparabfe

: lithology
Deccan T:ap regfo

-_—_-—_———__ -

Trellis Elongated tributzries ﬂowing Folded rocks, in regions Aravilli Hills, Cachar
parallel or sub-parallel to main with elongatec_i, linear District, Aziwal
stream. The principal- -tributaries features District
join main stream at right angles

Rectangular | Right angle bend in both tributary Rocks with right angle 'Shyamax Hills,

joints, faults, fractures pachmeri

and parent streams
——

| ——

Radial Streams radiate in all directions Domed structures,

from or towards a common center | volcances, isolated hills, | Lake
islands, intermontane

Girnar Hills, Sambhar

basins
Lo SO PP S
Annulzr Rin®like Mature dissected domes | Giridih (Jharkhand)
(Latin annulus, & ring) in alternate hard and
soft sedimentary rocks
Parallel Parent and tributary streams flow Dominant regional On steep slopes in
parallel slope, parallel faults and | the Himelaya
lineaments

Modified from Morisawa (1585)

© RIVER AND STREAM

A riveris the part of water flowing over land, constrained in @ channel. All streams and
rivers are supplied with water from rainfall. Whenever water falls on the Earth’ s surface as
rain it flows down the slope as overland flov (Fig. 2.12). Down slope ‘the runoff
concentrates ‘to form rills and gullies. The distance from the Crestline at which the

concentration of flow occurs is the length of overland flov (Horton, 1945) (Fig. 2.12).
rses may unite to form streams. Saveral

il

T e A T T T




:
 streams may join to form a |
Into oceans, seas, lakes or f

i

RUNOFF AS
OVERLAND FLOW

the length of overland flow
where the rainfall is weell-distributed throughcut the year and where
) the stream flows from grc:}dwater or melting of snow ice the
ought the year. These are Jperes jal streams. Most large rivers
examples of perenniel rivers. geﬂg{_f_{g@.ms are those that
ar. Such streams are common in seasonally wet areas, such as the

egions. Some streams flow only in direct res\;?uae to rainfall, and
ng and immediately after heavy rains. These areNéphemeral streanis,

Thar Desert, India is &n example of an ephemeral river. Rivers, such
rado, the Indus, and the Luni, that orginate in prgh reinfall region, but

s for much of their course, are classified as @/fochithonous 11Vers.
__—'—_'__—_——‘

s &

re important for seyeral reasons

1. Streams carry most of the w/ater that goes fro
important part of the water cycle.

of sediment to Io
s in the production of sé

reams @

wer elevations, and thus 2

2. Streams carr, billions of tons
; ; dimentary rocks.

the main transporting medium '
(eathering, into the oceans

4

3. Streams carry dissolved ions, the products of chemical

and thus make the sea salty.

the erosional process
Much of the surface i
oking out of an airplane wi

d transportation for the wor

5 Streams are a major source of water an
population. Most population centers aré located next t0 streams/

landscape is controlled by
ndow.

4. Streams are a major part of
weathering and mass wasting.

stream erosion, evident to anyone lo
1d's human

2,7 TYPES OF RIVERS

more or less defined channels to drain from land all waters obtained

and melting of show from high altitudes. Their development is the
h water they carry and convey on to the sea sediment washed down

eroded from beds and banks.

liivers are formed along
by way of precipitation
work of ages. Along wit
from the catchment area and

There are mainly two sOUrces from which water flowing in rivers is derived, Viz, tidal
and fresh water discharges. Tidal water centers at the lower end of a river and is derived
from the tidal wave of the ocean. This supply is available all the year round with variations
depending on the tides and freshet discharges. Fresh waters, entering the rivers from dic
upper and are also derived from the sea, but by 3 different Drocess. The heat of the sun
causes water from the s2a to evaporate and collect in the form of clouds, which, condensing

in the form of rain, falls to the ground and is then collected by brooks and rivulet, which
feed rivers. The supply of fresh water is, however, variable and intermittent.

River reaches can be divided according to topography of tf_ie river basins as upper,
middle and end reaches. The Upper reaches comprise of the hilly and the submontane
region, the middle reach is formed by the flood plain and the end reach covers the tidal

portion and the dalta region.

working in conjunction with




\ DRAINAGE SYSTEM AND PATTERNS

"1 Upper Reaches of Rivers

1.1 Hilly reach in Ii}?,“fs
| _‘g‘trally formed by the proce

imilar in character to that o
to_denudation and soil erosion.
hly resistant to erosion. As bed con
transportation cannot be determined, as is usually done, 2s 3

ss of degradation. The sediment
f the river bed, since most of it
The bed and the banks of
ditions do not determine

ner characterized by the steepness of the slopes, the swiftness of
.y of rapids along their courses. They.do not present a regular
s of varying resistznces of bed and banks to erosion, which vary

montance reach— boulder rivers

by the steepness of their slopes and their beds consist of @ mixture
4 hingle 2nd sand. These rivers, moreover difier considerably from those
silt in place of regular meandering courses, deep well defined beds and
Ider rivers tend to have straighter courses with wide shallow beds and

erlaced channels. During a flood, the high velocity flows transports
d subsides the flow of materials is

h reduced velocity then finds it
the channel thus wanders in

raided 2t

and gravel downstream, but as the floo

b%d materials piles in heaps. The flow wit

shift the heaps than to go round them and
en attacking its banks and widening the bed thereby.

o hilly region into the foothill area, the slope

er descends from the stee
ction in sediment transporting capacity. The

esulting in considerable redu
ly deposits forming an alluvial fan.

vers in Flood Plains (Alluvial Rivers)
plains have the characteristics of meandering freely from one bank to the
lar to that of the bed. Material gets eroded
and deposits, either between two successive
sive bends. Once @ streain with an

the resulting unbalance
Jith

ng material, vihich is simi
, e coniceve banks of bends
0 a bar, or elong convex sides of succes

viates at any point from its linear course,
viation and sets @ meandering pattern v

th c_JF bed load movement and

SiLes oe
snds to increase the local de

course for its axis. The erosion of banks, the p2

‘i’ fLU\"I!\L- a

P

”. ) = " 4

antiy with change in sta
determined by the relative s
these rivers i

of deposits change signific
stream are |
high floods

the location ‘
- secticms and the slope of the
erodibility of bed and banks. During

causing considerabl2 damage. , S
Rrivers in flood plains eré further classified 85 aggrading deg.radm«;;éotl;‘ sta‘,,tzlgi
is building up its b=d, it is called an aggrading o accreting river - f s
scoured from year to yeal, it is called a degrading r1ver: When a n{; i
sediment which it rzceives, without either depositing the material or scour! ) ed,

called a stable river.
Ny

> o

1 Aggrading type \J \‘)

of a variety of reasons: heavy load, obstruction like a
the slope, extension of

" A river builds up its bed because
barrage or a dam across it raising
the delta at the river mouth, sudden intrusion o
is cafled an aggrading type. It has usually straigh
middie which shift with floods the flow being divided

P
\

f sediment from a tri

t and wide reac
into @ number of braided ch

&
%

“7.2.2 Degrading type ot! 6
This type of river is found either above 3 cut-off or below 3 dam (or 3 barrage). These
ter surface upstream of the cut-off

result, respectively in the sudden lowering of the wa
in the sudden dimﬁx ution of its cediment load. The

which increases its slope of flow and
Colarado River, for instance, below the Boulder Dam has become a degrading type after the

j?udiaﬂ of the dam.
77.2.3 Stable type
ty of the alignment of channel and slopes as

This type of river is characterised by the stabili

well as of its regima, which may change within a year, but shows little variation from year to

year except, perhaps, that the river may migrate within its khadirs. Chaigcs sudh a>

scouring and silting of the bed advancement of the daath into the sea, and changes in bed
but these are insignificantly small.

and water slopes over a long period of time do take place
Such rivers mould their characteristics in such a mannar that most of the sediment load
brought down by them is carried to the sea.
of a single type. The seme river may have either aggrading,
<tics from its source O its mouth. Its nature
the river, IS load carrying capacity

hes with shoals in the
annels.

A river remains seldom
degrading, stable and other river characteri
depends upon the amount and size of sediment entering

the level of water and flattening _
butary etc. Such a river
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N

T
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se reach in a river may pass through various _types depending

ad and discharge with time.

’ d Delta Rivers

1 water level occur due to tides iscalled 2 tida
ofore becoming tidal a riveramay:sp mm ranches 2nd
ed a delta river.

the river receives tidal \water derived form the tidal wave of the

énters the river with the flood tide and the process is reversed
‘amount of water, which enters during the flood tide, ebbs out to
oces thus, a periodicel rise and fall in the level depending upon the

, The distance up to which the tidal effe
ange, freshet discharge, configuration of the river €tc.

‘ pe in itself. In this stage the river is

branches, which multiply in

the channels get siltzd and

_ js rather a stage of a river then a ty,
Jto the sea and is characterised by several

~hes the sea. On account of low velocities,
and eventual formation of news channels.

ssified acco‘rding to the stage and nature of flood hydrographs. Thus 8

y if the rise and fall of its floods are sudden.

f flashy rivers the flood hydrogrzphs are steep indicating thereby that the
1l of a sudden. The flood rises and falls in 2 very short period of a day or
cmall flov/ is however maintained for some time till the end of the rainy
d banks of such rivers are in no way different from those of rivers in 2lluviel

several rivers of the flashy type in India in the State of Rajastnan, Andhre
du and Karnataka. -

rivers

fver may € pletely.dqa-mpwbefore-jeimimg@g;h_e_uiggn
%!aters in rivers of this type disappear due to high

rtain distance from their source. There are

or-the se2. Such @

virgin river;
4 ceveral

sses after flowing ce
> States of Gujarat and Rajasthan.
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! ' disturbance, the friable rock loosens and landslip

ct is felt depends on the slope of

percolation ‘

yan and non-Himalayan rivers
Himalayan region can also ssi

om melting snow during
o rivers are, consequently, I
n the summer as well as in

2.7.4.3 Himala
ontinent i.e.
derived their waters fr
g the monsoon. Thes

| pivers in the Indian sub-C
| and non-Himalayan. Rivers
sdmmer and also from rains durin
less perennial and they can give

monscon.

2 The Himalayan rivers carry,
I friable Himalayan rock. This is further 2g
zone, of which the north-eastern part is p2

-

diment loads because of the soft
gravated by the seismic char acteqof the ey

rticularly active. Consequent upon a seismic,
s occur, thus increasing substantially the

generally, heavy s&

are not snow-fed. They get
ally in the summer. These
and Sahyadri mountain ranges. Originating
The river Chambal runs to the north,
pi and the Narmada to the west.
nsuLa‘r rivers are mostly of incised

o

! . cediment load of the Himalayan rivers.
i

The non-Himalayan rivers in the Central and South India

their supplies chiefly during the monscon; they dry up practic

rivers rise from the Aravali, Vindhya, Sztpura
_form these mountains the rivers run in &ll directions.
Mahanadi to the east, Godavari to the south east, the Ta
Rivers in the south run similarly to the east and west. Peni

type.
- &
,\’IQ 24 RIVER CAPTURE OR STREAM PIRACY
N (D) o -
oql The dl@rsmn of the part of the course of a river by another river is called stream
diversion or stream capture or stream piracy. The river which captures the course of
m while the part of the stream which

another river is called the capturin
has been divested of its course and water is called captured stre
naturel process which is more active in the youthful stage of the
::jecause the streams are actively engaged in headward erosion and Qalley lengthening but
river capture also occurs curing mature and senile stages of the valley development through
the process of lateral erosion and meander intersection. The stronger and mare powerful
strezms (in terms of channel gradient, stream velocity and discharge and kinetic enargy)
capture the upper courses of weak and sluggish streams. Fig. 2.13 depicts the stages of the
capture of the Saraswati river by the Yamuna river.

.There are four major evidences of river capture viz. (%) e/bow of capture, (i) cols
or wind gaps, (iii) water gaps, and (iv) misfitor underfit streams and valleys. The
elbow of capture denotes the paint (Fig. 2.14 E) where the course of the captured S’-ru‘:-:
has been diverted to the course of the captor stream. Generally, the elbow of ca"\::;;

am.|River capture is 2
jalley development

dependable yields i o

- e

- .



ure of the Saraswati river

ess of headward erosion

tages of the capt

' through the proc

e beheaded stream jus
lled as col. The misfit

t below the elbow of capture
vind gap is 2lso €2 or under fit stream is the
ured stream. It is called misfit because of the fact that the former
ream becomes too large and wide for the beheaded stream because

ry portion of th

of substantial decrease in the

(AR TR
R

volume of water dueto

1usnhaunn Jajegy

UMy Miuasy

1u3peay daagy

N

Capturat Stream

=
b

Beheaded Siream

woipray dasyy

Fig. 2.14 lllustration of river capture through headward
erosion. WG = water g2p, Wg = wind gap.




: ,mndwnatukep
gomm In oct, the process of river capture depends

R

ity

[ a locd
region resorts to more

than the other river of that
p the water and upper

latter, and thus may usur

er capture occurs under the following conditions-

‘ v 50 that water may not spread in the otherwise wide and
1orsn that veloeiby. 2nd dischargedmay be suiﬁeiemly-hlgh,.'
it the river may resort to rnpidqu&e-@f-laeadwamﬂﬂr

 than the valleys of other nelghbouring rivers,

p
umaat load so that the river may resort to active erosion etc//

Capture
bove discussion that the process of river capture is effected by
Viz, headward erosion (valley lengthening), vertical erosion (valley
cutting), |ateral erosion (valley widening), and intersection of
on). Headvard and lateral erosion Is the most powerful
of river capture. It may also be pointed out that headward
n terms of river capturé during juvenile stage (youthful stage) of
lateral erosion becomes more operative during mature stage. The
a particular river by the other river through the interse_ction of
uring late maturity and senile stage (old stage). Thus, the forms
y be grouped in 3 broad categories Viz. (1) capture through
2) capture through lateral erosion and (3) capture through

anders.

lace in 21l circumnstances

and flowing

-divide results In the coalescence

M ek - -
— e
"

gh headward erosion
ue to headwzrd erosion.

2.8.2.1 River capture throu

Most of the river captures occur d ‘
development most of the streams and their tributaries are €
erosion resulting into continuous creeping or shifting of wat
their valley thalwegs. The naturé and intensity of hea

depends on the potential energy (height of the divide) and the stee,
of the water divide. Generally, the side slopes Of the divide aré unequal. 1

originating from the steeper slopes of the divide having relatively softer r -
precipitation and relatively short channe! lengths degrade their va"f:'ys through the |
of valley deepening more powerfully 2nd resort to headward €rosion at more 2ccel
rate than those streams which originate from the other side of the divide having less
slope, relatively resistant rocks and low precipitation. Consequantly, the erosive POWEF OF
the former becomes much more than the latter, The powerful stream pushes the viater:
divide backward towards the side of gentle slope through active headward erosion.

Prolonged headward erosion by moreé powerful stream flowing of the steeper hillside of the
of the sources of both the streams 0N opposite sides of the

of the stream of the steeper side of the divide is lower than

divides. Since the valley floor
f the gentler side of the divide and hence the former captures

the valley floor of the stream ©

the headwaters of the latter.
d with the help of-an example.

The process of river capture may be explaiﬁe
ed landmass. The most active and

Consequent streams originate on the slopes of any uplift
the longest consequent is called the master consequent. ‘A’ is the master consequent (Fig.

2.14.1) while 'B" is the other consequent stream shown in Fig. 2.14. 'A" stream is flowing
through steeper slope and channel gradient than B stream and thus the former has
deepened its valley much more than the latter, with the result the valley floor of A stream is
lower than the valley floor of B stream. It is, thus, apparent that A stream is more active
than B stream. A few subsequent of lateral consequent streams emergs from the ridge (Fig.
2.14.1) and join the longitudinal consequent A and B streams at alrost right angles. F(;r
example, C and D are the tributaries of streams A and B respectively. These two tributaries
take their sources on both the slopes of the same ridge. The valley of C would be alsa
deeper than the valley of D stream because the valley of the master stream of C (A) is
deeper than the valley of the receiving stream of D (B). Thus, the headward erosion by C
stream would be more active and vigorous than the headward erosion by D stream 1,i~-~:
water divide Is gradually pushed back (towards the source of the stream D) because of .n,.,;-
active headward erosion by C stream. A time comas when the C slream c-ut_s -a;rc.rc :1:
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.ﬁdge‘ and extends its course through ceep and narrow valley (gorge) and captures the

ok ~ course of D stream (Fig. 2.14.2). N }g‘“e water of the upper course of the longitudinal
SRy t B stream 2lso flows in Jaster consequent A stream via the integrated D

'bdtar-y‘stream- Now the f BEDC in the form of one channel drains into A

g

2 of two streams at two Stages: First, D stream, a
y C stream, a tributary of a stream through active
saters of B stream (from the source to E point, the
s A stream via D and C stream due to fallout of the
ough deeply entrenched narrow valley known as gorge
through the ridge is called water gap (wg in Fig.
conseguent stream has become Captured stream
‘elbow of capture (E in Fig. 2.14.2 ). H-B portion of
ecome a beheaded stream, the upper part of which is
.2) because of dry bed of the river due to capture of the
G-B portion of the former B consequant stream has now
rbacause now the existing G-B stream is unable to adjust
ley becaus2 of marked reduction in the volume of water due to
_stream via D-C streams as 3 result of river capture. There
ble the investigators to identify the captured streams in the
e nd (ii) wind gap just to the downstrezm side of the elbow.
. peheaded stream becomes almost nil because of marked
ter. Some times, the valley of the beheaded stream becomes
2.14, C and A ) resorts to more
g accelerated rate of valley deepening because of marked
F water due to additional supply of water of D stream and
portion ) because of river capture. It may be pointed out that
.re formerly flowing in opposite directions (Fig. 2.14 1) but now
in the direction of C stream. Thus, such strezms of reversed

rerted streanms.

or under f1t Il

_ hologists believe that the 'present
e Himalayas is the outcome of progressive river piracy during various
elopment. The Arun Kosi, @ head tributary of the Kosi river, has
0, @ southern tributary of the Tsangpo (the upper part of the
led Tsangpo) river. Two head-tributaries of the Ganga é.g. the
nga have captured the source tributaries of the Sutlej river. The
ibutaries of the Song river (3 tributary of the Ganga river) and

of geologists and geomorp
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tary of sonly a
ed that the Song river may capture the As: v
divided to the Ganga via the Asan and So

the Asan river (A tribu the Yamuna river)
(Fig. 2.15)- It is expect
course of the Yamun@ may be

5 = Subsequents
PC = Possible Captur

Fig. 2.15 Development of master consequent and subsequent streams

in Dehra Dun Valley

2.8.2.2 River capture through lateral erosion
Lateral erosion and consequent valley widening become more active and significant during
mature stage of river development than vertical erosion and vzlley deepening. The water
divides between parallel streams developed on sedimentary rocks of the coastal plains are

and valley widening. The streams having

generally narrowed down due to lateral erosion
more volume and drainage of water and relatively steeper channel gradient than the other
streams resort to more lateral erosion due to which smaller parallel tributaries are consumed

by the larger parallel streams. This process of river capture is celled stream abstraction or
natural selection.

2.8.2.3 River capture through the interaction of meanders
The stream adopts highly sinuous and meandering courses during their late mature and o'd
t of level to gentle slapes (0‘3 to 5{') over

stages of development because of the developmen
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ely spaced streams are
ately they intersect each

yeoghat (about 80 km south
ushed its course through the
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e have occurred in the
present drainage syste layas is, to greater exten
piracy. The headward erosion has been the most active process
Himalayas and the Western Ghats (India). The v/ater divide between the ht
Savitri river (drainage into the Arabian Sea) and the Krishna river (dreining ) int
Bengal) at the margin of the Mahabaleshwar plateau (Maharashtra, India;

The Krishna river may capture the headwaters of the Savitri in near future.

river capture through |ateral erosion and intersection of meanders is more

coastal plains and the great Morthern Plains.

Numerous cases of river captur
m of the Hima

e




" THE MOELQ%QMETRICANALYSIS
15 - e oF | o
E i ~ DRAIN i lengths of all stream segments
| ;‘ ‘P BAINAGE BASIN 31?;;2;’::?35;;2 are gstudiet‘}. The nature of flow pf‘s
{ h.’l'r : il j . jmportant in the study of linear a_spects of the 3ram(ag)l b
| ‘ : includes the discussion and 2nalys's of strgam order pt;l of \ _
"f s ¢ ratio (Ro), stream lengths (L), length ratio (R leng_ .
’ indices etc. Fig. 3.1 shows different components of a typicé
e meaning of ‘measurement of forms’ derived :
_surement). Therefore, the techniques related to the i . /324- Stream ordering \S = -
ptludg a wide scope of measurement techniques of f- \ S ordering refers to the detérmination of the hierarchica! position of a stream i
s ki , R | dtr?ame basingA river basin consists of its several branches (segmants) hav  dift
cteristics of drainage measured through different I ra{rt't'ag in th;: basin area and they have their own morphometri
| O i ' f:: l '?nz l‘t becomes necessary to locate the relative position of a segment in the ba
:nse because many techniques, simple as well as I ! < h ;etr?; ;ﬂlerarchical organization of stream segments is visualized. Thus,_‘stream Order.
g 1 geometry and forms of the landforms with considerable k. tjar d measure of the position of 2 stream in the hierarchy_of tributaries’ (L.
o oy o e s 1 iz basin;;, ‘ I i Lic:::ld M.G. Wolman and J.F;. Miller, 1969). 1t was Gravelius who made first attempt in.
i | ; 1914 tO’dEtEf mine the orders of stream netwark wherein he attempted to trece the streams.
explorer.

hometric analysis are the same as that of any spatial
ific to a complete system, thus bringi ' '

’ ringing about the m the outlet to the source likeen
and forms. They can be utilized for the derivation of ‘

enesis, evolution and characteristics of the landforms,

: fro

Mavelius' Scheme of Stream oOrdering g
identified the trunk stream by tracing i 'rsfﬁonmnitsemtla-te-its-swpeemhea
nching. 2nd jumetian-ahgles and thus the

). By applying the same

er (Fig. 3.1 €
hich joins the trunk stream of 1st

Gravelius first,

3 asisof-greatest width, discharge, h

b trunk stream was assigned the position of 1st ord

| procedure he designated order 2 to zll the streams W
treams joining 2nd order streams, Were designated by grgg__:j_grld

s the znalysis of the characteristics of linear, areal and relief
order. Next, all of the s
this procedure was continued till the most remote finger-tip tributaries were assigned the
| ) highest order. This scheme of stream ordering by Gravelius was not appreciated as the
i ordering was based on subjective dacision of the investigator at each bifurcation and the
hierarchical orders were not symmetrically related to the magnitude of a given segment or

link.

ristics of the stream segments in terms of open links of the
'analyse?d. The drainage netviork, vhich consists of all of the
cular river, is reduced to the level of graphs, where stream i

i
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SUREMENT OF BASIN EL SINUOSITY
MEA N ot CHAMNNEL

TORTUOUS

IRREGULAR

REGULAR
TRANSITIONAL
N

STRAIGHT
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W OLDENBERG R.E. HORTOH

R. L.SHREVE A.E.SCHEIDEGGER

moonents of drainage basin; Lg = length of overland flow; L= length
Lca = distance from the mouth of the river to the centre

in; Lcu=0.5L; Lo = longast horizontal and > straight
mouth of the main river to the most distant point on the
After, R. J. . Chorley. B = Channel sinuosity. C = Methods
ent ordering, after M.). V/oldenberg, 1967.

ream Ordering "b '\0\

; A

eer, presented his scheme of stream ordering (1932, 1945)
ius' scheme. According to Horton ordering of stream begins
, which do not have their own ft;ederéﬁfther they are

gt ™

ampnelin

£ S R

terms of supply of water. Such*finger:
treams'oFﬁrsf"oﬂieffwmn'Jofn'f :
below their ‘]MEﬁWSimilarIy,’two”sfr’ 3ms 6f"‘2ﬁ‘cf"ox"qi?i
order anmmm-fonﬁnues-tm-tnetmnk'sffearﬁrs given the hi

ther 1st order

3). Slmultaneobslyriﬂd'order-'streamsmaz‘ “have O

streams may havesadditional 1st ot
z ) ms of same 0rde :
thamnvi

> tributaries of |ower-orders:
o streams of same OF
of higher order, the o
f a drainage basin aré €

independent in
order streams«Two's

TSR

der join together.
rder of the receivin
{assified in the first ro
of the streams o

and eachrstream ¢ca
the stream order increases only when tv
or streams of lower order join a steam

does not increase. After ell the streams O 3
they are reclassified in order to determine the headward extension

different orders except the 1st order streams. For example, 0N of the two streams, wh
form 2nd order stream, is extended headward on the basis of length, linear extension,
discharge and sometimes by choice (when both the streams are of the same length) and is.
renumbered as 2nd order stream (previously it was 1st order stream). Similarly, one of the
two -streams, which form a stream of 3rd order, is extended headward to water divide and

is renumbered as 3rd order stream. mhemeaofcceslaSsjﬂcation..continue&\tﬂl,mg,m
asin, (Fig- 3.1 C 3).

«stream of the hi order becomes . the gest dreinage line of the bas 2
e-consuming it

Horton's scheme of stream ordering is difficult, tedious end tim
several timzs. Some of the finger-tip

involves classification and reclassification of streams s
tributaries are given orders higher than one while other finger-tip tributaries of the 1st order

with the same magnitude are not upgraded.

\/éﬂ{ah’er‘s Scheme of Stream Ordering N ; i
w's 1964) modified the Horton's scheme of

AN. Strahler (1952, 1953, 1957 and in Cho

stream ordering by removing the problem of raclassification end-ieaumbering of streams.
According to him each finger-tip channel is dasignated as @ segment of 1st order. At the
junction of any two 1st order segments, a channel of 2nd order is produced and extends

down to the point, where it joins another 2nd order segment whereupon a segment of 3rd

order result; and so forth’ (A.N. Strahler, 1969). Thesesstrearns may-have additional’ strezm
segmentsof“lov/e ers than Hlis=these.do. not- affect.the

ificationi(Fig: 3.1 C 4). It may be mentionad that the hierarchical order increases only
W en two stream segments of equal order meet and form a junction. The order does not
increase if a lower order stream segment meets @ strezm segment of higher order

Strahler's scheme is popularly known as “strearm segment method”.

eir own order an
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Thus, the objections labeled ,agg‘_t@st Hortonian scheme /s overcome by Strahler's
modifications. The advantage of thi i ple scheme is that it can be derived mathematically
from the concepts of elements combinational analysis (M.A. Melton, 1959) as ‘it
designates 2l unbranched seg nents as the same order, and it gives highest order to one

to the whale of the trunk stream’ (K.J. Gregory and D.E. Walling,
is simple and easy for application and it maintains the ordinal

oduces the same maximum basin order as that of the
om the limitation (this is also in the case of Horton's
nts of lower order, when meet the trunk stream or the
r own, do not have the role to increase the order of the

k Ordering Method

é_—j_"966, 1967) follows a hierarchic order, starting from the
rder 1, and increases into a cumulative order after its confluerice
m. Only the exterior links are of the first order and goes on increasing in
Therefore, if a link (order) of magnitude M, joins a link (order) of
dp,pination (*) of links M, and M, gives a downstream link

(Fig. 3.1 C5)

cheme each segment (link) has its own contribution in increasing
arder) of the segment which it meets. For example, if two 1st
links meet, 2nd magnitude (2nd order) is formed down the
gments of magnitude 2 meet, the magnitude increases to 4
ence. If a segment (link) of magnitude 1 meets the segment of
her magnitude (i.e. 1+4=5) is formed down the confluence and so
3 ‘.;1'
system, referred to as the ‘magnitude of a link“has the advantages
cumulative manner and thus provides a ‘direct statement of the

rely tributary to it.”
g systems have been devised by many others of whom the

L5

M

|

1
i

T GEO
{*}‘;33‘33 FLUVIAL

o

VORPHOLOGY

\A Horton’s stream 1aWs
of stream ordering system of Hort

he most valuable utility "%
; | relations of stream orders with i

establishment of empirica : e
parameters such as number, length slope and basin freaz-d T
composition are known as the “Horton’s stream Jaws” (m i

discussed below.

The law of stream numbers nship between the torde';; :{'_
Horton's law of stream numbers (1945) states
in a given basin tend to

-yins and stream numbers. R.E. Pty
umber of stream segments of successively lower OF: er. ;
f ing with the single segment of the highest order

if the master

form a geometric series beginn

and increasing according to constant bifurcation ratio’. For example,
stream is of 6th order and the bifurcation ratio is 4, then the number of stream segments
from higher to lower orders (i.e. 6,5 4 3, 2 1) viould be 1, 4, 16, 64, 256 and 10-24
respectively. The law of stream numbers is expressed in the following form of negative

exponential function model
; / Ny = Rb(k-#)

N, = number of stream segments of a given order
R, = constant bifurcation ratio

p = basin order

k = highest order of the basin

Law of Stream Numbers \'\/' “6
ralates to the definite relatio

where

Example: (i) Number of stream segments of Ist order
= N; = 4!6-1)
A = 45 = 1024

(ii) Number of stream segments of 2nd order
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.

) ﬂan bmchlng pattern of the drainzge network, is
n order (M,) to the number of streams

in terms of the following equation

Bifurcation ratio, Ry 3
3.9
4.0
2.3
3.0

.|

rty of the drainage basin is supposed to be
gical

mensxonless prope
ensity, stream entrance angles (junction angles), litholo

: ;, basin ereas etc.

ed out the following equation (using constant bifurca
or of the stream segments of the whole drainage basin-

tion ratio) to

R%-—l
Rs—1

highest order of the basin

Iu=

R, = constant bifurcation ratio

—_—

o 5
n’\ If the basin is of 57 order and bifurcation ratio is 4
°
o 4’ -1
d N e
2 4-1

Table: 3.2 Hypothetical Stream Number

Basin Order () Stream Number N,) Constant bifurcation ratio (Rz)
1 256 4.0
2 T 4.0
3 : 16 4.0
4 4 - 4.0
5=k 1 4.0 J
5 N, =341

The following regression equation of riegative exponantial function helps in

ascertaining the law of stream number

logy = loga— bx

vhere, y = number of stream segments
= ctream order
a = constant

b = regression coefficient ;

-.The regression line (Fig. 3.3) drawn on the basis of above regression equati
involving number of stream segments (gully-rill segments) and stream order (gully o:j s
Deoghat qully (Table 3.3, Fig. 3.2, Allahabad District), plotted on semi-log graph Gl |
aimost validates the Horton's law of stream number as stated above because tha cp fpaper

of correlation is (— 0.993) and the percentage variance explained is 93.65. i

T : =
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i Gully basin order(u) Gully basin order(u)
Fig. 3.3 Law of stream number— Fig. 3.4 Llaw of stream length-
regression  line = of  negative regression line af positive exponentizl —~
1 exponential function model: gully function modelz  cumulative  mean
i segment number vs. gully basin langths of gully segments vs. gully basa
' order. ors _order.
"_.! "".V."-..V'l
‘ 1 _— nu'-: eazie s K
. 1 i L i L | (b) Length Ratio and Law of Stream Length -
o o L i"",;\/f —atre ErIIE )
o ("‘E canraa syt IR | The proportion of increzse of mean length of stream segments. of bwo successive bzsin
' | orders is defined as length ratio (Ri) and is calculated according to the following equation
|
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a length of all stream segments of a given order (1).

lengths of all stream segments of a given order.

stream segments of a given order.

nerelly noted between stream lengths and basin orders.

of given order is inversely related to stream order i.e. total stream

the lower order to successive higher orders.

onship between mean strea
successive increasing orders.

eam length (1945) states ‘that the cumulative mean lengths
ts of successive higher orders increase in geometrical
g with the mean Jength of the 1st order segments viith
ratio” 2nd the following positive exponentiel function model of

segmern

fa

he mezn length of the 1st order.
stant lzngth retio.

y not be applicabfe in

d that this is a theoretical equation which me
length ratio is of

nage basins of natural system as the constant

ik o ‘ - - :‘-‘-_,k_,* e

ALYSIS OF DRAINAGE BASIN

" (c) Law of Stream Slopes

m length and basin order i.e. mean

3.4) drawn on the basis of
del involving cumulative mean guit
India), plotted on semi=ie |
lengths as the coefficient of

The regression line (Fig-
ositive exponential function mo
order of Deoghat gullies {Allahabad district,
almost validates the Horton's law of stream
and percentage of variance explained is 99.82.

logy=loga+bx
y segments

y = cumulative mean lengths of gull
a = constant

b = regression coefficient

x = gully basin order

" The mean slopes of stream segméns of successively higher orders in 3 given bHasin tend to
geometric series decreasing according to a constant slopé ratio”
the vertical interval (v.I) and
and length of the stream

he relationship of order

form @

The slopas of the streams’can be measured from
corresponding horizontal equivalent (H.I.) from the contours
segments with the help of a rotameter from the contour maps. 14
and slope may, therefore, be expressed as

tion. Therefore, the Rs may

where, Sy is the mean slope of the stream order under considera
nd so on. For any drainage

be worked out successively for the second and tha first orders a

> R
system, the mean Rs may be worked out from —— where N is the number of the stream
N-1 .

orders. When the slope ratio is known, the slope of any stream segment can be worked out,

like others as follows.
S, =S, Rs ¥ Y

0.3 to 0.6 and under no circumstance

The slope ratio values generally vary from
alues of higher orders are progressively

should exceed the value of 1 because the slope v
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nl of the stream order and corresponding slope values
ithmetical and log-scales respectively show that the points
ndicating @ negative exponential function.

er - In ure of drainage line involves the
iation of observed path (O from the expected path- almost @ straight line
n the source to the mouth. In fact, no river, in prectice, Shows straight
nk as many causative factors force the drainage line (stream) to
r path. These fectors may be geologicel and hydrological controls,
sity of a stream denotes the

 and relative reliefs etc. Thus, sinuo

actual path from expected theoretical straight path (course). The
jiation of the course of drainage line from the straight path, s&y sinuosity,
n studying the effect of terrain characteristics on the river course
multa jéously, the degree of sinuosity Mmay give a vivid picture of the stage
well as lzndform evolution. A few models have been developed for =

indices gs follows

.__;cpected straight path of & stream

ntifiad 5 categories of channel sinuosity

0, transitional course, reqular courss,
g. 3.1B).

asis of above equation Schumm ide
urse when channel sinuosity jsid:

nd tortous course (when channel sinuosity is more than 20).(Fi

r's model (1968)

is model of sinuosity index in terms of hydrauh‘c and topographic
quires the measurement of channel length (CL), valley length (vL) and
ce between the source and the mouth of the river, i.e. air length (AL),

few indices.

A ""g_
[= —
AL
VL

Channel Index, C

= ——

Valley Index, VI
AL

Standard Sinuosity Index, SSI = £l
VL

CcI-VI
Cl=l

Hydrological Sinuosity Index, HSI = % equivalent of

e ; vI-1
Topographic Sinuosity Index, TSI = 9% equivalent of o

x (5SI) is indicative of straight

The value of unity (1.0) of standard sinuosity inde:
us shape

river course whereas index values between 1.0 and 1.5 put the river in sinuo.
and the value more than 1.5 represents a meandering course. \

o The hydrological and topographical sinuosity indices (HSI and‘TSI) can be used as
srgnn"fcant morphometric tools in searching out the causative factors of the sinuosity and
also in determining the stage of the basin development. During early stage of basin
development, if other factors remain constant, the TSI (more than 60%) dominates over
;Sel :;:rzg;c:;e;:moyal of pronounced relief controls in the late mature and old stagss,
fe e uos:ty (more than-ﬁo%) scores over topographical sinuosity. This,

ty indices expra.nn the hydrological and topographical characteristics of drainage

basins.

3.2.2 Areal Aspects of the Basin

E?Samni‘r;; : zir;/i T?ortan{ m'orphometric attribute as it is related to the spatial distributiorr” '
e gbx u/:ant attributes .such a_s drainage density, stream frequency, drainage
Anders;n “957,) - sotufe am.:l re/ati‘ve .re//eﬁ:, dissection index elc., that is why H.\\.
e L0 asI fr;neq it as a ‘devil's own variable because almost every watershed
i r rtr: ated with area. The drainage basin area is delineated on the basis of
s e areas of all stream segments of each order are measured with the
S ;; r |cr’nzte'r. All of the ground surface, which directly feeds the 1st ordar «
segment_s'inclu dl 4 uhe in the areas of 1st order basins. The g_rea of 2nd order stream
g es the area of 1st order segments plus the areas of inter-basins, which are
gular patches of ground surface contributing directly to the 2nd order segments. Tha

———— e cts Y8 &
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ccessive order segments. Thus the basfn' h

lrfmm ha 15t order to the successive higher orders. where, E= ;lili?:iCitY index

-t y ) =iy

e crainage basin include the study of basin perimeter, A = ares of the basin

basin shape, law of basin area, law of allometric growth, L = length of the basin IR
B quations that*

, texture etc. :
i RtResd ' E The value of ‘E’ varies from 1 to 0. It is apparent from these two €
i inversely proportional to 'F. o

» is of paramount significance;asi ps in the description.and 3. V.C. Miller's Circularity Index (C) (1953)
e drainage.basins.and it is-also.related-to-tha"functioning
its genesis, The ideal drainage basin is usually of pear shape e e ] |
 t i h of the mast i C= - -
o e o [ area of the circle with same perimeter as the basin gl

r, which are themselves dependent on other varizbles such as
logical structure and lithological characteristics etc. and hence a

n basin shzpe is bound to happen. Thus, various methods have or) e A4TA
the shapes of the basins. On an average 3 sub-categories of o
recognized viz. (i) circular, (7)) elongated, end (i) indented. A where, p = basin perimeter
n-elongated, non-indented, or slightly indented, whareas a non-
e elongated, non-elongated, non-indented or highly indented. The value of 'C varies from 0 (a line) to 1 (a circle). The higher the Lalleloric the
is of computation of basin shape are as follows J more circular shape of the basin and vice versa.

B F
i3

r (F) (1932) ' -~

0
P 4, S.A. Schumm's (1956) Elongation Ratio (R)
. \./F A g
i [ ; Elongation Ratio, R = diameter of the circle with same area as basin
. N : o basin length
factor indicating elongation of the basin shape
. f the basin A 2 = S
ngth of the basin’ R= 5|50 T = i JF
5 \/_TE 1 v €
L

i.e. 1 (perfect

wvaries from O (highly elongated shape) to the unity ?
e of the basin

the higher the value of F, the more circular the shap
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oportional to the square root of Horton's 'F'. The value of 'R’
ated shape) to unity i.e. 1.0 (circular shape). Thus, the higher
cular shape of the basin and vice versa.

imeter, Basin length and Basin area

and channel length are significant morphometric vrizbles vihich
> and genetic aspect of drainage basins. Basin perimeter can be
the square roots of basin area and increase or decrease in the
or decrease in the latter. The coefficient of correlation between
0 small drainage basins (of S.E. Chotanagpur, Bihar, Indiz) standing
itive correlation which is significant at 1 per cent probebility level.
correlation between basin perimeters and channel lengths and
ts of basin areas and chznnel lengths being 0.89 and 0.98 respectively
it 1 per cent of confidence level. The sIgniﬁcant'relationships among
he story of genetic aspect of basin development. The first order
“notch down the watersheds from which they take their sources
erosion. This process helps in the proportionate increase of basin area
f watersheds (water divides) favours the increase of strezm length
The backwearing of divides simultaneously increases the basin
in the region of homogeneous lithology and geologicel strt:rcture,

er but significant variation in relief characteristics upsets the smooth
sveiopment and introduces departures from the zbove lav/.

A
\/Raz H

=an area of a given order of the basin 2

= z A}l

When, Ay = T
i)

where, N, = number of all segments of a given order

A

the area‘ becomes cumulative
the basin.

= total aréa of all stream segments of the same Orger.
with increasing orders aznd hence area

Since o
decrease with increasing orders within

(b) Law of Basin Area

; : i becomes cumulativ
y be stated that the basin area : |
o trunk stream (master stream) of the highest order represents the

total area of the whole basin. A.N. Strahler (1969) paraphrased 'Horton's law of strez.am
length into law of basin area and postulated that, ‘the mean l?as:rn arefas of successlvi
higher stream orders tend to form geometric series begining wr{h’mean area o

the 1st order basin and increasing according to constant ared ratio”and suggested

the following equation of the law of basin'area

Ap=Al R, #1

e from 1st order to successive

It ma
higher orders and th

Al is the mean area of the 1st order and

where,
Ra is the constant area ratio.

The plot (Fig. 3.5) of mean basin areas on a constant ratio scale (logarithmic scale)
rithmetic scale on the harizontal axii ‘

a straight line of regression of positive

on the vertical axis against stream order on an @
involving the following regression equation produces

exponential model.

Iogy=logé+bx

where, y is the mean basin area : ] A
a is constant
x is basin order
b is regression coefficient
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“the case of Deoghat gullies (Allahabad district,

Is 0.994 and percentage of variance explained is 98.96
ig. 3.5) shows considerable underestimation in the case
order gully segments and an overestimation in the case

t may be mentioned that whenever the area ratio vithin different
omes more o less stable, the law of basin area comes

ratio registers large variation, the law of basin area loses its
ymetric series may not be tenable in crude sense but the

C ANALYSIS OF DRAINAGE BASIN
&

100008+ Gully basin arec
4 qully bosiny order

2%
RU)
=

o

©

drea sq.mAU.

Mean basin

b DO~

3 00 ~

2oy =
2.98:96 Yo
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e 2 g0 5
Gully basin order(U_)J

Fig 3.5 Lew of basin area- regre_ss:’on lina of

positive exponential function moqgl
\)‘@" Frequency

{Stream frequency or drainage
(may.bessquare m: ater; squar
r frequency (SF), th2 basin is conv
square mile/kilometer) dapending ©n map sce Sz hodies
number of streams in each grid iS counted, tabulated @nd qy?gfiﬁ.ﬁd- The data of stream
frequency are classified into certein categories U?P?-U.Cf'_':fg upon the nature of data. The

“ “on). For the computation of streamy
eniently divided into grid squares (more commonly one
la and zerial coverage of the basin and the

1

ai

i b
L % | e
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]
spatial pattern of stream frequency is studied through isopleth (Fig. 3.6A) or choropleth
f stream frequency are (i) very poor (SFy?), (ii) poor (SFe.),

maps. The general categories 0
(iii) moderate (SFu), (iv) high (SFw) @nd (v) very high (SFu)-

Drainage Density
LBzinage density refers (0 total stream lengths per unit area/ R.E. Horton (1945) defined
drainage density as a ratio of total length of all stream segments in a given drainage basin

to the total area of that pasin and thus it can be derived as follows

L
L -
A
k
where, Ly = total lengths of all stream segments of a basin
A, = lotal area of the basin
STREAM
FREQUENC Y SANKH DRAINAGE
A DENSITY
----- T _\}
N/,
L ‘ AT
Freguency tp 7 sticam length p”Y‘; o
SE=, 0-20¢
et — L
= ) DRAINAGE ZEhi0d
Hr . e e EXTURE 4-6Dc
=< =n) ™ fmu'. n:“
=) J v

Droincge Textute
in mile

) 2 I Miles

01 23as5kn
Fi . f '7 4 e

g.3.6 :(A) Spatizl patterns of strearn frequency, (B) drainzge density and
(C) drainage texture of Sankh basin, Ranchi plateau, Bihar, India.
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hod (as given above) yields only 3 single \élu,e, (of drainag: density
hence it cannot be 2pplied for the study of spaticl ariations
n basin. The simplest way @ calculate drainzg: ‘ensity o

within 3 give

divide the basin into grid squares of on

total stream lengths in each grid squerc d to group
lovs (Dda), (i) ¢ (Ddy), (i)

) very

Horton's méet
the entire basin and
drainageé density
e is to

regional scal
h and to measure the

kilometer €ac

the derived data into drainagé density categories viz. (i . I . ]

moderate (Ddu), (iv) high (Ddx) and (v) very high (Ddy:) drainage density ce!- ories and to
Fig. 3.6 B) for the study of spatial distributional patteri.

gths in gric square (with

prepare isopleths (
eam len

It may be painted out that the measurement of st :
the help of opisometer or threads) is VErY tedious, difficult and time consyuming proc?du.-a
and hence the tedium of measurement of stream lengths per unit area to calculate drainage
density has diverted the attention of interested workers in this field to expiore alternative

rapid estimation of drainage density.

«tura by which W& m=zn the relative

n (1945) defined dranage texture on
per unit area). Qn fact, the term
ssful attermpt has beenn made to

‘An important gzomorphic concept is drainage'te
(G.H. Smith, 1950). Horto

spacing of drainage lines’

the basis of stream frequency (number of streams

‘drainage texture’has been used loosely and no sycce
Savindra Singh (19765

search out a quantitative parameter for its calculation) According tO

1978)rtherterm crainage texture-must be us&d;‘._tg,.igg;c,a;earelative spacing of the streams in
anunit.area along:a linear-direction- /Thus, he attemptad to find out a new parameter in
terms of drainzge texture (Savindra Singh, 1976, 1978) to replace the derivation of
drainage density. According to him, drainagée texture refers to relative spacing of streams

per unit length in grid squares (one le or one kilometer > one kilometer). Th2
derivation of dreinage texture is quick and easier method, as it involves only the counting of
stream crossings along the four edges of each grid and its two diagonals rather thain~ |
measuring the lengths as is done in drainage density. The following equation (Savindra

Singh, 1981) is suggested to calculate drainag

mile x one mi

e texture:

1

D= AS S
(t+p)2

Dt = drainage texture

where,
AS = average spacing betveen two streams

g square mile £. one squa'ré.{ SO
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of intersections between the stream network and grid square

je texture, so derived (on the basis of above equation) are
orles e.g. (i) very coarse drainage texture, Dty (above 0.8), ()
Dt (0.60-0.6), (ii}) moderate drainage texture, Dty (0.6 - 0.9), (iv)
(0.4 - 0.2), and (v) very fine drainage texture, Dty (0.2 - 0.001),
ng In mile or kilometer in grid squares. Isopleths (Fig. 3.6 C) are
computed data of cralnage texture of a given basin for the study

patial patterns. -

4 RIVER VALLEY

A river valley is an elongat

developed by a river, There
valley size. Large rivers create large valleys and smai

shape and size of the valiey are determined by the lithology, @
conditions and the geomorphic history of the regIon.)

ed depression between hill or mountain renges occuple_dﬁﬁg. '
is a definite relationship petween the szé of the rivers 2nd the L
Il rivers preduce small valleys. The

eological structure, climatic

7.1 River Valley pevelopment
ainfall water received at a placei

is evaporated in the air. Rest of the water flows on t
like an inclined roof, the water vill flow in the form of sh

surfaces. Rills are formed even if there are small irregu
rills develop into bigger rills which turn into streams and big rivers. Small furr

initially change into gorges which turn into river valleys.

s absorbed in the land and another part
he surface as Runoff. If the surface is
eets. Thera are very few such land

|arities on the land surface. Thes2
ows formed

A part of the total

River valley development takes place in three ways:

A7 Valley lengthening . )
2. Valley deepening ’ o (\?{(,
. Valley widening NG v
WY M
P! S

4.1.1.1 Valley lengthening Ve

valley lengthening depends upon the followings: '
m begins to cutback. This increases the area of the
stream where it diverts towards itself the water of springs, rills, etc. This activity is
called head erosion. This head erosion VoK continues till & hard rock intervences

Sometimes the decrease of slope also stops head erosion. The tributaries of rivars on
the opposite slope may reduce the work of head erosion of the river of this sida of a
divide. Head erasion increases the length of @ stream. ‘

T Head Erosion: A strea

R RSl = S S =
o TR e

I A RSN e 2 e

S ik

PRy ——



R Jﬁh@r meandering: 1t increases the length of a river, A stream creates many
~ “meanders in its course by erosion or deposition of sediment at various places. This
' m tpmer flow in @ 2ig zag course, This is known as river meandering. It also

- ﬁj naelmgtho; h '

stream deposits sediment at its mouth where it meets the
xtend towards the sea. The river Nile in Egypt has

et
he despening of valley takes place slowly. More deepening takes
ks are soft and the climate is more humid.

1f endogenetic forces raise the course of stream slowly,

jjﬁ?’ r.‘-‘e:
f Namcha

Fpens. For example the Brahmaputra to the south ol
ds of metres deep.
% Fragments: Valley is also deepened on account of the rolling

L
1

its on its floor.

RIVEHVALLEY & GIADED CURNE AND FROFILE OF EQUILIBRIUM lﬁ;ji; i
Xl

g™

ion: Water in the river with its fast flow deepens the velley by

¥
eathering at the floor of the valley also deepens its channel.

ompanies valley deepening. The widening of valley depends upon

ater enters holes an'd cracks of the rocks near the sides of the
~eight of rocks

water lowers parts of the rocks close by. The v j
he entry of vater into rocks. Due to the percglation of water into ;

oA :

V L5
T FLUVIALG OMORIFHOLOGY
4 .

]
;0

R

by weter increas

rocks, the pressuré exerted s an
roded deeply, the uppt

'A the lower perts of rocks are € '
N own ‘weight and due to the narrowing of theit lo
the valley at sides-

.;f—L;:umplng. Slumping broadens e
- (b) Gulley Formation: The rain SWeeps dovin the rock flour ly',“?e
g water. This forms many gulleys

the stream into the runnin

steepens the slopes and widens the valley- ‘
d animals also widen the vall

<. When the trees are uprooted, t
ts. The goats uproot the grass
mals also loosen the soil. The

(c) Vegetation and Animals: Vegetation an
roots of plants loosen the soil of the bank
loosen and displace soil and rack fregmen

the banks. The hoofs of grazing ani

grazing near
the end widens the valley.

loosened soil reaches the river andin
(d) Glaciers: Glaciers while flowing down the valley erode the walls and carry th2

sediment along. This widens the valley.

straight course. 1t moves in a zig-z2g course.

(e) Meandering: A stream has rarely a
e time, the bends

‘ It cuts one bank more than th other at each bend. After som
are broken down. The valleys wviden themselves by meandering.

4.2 GRADED CURVE OF A RIVER AND PROFILE OF EQUILIBRIUM

4.2.1 Longitudinal Profile and Graded Curve

The longitudinal course of a river from its source to mouth is called longitudinal or simply *
long profile or valley thalweg. In fect, long profile of a river represents channel gradient of
the river from its source to the mouth, Ezch river tries to develop such a longitudinal cours2
(profile) that it may be able to transport the bed load downstream. The longitudinz!l channal
course is generally smooth curve which rises upstream. A river is supposed to ultimateiy
remove topographic irregularities by penultimate stage (monadnock stage) and to develop

urve from source to mouth. The maximum limit of vertical erosion (valley

smooth ¢
which represents sea level. Thus, rivars

dzepening) is determined by grand base level
always try to erode their valleys down to base level of erosion near sea coast and the valley
floor becomes concave in such a way that it rises upstream or headward. Thus, the rivers
zlways try to develop smooth concave curve of their channels. The concavity of leng prgﬁ'.:
of a river results from the fact that there is minimum erosion in the upper and lower cov:r:
of the river while there is maximurn erosion in the middle segment. Lack of required a-;ln
of erosion tools (load) and water in the source segment and gentle gradient and vary .PL




RIVER Y

er segment of @ river are re
Sent and fiow velodity in the middie course of iy

s why a river develops 3 smooth concave

caus

curv

flow velocity in the low
sufficient 102d, channel gra
maximum erosion of valley floor, This |

Jongitudinal course. When 2 rivee velops such a course that channel
ort entire load, the resultant

resultant flow velocity 1S able Nspot
1 eurve and the river after attaining gré

valley thalweg is called 8 ged
; " the river becomes profile of equi
ty of the river and total load to be tr

graded river and the
balance between trans EREE
ilab! nd work to be done (Fig. 4.1)-

longitudinal curve of
ded curve is called
librium as there is
ansported i.e.

. —— = |

j) D CURVE OF RIVER AND

) V_ILE OF EQU]L[BRIUM

! Maximum

‘_ / crosion
N : Minimum

2 ‘ erosion
flddj /
o”".fc ===
BT icvelocrosion. | . w0 03 Lower Course
Mouth

B Lcngth —

'Q;,proﬁle of a river: graded curve and profile of equilibrium

I wyrade'in fluvial system does not simply means gradient or slope but
descent of a stream floor dowinstream which has such a gradient
dinal course of the stream that it can transport all the loads
ving attained such condition is called graded river and its curve

t was first to use the wv/ord

It is generelly peliaved that G.G. Gilber

sponsible for minimum erosion whereas

gradieh“t is such that.

ALLEYS, GIADED CURNE AND PROFILE OF EQUILIBRIUM EEQ‘E A

e
e ——

ygrade’in 1876 folloved by Ww.J. McGee in 189 _
and W.D. Johnson in 1901, but Davis seems mainly,
that deductive elaboration of the concept which has promotecs

recurrent @ discussion. y
According to Davis ‘it is evidently desirable to employ the fef
palanced condition of a mature or ofd river .- the balance between €Erost
. is brought about by the changes in the capacity of a river tt.) do work, anl
of work that a river has to do. The changes continue until the
equality, and then the river may be said to be graded.
A Dury (1966) has summarized the concept of grade 2

as follows:

/1. Grade is the balanced condition of a mature
capacity to do work, and quantity of wor

equivalence of erosion and deposition.

pea The slope of the graded river is the slope (profile) of equilibriu
the most effective transport of load.

d condition is attained, slope can be al
operating slowly,

s conceived by W. M. Da:

or old river: (the balance is that betwee

¥ to be done. It is exp

m: this slope permits

tered only by changes in

. Once the grade
is expectable in

/3
the volume/load relationship: such changg,
the normal cycle.

/1. Load increases in quantity and coarseness during y
in coarseness during maturity, and after full maturi

in coarsenass.

outh, in quantity but probably not
ty decreases both in quantity and

s, where valley deepening reduces

/5. Grede is first established in downstream reache
acity of the river to do work is

downstream gradient, until eventually the excess cap

wholly offset.
According to, J.E. Kesseli (1941) ‘a graded strearm be taken as one vithout vwalterdals
fines grade in terms of transporting power, load, velocily, or

or rapids. That is to say, he d2
tendancy to cut or fill'.

According to J. H. Mackin (1948) ‘2 graded streem /s one in which, over & peried of
years, siope is delicately adjusted to provide, vith avaiadle discharge and yith prevaiing
chennel fharacten‘stf‘cs; Just the velocity required for the transportation of load supplied fro:i;
the drainage basin. The graded stream is & stream in equilibrivm, its g di2ghast el
characteristic is that any change in eay of the controlling factors vl cause a cisp.ae r?n:-".:n; (’h ’

the equilibrium in a direction that will tend to absord the effects of the chang=. “fcarding 1o

ressed by an

oz
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of the stream depends on velocity which depends on slope. It is

him transporting power
that his graded stream noither cuts (erodes) ror fills

inferted from Mackin's wiriting,
(deposits).

4.2.3 Controlling Factors of the Graded River

Wﬁtﬂh volume of water, discharge, flow velocity, quantity and
i_ase- level of erosion, lithology etc. are considered significant

ible for the grading of a river and attainment of graded curve

Several factors like channel
nature of sediments (load),
variables which are respon
and profile of equilibrum.
L.8. Leopold and T. Maddock (1953) have classified variables which control hydraulic
of a strea “‘In1 broad categories viz. (1) independent variables, (2) semi-
dependent Ma;l:lt;.,blé_s,,' :q‘(e.) dependent variables. Independent variables include
MMB:F 7 L:,l}aan'and ultimate base level of erosion. 1t is argued that stream
has little control ov - these factors; rather it must adjust to them., Seni/ dependent
: m;mel width, channel depth, bed roughness, grain size of the
.qu;anne/ behaviour 1.e. tendency of a river for meandering or
a are semi-dependent in as much as they are partly determined by
ria es, but they are also capable of mutual self-regulation in a river.
; section (width/depth ratio) determines the distribution of velocity
f she ragi n width and discharge, total load depends on the ratio of velocity to
‘r ocit Jdepth ratio is provided in part by adjustment of bed roughness, which is
u?’sr.ﬂbﬁ‘of grain-size and of suspended-sediment concentraticn. Changes in b2
hich itself is determined by grain-size, introduce changes in velocity/depth
 to Leopold and Maddock, differences in the concavity of longitudina! profile
iy related (o differences in the relationship of velocity and depth to
ng of the streams depends on nature and velocity of moving water of ;
ize nd shape of channel, erodibility of riparian tracts, bedload and suspended 1
jarge etc. On the other hand, meandering influences (increases) channel length, |
es channel slope (gradient), which determines velocity (lovs channel. i
|

ity; steep channel gradient — high velocity) and velocity in turn
capacity of the stream (high velocity — high transporting capacity;
ansporting capacity). Thus, meandering property of a river is both
dent variable. Dependent variable includes a single variable viz.

he wiater surface.

4 2.4; Grading of River channel and profile of Equilibriu =2
It is evident from the above discussion that grading of a rfiver
petween transporting capacity of the river and total load to be transp

words, at each and every point of the longitudinal course gf the river tra
such that total sediment load can be transported downstream O Yeioaty
that erosional and depositional works are balanced. The river
throughout its course is called gr:

aded river. 1t may be men [
condition is not suddenly attained rather it is attained slowly and gradually.
further pointed out that it is not only t

he slope (channel gradient) factor whicl'.ll 5 0
important for grading of a river but a critical adjustment among volume of water, dischéf
velocity, slope =nd sediment load i :

s also prerequisite condition-
Let us tzke the case of variation

channel. If the supply of sediment load d

becomes availzble for valley incision beca
auses decrease in channel gradient. Thi

in sediment load and related adjustment of river

=creases in any part © :
use the river is under-loaded. Thus, resultant

s condition continues till the eroded
uch condition, when erosion exceeds deposition, is

hznnel gradient becomes less than general slope
if sediment load increases and exceeds

deposition of extra sediments, which the

valley incision €
materials are transported downstream. S

called stage of degradation wherein ¢
denoting inequilibrium condition. Contrary to this,
the transporting capacity of the river, there occurs

river is unable to transport. downstream.

This condition is called stage of aggradation (when deposition exceeds erosion).
lope continues to increase) till the

wherein slope increases and this condition continues (i.e. s
slope becomes such that resultant velocity provides required transparting capacity so that afl

tile sediment load is transported downstream. Thus, if balance (adjustment) between
transporting capacity of the river (available enzrgy) and total load to be transported
downstream (vork to be done) is attained, the river is said to be graded.

Alternatively, if sediment load and channel gradient remain constant, any increase in

the volume of water will increase discharge and velocity which will increase transporting
capacity and hence the rate of erosion villl be accelerated leading to the stage of
degradation end consequent inequilibrium condition. Conversely, if volume of wvater
decreases, the discharge and velocity viill 2lso decrease which would result in decreased
transporting capacity of the river and resultant deposition of sediments leading to tha
development of the stage of 2ggradation and inequilibrium condition. -
If sediment load and volume of water remain constant, increase in channe! gradient

will lead to increase in flow velocity and erosion 2ad hence there would be the sta ge' ; ,

F the river, more energy. &,
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ient would result in decrease in

degradation. On \he other hand, decrease In channel grad
ent load leading o the development of the stage of

welocty and deposition of sedim
‘ aggradarion-

ms_.ltmaybe

a river Is sald to be graded course or
a transporting capacity)
file of such 8 graded

ndition of balancé
ource

urse of
1 velocity (and henc
eam. The Jongitudinal pro
_equilibrium indicating a co
;Iongltudlnal course of river l.e. from its S

concluded that
here is ba

graded river

_misconceptions about graded curve,

a. A graded river jsin a
‘time scale of millions of
ch landscapes evolve, the potential energy of an
ro, and the rate of changé of the
de, but the characteristics of the

sltitude or @ certain slope ang!
-d to short-term changes. Over @
en'd s In whi
¢ dually approaches ze
e river remains at gra
ent. A river may be graded at higher

n steep of low gradi
ower gradient.

r may be graded at|
to the capacity. Thus,
(erodes) nor fills (deposits): A graded river
and deposition in each and
ery likelihood that

tion may be most

a graded river, in

seldom loaded
hich neither cuts

re is balance between erosion
iver because there is ev

naitudinal course ofar
f the river while deposi

2 lon:
lom pant in one segment O
: f@of the same river.
el
discussed above that in order to attain graded stege of a river
stment (balance) between transporting capacity and sediment Joad
Jt question arises, adjustment petween what? Whether in power
2 Generally, it is believed that there should be adjustment
power of a river and sediment load to be carried by the river
ferred from this corollary that if there is decrease in sediment
river energy which was previously expended in transporting the
: 1 d is expendcd in erosional work resulting in increased réte cf
onceived on this pasis that if there is total absence of sediment

ser, it viould have maximum corrasive pawer (capadity) but this

WM

FLUVIAL GEOMORPHOLOGY

Grading of the river begins ne

* determined by sea-level. Besides, t

. Generally, graded curve of a river is consi

is not only the fla "
n and deposition-
may not be @

f load. Not on
ive qapa

5 erroneous because it
ne control erosiol
f sediment lozd
the absence O
e responsible for corras
dient and hence high velocity and less ty
sion in the upper segment (course) of a riv
| gradient and hence low velocity causé minim
or course) of a river. Contrary to these two ¢
the middle reach of the river beczuse of availa!
velocity and channel gradient. This is why the
from its source to mouth is not straight but is smoot

inference i
river which alo
transportation 0O
becomes negligible in
size or calibre of load 2r
spite of steep channel gre
load there is minimum €ro
high load but gentle channe
in the lower reach (segment
there is maximum erosion in
required sediment load, flow
level (valley floor) of the river

curve (Fig. 4.1)
of a river downstream may be

. The gradual decrease of slope of graded curve
as some parts of the river may be

theoretically sound but in practice it seldom occurs
graded while other parts may be ungraded.

ar the mouths of the rivers and proceads upstrearn. The

trolled by grand base level of erosion which is
here are some local and temporary base levels
resent lakes, confluences of tributary streams, resistant rock beds etc. The
near the mouths of the rivers is determined
| grading of the river from its mouth to
of millions of years. When sea-level
of a river and all the local and
urse, then the river attains its

overall grading of the river is con

which rep
maximum vertical erosion (valley incision)
by grand base level i.e. sea level. Genera
source is attained in stages having a time span
becomes permanent base level for the entire span
temporary base levels are eliminated from a river co
general grading.
dered regular from sour :
;V:hgeesir:zrf:cilogists .do no.t stubscribe to this view point. For exan‘sc;et,oJ Tlmli:?;cz:-: i‘:l
at there is variation in slope gradient of a graded river. The longitudin ;
t consist of single regular graded curve but consists c?.‘

course of a river does no
e that the resultant velocity is able

::Vf’a' segments but each segment has such slop
ransport all sediment load downstream. Thus, according to Mackin a graded
Gl

profile is, in fact, trans i I
: portation slope. Such profile is neither influen
. C ced i
power nor by the re5|s_tance_of bedrock. A graded curve can never be a n:)aythC:rraswe
i & matical

curve.
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as understood by some geornorphologists, thatithas , | ;-;'

um slope over which it flows: It is also believed

profile of equilibrum, vertical erosion or valie/

nd the profile of equilibrium denotes limit of verticzl.
yre erroneous, The slope of graded river changes with
» quantity and calibre of sediment Joad, volume of
ue that the changes are S0 gradual and slow that
led except some temporary disturbances.

4.3.1.1 Rejuvenation at the mout

Rejuvenation at the mouth of a river occurs when
after the river has developed graded curve and profi
le of the river is dist

Consequently, the graded profi :
steepened at the mouth of the river due to lowering of sea level which re
acceleration of flow velocity. Thus, the river increases and hence the

_ the erosive power of
river starts fresh vigorous valley deepening @ i base level of

stream does not mean,
ent of minin

there is fall (nega

8. A graded
le of equilibrium |

attained its lowest gredi
by many that after the attai
incision by the stream SiOPS

t jts mouth acco
erosion determined by new sea level (8'). Now the river tries to develop its new curve
according to news sea level (B') which is lower in height than the old sea level (8). The
rejuvenated river starts regrading its course from its mouth and the mechanism:":fﬁf

e intersects the old curve, break in

regrading proceeds upstream. Wherever the new curv
long profile is formed. Such breaks are called nick points (Fig- 4.2) or head of rejuvena-

tion. These nicks recede upstream s the mechanism of regrading of the river course
proFeeds upstreams_. Ultimately, all such nick points (water falls) are eliminated and the
entire span of longitudinal profile of the river is regraded and profile of equilibrium is

reestablished.
It may be mentioned that regraced profile is at I
profile (Figs. 4.2 and 4.3).

rium Is the result of adjustment

transporting capacity (velocity) and sediment load. In fact, the
is in @ delicate balance. A slight change in any of the independent,
nt variables (25 elaborated earlier) which control and determine
b the equilibrium condition of the river and the river again |
rding to new conditions. Decrease or Increase in sediment !

nd erosion. A river deposits sediments when there is increase in
the volume of water. Conversely, a river starts eroding its
- in sediment load or increase in the volume of water. Thus, a
Jop profile of equi!ibrlu'm by making adjustment (balance) between
jis balance is O delicate that a slight change in any part of a river
ded curve (balance or equilibrium) is

e and profile of equ_il_ib

ower gradient thzn the old graded

- disturbance and the gr@
{lver has to readjust with new conditions. If a river succeeds in
e of such a river is called regraded curve and its profile is /
i A
of a river may be caused due.to a variety of ;
ease in channel gradient is the most significant causative factor.
ient are generally effected by rejuvenation and deposition of
,5:6{ Nick point
ation & V)
ans sudden and phenomenal increase in the erosive power of the J ~~ . B Old sca
ision) caused by ' : ;. lexel
B Necw sea
level

downcutting (valley irE
ge (fall) in sea level or upliftment

d either at the mouth of the river

jent accelerated rate of
At either due to negative chan
e. Rejuvenaztion may be effecte
rin the headv/aters of the rivar.

Fi i - '
ig. 4.2 Regrading of disturbed graded curve due to rejuvenation
at the mouth of river caused by fall in sea level

P
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~ First point of
- Rejuvenation

-B'Lw

D

%

- Old Profile
0Old Sea

Lol

Y
i 1 © NewSea B’
Level ’

ibutary - |
i

1&-‘ 8
= ,,I;‘oml of rejuvenation
B )"’ P
0ld profile r :
____________ Sca
BI
Level

nce in the graded profile because of
b .@_n' in the middle course (at point C)
arading ofthe river (A’B"and C' D).

jon in the middle course of

he middle coursé of a graded fVe - dov
y of sediment load by the concerned Uit
reases significantly and thus
d available extr@ energys 7
ared and is NOY/ expended in ero

4.3.1.2 Rejuvenat

The rejuvenation int
occurs when the supp!
receiving master stream dec
confluence becomes underloaded an
transporting the sediment load, is sp

result erosive POWEr of the stream i increased; which €auses rejuvenatio
previously graded profile gets cisturbed. The master river now degrad :
valley downstream from the confluence, with the result the gradient of upst
steepened, which causes headward erosion- Headward erost
of upstream section of the river is adjusted to the previous 9
the long profile is regraded. It is apparent From Fig- 4.4 that the river is regra
gradient and height. The channel gré graded curve) is lower than.

dient of A' B' (ne¥
channel gradient of AB (old graded curve). 5

I

Tributary

\ -
C Master river

\Point of
Rc'[uvcnar.ion : .
0ld Profile
= B

Profile

graded profile of the river
nin its headwater section
ded profile (A'C'B)

Fig. 4.5 Disturbance in the
due to rejuvenatio
and attainment of regra@

2dwaters of the river

: {
load in the uppermost cection; say |
a5 the stream becomes underloaded :

‘4‘&5‘). Since the supply of sediments

4.3.1.3 Rejuvenation in the he
Significant decrease in the supply of sediment
headwaters, of the stream results in increased erosion

and hence the headwater section is rejuvena i, i




has decreased in \he headwaters of the river, this condition (decrease in sediment load)

throughout the entire span of longitudinal course
entire span of the river valley is deepened so that sediment load produced by increased '

erosion equals the transporting capa f the river. Whenever the river becomes able to
od G rve is regraded and the river reattains its profile

nder such situation the river is regraded at the {
but at lower height (ACB).

in Increase of the level of valley floor and hence there
e result the graded curve of the river gets disturbed.
ver which drains Into the sea, results in the formation of
tions are favourable (i.e. sea wave, 2r¢ not very active).
‘thus the length of longitudinal course of the river also
2r course lessens channel gradient, which results in marked
ng capacity of the river, with the result the river has to

of the river. Consequently, the 1

- its course in order to regrade its course 2t higher elevation.

tion by the river also increases in all parts of its course. AD
ously graded (old) curve. “The length of the river A-D has
delta formation. Due to availability of required sedimentation
e (ACE) though at higher elevation but with the same

=

Bl
B
et
By
Ehe
Delta

6 Disturbance in the graded profile due to delta
~ formation and attainment of regraded profile

(A'C'DE) al higher elevation

I

o

[PEPEP R &

e,

sediment load, and slope remai
ss p

- 1f volume of v/2ter,
a river becomes more or 2

master stream and brings su
transport additional sediment load dovinstream,

deposited down the confluence resulting in the in
disturbance in the graded curve of the river. Sedi
the confluence with the juvenile tributary stream resu
upstream section. Consequently, cedimentation in the U
continues until the entire span of the longitudinal course
transportation of all sediment load. Thus,
that graded curve of the river is

It is, thus, apparent
h obstacles whic

factors but the river tries to remove suc
ultimately regrades its profile. The regra
elevation, depending on local conditions.

zrmanent but if any juve

ficient sediment Joad, the meastei
vith the resul

crease in channel grad
mentation in the down:
Its in decrease in cnannel.g
pstream section from the ¢ nfl
attains such slope Jhi

the river is regraded but at higher elevation. -

disturbed by 2 host of cgus’%
h disturb its greded profile 2

ded curve may be &t higher

elevation or lo
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£ @H/ANNEL MORPHOLOGY

orphology includes the consideration of (1)

nnel m
annel

nel ¢r s-sectional characteristics (e.g. channel length, ch
perimeter, channel slope, channel bends (meanders) etc., (2)

discharge, velocity etc.) (3) hydraulic geometry, (4)
“bed topography or channel bed configuration, (6)

channel geometry or €
channel fluid dynan
\ channet types; (

g the size and shape of cros-sectional and longitudinal

s channe width, channel depth, welted perimeter, channel slope,
0 g[iama thalwegs and their interrelationships. A river channe/
of a river confined within the limits of valley walls on both the sides

3 - Meconcel
bd) axis
’

pend apex

i

ellength

channel length, channel

weg, meander belt 2xis, Crossover, curvature of

5 (rm) and channgl width (W)

.1 Channel form- valley valls,

J~Brfluent strea
ns generalry
ntirely witho

t=rion river channels

¢ are calle
jvers in and regio
and often they dry up e
Thus, based on this cri

Rivers in humid region
contributions of groundwater. R

addition to losi;jgi/it. by evaporation,
These are calle nfluent streaims.

into yluentand influent channels.

volume of water
mbwid:bé-ifhus,

of rzinfall (e.g- rivers in the
may be mentioned that the.

oS! | distanc
thus, apparent that €h

[ stag e or

changes in the rivers having seasonal regime
d Mediterranean type of climate). It
tion of the valley also determines channel width. It is customary toes

channel is irregular, channel width incréascs
¢ if the channel shape is

te of gradual increase in
width is assaociated with

considerably
regions of Monsoon an

cross-sectional configura
think that if the cross-sectional shape of the
with increasing discharge and volume of water (Fig. 5.2 C) bu

rectangular, N0 appreciable change in channel width occurs in spi
discharge and volume of water (Fig. 5.2 B). The maximum chan
bankfull stage of discharge (Fig. 5.2 A)¥Thesdeptr ~hannel dal

hm‘e,ugtgmavelpin;me;channal.to.meachamnel- d.
%gam !-tggijgvel of water of ban i Bupainbofutbeehannebbed
Fig. 5.2 A) whilagmean channel deptl1 (d) denotes eve 2g2 0 annel depths taken &t
differentustagess@ﬁthefehanhel*(ﬁ@!ﬁiﬂ'@?rqma arials lying on the river
bed-are called’ —‘bed'*/oad"(‘Fig?“S??”A')?'WWGp)ﬁﬁemwshﬁrqsﬁﬁéﬂcﬁ@nal

distance of the wetted portion of the valley (Fig- /
ik the channel of a river from source to mouth is considered as
longitudinal profile or simply long profile which is generally a concave upward profile in the

case of perennial rivers. The gradient or slope of channel in downstream direction is cailed
s are related to long-term geological development-

f%_’wient' Different long-profile

influenced by tectonic history, base-level change, and climatic change. The degree of

concavity increases with relief but excessively concave proﬁies'ére associated with rivers

\-.ihich have extended over Quaternary estuarine sediments as sea-level retreated or by flow

diversion. Under-concavity relates to lithological controls on runoff and sediment suppt;/
rease of discharge is rapid:

Concavity tends to be more accentuated if- the downstream inc
and to approach linearity where discharge increases slowly, such &s within permeable
L1

catchments.

The shape of

RS
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SN Bed-widh
7 Bed- load '41‘

Wetted Perimeter (b) i

Goge 3 __“1Q1;"; ez
Goge 2
Goge 1

Increasing Channel

Increasing
width

Discharge

Amplitsde

-

w ns.lmgth (L)

“Fig. 5.2 Definition of different channel shapes- (A) channel
width, channel depth, wetted perimeter, (B) (C)
relationship between discharge and channel width

(D) meander preperties.

nents. of a river.chanig is-considered,in tefms,ol

o Tiran A eorelica
r s@@@nﬁf—ﬂ:ﬁt{;- o L »ﬂected-trhe,or cal
| shape of the channel ranges from straight (rarely

Thus, the longitudina
sinuous o meandering shzpes. A mean
evic features viz. meaader (vavelength, meander /i

and  concave banks,. radivs of curvalure etc.
p being descrived in the follawing seclion.

dering shape is described by its
cight, meander
(Fig. 5.2 D).
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% Hydraulic Geometry o
The analysis of the relationships among stream ¢
sediment 1024, channel vidth, channel depti, chan e
geomelry, of a river chainic). The cross-sectional area of
multiplying channel width by’ channel depth while stream disc
multiplying cross-sectional erea at the gauging station by avereg

Dischzrge, Q =wxdxV

w = channel width
d = average channel depth
v = average velocity

vhere,

Channel morphology is the result of mutual interactions of four broad categorie :
variables viz.,d) fluid dynamics (which include velacity, discharge; roughness and shear
stress); (2) channel character or channel configuration (e.g- channe! width, channel

channel shape, channel pattern etc.); sed_iment load (amount
and character I.e. coarse,

depth, channel slope,
and calibre); and (A')/ bed ‘and bank materials (composition

trolled by the independent
watershed. It may be

fine, medium etc?The overall geometry of a river channel is con
variables of dischiarge and load, i.e. the climate and geology of a

which determine channel morphology by
| adjustment. M. Moriswa

mentioned that the variables, as referred to above,

their mutual interactions, are also subjected to change by mutua

has observed that, Adjustment mechanisms indv‘.ude erosion or deposition in the channel to
slope or pattern and creation and movement of bed forms. Scour (erosion)

of the bed will result in‘a lower gradient, increased depth of channel and decreased water

velocity. Scour (erosion) on the banks will increase the channel width and decrease velocity

and depth with given discharge. On the other hand, if the channel becomes sluggish and

deposits sediments, the channel bed rises and hence channel depth decreases but chiciing!__ -

gradient increases which results in increased velocity downstream. =

L. B. Leopold and T. Maddock (1953) described hydraulic g'éometry i.e. variations in
channel forms as power function of discharge as follows

change its form,

w=aQ’
d=cq' = Sl i L
V-‘-'-ka : ... 2 1
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CHANNEL MORPHOLOGY [;‘:j'gﬂ

w = channel width

d = channel depth

v = channel velocity (mean)
3, k= constants

b, f, m= exponents
axcxk =1.0

b+ f+m=10

where,

Channel Bed Topagraphy ‘
y of a river channel refers to configuration of the river beds in terms of
features €.9. presence or absence of riffles and pools, <and bars and
<and dunes etc. Such depositional and erosionzl (pools) features

f channel flow and transport of

developed on channel beds are the result of interactions O
sediment load both as suspended sediment load and bed-material load.LA pool is
tream (channel) gradisnt and

characterised by @ water surface profile less than the mean S
by finer bed material, whereas 2 riffle has a water surface slope steeper than the mean
ctrezm gradient and s composed of coarser bed material JIt may be pointed out that if the
volume and discharge of water increase resulting in high gauge level, the slope of water

(1985) ‘a riffle is

surfzce over riffles and pools is neutralis'ed.%cording to Petts and Foster
d by the lobate accumulation of relatively coarse sediment,

a topographic high area produce
usually characterised by finer material’. Spatially, rifiles are

and a pool is 3 topographic [ow,
vider and shallow while pools are narrow but relatively deey

The bed topograph
positive and negative
sand islands, shoals,

he region through which the river has

5.1,2 Channel Types
dad into two broad categories viz.\(}\/

‘ﬁ: On the basis of lithological characteristics of t
developed its course, the rive channels ere divi
bedrock channels, 2nd Alluvial channels.

rosional-channels and.simply-rock-channels-as theys
popularly-called-as bedrock_c)rhey occur

wer or erosion
anks

rocks;

d sediment supply (i.e. erasive po
rough erosion of b

h mountain areas with
ctonic uplift.

weell consolidated
| excee
derloaded as sediment supply th

of the streams); in hig
d in areas undergoing active te
drock rivers as they may be as long as

have-been developed.on.
wherever potential rates of remova
rates are very high, streams are un
2nd beds falls short of transporting capacity
steep slopes, glaciated hardrock regions, @n
Thezaic a videlranae of variation in the size of be

6]

_

:

€

\
(v
|

éi'lmﬂglcaf controls.” Theerosionalwork~oF “the"bedroek~channals s performed by
o

p— —
,'i !,‘,; ]

FLUVIAL GEOMORPHOLO@Y. ' -

h and as small as a few hundred meters. There ara
are partly bedrock channels and partly aliuvial

channels. For example, the upper reaches of the Indus, the Sutlej, the Ganges, the
Yamuna, the Gandak, the Kali, the Tista, the Brahmaputra etc. located in the Himalaya’s ara
berdrock sFreams whereas ‘their middle and lower reaches are alluvial channels. The
;:;)ézradodnver (USA) preseprs a very fine example of bedrock channels, which has cut a

m deep and 12 km wide valley representing the best example of a canyon known as

G‘ .
rand Canyon between Kaibab and Coconino plateaus in Arizona state (USA).
etermined by structuraliand...»

the

ceveral hundred kilometers in lengt
many such long rivers of the world which

( The channel werphology‘of bedrock channels is largely d

m i ofcorrosion (d :

Cjﬁ:;’_;: o‘:f;:/r,:?;?,n- (difselutlon:c')ﬁ‘sdub?e materials), cerasion-and hydraulic.a

R NS -the dissolution of soluble materizls through the mechani

A e throughec:amgos'tl?n of carbonate rocks, Most of the salts are removed froiii

B L remro Vo?at;on and are suspended in river water. Corrasion or

floors with the help of tools zro IO?Sen?d materials of the rocks of valley walls and valley

At S R .EFOSJOH (i.e. boulders, cobbles, pebbles, gravels etc.). The

tools. Boulders, cobbles andrapst;irtllgsep()efn?f:rﬁ)r:j: E’FU"E: T gad colloie, of SOy

oI thalaar 3 ) sizes and angularity are by far the

velley widening wer:itl):ot:: h\.lf(:tl?:;el g:;:;'jrr:y tchamad I:, e a)[;fBSfOf‘l caT;Sst

deepening and net i rough pot-hole drilling leads t

rocks of v?alfey Sidetslgzzief;ir:: -vallley depth. Hydraulic action involves the breakgo'\:’/i”e?
impact of water currents of the channel.ﬂ .2

Most of the rock channels have least si i
Y . st sinuosity, rather they have almost igf
e gc;fr;eeis;s;oslaon of rock banks but the valleys are ve):y deep and_;::-:rjgilgnt
s eaci bEdnr;z/:ns dua to isccelerated rate of downcutting of valley ﬂ(')c;rat
T O e chan.nels 15‘ characterized by stepped reaches indfcat'ns.
gt s Stmdwa”y,com : as nick points. Most of the nick points of the bed f 2
il roded and not by rejuvenation. These .nicks or breaksroc
gl n009 il rz .dan waterfalls which are succeeded by pools and pothol a‘re
e e tp| s ar_1d’fafrs recede upstream as the stages of cycle of e es' 9
pletely eliminated by penultimate (monadnock stage) Sta;c:m:;

| landscape development,

‘ Alluvial ch. anne/: € .
< s de (] i i
v IOD In [he reg|0n5 Of Sed““e”tatio” or ” i ti i' - W re thi

Zposits of sedime -
nts of mostly fluvial origin have taken place i.e. the Ganga-Yamuna plaj
ain
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alns having fluvial (sub-zerial) as
al channels aré characterized by
“degradations This means
t.season Alluvial

of north India. They also develop in the broad coastal p!
well as marine deposits. It may be pointed out that alluvi
‘banks), aggradation and'again

m.m—»{ ree {
by els during.coming:we

ded. channel patieras,

e

the deposited ma
“d characterized by sinuous to meandering-and brai
s and.riffles,.shoals, sand

d _tpgqgraphic features such as pool

-‘ ; sand dunesetc. © -

since alluvial channels are formed over such deposited

nted out that
attern with time

highly erodible and hence these change in form and p
H. W. Shen and S-A- gchumm (1981) has described six types of temporal changes in natural
aljuvial channels (Fig- 5.3). It is evident from Fig. 5.3 that there is shift of transverse bars in

hile there is alternate bar shift downstream within the channel in B. It

straight channel (A) W
s also apparent from Fig. 5.3 B that though the channel is straight but channel thalweg also

shifts position within the channel. With the march of time the river develops highly
meandering COUrse where two sides of the meanders come very close to form narrow
meander neck and ultima is cut off and the channel is straightened
(Fig. 5.3 C). Besides neck cuto ys Viz.

through chute cutoff (Fig. 5.3 D),
diversion, known as avulsion (Fig. :
h are responsible for changes in

(1975) the factors whic
meander migration include water discharge, water surface slope,
(bank) maler2); height of U
curvature to chaanel width, sediment supply €lc.
ength through the mechanisms of meander-cutofi-and

&he ehaﬂ!ﬁﬁ’ﬁ"’df'* channefl
orincrease in channel~gradient Which results invincreased s@ur of
diments-in-downstream.reach. From the stand

sediments.upstream-and deposition.of..se

point of degree of temporal channel changes, alluvial channels, are_divided,intostwo types
viz. (1)ystable chaqgrcj_s_and (2)~y_qstag)lq‘qlaannlels. Normally, straigiit ,channcig are
considered felatively stable but p,r,ai_d._e;;_i channels-are colled unstablesbecause-of-frequent

R A X
changes ions ofbars-and islandsrandreven-theirdiszppearance atstimes.

It may be poi

materials which aré

tely the meander neck
ff, the channel changes its position in several other wa
meander shift (Fig. 5.3 E) or by rapid channel
5.3 F). According to E.J. Hickin and G.C. Nanson
alluvial channels and rate of
character of the boundary

RS

g

o concave bank, vegelation, the ratio of radius of channs/i‘(-

{LUVIAL GEOMORFHOLOGY

- s b L 'y
A B ¢S
SR - .% v‘?’{‘:ﬁ‘]—‘ =
< m_,_ t‘ cck"“b'-.— 2

—— PEresent pos;'rtion

position change

=SSR EUtTRe

Fig. 5.3 Types of temporal channel changes : (A) transverse bar shift ;
(B) alternate bar shift; (C) neck cutoff; (D) chute cutoff;

(E) meander shift ; (F) avulsion (rapid channel diversion),

annels are also classified on the basis of those variables which

Alternatively, alluvial ch
iment load, both

influence and control channel morphology e.q. water discharge and sed
type, and amount and nature of their transport. It is generally observed that in the event of

large water discharge, alluvial channel also becomes large, whereas the shape and pattern
of channal are influenced by the proportion of total sediment load mainly bedload. Thus, five _ -
types of alluvial channels a i yiz. (1‘)@5pended—load channel with straight

course and uniform depth;é?’mixed-]oad straight channel with sinuous thalweg and
small coarse sediments; uspended-load channel with high sinuosity, uniform

channel vidth, stable banks ; (4§ meander-braided transition channel, characterized by
large sediment load having greater proportion of sand, gravel and cobbles, wide and shallows
channel, variable channel width, chute cutoffs and shifts in thalweg and meander ; (8} bed-
load channel, representing bar-braided stream, is characterized by unstable condition

large sediment load of fairly larger size and coarse in texture, erodible bank materials, mi:

grating gravel bars and islands etc.

S



e - —

d with alluvial channels. The channel pattern or map
as straight, meandering or braided, Several attempts
ologlsts (e.g. L.B. Leopold and M.G. Wolman, 1957, S-A.
, 1978, BR. Rust, 1976, D.1. Brotherton, 1979, R.I.

ns on several criteria

) to classify alluvial channel patter
ingle or multi-thread), slope-discharge

-

9 s
y, number of channels (s

lly into 3 types on the
ty index (SI) s less
1.05 2nd 1.5, and
—— e

ivided river channels basica
straight channel, when Sinuosi
when sinuosity index is between
dex is more than 1.5.
.—-—'.—__-

(1957

Lu‘s‘channel,
-hannel, when sinuosity in

v index has been cefined by J.C. Brice (1964) as follows:

e Length of Chennel
Length of meander belt 2xis

(1963, 1972) classified alluvial channels ‘on the basis of sediment load

pended load, mixed lozd and bed load) into 3 major types e.9: (1)

diment load channels, (2) mixed load channels, and (3) bed load
esented their main characteristic features (Table 5.1) s follovss.

Eroding

fh i unrL— i

RS
; Stable Depositing
(deposional (erosional
_behaviour) behaviour)
! i =y
Auspended W/D ratio<7 . Major Dominant
k’iad- Sinuosity > 2.1 [ deposition bed erosion
channels Gradient gentle on banks widening |
narrowing - minor
I o oL et
| 7. pixed-load | W/D ratioZ—25 | Initial major Initial bed
~|  channels sinousity 2.1-5 | deposition on erosion by
Gradient bank followed|  channel
moderate by deposition widening
; 4 ~ onbed
v; 3, Badload W/D ratio > 25 Bed \Mden.lng
channels _Sinuosity > 1.5 deposition + dominant, 70 0
Gradient moderate island little bed 20
‘ formation erosion _J
3. A.D. Miali (1978) presented almost identical classification of alluvial river channels es
e additional criteria of

presented by S.A. Schumm (Table 5.1) but with som
s. M. Morisawa (1985) after amalgamating the classificatory

morphological characteristic
schernes of Schurfam (1963 b) and A.D. Miall (1978) presented a unified classification of
alluvial channels in 1985 wherein 5 major categories of channel patterns (Table 5.2)

identified on the basis of morphological characteristics, simyy index, - *
depositional behaviour e.g. (1) straight

eandering channel, ( braided channel,

have been
sediment load types, and erosive a

channel, (‘2’5 sinuous channel, (3) m

and (&]’anastomosing channel.

It may be mentioned that the scheme of
Wolman was based on two criteria viz. channe

they c0uI<.i not suggest quantitative parameter for the quantificati
zs they did provide for channel sinuosity and thus their scheme could not provide vesis fur

making distinction between channel meandering and channel braiding. B.R. Rust (1978)
attempted to provide quantitativ_e parameter in the form of channel braiding index to

aliuvial channel classification of Leopold and

| sinuosity and channel multiplicity but
on of channel multiplicity <

\




»  quantify channel m
ehortcoming of Leopold-Wolman

= number of bralds in one meznder wavelength

ultipticity (number of braids in 2 river valley) so that the inherent
man's scheme may be overcome.

ﬁ‘ v- -‘

Braiding Para 1.
el [
> of river chanpef patterns (M. Morisa#/a, 1985) ~
87
Sinuosity |Load-type | Erosive Depositional Width/
behaviour behzviour Depth Ratio
Suspension | Minor Skew shoals
mixed or channel
<1.05 |bedload widening <40
2nd incision
Mixed Increassd Skew s_hgals
>1.05 channel .
SRl <4
<15 wudemr:g-
i and incision
Suspension | Channel Point bar
7‘ 1.5 or mixed incision, formation T
load meandar
widening
Bedload Channel Channel
: viidening aggradation,
zd? mid-channel %0
bar formaiton
Suspension | Stowt Slow bank
22.0 load meanr.fer accretion <10
viidening
| .

-

L

avoid the problem of stzge-dependence,
he mid-line of the channels surrounding each bar or is
-3ny survey (Fig. 5.4). Classification of alluvial channel pattern

B.R. Rust defines the perimeter

{and but the braid order

s by B.R.

il

Y

Table 5.3 Classification of alluvial channel ¢

r_ Channel clzssification Singla-channel
(braided parameter < 1)

1. Low-sinuosity (<1.5) Straight

Anastomosfﬁg '

F——

2. High-sinousity (> 1.5) Mezndering

-

w 4

e o
Veaangg e et LR

——

Fig. 5.4 Channel braiding: (A) Channzl orders
viz. order |, order 2, and ordzr 3,
(B) Bar orders viz. Ist, 2nd, 3rd.

Ll-t-fs a ; .
et Wh;?eaar:n: thal:l Rust identified an additional channel pattern as anastomosi
(o braied Z:?roed Zn(: SWolman (1957) considered anastomosing pattern O:;ng

rn but 5.A. Schumrn (1963 b) 2 ted brai
patterns as separate alluvial ESEieapi e and anastomos;
channel patterns and distingui nosing

channel pa ¢ > istinguished them on tha ;
s ,F; ﬁ:;me;gr. A braided pattern is on2 vihere the many divided cﬁanne/,g.sjs o4
v ;3 (bjr 9 5.5 D). An anastomosing pattern is o where there are many cﬁzs are

! able and retain their identities, 1:ith changing discharge and timne. By, :g:"ef’.

- g PSS ’
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l are 2ed by ne Pfsw'r‘tad-‘b"yf_‘b&s_or;fsia
\ bt in the case of an ",annei pattern bars of islands are
1 vegetation main w nd grasses (Fig. 5.5E).

‘ ‘ 1 A. Werritty (1983) identifi

| aving low to medium sinuos
ar braiding with wide,
 of bare gravel but l2c
praided rivers.

d that alluvial channels may
inuoUS channel pattern,
nastomosing cha
ems are part of continuum,

istraints. Experimental studies have

from straight throug
flects sediment load and dis

e

1\

charge.

proided

E

S /e ]
= ::_;’?Ql'g':} =
—_— v >

<=

/B &ABPE of Stream Cha
IR ST KShap.e, refers to the-coRfig =
nds’ (M. Morisaw2, 1 e

stabilized by grovith of

ed a transitional class of
mbining features

Is, flanked and loc
¢ channel division

ity and €O

shallow channé
king the degree o
five principal types viz. Weﬁh&aﬁm&m@;' g.the. -
nnel pattern, braidad
be emphasized that

by energy conditions in
d that the complete
ded is dependent on stream

be divided into
meandering cha

nnel pattern (Fig. 5,5) but i
determined
demonstrate

t meandering to brai

angslomozing

~ = munes of alluvial channel patterns =

(n) straight, (B) sinuous;

-

nnels
1 OF 10

ratio~Fhe el determines the area of friction'bé
water and the channel bed and banks represented by wetted perimeter. Conse
n-stream-energy-ine 73

shal
Mmm’imm [WWM wieted B
ismﬂmmwmmmap

1. Mo'st rivers ha've roughly paraﬁoﬁc cross sections.
2. River channels are asymmetriél at bends.
3. Rivers increase their width-depth re;tio !r;_ thé downstream direction.
4, Big rivers have relatively large width-depth ratio.

g apmeﬁamhamnel'ﬁﬂﬁwmmm'ﬁmwb]—es
1. the discharge and its variations
2. the quantity and nature of the sediment

3. the nature of materials through which the river flows

with

Marked ity in_ di (1
Channe]sse:;::nhail|tg‘$ag:sccjharge Of periodic occurrence of high floods is associated
g8 T giver : -depth ratios. This control is clearly demonstrated by tha channel
, for example, which t}gs an unusually high width-depth re‘ati-o.
Calluyialsstreamsstransport preddminantly the samestype.of material as the matedal
o - 1 - L .a
reaches, These rivers are calleddzemfmﬂbadtpﬁm;l't
andaring-within. their permanent.banks,

Streams i du|a',nvem” ———r i
(commonly known 3 : reecom A e = ——
A t: e Se’fﬁadff-i))}\ typical cross-section of river with flood plain is shown i
i Lo / Xaggerated vertical scale. The width of the flood plain betwee thm
PR 'falx':fc; h“id]th olf valley, varies considerably depending on the size orf' the
rs; the width of the valleys in large streams can be as large as a re.,e
'l

kilometers.
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pankful —
width

L |
plein *’& |

wally slope away from th stream and towards the
< is that during the floods, river water rises 2bove the
from the main current, its velocity is reduced. As a

ment load of the stream gets deposited 2s the bank &
m builds up and creates 2 lateral

5.6 Typical cross -sectior] of a river with flood

e main

0ves away
: ‘&t;h.e sedi
he land close to the strea

are found to be relatively wide and
banks become unstable due to
_stresses along the sides. The
d and thus a narrow and.
he sides are too low ta.

alluvial stream channels
»nnel is deep and narrow, the
nd the consequent high shear
ded from the sides drops on the be
ds to widen until the velocities near t
on. We know, that the cide slopes and hence the shepe will be
ture of the material forming the channel, 1.e. its sediment siz€y
f the slope of the stream is large, it will naturally"
e chznnel viould be relatively wide. Since
h increase in slope, 2@ similar statc—mgﬁ
sectionz! shape on sedimant

e n2
nd cohesivity. 1
velocities and hence th
ansport rate increases viit
egarding the dependence of cross-

 relationship between wetted perimeter 2nd dominant discharge 8s

t

P =4.75/Q

— e e
mater expressed in m end Q the
hin certzin limits, thesweliedsperimetss docs, ok, epend=0
- fmntsload# According fo Himn, thgmsedimentssize only "goverrs

; e .
dominant discharge In m’/sec, 4nt

al

7 '
’ wshape~tacey fou

E " 1K
nd that natural ch ;
shape. The coarser the sediment flatter is the seml-
water surface. Finer the sediment more nearly does the se
circle. Fig. 5.7 shows the cross-sectional shapes for various siz
dominant discharge. Checks using river data have shown that the
equation varies between 3.56 and 6.05.

However, Lacey's equation for perimeter with a constant co=fficient

countries as a handy design equation.

al channels have

¥ A-. = | B
8¢ Qﬁg—‘\___ Coarse ; ; /’/
A : % S0 -

z -
.m.i' Effect of sediment size on channel SECD'O;‘I

.

5.1.5 Channel Pattern or Plan Form

Unlike the i S

e planfort;:f;r:rr 2 ":sgt: Pa:” n, which refers to a drainage network, the channel patte

By ey derioti_'; S tzpe or configuration of a single river s seen from the sky. Thr:;7
R e rad‘e plan geometry without any reference to the assoc;atnd l
o S s:o tI::taand cross-section, channel pattern is a mechanism r;r
WL mount anc! variations in the sediment and discharge

-

Three basic es‘
PR s m‘;f:ﬂd :rf’ 'ncha:;:::) pa':ems are usually recognised (Fig. 5.8) straialit
R a 1ChI ~eanaenng s and Wolman, 1957). A fourth e
g (or anastoniosing) channel pattern has : con =f’)ded i P yet:PE, the
2s bean ad s
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:?\ - Although perfectly straight channelé are rare’In naty
uncommon. If such straight reaches occur they usuzlly have:
control of geological structure such s lineaments, faults, fractu

‘i a straight channel the flow is not straight and parallel to t
shows a tendency to follow aSinding path through alternate bars
Y7 (Fig. 5.8). In addition, astraightrive

= doeper |
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Pools are areas of slower flows and riffles are zre2s 0
faster flows. Several studies show that the pools and riffles are not randole located
spaced at regular intervals, about 5-7 times the mean width of the channel.

- especially in streams flowing over low gradients with easily eroded banks, straight channfeis
vill eventually ercde Into meanderinng channels. A straight channel having sinuosity
index more than 1.5 is defined as meandering and is the most common channel pzttern to
be’found anywhere along the longitudinal cour:r.e of a river mainly alluvial rivers.

The vord mearider comes from the name of the river z/androse’in Turkey, which
Is characterized by a sinuous path. Figure 5.9 shows a typical meandering stream. It is

difficult to demarcate clearly between straight channels and sinuous channels which can be
called meandering channels.

Terms like sinuosity and tortuosity have been introduced to provide a gquantitative
basis for the classification of streams into straight and meandering streams. Sinuosity of a

stream is defined as the ratio of thalweg length to the valley length. Joglekar dafines
tortuosity as

r/Sinuosity - Thalweg length
Valley lengti

; - h
™ Arluosity _ Thalweglength - Valley lengt .00
Ny

Velley length

Leopold and Wolman have arbitrarily classified streams with sinuosity greater than 1.5

as meandering streams. Analysis of several American streams H1as shown that sinuosity .
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1.0 and 2.80. For the {ndus River the sinuosity Vaﬂ_es‘_fﬁqm 02 to
gligerg;an 2o &

| | varies betweed
| rom 1.08 to 1.53 for

1500 km, while it varies

\t Lucknow (India)- meandering river

nds are some of the

ons at the be
h the

=1
metrical cross-secti
ring channel (Fg- 5.8). Poals aré associated witl
ur inside of the meander bend.
3 water surface profile less than the mean (stream) gradient
eas a riffle has 2 water surface slope steeper than the mean
osed of coarser bed material. It may be pointed our that if the
ter increase resulting in high gauge level, the slope of water
Is becomes almost the same. ccording to Petts and Foster
produced by the lobate accumulation of relatively

[is a topographic Jowr usually characterized by finer material.’
der and shallow while pools are narrow but relatively deey

annel forms viz. channel width, ch
e bank and riffles at crossover of the

occur in alternate manner (e.0.
mmetrical at

jences introduce variations in ch annel
Generally, pools develop at concav

ential manner .. pools all riffles
— riffle and SO on). The channel cross section is asy

cal at riffles (Fig. 5.10). Generally, the channel depth is greater at

but as the discharge increases, gauge level (stage) also increases and
s and riffles decreases (Fig. 5.11).
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Fig. 5. g 1 a
Gt CI'EanneI depth at pools and rifiles at low and
high stages of gauge |zvels
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It has been ob
served i f
(e msiaessialaegil that spacing of pools and riffles almost remain
and riffles has been ShoanTPVe downstream due to flow velocity. In facbt : {he' B el
o be regular in both meandering (curved) = nd’ slpacmg Firegts
e i and straight reach
es,
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with the distance from pool
width of the channel. Meanders aré often- gsodiatel) uele ohe
sequence per bend. However, more €0l meander forms ylee

additional riffles and pools.
‘ E.A, Keller (1972) P | e
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=23 RiNle
777 | rosion 8
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 Five-stage model of pool and riffle development
o as presented by E.A. Keller

ted a theory of meander development based on’
( .13) wherein he has described three possible stages in the
andering reach. First stage (Fig. 5.13 A) is characterized by sequen_ce.‘ -

ddy flow at bankfull discharge in straight reaches having channei;

.0, Second stage is characterized by the formation of pools and riffles

i

/ spaced at 5.7 mean channel vidths (Fig. 5.13 B). The development of

ces undulating channel bed vhich causes variations in flow velocity
dex and development ojﬁ ;

| oscillation of channels increases sinuosity in
n the channel (Fig. 5.13 B) with sinuosity approaching 1.1. It may b
vor the formation of bends while strzight reaches develop over
)l or pfﬂe to riffle spacing increases to 5-7 times the mean channel width: |
ed by the development of idzal meander belts v/herein oné meander

g2) has formula

‘ to 10-12 mea

ve length (L) is equal T, ‘

wattern his been established, it is likely to pemst,t P
i ion. But although 2 gread

g dies, it i5 st

meandering ctreams and about their statistical proPe

ultimate cause of meandering-

Meander )Riﬂl!

-.:. "idih(w \ [

Meander Wave Length
B =Meander bend

R~ Rifile
pP=Pool ¢ = Crossover

Fig. 5.13 Stages of development of meandering rezches- (A) straight reach,

(B) sinuous reach, and (C) meandering reach.

characteristics (Fig. Gls Gk Studies
4 the channel width are related
nkfull or mean discharge. The
scharge, channel slope, anc

displays soveral morphological
h, the meander radius, a0
Id be identified as the b2

A meandering river
chow that the meander viave lengt

lo dominant discharge, which cou

size and sinuosity of meandering channels are related to di
amount of fine material present in bed and banks. Schumm (1960) has shown that higt

sinuosity of channel Is associated vith @ cignificantly hi_Qhe"PfOpo‘ﬁO“ of silt and clay in the
bed material. 1t should be noted, however that streams meander €ven with coarse bedload
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rs are deformed in shape

5 zre irregular and compound, me
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e meanders migra

ander characteristics

eristics of a meandering channel

line of maximum velocity is closer
ateral erosion by undercutting.
to the next convex bank on the
Jaterally and the sinuosity of the
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te down valley. The migration
cut-offs and ox-bow Jakes.

s simple and
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, whereas in
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will change
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m .considerabl and

zlong the length of the stre2
‘meander characteristics.

Meander geometry
developing the meandering characteristics generally DSSESS.

5.1, more than 1.0) with distinctive length
iations

however, vary with consi

of a channel. Therefore,
f the sequence of arcs COmEeS Up.

The rivers
symmetry of the sinuosity (
sinuosity of 2 channel may,
and meander lengths over a section
symmetry of both arcs and respective symmetry 0
el is characterised by arcs with va
he meandering channel under, stu
meander axes. The channel is, therefore, divided into sections
perpendicular distance of the apex of the curvature from the mean
and the linear distance from one end of the curvature from the msan

the arc length.

_Symmetry of arcs
Symmetry of arcs can be measured for any specified

rying meandering 2mpl
dy may have a3 numbe
vith meander axes and.
der axis is the arc height
der axis to the other is

A meandering chann
Therefore, the section of t

section of a channel by measuring the

_arc lengths and arc heights and form ratio (Fig. 5.15)-

SYMMETRY OF ARCS
(Mcandering Channel)

Meander bcl-; - \ NA

Fig. 5.15 Symmetry of arcs
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r eviation of arc ‘hEI_'g_tl[: « 100%

mmetry = & ‘ I Mean arc ﬂelght "

J
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0 Mean deviation of form ratio « 100%

Form ratio

deviation values of

'  symmetry are based on the mean
The mean deviation

value, the greater Is the symmetry.

ry of the meanders though similar

ists a perfect symmet
uantitative

pbtained for certain lengths of channels. The q
ymmetry is measured as follows:

ber of arc length with less than 25% deviation from mean value

Number of arcs in the reach

uch values for any meandering channel, it would, therefore, be

annel into sections of similar meander amplitudes.

ons in’ feander Morphology
tive quantitative empirical relations of meander geometry and

btained from the works of Leopold, Wolman & Miller besides
tions by other experts. Only some of the most widely used empirical
. Hydrological relationships have been treated separately.

In the meandering channel, some interesting €m _
meander (A), Wave length (») 2nd wetted perimeter (P) with
rédids of curvaturé (rm) and the discharge (Q) have been
bivariates are exponentially related. .
Amplitude of meanders: The empirical relationship has been estab

by different authorities in alluvial valleys as follov/s:

A= b7A AL e . After Leopold & wolman, 1960.
A =18.6 W7 . After Inglis, 1949-

A =109 W ... After Inglis, 1949-

A= KW ... After Knighton, 1972.

The relations are worked out generally in alluvium channels and show considerable

disparities.
The amplitude is, however, poorly correlated with meander lengt
even with other parameters like depth, radius of curvature or discharge.

h or wave length and

pressed by the Greek letter A which
| morphologic forms and hydrology,
out by a number of authorities

Meander length (or wave length): Itis generally ex
is found to be correlated with a larger number of channe
mainly discharge. The linear relationships have been worked
and some such relations are given below.

A e Wl' Tmo Q
A =109 W . After Leopold & Walman, 1950.
2=6.6W"% ... After Inglis, 1949.
A= Kwhae ... After Knighton, 1972.
Wid e ... After Leoplod & Wolman, 1957.

bl .Froam {hf? a'r?ove relations it is quite apparent that the values considerably vary but
hr ain g;peralasatnons can be made, such as, the meander length is about 7 to 10 times the
channel width and about haif the radius of curvature (rm). . -
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»ach is close to the outer side of each bend and crosses
' between the banks. Like the thalweg, stream lines of

jownstream, crossing over from one bank to the other.

Jeration of flow are developed at the inner edge of bend
\r. Moreover the separation causes the stream lines of flov to

¢ of the downstream edge of the curve.

forming one &fter another in succession are not very common in
‘ﬁ al processes developing regular meanders is often caused by
d to deformed meanders. Such constraints could b}e\ of varied

n of banks composed of W&Jlﬁh‘t’é‘i’:’of sand-or

aving due to the presence of compacted silts-orclays, w/hich have
ree of consolidation than that of the surrounding alluvium.

ing due to revetment, or emdiblwnaterialswscch%se—a-mek,

shows a regular pattern of meanders, as well as deformed

to revetment and rock outcrops on the banks.

¥

Meander Deformity

Revetment

Meander belt
Bank of kankor rock

rLdue to obstructions

Fig. 5.16 peformed meander patter

am. A cutoff occurs when the
to shorten the length
he river shortens its |

,I/‘/Gftoffs
eck between river meanders is eroded away

of the channel)) The slope of the channel increases

length. :

. Mark Twain ap

'and the meanders join
as well when t

r cutoffs when he wrote:

to make prodigious
ning itself.

tly described the process and effect of rive

“The Mississippl is remarkable in another way- its disposition
jumps by cutting through narrow necks of land, and thus straightening and shorte
p! These cut-offs have

More than once it has shortened itself thirty miles at a single jum
| districts, and built up

curious effects: they have thrown several river towns into the rura
d to be three miles below

cand bars and forests in front of them. The-town of Delta use
4 Delta is two miles above

Vicksburg: @ recent cutoff has radically changed the position, an
Vicksburg."
~ Life on the Mississippi~

ander pattern is not stationary but moves

slowly in the downstream direction. During the development of meanders there is 2lso @
gradual lengthening of the meanders, vhich imparts lateral movement to the meanders.
Increased frictional losses and bank resistance tend to halt the lateral movement. When the
bend and the bank resistance become too large for continued stretching of the loop, it is
easier for the flow to cut across the neck than to flovs along the bend, resulting in a cutoff.
Usually narraw and small side channels are available within the neck of the meander loop.
These side channels are either part of the main channel when the stream vias flowing along
this course or are formed by spilling of floods over the banks. Cutoffs may develop along
these small side channels, As contrasted to the natural cutoff described above, a cutofi may

be artificially induced for one purposé or the other.

It has been mentioned earlier that the me
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Fig 5.19 Development of a Chute Cut off
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Ratio :

around a bend, the ratio of length of the be
en a cut off occurs is ed a Ul

os varying between 1.7 to 3.0 in the case of rivers in which
sment of a side channel. Where development of a cutoff takes
the ratio is, generally, very light. In some of the Mississippi
8 to 10. But there are numerous instances, where cut-offs

value was exceeded)

s are executed on alluvial streams in order to reduce flood
ds. Also, artificial cutoffs have been used to shorten the travel
f maneuvering along the bend during navigation. Such cutoffs
s bers on the lower Mississippi river (U.S.A.), the Missouri river
Hungary), the Hai river (China) and several rivers in New Zealand.

ry 112 cutoffs were made on tha Tisza River in Hungary thereby
agth of 1200 km by 455 km. As a result, the river bed has been

as much as 2.3 m.

and execution
1. The pilot ch

2. The pilot channel is usually made on @

3. Entrance to the pilot chan

4. The cut, when unlikely to develo

5. The width of the pilot cut is unimportant 2s the

6. When a series of cutoffs is to be made,

(_*/Effects of Cut-off
Qhe changes that take place in alluvial rivers after cutting off t
two categories: immediate changes and long-period changes.)
(Whe.n a cutoff is executed, ‘the_ length of channel is appreciably reduced between
the neck points of meander loop, i.e. between A and B in Fig. 5.21. As a result the water
surface slope in this reach will increase. }

——

-

2 following recommendation
of artificial cutoffs:
annel should be tangential to the

=

main dire

and leaving the cut.

slight curve, the curvatu

dominant curvature of the river itself.

nel is made bell
the cut dev

_mouthed. Such transm%
elops first at the lower er

considered unnecessary because
progressively upstream.

p because of coarseness of the material pr-fo_

ar stress, should be excavated to mean river cross-section.
cut ultimately widens due

d by consideration of the type

she.

scouring. Hence, in practice, the width is determine

and size of the dredging equipment used.
the work should progress from downstream

to the upstream.

he bends can be divided into

Fig. 5.21 A typical cutoff
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";jé nevdy formed short cut. Banks start caving, new
annels get silted up, until at [ast, probably during low
v for a few months. With the next floods again the
ces until, equilibrium is finally established.

s may eppear to occur aré merely temporary and

%I' is likely to occur, because of the deposit of detritus
off chznnel. The bar lasts rarely for more than one or
cut-off has been formed. It is therefore, reasonable to
es are not permanently affected by the cut-off since it

) stages, cut-off cause local changes in the direction of currents
cal, These currents may in their turn cause bank caving both
which is sometimes viclent and extensive. As soon as the
ew conditions imposed by the cut-off caving, decreases to its

and character of the channel changes, following a cutoff,

“The extent
can be proposed.

ent U p:bn local conditions. No general rule, therefore,
y -

meander bends continues to take place, eventually a meander
from the rest of the stream. When this occurs, the cut off
till a depression, will collect water and form a type of lake. The
0 impounding of viater in the abandoned meander loops are called
Talsle)s gj;‘?ke.s'. Oxbow Izkes are typically crescent shaped- like that of an
ature of the meander loops Is so accentuated due to lateral erosion,

, almost circular and the two ends of meander loops come closer,

straighten their courses and meander loops are abandoned to

‘5.22). It may b pointed out that the formation of oxbow lakes

- 5 . . ‘1 ‘
ablishing a cut-off, there follows a period of total A

{

ts itself to its new alignment. A temporery bar growth .

owes to erosion (straighte :
meander loops at the meander né
plugging of cutoff ends of meande
sedimentation (ai!wiation) of oxbo
wamps in due course of time.

A .
. Fig. 5.22 Formation of oxbow Iakes due to
sharpening of meander loop
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Wt Bars and Scrolls
point bar is yet another major feature associ

shaped bar occurs on the inside of the meander
accretion of sediments towards the inner bank. Mi

of ridges known as scrofis.

/ 5.1.5.3 Braided stream e
A braided stream can be defined as one which flows in two or more channels around
alluvial islands. Fig. 5.23 shows a typical braided reach of an alluvial stream. Field
observations and laboratory investigations by Leopold and Wolman throw some light on the
aulic relationship between divided and

‘ sequence of events leading to braiding and the hydr.
undivided reaches of the stream. Their study shows that a braided pattern develops after

ated with meandering channels. The crescent-
bend (Fig. 5.8), and is formed by lateral
gration of point bars gives rise to a serias

e

.
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If the value is more o
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: ratio.

existing In the reach, This coars
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ing an appearance of a hair braid. At high fiow stage, the islands
the stream may flow from high bank to high banx. This is called a

'!ﬂ annel stream is also formed in building up ¢f deltz where all these

Al ally dusa!:pfzar into s??egt flow at sea end. Fig. 5.24 schematically : Fig. 5.24 Braided(and distributary channel _
pattern s distinct from distributary chann@ : : -

ream channel contains bars @nd islands, and the degree of braiding can

o percentage of reach length that is divided by cne or more Islands or
 has davised a braiding index to determine the degrez of braiding. | % 1. Semiarid regions of relatively low relief and the streams are formed by the runoff of

the mountain areas.

ided streams are found mainly in three contrasting environm'e‘nts:

gl{suiOnelenolioftslandsor bars) b ! 2. The glacial outwash plain where the source of water is the meiting ice front.
length of the reach

gIndex = Bl =
‘ o . h L1
3. Mature stream in mountain areas-arid, temparate or even periglacial. The stream
L) gradient is steep. ) i i
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» i g : Vﬁom investigetions in many different regions the follo
by Bigleaivers. it Coleman ( 1969) noted very high braided and meandeéring channels have been recognised: _ .
river has a single channel and @ braided river has multiple d-.a.} s,
eeper slope than 2 meano
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million tons as maximum annual and 5. For a given discharge, a breided channel has st

observed large sand
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e rate of downstream movement of e
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f ) um
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rate of migration was recorded as 640 m in 24 hours. 4. A braided channel is broader and shallower than a meandering channét. -
S,(.? 5. A braided channel is characterised by frequent bank erosion, and thus is more se

the development of braided pattern. e
P PRYEIlY g . unstable than a meandering channel. ' '
bnme@
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These differences suggest that braiding represents a high-energy envir

'of the river to transport bedload.
e to flow to move the bedload.

énnel resistanc
) Q yc‘ﬁracteristics of Braided Pattern
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: g¥. NG)) Aggradation el
y Since braided pattern emerges when bed load transport is heavy, breiding of channels is
need not

o B :

g \q,\/ often associated wnt?_1 tendency for aggradation. Braiding channels hov.2ver,
always experience aggradation. For instance, Brahmaputra river upsteam of Gauhati is

having intensely braided pattern as shown in Fig. 5.25 but is not having 2n aggrading trend.

‘ [[flv“ehergy environment.

p channel gradient. A
undant and coarse bedload ety
ing to Leopold and Wolman (1957) ‘braiding is rot indicative of excessive:
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o widening of channel width. Bank erosion increases sediment lo2d which X
position and formation of additional bars and islands which in turf further
thiannels and process continues. The wide shallgiw, cross-

sections develgp.’;‘ -
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nd islands change their positions and divided chznnelways also register

the other hand, an anastomosing pattern is one
e stable-anc retain-theiridentities vith changing discharge

pattern

cand-time.

ttern is one v/here the anabranchies (offshoots) rejoin Lhe original--
me times after a distance of tens of miles
ch-mea PEsm vihich rejoin the trunk o trioutan
to Schumm (1977) ’:mas[omosrbg—d;anne/s_am.—dfsh‘nr!" 7om
els,
al bfanch;s of anabranching and anas

el pa
,gxt'neighbuuring trunk, so
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o snooLw U

tonosing channels € #&

(A

v action, was seen to be the basic

ley boundaries. . ,

upstream. feces d.bﬂ“d.gm th
@ unstable-and-moving-dow g

sted characteristics were found to be
Al these factors being

| forming the island, its

Fig. 55D and E). Both
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herethereare.many
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Fig. 5.26 Anzbranching channel pattern

' Anabranching patterns have been observed in cold temper'ate, humid tropical and
semi-arid regions. Geomorphic situations favouring the development of anabranching river
pat'terns include intermontane valleys, low gradient fans, lacustrine p'zins and alluvial
plains. According to Nanson and Knighton (1996) anabranching rivers are characterised by-
\/1. flood-dominated flow regimes

}/banks that are resistant to erosion M

3. o i ' .
/C:;‘e'rrt rgfc(l;amsms tofconst T channels and induce avulsion. Avulsion is the sudden
iversion of a river to a new course at a loy -
during flood. : wer level on the flood plain,

Such ri : '
o brw;:z are iable to efficiently transport their sediments by reducing the width-depth ratio
pov:rerYTh re.atsh ng the depth) and consequently by concentrating shear stress and stream
WG uS., e rivers are able to maintain or increase their sedimant throughput wi

significantly increasing the channel gradient. w:thous
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alluvial streams it Is n
- phenomenon. This aspe

es which character

, g and temperature),

material transport rate O represen
apth ratio characterising the shape of cross

mileage, M, characterising

the more Important variables are:
tative size of the bed material d,
section, and ratio of

ut which of the above variables are
» variables r and // ere certainly depende
bed material size, d, are certainly independent Varia

 two varjzbles namely @rand .Sy
surse of the stream the slope of the fand and hence the slope of the
= ‘b’y‘gecloglc factors and Scan be treated as an indepandent variable so

r is concerned. Thus Q Sand d determine the magnitude of the

rate Qrin the upper course 0
- course of the stream @ @r

§becomes @

nt varizbles, vhereas the
blzs. Hence the

and d become the independent variables

1apter that the flow in alluvial streams differs frgm
;een the twor

inels in several respects. The most important difference betwe
while regime channels are designed to carry @ fairly constant dischargé

5 carry extremely varying discharges and sediment lozds. k

minimum discharge cen attzin values as high as 1000 or more in many '
ams and streams in semi-arid regions are likely to have very high values
F this ratio for some streams. Similarly th :

.4 gives values of
puring low flows there may

an also be very large.
flows the stream may carry high sediment

jinted out earlier in this c

loads with @ wide

ecessary to know the important
ct has been well discussed by |

ize the sediment and water, 2nd remain

the shape of the stream in plan, i.e.

indepencent and which are

f the stream and @r becomes @ dependent:

dependent variable along with r and N,.)) :

The ratio of

 variation in
be little sediment

ing high

‘ The braided stream channel contains bars 2nd is!
be expressed by the percentage of reach fenqth that is divie

bars. J.C. Brice (1964) has devised a braiding index to determine the de

2 (sum of the length of jslands or baré)
length of the reach

Braiding' Index.= Bl =

If tﬁe value ls- more than 1.5 then the channel is referred as the braided channel. The'
cross sections of the braided stream are wide and shallow i.e. they have a high widmfﬁpﬁ_

ratio.

Table 5.4 Ratio of maximum to minimum discharge of some streams

Columbia (U. S. A.)

Mississippi at St. Paul (U.S.A.)

Danube a the head of Delta (Rumania)
Elbe at Hamburg (Germany)
Rohane belov mouth of Durance (France)
Volga at Rybinsk (Russia) i
Indus at Kalabzh (Pakistan)
Ganges at Farakka (India)
Mahanadi at Naraj (India)
Nile .at Cairo (Egypt)
Yangtze at Chihkiang (China)
Mekong at Kratie (Cambodia)
Sutlej at Rupar (India)
Ravi at Madhopur (India)
. Ujh at Chak Basti (India)

Irrawadi at Saiktha (Burma)
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. Indicated in Taj!lﬁxsﬁp makes it difficult to choosa
»am characteristics. Different methods have

)
) (ghe vice variation In S
rep

. epresentative discha [(248 Hgha
£ suggested by diff ce of arrepres.entatwe discharge. I
ﬁl introduced th : rge. According to him, there is @ dominant>
- which a ch annel returns annually. At this discharge, equilibrium js
change is the least. This condition may be.

discharge and ‘ il [¢
Al d the tendency to
ditions over a long period of time. In other

: ischarge which ‘would produce the
age channel dimensions) as the actual varying dischargg)]néi-
jvers the dominant discharge was nezrly the same as the bankful
d that the dominant cischarge be taken to be half to two-thirds of
is may not be true in the case of other rivers. .
dominant discharge, which is equalled‘ or
B. R. defines the dominant discharge as the;
carry d of material coarser then 0.0625 mm with
This discharge has been found to be slightly greater than the median
discharge as that constant discharge

[
nd Charlton define the dominant
the same meander length as produced by the varying discharge.

ct }:f all varying con
that hypothetical steady d

e 1 et

e g

at discharge as
o7 f the time. The U.S.
| car g greatest sediment loz

will show that the dominant discharge, which determines the average =

Vn,eed not correspond to the steady discharge which would yield the: '
ment transport as that due to the varying discharge. From this point of

t of dominant discharge is of questionable significance. Leopold and |
use a discharge of @ particular frequency of occurrence for comparing the
several American streams investigated by Leopold and |
he mean annual discharge for studying the

river. For these streams the mean annual =
K

ded about bwenty five per cent of the time.
geometry of streams in
e frequency OF
per

>3

of streams. For
und convenient to USE t
lic geometry along the

d to be equalled or excee
ankful discharge of a stream for comparing the

_., For regime streams in these countries Nixon found th
an average value of 0.6

2 to be approximately the sarme and having

equency is a function of the climatic conditions and the drainage
& which are highly variable, departures from the above value are likely in man/
Pinstance, the recurring interval of the bankful discharge is found to B 12
American streams. zchafrernak has introduced the ter JX
ad as the dischargeﬁat transports the largest volume O

i

ws the frequenq}"di'&éhr' cul or
discharge and sediment tre

T

Fig. 5.27(a) sho
relationship betvieen the water

7

~
(>4 (2) g sh) (<)
% < ; o
e :
4 Qof 2 2
a Largest 2 a Bed Geacrative
L AF ‘:,:- a Discharze
- o
. Z = 5
= = )
o ———

Rale of Scdiment QrAF

: transport Q
Fig. 5.27 Determination of bed generative discharge

.Freaqueucy AF

In Fig. 5.27(c) the abscissa is obtained by multiplying the frequency AF ofa particular
discharge Q by the corresponding sediment transport rate Qr. The discharge which gives the
maximum value of Qr AF /s the bed generative discharge and is supposed to influence the
channel geometry.  NEDCO recommends finding the depth Do corresponding to the

dominant discharge using the equation

DnJ-OTQs df:fQ;; Ddt
0

: juTQB Dt

LTQB ohd :

-

or, D n

:2 ;‘::;C:; ﬁ; ;sntftw: bde'd I;:ad' transport rat?. Gondalfo found that the bed'generative discharga
o reate L;c arge corresponding to the average sediment transport rate and that
- greater ’an the mean annual discharge. The definition of dominant discharge

ording to U.S.B.R. is the same as that of bed generative discharge by Schaffernak except

that in the latter case there is no restriction on sediment size.

Y

.
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1ON OF THE CONCEPT
envisaged the concept ‘
| field as @ basic concept in the landform study,
a progressive chenge from the initial g',
nudation within @ definite period,
plains are gradually lowered down
the cegree of processes of

nth century Davis has
geomorphologica
m the [andforms undergo
. e form by the processes of de
2 heights of landforms like hills, plateaus;
ap‘gi surface is developed depending upon

ﬁace is affected by two types of forces viz. (i) endogenetic forces and
ndogenetic forces create vertica! irreqularities on the earth's
f different dimensions whereas

es of relief features ©
the atmospheré (rivers, wind, glaciers, 5€a waves,

riglacial processes etc.) try to remove the vertical iregularities created by
ces and ultimately become successful in bringing down the reliefs to ot

for

called as @ peneplain. The whole period of the creation of relief features by

s and their destruction by exogenetic processes is called J‘ﬁ':‘(
s follows, “Geographical cycle is the period of time during

dergoes its transformation by the process of land sculpturg

n-a penepiane".

- forces wherein e
ng several typ
ces originating from

rocesse
ich Davis defined 3
Jifted landmass un
low featureless plai

ical cycle’ of Davis was Severely criticised b

ers and the term ‘cycle’ was described as confusing 2nd hence untenable. Vil&
hough accepted the basic concept of cycle of erosions but rejected the Davisian Mos
aphical cycle 2nd propounded his 0WN model of cycle of erosion- Inspite of s&
Germany the Davisian model of geographical cycle of erosion Was adopted!
F the contemporary and subsequent geomorphologists ll over the world- fﬂr

gued that pavisian mode! of cycle of erosion, say the first general theory of laf 4
t, dominated the entire field of geomorphology and geomcrpj i
15 right from its inception in 1899 to 1950 throughout the ysorld. 8

concept of 'geogreph

=

i

6.2 GEOGRAPHICA :;;-'*n;; ool
7. M. Davis (1894) established the well-knovin pri
analysed in terms of structure, process and stage. Structure '
which the landforms are fashioned. Processes include mecham‘calf d ct
mass movement, rainwash, river erosion, viave attack, glacial action
responsible to shape the landforms. Stage refers to the time during w/hich these prc
are acting on a definte rock structure. In this context in describing the life cycle.
landscape he use: come new terms youth, mature and old age. Of course thec:e
trszgv; ;::;st z:a 4 ec;nnot be related to an cjsctua,! time scal_e. Land features are dif—fergn;&

Davis theory may be expressed a5 follovis- :

- 1:?72,:1 z-e;:juegial changes in fandforms througl &ime (passing through
y old stages) and these sequential changes are directed

towards well defined end product-development of peneplairr.

Davis postulated hi
o IF; 99'-: ;’ ;‘i ::1 tC:ﬂ;::;tzf‘;geo?raphical cycle’ popularly known as ‘cycle of
S - ic classification and syst i ioti -
His ‘geo h . X ystematic description 0 I ol
geographical cycle” has been defined in the following manner. e f landiorms.

“ Geographica i i :
o n?an’;n' : :’ czjc;e F:;oac :;esnoc: <')f t‘;me during which an uplifted landmass undergoes
: o i - 1 k i of
peneplain (Davis called peneplane).” sculpture ending into iu.- featureless plain or

According to Davis three f; i

' actors viz. struct r

e e . structure, process and time i !

e 'Er i c:r gevce.qument, of landforms of a particular place. Th el o
of Davis"” and his concept is expreésed as follows—- R

— e

“Landscape i i
pe is a function of structure, process and time.”

Structure means lith -
faulting, joints etc.) of fO‘c!is Ol?glcal (rock types) and structural characteristics (folding, -~ °
was also used as a process ts lime.was not only used in temporal context b DS (aoldmg',,
by ageng‘o fe é]:ad‘;ng to n inevitable progression of change Zf ,Zv,;fbut it
nudation i | ; naforms.
water in the case of geographical cycle) eidaies i els 19k 20d crosion (running

4
~ < .

It may be pointed '
epe s el Ofo;te othat G-erman scientist Walther Penck pleaded for the rejecti

graphical cycle based on time-dependent series ;EJ;E‘ctnon of
i iz of landform



rate of upliftment anc
equal, 2nd ' ]

ceeds the rate of
h an extent that
libriurm is @

(iii) If the rate of valley deepening €X
channel gradient is lowered to SUc
erosion become equal and the state of equi

: development and presented jis own model of ‘morphglpgical system’ or ‘morphologicy)

analysis' for the explana of landsca eﬁgvelbpm'en’_h The main goal of Penck’s mox n
find out the mode of development and causes of crusty|

ygenetic processes and morphological characteristics. 2

always coexistznt. : )
out in the beginning,

7. Upliftment 2nd erosion 2ré

el is that the characteristics of landforms of 2 given r
onlc activity of that region. The landiorms, thus, reflect the
of endogenctic processes (i.e. rate of upliftment) and the magni The penck’s model of landscape development, 25 pointed
esses (the rete of erosion and removal of not be correctly interpreted because of its publication in obscure Germaa landugs ot e
‘ ¢ his Ideas by English translators: penck’s morphological system Was
2 the 'geographical & cle’ was criticsed in

wrong interpretation @
severely criticised in th

e USA in the same W3y ; : Y
Germany. His concept of long continued upliftment and tectonic speculations cou not‘ in
rocesses are definitely

any support but his concepts of slope development and weathering P

of much 'geomorphologica[ significance.

als by exogenetic proc

be interpreted by means of rétf'o
f uplit) and erosional processes

Jandform development should
hic processes (endogenetic, or rate O
vertical incision).

alled normal cycle of
(covering most parts
ys important role
the most

nckian model of landscape development- -
6.4 NORMAL CYCLE OF EROSION

n by fluvial processes (run

he fact that fluvial proces

ficant geomorphic agent. Eve

W. M. Davis considered humi

of erosion but this claim is debatable.

ning waters or rivers) is €
ses are most widespread.
n water also pla
d temperate areas as

basic premises of Pe

gical characteristics of any region of the earth’s surface is the result::‘o i
| The cycle of erosio

petween crustal movement and denudational precesses. :
: iy erosion because of t
of the globe) and most signi

in glacial, end arid regions.
normal case for fluvial cycle

fevelopment is time-independent.

factors may be ascertained
y landmass with reference

ovements can be explained and their casuel
is of morphological characteristics .
s of the hillslope depends on relative rates of valley incision by rivers an' The normal cycle of erosion begins with the upliftment of an
' to sea level. As the land rises, the rivers are originated and sheir ernsional work starts. The :
rate of uplift in the beginning far exceeds the rate of erosion with the restis chsnlute relief E
se. After some Ui 2

level) and relative relief register increa

nova of debris from hillslope.
becomes more active. The land area, tectonically,

(absolute altitude from sea
during which there is

~
L

( re three crustal states 5
Ia_t@a-of crustal stability vhen there is no active dispIace;nent, £ upliftment of the land stops and erosion
me upliftin a limited area followed by widespread uplift and ' remains stable i.e. there is crustal stability for long period of time
| neither upliftment nor subsidence of land area. There is progressive development of river
whole land area progressively ‘passes through three ;'

ate of initial do
§ valleys in sequential order and the

ate of extensive crustal upliftment.
ent between crustal movement and valley ' successive stages of youth, mature
3 [ transformed into low featureless plain 0

3
product of normal cycle of erosion is called

and old (senile or penultimate) and is ultimately
: f undulating surface. Thus; the penultimate end %
me, the vertical ’ ; peneplain which is characterized by undulating |k
i surface with residual convexo-concave low hills known as monanocks, unakas and : 1

Thus, the land area has to pess through the successive stages of its © | E

neformation into pzneplain of

stal upliftment remains constant for longer period of li
te of upliftment
mosores,
e upliftment of Jandmass to its tra

on by the river is such that there is balance between the ra
erosion, 4
" development right from th

o rate of uplift exceeds the rate of val exceedingly low reliefs
ontinues to increase till the rate of valley deepening match :

e three states of adjustm

ley deepening, then the channel l\
es with the JB.

ol T -
L i i D A8 e
b o 1 A Sty . ee
4

fu
oty (5

gradient



divided the whole duration of normal cycle of erosion into

successive stages of youth 0 mature (equilibrium) and old (penultimate or
© and cach stage has been Ut divided into three substanges €.9. early, middle and
outh, middle youth and late youth 2nd so on). Thus, the landsca

ure and old with the advancement of normal cycle of erosion.

h three successive stages, the development of river vall
e successive stages of their development and the rivers become
) ature rivers and old rivers. The following are the characte
ges of the normal cycle or erosion. -
10 hibit elternating reaches of youth and
eological formations consist of erosion-resistant rock, the Stfea":

jod to attain a graded profile. On the other hand, the stream m"' i
rlier in stretches having geologic formations susceptible to erosio 1

nd that certain streams ex

tura state, many streams show a condition of apparent equilibrium as
he stabllity of their alignments and slopes. Available data over a peridg b
ot show significant changes In the mean characteristics of the stream ]
o such stable streams there are also streams such as the Yellow river m
Brahmaputra in India and Bangladesh and the Kosi rivers in India, whicha

fied as unstable streams.

js a peculiar stream carrying as much sediment as water during
tent is of the order of 50 percent by weight. The stream Is estimated h‘f
ion cubic meters of sediment annually from its drainage area. The rivef/j
such heavy load to the sea. Much of it gets deposited within the dikes

; o}nt‘rb!!ing the floods thereby resulting in a gradual rise of stream bed vithin
Kosi river In India Is also extremely unstable. It is widely known for the

ourse. It shifted laterally from east to west through 110 km over @ period of

STAGES OF STREAMS

es of strea.ms are determined by the characteristics they exhi
aracteristic features of successive stages of normel cycle of erosion:

bit. The i

r'zurdécccegted concepts, a young stream is always able to crode Its
vertica irection, the slope of a young stream is always greater than the

- x-‘ FL a2

S,

UVIAL omumﬂuéﬁ'li -

diment load coming in
ally flovis throug
streams 2nd they

sary to 2y the sé
vards, @ yound stream USY
e is no flood plzin for young
valley at all stages: Other characteristics of the youngd

viaterfalls, Steep and varying gradients, and presence of lakes.

ese are closely confined in valleys: According to Johnson ear
ted and mi falls and rapids aré

slope Neces

ddle youth ends when eliminated i

L
t stops cutting dowin the ped and starts videning.
n becomes sfgniﬁcant, as a result the bfd&;_i:'ﬂ .
d ridge-like in formY’A considerable portion -

nd swamps of the youth stage, @5

2 Mature Stage

V‘e ctream becomes
vertical corrasion redu

ctream divides gradua
of flood plain is found
found in interstream aread
important feature is the reduction
ht (relief) separating interfluve summits an

youth when the valley bottoms eré Jowerin
affected stream-divide.

mature when i
ces and the |ateral erosio
lly and becomes sharp an
along the valley floods. Lakes @

s, have been eliminated.
of the relief or in other words @ decrease

d valley floors. This is the

Another
g down by vertical Incision

in the vertical heig
reverse form of the
and initial surface remains as un

Svis suggested that 2

becomes even more gentle end D
Meanders may be

during this early mature stage.
ositions over the flood-plains.

n extent that the hydrautic conditions aré

ort the sediment brought from the upstrezm reaches and that

If sediment load is in excess of the transport rate of the |

in the upstream reaches and the stream slope reduced.
y. It is in the stage of maturity that the

The long profile of the river
graded condition

river attains a
are free to shift their p

conspicuous and they
The slope of the stream is reduced to sﬁch a

just adequate to transp
resulting from bank erasion.
stream, sediment is deposited

Hence a mature stream adjusts its slope delicatel
streams follow sinusoidal of meandering path in plen. According to Lobeck, full maturity is

sttained when the width of the valley floor equals the widih of the meander belt. The width
of the meander belt, in turn, is approximately ten to twenty times the width of the river. ’

\4\/man:rc stream is many times Kno
palanced stream, strean in regime ot stream in €q

K\i:::ded stream as follovs.
\/ A graded stream is one in which overa period of years, sfope is delicately
adjusted to provide, with the available disclhiarge and with prevailing
Juired for the transportation of

channel characteristics, just the velocity reqd

wn as a graded strear, poised strearm, -
wilibrivm. Mackin has defined a,ﬁf?



CYCLE OF EROSION

{ ‘
/s asystemin

‘ o the load s‘npplied from the drainage basin. The graded stre 5,”’
' pdfuilibeivm. i
Qigelk lists the foliowing charact

 of mature steams:

er di‘!‘s',i ‘ 'E‘fxffs and oxbow lakes;

reater than width of meander bel;

Il mature or graded is known as an old streanr. There are
aracteristics of mature and old rivers. Usually in old age the
ture stage because of the lateral migration of the mender belt

eral erosion a broad and gently sloping, both laterally and
d. In course of time these nearly level valley floor are covered
nd form a flood-plain over which the stream fows in meandering
. are reduced in height and the stream- divides become smooth

d marshes are pr
Davis has postulated that at the end cf old ste
developed at or near the base level of erosion and it is termed

is almost destroyed and the initial surface remains as few residual

asent in the flood plain, not in the interstream
ge an extensive

f all this transformation is to erode the landmass to such an extent
is achieved after millions of years. During

edin ent ceases. This stage
the strictest sense, because the

0 pol f‘of the stream is in equilibrium in
inually erodad from the high regions and brought dovin to lov/ regions.
rs concernad with river problems think in terms of a fev: hundreds
ydraulically the stream can be considered to be in equilibrium, even

eep soil cover and few rock outcrops; and 1
: L sl

—_—
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FACTO

r action and there aré mai
running water of /e

ed by the rive
transported by the stream

The land surface is sculptur
action e.g. erasion, transportation and deposition. The

rocks of the bed and bank, then these materials are e
lastly sediments are deposited. Most of the fluviatile landforms of the earth s
result of these three actions. Depending upon the climatic, lithologic and lh.e ve
flow the stream acts through different pracesses in different places along a river cot

7.1 FACTORS INFLUENCING RIVER ACTIONS

re and extent of river erosion, transportation and deposition ere influenced

The natu

by various factors. L
1. Climate: It controls the nature of river flow i.e. whether it is perennial, non-perenni'al‘,
determines the volume and the

o ephemeral or intermittent. The nature of precipitation
velocity of a river. The erosive pov/er of a river largely depends upon the velocity. It has
* been estimated that if the velocity be doubled the erosive power will increase four

times; because it is seen that keeping all other factors constant the velocity varies as

the square of the abrasive power of a river.

2. Surface relief: It denotes the height of the surface unit above the base level of erosion
vihich determines the potential erosion power of the river. Therelore, greater erosion is
foun.d in the highland region compare to the low-land which is near to the base level of
erosion. On the other hgnd deposition is prominent in the low-land region.

3. Nature of bed rock: It is common that the river erodes mostly those areas where bed
rocks are soft or of poor resistance to erosion. The solubility of the materials composing
the bed rock also determines the rate of erosion. If the bed rock is composed of non-
soluble materials, the river cannot erode them easily. On the other han'd if the 'n;ver
ﬂc_)-,v.s over a soluble bed rock like limestone, then the river crosion is maximum
Maximum deposition is expected to occur in the lower reach of a river if it is flowin ‘
over easily soluble or erodable rock beds. . i

4. S;;:;: ;:.- E’: Nzitu:as of river action.s dep-ends upon the rock structure. Horizontally layered
5 uniclina:ys trczjcctu are 'Lnore casn'ly ?rod'ed away than that of the .vcrtrcau-/ aligned cne.

LS re where the inclinations of the rock beds ere in river flow direction,




FACTORS AND FROCESSEST

QOtermr'.onls dasirable. In 1hc_folded region jres are ¢ .' : {other S
' the anticlinal crest dua to tension wiKeiL : . eéxieﬁt; .
wwmmhe:oneafc sior E Colhs
! 3 < oras: Presene uras In the bed Is the most
ans ostion. On a highiy jointed and

s SUTE

pth and flow to a
osion. By sub-
f rocks which

= e g
a greater d2
' - area will be exposed to en
 fointed bed rock supplies fragments 0
osited as sediments. :
rtation power of water in a river is to some extent
0 A riiver is only effective as a

ials along its course.
ability to carry sediments. The Joad may be in

ed load form.
er the size and shape o

N, transportation and deposi
the load is another determining factor in river mechanism. If the

material, mechanical erosion occurs mainly and greater
- maxin ansportation as well as deposition. On the contrary, soft
v little erosion as they are likely to be worn down easily. Reverse is

d ri

f the load are also the most
tion. Apart from size and

The river in a broader channel of shallow depth, i.e.
exerts lesser erosion than
etted

}‘,_ meter:
. or small hydraulic radius (Fig. 7.1),

srrow channel with large hydraulic radius or minimum w

Fig. 7.1 Small hydraulic radius
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Fig. 7.2 Large hydraulic radius

Rivers which have great variations in velocity and volu
n those which have uniform flow throughout their life histo
reas support more €rosion, transportation & deposition tha
dslides disturb the normal flow of a river an
occur sometime, due to major landslides, ir

those river courses. During floods the volume of a river becomes tremendous whict
supports almost double velocity power. Therefore, river is more destructive at times of
flood. Two Tivers of same volume and catchment area but with a different basin slope
perform different erosion, transportation and deposition. '
9. Nature of the river current: Irregularities on the river bed and side-walls creates many
Fhanges in dire<_:tion and velocity of there currents. River with greater whirling currents
lmpart's more erosion and supplies greater loads of trensportation & deposition
Constricted flow, i.e. in some parts of river the valley widths are shortened by tha:
presence of hard rock across its course, exerts greater erosion and -presence deposition

just on the down slope of it.
;;”Z’eﬁ:;’l‘ft:“;is‘fow of the riverisa most noticeable factor in erosion, transportation
FSERh ;o bl ?ny river is situated within an intermittently uplifted area then that
el plex crosuor.\al, tranqurtatb? and depositional processes. River in a
s srmf)re erosnon. tha;? .qg‘pgsi_tu?n a_r'l_d the river of old age has more
ik D,'rf: osion. Trar\spoftahqn .'5 n.?ut;gd in every stage but with different
erosion, t s renrlt seplogidl tl{n‘es dese egietent river actions. Nature of rwer

» transportation and deposition durir boniferous period differs from the

8. Nature of river regime:
perform more erosion tha
Rivers of landslide-prone a

*  any others of landslide free areas. Lan
supply huge ready sediments. Floods may

10.
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pleistocene (glacial) period:
from period to period. =

ere are same suitable m
e buoyancy O

human civilization, ma
cts- dams, canals,
f impact on its normal proc
rosion & deposition side by side,

f the loads.

Mixing of water of di
erosion, transportation and deposition.
n utilizes the river in.many vays.

-
-

’ e of some dissclved materials

Though water is & good solvent still
aterials in solution with it.
\d water the rate of

fferent temperature and

In co

embankments on its course. These
esses of development. As a

disturbed “transportation

FLUVIAL GE

rin the from of surface runoffor overla:

on processes (e.g. g7
ning water is the
ther carved out (i
ndforms (| w v
alled fuvial pro

ate
he exogenetic of planati

The work of running v
<5 etc.) because the run

most important of all t

glaciers, wind, periglacial proce
exogenetic process on this planet earth. The landforms €i

built up (due to deposition) by running water are called fuvial /3
and depositional) and the running waters which shape them aré @
which include overland flow (surface runoff) and stream flow. 3
The rainwater reaching the earth’s surface becomes surface runoff when it
laterally on the ground surface. The surface runoff becomes @ stream when water flo
from certain height down the slope under the impact of gravity. Streams are genera
divided in four broad categories Viz. perennial or permanent strezms, non-permanerit‘ or
intermittent streams and ephemeral streams. The geological works of
fluvial processes OF rivers are called three-phase work comprising erosion,
transportation and deposition. The fluvial landforms are divided into two major groups
e.g. (1) erosional landforms and (2) depositional landforms. The landformis resulting
from progressive removal of the bedrock mass are called erosional landforms e.g. various
s of valley (viz. gorges, canyons, broad and flat, mature and seni'2 valleys, multi-storied
valleys etc.), pot holes, rapids and waterfalls, structural benches, terraces, meanders etc.
The le‘sr.idforms shaped by the deposition of different types of eroded materials become
depositional landforms such as alluvial fans and cones, natural levees, flood plains, terraces,

seasonal streams,

typ

deltas etc.

8.1 EROSIONAL WORK OF RIVERS

fl’he.wor‘d ‘.emsion’has been derived from a Latin word, erodere

r 0rfks;on 1;, in fact, a d_ynamic process which involves the removal of geomaterials from the

JA r’ran other deposited materials. Stream erode because they have the ability to pick up
agments and transport them to a new location. Though veathering greatly assists in

the erosion Ol roc = e
h r ks b‘ ,t it— is not a prere uisite (("Idltloll as re Fredd
age ana J”d-}/ ‘:]éke Er0S5/01 @5‘511

b!ttfs. true, of course, that weathering is 8 preparatory st

R i gt il

,'af” s nol precequisice to nor necessarily followed by erosion” In fact, “erosion is that
process in which Various erosive agenls (running v er, wind, glacier, periglacia), gq]a |

‘vhich means to gnaw.

"‘-—-1}',?—_ —een
.\'hl i) -



FLUVIAL Gto.\so:grxlor.ocj'?.

i and remove rock debris from the earth’s crust end

btai
o (Savindra Singh, 1973):

| on ;_h!rarjﬂél g;adi’eﬁ[; volume of vuater,
"0 river-load (tools of erosion) elc. The
) of erosional tools (river load) largely control the
on. The erosional tools of fairly big size and high
l ‘J"hh-elp in active down cutting of valleys. The size of

because if the load consists of very fine sediments,

! ion (suspended sediment
are of fairly big size, they roll down along the valley

2q. The amount of load should be of optimal level i.e. the

d nor underloaded because if the river is overloaded in
oacity, it would start deposition of additional lead and if the
psional viork becomes negligible. The folloving relationships may

te of fluvial erosion and river load:

l. waves and groundwaters) o
H - aasport them for long distani

The erosiunal work of the'l
ooty and thus kinclic @
 qeantity, size and <
 peture and magnl

minimum in the absence of required amount of river load

es minimum when the river has maximum load (overloaded

trans-

A
5

5 maximum

when the river carries load according to its

states that the rate and amol
ebween the transporting capaci

e attainment of their equilibrium condition.

iver load, velocity and channel gradient are
parameters which effectively control fluvial erosion. Erosion becomes
or having steep channel gradient and optimal amount of load of good
ows with high velocity. The velocity of water flow depends on (%)
volume of water. Normally, the erosianal power of the stream is
the square of the velocity which [erosional power = (velocity of the
s if the velocity is doubled, the erosional power of the streams increases
is increased 4 times, the erosionzl poveer increases 16 times and
jological and structural characteristics of geomaterials also affect the

 of fluviel erosion.

nE of erosion increases before the
ty of the river and its load while it

ed out that besides the r

\

load) and hence become -

\ﬂrasion or Corrasion

: (The removal of loosened materials of

e

o

Types of Fluvial Erosion |

o rivers Is performed in B
mechanical erosfon. Chemice
solution and carbonation wihile mechanical erosion cfompr s Corra:
hydraulic action and attrition. Fluvil erosion Is also diw.ded into (1) vertica

- down cumg (which Jeads to valley deepening) and (1) Jateral _{Qﬂ(ﬂ yhich
valley widening). - |

ﬁrrosion or Solution :
uble materials through the proce

Corrosion or solution involves the dissolution of sol

disintegration and de mposition of carbonate rocks. The soluble materials are re T
from the parent rocks and are mixed with the running water of the streams. Most of
salts are removed from the bedrocks through the process of carbonation and are susPe:_;d
in river water. According to the estimate of Murray every cubic mile water of the ri
contains about 7,62,587 tons of suspended minerals of which about 50 per cent is calcium =
carbonate, On an average, the world rivers discharge about 6,500 million cubic miles of
water into the oceans every year. On the basis of Murray’s estimate it may be inferred that.
about 5 billion tons of minerals are removed from the bedrocks by the world rivers each

year and these minerals are carried to the seas and oceans in solution.

o Wavs Viz.

The erosional work of th
erosion and (1) through

1

the rocké of valley walls and valley floors with the help
pebbles, cobbles, gravels etc.) is known as Abrasion or

Corrasion. The erosional tools or river loads move down the channel gradient along with
water and thus striké against the racks which come in contact with them. The repetition of

this mechanism weakens the rocks which are ultimately loosened and broken down. Thus,
abrasion Is the mechanism of breakdown of rocks occasioned by erosional tools carried by
the rivers) The nature and magnitude of abrasion depends on the nature, size and calibre

Tes of various sizes and angularity

(angularify) of erosional tools. Boulders cobbles
alled drillting tools. The

are by far the most important toals of erosion which are generally ¢
f}-vertical erosion leading (0

erosional mechanism of abrasion operates in two Ways e.g.
/ erosion feading to the erosion of

the erosion and deepening ofvalley floors and giAftera
/) . .
valley walls. Lateral abrasion causes valley widening while vertical abrasion leads to valley

deepening whe.rein the erosional tools drill the valley floor through the mechanism of
pomol:c drilling resulting into the formation of numerous pot holes (cylindrical
depressions) of various sizes in the valley floors, ical abrasion (down cutting) becomes

of erosional tools (boulders,

ors. Vertical @

. - & o
: e e



d valley devclppmen_t- when

more elfective during the juvenile stage (youthful) of river an
| channel gradient and velocity are very high. y S
‘ v‘atlrmon . (S Sy : .
RN is the mechanical (7 nd wee T of the crosional toals in themselves. The boulders,
. cobbles, pebbles etc. jth water collide egainst each other and thus are
fngmented!ntc sm es In the ,‘tr'gnsit. Thus, the rock partniles are.so
broken hat ulti  comminuted into coarse to fin <and particles which
Lt suspension.

(ocks of valley sides due to the impact of water currents of
the mechanical loosening and removal of materials of
pointed out that chemical weathering, abrasion and

 Interrelated that it Is unwise to think of pure hydraulic
and abrasion. :

A
ms i;géyfting from fluvial erosion by streams include river valleys,
river terraces, meanders,

(i

15, pot holes, structural benches,

ndforms. The shape and

the rivers are significant erosional Ia
t of the stages of

iginated valleys change with the advancemen
alley formed in the youthful stage of fluvial cycle of erasion
V-shaped havirlg steep valley side slope of
both the valley sides meet together at
sides. Such type of V-shaped

lly ori
n. The v
e of valley development is
alley is very deep and narrow,
us water always touches the valley
o accelerated rate of downcutting (vertical erosion or valley

arg gradually widened due to lateral erosion with the advancemnent
 of erosion and they become quite broad vith flat valley floor and
alley side slopes during mature stage of valley development and
They are further transformed into very broad and shallow ‘valleys
side slop= of very gentle gradient during old stage. V-shaped valleys

s viz. (a) gorges and (b) canyons.

,-(‘5{ Gorges: GOrges and canyons represent Very
steep valley side slopes say wall-like steep valle;  dificis
distinction between these two types of valleys. lly, & very
valley is called a gorge 2nd the extended form of @ gorge is called 2
ctive down cutting of the valleys througr ;Jj_‘,,

are formed due to 2 iy
pothole drilling during juvenile (youth) stage of the fluvial .cy .
of waterfalls. Most of the Himalaya v

also formed due to recession
out deep and narrow gorges.

Canyons represent Vi
o5 depends on the nature
birth to undulatin
o of Arizona (US#
f 2088.3 m is one of the mos!
< the Himalayan ranges

m of gorges.
f the valley sid
ted by soft rocks give
ver in the stat

u(() Canyons: Canyons are extended for
narrow but long valleys. The steepness O

the rocks. Relatively resistant rocks alterna
_ valley sides. The Grand Canyon of the Colorado ri

having a length of 482.8 kilometers and depth 0

important canyons of the world. The Indus river has cut acros
and flows through 5181.7 m deep gorge and canyon.

2. Waterfalls '\SA :
Waterfalls or simply falls are caused because of sudden descents or abrupt breaks in

the longitudinal course of the rivers due to a host of factors e.g- variation in the relative
hic reliefs, 2/ in the sea fevel and related

resistance of rocks, relative b?#erer? topograp.
rejuvenation, eartl moverments elc. waterfall may be defined as a vertical drop of water
of enormous volume from a great height In the long profiles of the rivers. Rapids are of

much smaller dimension than waterfalls. Generally, they are found upstream from the main
falls but they are also found independently. j '

R
gl:fg‘* 3. Pot Holes ‘§.

The kettle-like small depressions in the rocky beds of the river valleys are called
POt:‘»ur'ua which are usually cylindrical in shape. Pot holes are generally formed in coarse-
graincd rocks such as sandstones and granites. Eddies are found and the water whirls
Z;Zun:lnz;nd ;?.rodgces deprcs'sions by plucking the sediment Up. This makes the depressions
halz;{ﬁgq{; a:drgal. Sorﬁnehmes these depressions look like discs and are known as pol
e ;ané )3 ltl.cme pieces also enter the pot holes along with the water and help water
el ?uumg the hciles. These stone pieces are called grinders. Pot holing or
iy g Is the mechanism through whi;h the grinding tools (fragments of rocks e.q.

and angular rock fragment) when caught in the water eddies or swirling water
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4 gttt dancing I circulat manner and grind and drill the rock beds of th : '"f: C;rfi"::.g‘
! { hich are gradually enlarged b
. machine and thus form small ho?cs AHiEh r!sr J rounded and

] = :

These pot holes have a diamelar
spth of a pot hole is greater than ils

een located. When these pot holes
ot holes and the plunge pools do not exist
retty stationary in hard rocks. Gradually many pot
of the stream. At Lhe time of the flood the water
d breaks dovin the wealls between adjacent pot
iment s carrled away. Due to the destructions of the pot
he stream Is lowered and the stream becomes deeper.
mechanism of valley deepening. The deepening of the
pot holes, elc,, Is an important phenomenon in the

/222 Resistan{ Rock NG
35051 s 500 s % - Potholin

Fig. 8.1 Pot hole formation
these pot holes and plunge pools as Devils Punchi Bowl! or
juse they think that such formations ere due to the work of

&

I

v_

ated portions of a floodplain created when the stream down cuts
3in &t a lower elevation. Stream terraces are important indicators

I
i

inder enters the pot

[N

——

R S

1

DY |

Down cutting can be Initiated
or a loss of sediment lo2d-

& environmentzlchad

tectonic activity, increased flov,
Some times, the river velleys are frequented by seve
wherein they are ‘arranged in step-lke forms. River terrace is 3 {0
abandoned when the river by deepening its channel could no longer inun
The term terrace includes the flat tread and the scarp (Fig. 8:2)- F!ood
formed when lateral channel migration is prevalent and downcutting is neg b
situation occurs in the absence of tectonic movements o changes in base level or cli
However, any change in climate or sea level or tectonic uplift may lead to rejuven
downcutting by rivers. Under these changed conditions the old flood plain is conver
a terrace by river incision (Fig. 8.2 A). A1l terraces therefore are basically erosional {'eq

although the terrace material may be depositional.

1 I -3
&
2 ! PSED AVER sluniom
1
N-?I:-l?nh_”;ﬂ-'hmr!ht!?“m
© TaTense
TREAD

MULTIPLE RAER TRA2AZES

il

1.1,7, - TERRALES

Fig. 8.2 River Terraces (A) stagesjEr}‘._
(B) Multiple terraces



e beginning of stream erosion. Gully erosion is the _most
arocess, When gullies form on hill sides, they incise deeply into §
d cut leads In time to the coalescence of the individual gully j |
unified channel, In other word gullies grow to ravines and :
ap—
QeToLNT

Fig. 8.4 Gully

ickpunket or Knickpoint
It is 2n interesting feature vhich denotes the history oF 8 BV
falls of base level. There are some raised surfaces in the va
formed by erosiongl activity- Scientists think
upliftment, before the cycle of erosion was €O
section of the river at the upliftment attains
before the upliftment, begins to be eroded. The remnants of the €F o
Knickpunket (Fig. 8.5). The American scientists do not agree with it. Th?y tr
are the remnants of the resistant areas which have stoad the erosioryal activity.

7. Kn

K nick Point

Fig. 8.5 Knickpoint

glish. These are also known as rejuvination

Nickpunket is known as knick}mmt in En
he nickpoint recedes.

head. The river accelerates erosion due to rejuvenation so that L
Springs or rapids are formed at the nickpoint

8. Plunge Pool

Sometimes a waterfall, cataract or rapid may develop at the knick point which is the breeX in
the long profile of the river. Due to the fall of the high flush of water from the top, plunge
p.ools are prominently developed at their bases (Fig. 8.6). the sizes of which vary with the
size and the force of the falling water above them. This bowl-shaped feature is known as
deep pool. In such cases, the basai pgo! e‘asily_egtgngg;baékwards to undercut the feature
which may latter collapse the hanging above portion to effect the retreat of the watarfall.

FIL

1
X
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~ Fig, 8,6 Plunge Pool
1o

sery common on the astride of any river malnly from her
by river flow at the base the overhanging bank will stump
qmass wasting. By this process oscillation of meander or

Helicoidal Flow

Fig. 8.7 Undarcut bank

e —
e

e et e
B e

10, Karst Landform Features

importanc® the developrmank'd
y, cawe, Rarst window, L (18 SR

Chemicdl erosion 15 the red!
landforms ke gorges, dry Vo

Fig. 8.8 Karst landform features

11, Monadnock

It is a typical land feature in riverine environment. Along with vieathering and other
erosional processes fluvial erosion Is most spectacular for its development. The rounded
small scattered hills of the old stage ot]a river valle'y are known as monadnocks.

} i

12. Cuesta: In tha old age, the valley has already been eroded to 2 plain but there are a

f'_:-w lendforms which act as interruptions to the uniformity of the place. They have a gentle l
.d:p-slcpe on one side and a steep escarpment slope on the other side. The gentle dip-slope - :
is towards the mouth of the river while the steep escarpment slope faces thz direction ofthe '

origin of the river. Such features are known as Cucsm. Peﬁk think that a cuesta is formed

by an upliftment in the coursa of the river. Others have a different opinion. They think that

the cuestas are the remnants of the resistant part of the land which could not be eroded by

- the river.

4
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Fig. 8.9 Pools and erﬂes
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el

s ream of a da
briefly discussed below.

arge, the tail viater level is lowered as a result of degradation. If 3
formed belov: the spillwey to dissipate the energy, the lowering of
move the hydraulic jump downstream. In the extreme case the jump
n the apron and endznger the szfely of the apron. This was observed
n river at Prairie Du Sac Dem (USA).

sering of tail water level will increase
ad and tail water levels. This
lhl_. calculation of uplift

s on pervious foundation, the lov,
ad, which is the difference between he
- be anticipated at the time of design in

¥ - es
ools and Riffl sional features in th
MS and rifiles, along e the sediment dunes in th
aysta"ine rock areas. THESE nce to flow is great, and the ra

m or clsewhere has both beneficial and harmfu! effects.

! supports the gradual extension of river basin area. Recession of the head cuts and gully

ective head n'eans thal ‘
case of a hydroelectric ccheme. Such an increase I
suitable provision made in the design, An increase inp

in head has occurred at Praire Du Sac Dam on the Y/isconsir
2pacity O

ed by degradation increases the ¢
level of & er

4, Lowering of the streem b
to carry the flood flows, thereby lowering the high flood “\)
reservoirs wes d method that

_artificial degradation by construction of big
suggested as a possible solution to the flood problems of the Yellow five

and the Kosi rwer in India.
5. Lowering of the water [evel due to degradation reduces th
table in the adjoining areas.

i 6. Lowering of water level may expose pile foundations ol
structures Lo air and this may lead to detenoration of piling.

3. Increase in efi
o

e height of ground’

f bridges, abutments and

7. Degradation also causes lowering of water fevel at the existing irrigation intakes and
thus makes the diversion of water for irrigation mare diffi cult.

8. Degradation may cause substantial lowering of the bad in navigable rivers and i =
extreme case locks may become inoperative.

-

8.1.4 Problems Associated with River Erosion
River is the most important gift of the almost all civilizations. Men utilise its vvater in many
ways and cultivate on its deposited alh._;yial floors. But sometimes the erosici ¢f =9 77E0
generates many problems to man. ‘
15381n ‘downvcut't:'ng process channels are fingering deeper and deeper into the bed rock
which support valley widening as secondary effect. In valley widening process mass
wasting in uncohesive lithology, weathered mantle creeping etc. on valley s:des are
] common. Villages, cultivated plots and forest wealth on the hl“ slope are damaged very
- often by these processes. 3

The headward erosion process of river trunk stream as well as some major tributaries

erosion within the basin area encroaches the interfluves areas. Agricultural plots

settlements, forest belt on such an interfluve ar,éla:ar'é*‘f‘éc'l'n'g the problems of existznce'
E For example, the qully erosion on the banks of Silai river, Hidnapur district of WESE‘
. Bengal, India, is an alarming problem of the cashew nut ju : |




) 3, Water routes provide easy mi ns as well as low €0 '
navigable rivers for th -+ communication purposes. But knick point, which is

= characterised by wate uses hindrance in navl,gatlon along routes.
sses Lhe banks on concave sides of a meander coliapse. At

nk slope becomes unstable and the upper part of the bank
ttiements, agricultural plots, forest, communication lines like
ilway lines etc. on such undercut sides of a meander have

jon process of the r
uclure. It is noticed that rivers ero
c rock veins through their down ¢
has eroded av/ay numerous valuable minerals.

des even the gold bearing and other
utting process. Subarnarekha river

nd economic activities may be disrupted if the underlying

ttlements @
karst region is sometimes

by river's chemical action. A bridge on 8
of underneath solutional cavities through river water

s

adual enlargement

urshidabad district of West Bengal

the right bank of the Ganges in M
k might create border line problem

gue river's channel along the left ban
Bangladesh.

rosion are carried by the stream flow from one place to other. River
s own erosional products but also the materials added to the flov due
Jumping, avalanches or due to the carrying of the Wind. If ve analyse the silt
7 of the Ganges (90.000 tons/day), the Brahmaputra (more than 1,000,000
he. Indus (1,000,000 tons/day) then one can understand what a large
rials can be transpored by the river. '
is divided into (i) suspernded foad or v
5 of various sizes & shiapes and is

1echanism of traction of
n the .

t load carried by the rivers 25/
sdfoad. The bed load consists of particle
I or partial contact with the chznnel bed by the i
s suspended load involves finer particles which are kept in suspension i

st of transport. Men utifise 2lmost 2l

iver erodes away some valuable minerals in

i

¢ beseenrolling, slipping and bumping.

A e gaty 2 -
J]J,?l Methods of Transportation Work of Ri
Rivers trznsport their load in four different ways €g (1) by |

olution, b

saltation, (3) by suspension and (4) by s

rack fragments like Gravels
the floor of the channel. Thes
This is known as trection. : w

1. By Ltraction: The heavier and farge
forced by the flovs of water to roll on

\_./‘—\ ; B
2. By Saltation: The fragments of the rocks move onvard by jumping

This is called saltation. 4
3. By suspension: When the rock fragments fall in the stream, their weight it _
sity of rock particies is 2.5. The

by the buoyancy of water. Usually the relative den

weight in the water is reduced by 2/5. The reduced weight of the fregments kee 5.
them in suspension. The suspended rock particies are clay or silt. 90% of the load Tﬂ |
the Mississippi river is found in suspension. Huang Ho (Yellow river of China) during :
floods is reported to have carried an amount of sediment equal in weight to the water'
that carried it. The amount of suspension in the rivers of dry areas is much more than

that in humid areas.
4, By Solution: Some parts of the rock fragments are dissolved in the stream vater. The

= =

dissolved substances of the underground water also enter the streaiii vee o ovel it

8.2.2 Factors Affecting the Transport Power of-a River

iy - Tt;ethtransport of materials is influenced by three factors (1) velocity of the flow, (2)
e of the stream flow and (3) density and the buoyancy of the rock materials.

1. \\//:’Io?wy: Transporting power of a river varies directly as the sixth nower of its
fncfecaty, that {'nefms w_hen the velocity is doubled then the transporting power P
ases 64 times. This is suitable mainly for the transportation of the coarsé& ‘

materials and not the fine materials. 1 -

2, F:Srture of‘ _the river c‘urrent: :‘Suspended, ﬁpé‘g'rrﬁateﬂals are carried by the river
rent ezsily. The heavier materials of the bottom can be transported by the forward
::;Jr;f{:ifri:ﬂse Srlubi (i pOth-Et depressions | in the potholes the whirling or
it are developed by which the materia ar I up from the bottom. In
s ering channel by the helical flow th e transported. from the e

p side slope to the sloping sides of the str  velocity is maximum at the
central part of the stream because of less fric ore maximum transport o
of the particles is found at this central forward mo ent. % qg

T e g B
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: It is well known that every object

rock materials: It ; e
: mersed in the wa r. Thus the solid materiais Wi ave
loses its \':IEI‘Q"‘; 0 suspenaéd and "e’as'il';(. carried by the river water. But
low speciiic gret at the bgfgomand are also tra_nsported by the water as
' nder water. If the water has not such buoyancy property :

Jarge sized boulders. The presence of

C ﬁe stream to carry’
hich produces moreé buoyancy thus

ces the density of it W
stion of the river.
time to time and from place to place. ¢
the energy as well s the volume and
am to move the load has also
ght times 2nd it can transport

| of @ stream varies greatly from
.m is not constant during flood
_ Therefore the capacity of the stre
ty is doubled then the cepacity is €i
5

d of a stream largely depends upon nature of the topography on
mﬁ‘ clay dominant area rivers carry considerable amount of suspended
during and after torrential rain. In the limestone and chalk area the
i_‘para,tively large. In the sand and gravel covered region, due to little
3mount of bed |oads are also maximum. The nature of lozd and the
on may also be affected by the distance from the stream source. In
m generally flows over the steep gradients s0 that the emount of bed
e transported easily by traction. Further &8
nt erosional processes and the loads 8
of the river particles become finer
ver determines the

 the size of the load decreases by differe
, saltation and suspension. In the mouth
nded Joads are dominant. Lastly, time or stzge of ari
int of stream loads. During the youth stage the relief is maximum &nd the
- cteep slope determines the lozd of both coarse and fine. In the old age

of erosion remains stable, relief is reduced and then the amount cf total
finer materials.

vill be decreased and the stream contains mginly the

g Power of & River

amount of load and the velocity of streams determine their transporting
of streams depends on channel gradient, form and nature of velley
walls, sinuosity of river course 2nd volume and discharge of water. Steep
ess sinuous course, smooth velley floor and required amount of volume

of wiater increase the v o
the streams.

G.K. Gilbert has propounded a il
between stream velocity and its transporting pov/er. The law Ts knowm
w according to which the transportation power of the streams
r words, if the stream velocity is

64 times. This law cen be expr

s g W
law of stream transportatio

pow/er 13
the sixth power of their velocity. In othe
transportational povrer of the stream increases

following form.

_ Transportation Power a (stream velociy)®

%.2.4 Competence and Capacity of a river
There are two characteristics of a stream relating to tre

Capacity. 4
Cc‘nm- t :Th 3 iver i :

; petence: Tha competence of a river is measured by the largest rock fragment that
stream <.:an b'anspmtt. The competence is proportional to the velocity of stream. The
Ereat.er is the velocity of a river, the greater is its competence,'"lie., the larger and

| theea\\j'nee’ro ff;?mfents will be transported. Competence is proportional to the sixth power of

city of a stream. If the competence and the veiocity of a stream are "2prodt! f
by C and V respectively: R focity of a stream are reproduced

Coc VE

nsportation: (i) Competence and (ﬁ)ﬁ,,

Table 8.1 expresszs the relation between the cm:npetence and the velocity of a stream.

T s :
able 8.1 Relationship between the competence and the velocity of a stream

Transported Material Velocty,of Streamn 4
1 Fina sand particles T (m[/)’s;c)
2, Ordinary sand particles 0.3
3. Coarse sand particles ‘ 0.4
4. Gravel ' 0-5
S. | Pebble (Diameter 2.5 to 6.35 cm) 16
6. Boulder (Diameter more than 25.4 cm) i 11.7




A, togethe transport every year
ed into and ordinary goods train,
ake 6 rounds of the earth along its
materlal that it can cover the

. km. Total sediment transported is six.

M
-

]

\Within @ stream we ha;‘e‘;
oved to the lower velocity. )
spension and be deposited. Other
at zffect the whole stream can also occur. For example if the
2 flood, the stream will overtop its
he éodplain where the velocity will then cuddenly decrease. This =
ch features 2s levees and floodplains. It the gradient of the streams
,"ibty_ing into 3 flat-flioored basin, an ocean basin, Or @ lake, the

~will suddenly gecrease resulting in deposition of sediment that can no
in deposition of such features as alluvial fans and 8

ition by strearis.

(s

Aly inc -JaA;ed, 2 it might be during

pe becomes gentle. This reduces the &
ocreases, the rocks
are followed by S

wn to plain, its slo
;'etence of the stream. As the competence d
B lp dowin. First larger fragment settle and, then, they
el de: to the decreasing encrgy which hampers transportation the rocK=

N own. This activity is knowin as deposilion. The deposition is not only: =
put zlso upon the amount of water. Deposition takes place either

the amount of water of the stream.

pe or the fallin
treams is effected by the following factors:

f lozd carried by the s!

3se in channal gradient -
ing of stream water over larger ared - -

. SN e 4
3. Obstructions in channel flows i
4, Decrease in the volume and discharge of vizter s
5, Decrezs2 in the velocity of streams -
6. increase in the load etc.

-

It may be pointed cut that aforesaid factors of river deposition may be gr

categories:
1. decrease in stream velocity and

2. increase in river load.

The decrease in stream velocity reduces the transpo.rting power of the streams Wi
are forced to leave zdditional load to settle dowin. The stream velocity is decreased becats
of decrease in channel gradient (effected by subsidence of jand or tilting of land due to

d.iastrop’hic forces, expansion in the delta of the master stream,
river course and tendency of streams to attain graded stage due to more and moreé

z;‘;i‘t‘:;ﬁi :Pf:fad.mg of water over.rarger area (due to de?crease in channel gradient and
e gf river banks at the time of floods), obstructions in the channel flow (due to
e duiez irs‘tf;aemi thrc;Ju%h accumul.aﬁon of debris caused by landslides, formation of
e o0 th: "etr' eds of alluvial streams, sccumulation of logs and other wood
- der- o aj _f:mfs across the valley and transverse to the direction of channel
discharge of watler fcaz’sedo bhuge vofume_ el cecrease In the voluine e
runoff due to climatic cha s annualv pracipitation and consequent sur face
i e eng;e,.substanhal foss of watzr through evaporation in hot dry
streams due to rivervgsptgur: ;'i‘:‘&;r \.Vater, diversion of substantial volume of water to other
. rsion of water through canals for irrigation, braiding of

stream channels etc.).
Increase in river load is effected through

1. Accel jon i '
de;::ieg rate of erosion in the source catchment areas consequent uporm i
ation and thus increase in the sediment load in the downstream

sections of the rivers,
2. supply of glacio-fluvial materials,
3. supply of additional sediment load by tributary streams,

4. gradual increase. in i
i the sediment ;
e, load of the streams due to rill and gully ¢

increase in sinuosity of the e
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Gy

, faulting, tectonic movements, glac
ositions of the moving vvater o ur at
features as 2lluvial fans, ‘_

decreased then sedimentg’ﬁ

f transporting currents are
. n deposits. Deltas and .f"'i"»

water bodies as water margi
major landform here.

- tend to madify or lessen the transporting
oss.of transporting capacity may be due to the decreased gradient,
sed amount of load or damming of the channel, for instance.

when the stream flows from oné fock type to another.
) | ame vertical fall, as in a meander.
‘Jﬁ? suddenly decreased when @ stream descends from a steep moun=
plain or when it moves.into 2 still body of water. In all these cases @
 causes a loss of transporting ability and deposition of the load.
ume supports decrease in velocity when an increase in vegetative cove;
nd detention of rainwater through storage. It may also occur from’?"
ereby less rain is supplied to a stream. Volume of water decreases
er loses water by evaporation or seepage. e

Jie

ef

may change
gth may increase with the s

may also occur if @ river is paturally di

volume e
' s of competence and deposition

it is artificially diverted by men. Again los
secur as a result of its decrease in discharge.
ceeds its competen’; A
elerated erosion ofd
ulders.

o

oad supplied to a stream ex
from glacial outwash or acc

ore turbulently flowing tributary bears bo‘
at the junction. =

ay also occur when the |
sive [oad Is often provided
Sometimes a steeper m
1o

=
o

verted by another streal N

eam is incompetent to carry and so these are deposited |

28

Ll

eyond the compelency, then deg
rry the particles [0 the point of encou
particles. ’

As soon as the river enters the plain from its upper COUrse, its valley bemﬁ"’év

widened and lateral erosion is’ greater than, its vertical corrosion and stream deposi
occurs. A great variety of depositional landforms is formed by the river in the lower course.

When grzin size is increased b

It may be competent to entrain and ca
incormpetent further downstream and may thus deposit the

8.3.2 Problems Associated with Deposition
rying deposition of it generafes many' o

Men utilise the river water in various ways but va
In the following

prol?lems-which actually hinder the optimum utilisation of the river.
parag(aphs a few problems will be discussed briefly.

1. Due to the deposition the channel bed rises up and during heavy rain the bed cannct
hold the water; it overflows and causes flood. One of the main causes of the fiood in
Bangladesh is the rising of the stream beds.

25 D:e_to Otepo.si.tion shoals are developed in the midst of the river bed which hampers
the navigability of the river. In some cases it increases the cost of navigation,
because for the presence of shoals the boats take a sinuous route.

3. Heavy deposition in the mouth of the river disturbs the port facility.

4. In the Southern part of Bangladesh d i
ue to the deposition in th ine water
overflows and flooded the cultivated fields. i SR

il

5. Frequent changing course of the ri i -
river due to deposition di isti :
economy and livelihood pattern. & T :

6. Shoal deposition diverts the i
main flow of water into different co i
! 0 : t course ¥
widths, which sometimes creates problems of navigation. o ‘

8.3.3 Depositional Landforms

Rivers deposit sediments in di
n diffi i :
A erent parts Of. their courses and thus form various types of

The d it 2
i i ;5?sntronai landforms can be classified into two groups: (@) Features formed.
Mes, < n channel and (b) features formed outside the main channel, The former

us types of bars: viz. channel bars, meander bars, delta bars etc. The Iatter

includes natural | L
i evee, back swamp deposits, valley fill deposits, flood plain, meander scroll
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fans. The alluvial fan, in planimetric
circle. 1n volumetric
Jongitudinal profile 0
(which is parallel to t
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f zn alluvial fan

ragy-afa//uwwrzn} i |
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hrough which th

height and gentle slope:
and volumetric.
tric perspective in

parspective an @

he mountain front) is convex.
ha diameter of fans range

| cones are found in semi

7‘1 -

prespective; 1S s
lluvial fan has 3 3
is concave

S increase in height by the dep
teeper. Such formations are cal
-arid areas.

arcuzte, the 2|
o stream COME
The shape of alluvial

The planime:n’
yolves three dimen.

milar to the shap

at its apex
Though _the
s from a fe

s out of Uf
cideration invelves
cional shape o
o of a sectorofa
art of a cone. The
while the transverse profile
size of alluvial fens varies
vy kilometres to several

hape of 2 P

osition of the sediment of
led Alluvial €ones (Fig.

Fig. 8.10 Alluvial Fan

105 i@qn of Alluvial Fan
tvieen

ar theory of fan initiztion is that a drastic reduction in gradient be
ey and the receiving plain causes depasition of load. - 1

the main channel. It increases
Sl

slope changes the hydraulic geometry of
of

idth, decreases the depth and flow velocity znd ceuses the deposition
“@'s '

the ehanges in tl::e direction of trun?wash or the increasing friction and
ocity, debggching of the flow from the constricted channel create fans f

The slopes of fans are much gentler than th
have average slope of less than one degree but sm
moderate slopes (5 degree). Alluvial cones have average s
cones are made of coarser materials than the alluvial fans.

;. Many layers of the sediment deposited by
. The process of grinding the angular sedimentinto rounded form

Fig. 8.11 Alluvial Cone

aller fans are

The_ apex of alluvial fan is at the mouth of the gorge from v
The stream does the following three things in the fan: .
the stream are formed.

places down the slope.
. # —
___im

ose of alluvial cones. Larger alluvial fans

lopes of about 15 degree. Alluvial

e —

characteritized by gentle to

here the stream emerges.

s starts.
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formed by ephemeral streams flow 2nd

Narala R,

Gabarjnl R.

s on modern dry fans
< near the mountain fro

hology. It occur
<o found when deposition is 2t the
h a fan head trench. It is

:mma:rlsed his observation

ions of fan morp

(Fig. g.12). Itis @l
ment move (o this location throud

Monghyt 75 L2755
INDEX Genga River

- —+—s Boundary of Kesi River Faa

ﬂ i Fig. 8.13 Wet Fan
S

| | X/ e
) ographical Importance of Alluvial Fan

S:

1. Cities develop nea
r the peripheries i
e et Rhone valley of alluvial fans. Many such towns can be seen i
§

Fig. 8-12 Dry Fan
dia has built Jarge

tion. The Kosi River in In
e dry fans. Tha

g contrast to th
cediment load to the G2

.re formed by the fluvial ac
- . e 2. , 3
1. 1956), which provides an interestin VfVater is z{valFable for irrigation from these f; » 1
ans provide water for irrigation. ans. Yarlous branches of the stream in the

the high Himalayas, delivers 2 tremendous
nstructed the largé Kosi fan. During the period 1736:to

shifted 115 km from east to west, and in this process about 9,000 54
2d were reworked and (aid weste a5 @ result of sand deposition and

3. The water of
the fans goes t <
P ave o the lower layers by se :
rs eve 0 Sty epage- W
yers even when there is no water available on mea;e;rﬁZin bre ;r:]umperl up
e of the fans.
L

4. Fertile soil i ;
is availabla in th
N o = 2 in these fans in the semi ari
; pex to th : i arid fans. Th i :
to tha periphery. Agriculture is developed in there l? a series of alluvial
ese rans.

L o ———
: Teoen e




which is periodically inun-

M’d Plain

' the stream broadens its

A flood plain is the relati :

ke durng 18 thesilr t"?:"n‘g'::":nc eases a lot, when the

Jalley instead of deep \width of the streams INCree: g

o : L% am increases. Its capacity to carry sediment also
oes out of the valley, its speed is reduced and it

flood time comes,
sreads its sediment is called Flood

yer-y“ fertile as a result of fresh deposition of sediment
has given rise to many of the great world civilisations.

Gangss, the Nile etc. are known and are fertile.

 constructed and destroyed by
und in the flood plain (1) colluvium,
uvium found near the valley walls,
mass N vements. It is poorly sorted, angu
naterials. Depending on the river basin environ
of the flood-plain deposit.
nels shift laterally over the existing sediments and build up newer
deposits. The flood-plain thus gradually increases in size.
down by the vertical and lateral accretion of the
f flow causing lack of competence and
d. Main flood-plain features are the
ses and splays, flood-plain
the list of

fluvial processes. Mainly
(2) Channel deposits and
which are czposited from
lar pieces of bed, rock
ment, colluvium

s are mainly laid
esult of the decession O
are dropped from the bed loa
sloughs, meander scroll, crevas
(1971) classified the valley sedimentary deposits,

B = Blulls
Q= Oxbow Lake L= Jevee
Y = Yezco Stream

Fig. 8.14 Flood Plzin of a River

VII‘\ ec f\

Table 8.2 Classification of flood-plain deposits

e

Place of

Name

deposition
Channel i .
ransitory i
et 0 Primary bed load temporarily
eposit preserved in mo i
re durable cha
accretions.
Lag deposits
S :
' egr-egatlons of larger or heavier part
persistent than transitory channel deposits. 3
Channel! Fills ‘
Accumulations i
umul in e ing
ity | abandoned or aggrading ch
o ; ranging from relatively course bed load
’ grained ox-bow lake deposits. y
Channel |
L Lateral accretio i
Riaroin R i :’:lnt and marginal bars that may be S :
ve:t'.me' shifting and added to over-bank f? 'eseWe_d W,
ical accretion deposits at top. o Rl
Overbank i |
] Vertical acceeti
: tio i .
flood plain bt n | Fine-grained sediment deposited fro
= m s
b/ﬂfba[]k‘ flood -water includin UspendEd Jaadof
backland dapasits. LR el e
Splays
Local accumulati
ulations of bed lo
ad materi '
) channels onto adjacent flood-plains e e
alley |
Colluvium
margi ! i
gin DEPOSI.E derived chiefly from unconce
SN acijacen: e Sfﬁesntrated slopa wash
Mass movemnent | |
2L
CE:rth floy, debris. avalanche, and landslid
". p : y dld 1ds .
usuar;l‘only intermix with marginal e« ,-ﬁ,-l.u e oo
y follow channels but 2lso spill ov I .I " e
erianics
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g the stroam channiel 213 e
mﬂm«w such names

eristic

course and are perhaps most characl

der bars. As water rounds a meander, the water swings
on 15 concentrated and then spirals toward the inside
the inside of the cneander it is slowed by frictiona! dr2g
his causes deposition of alluyium ©n the inside bank o
Inside bank of a meander and rising from the channel
the channel meander continues to erode laterally, @
swales form called bar and swale topography.

ommon In gravel-bed rivers. Transverse bars occur from one

downstream and lateral margins. Diagonal bars are aligned
and are formed of horizontal gravel strata. Other types lnclm_Jde
rge-scale ripple-like forms in sandy sediments, these migrate

row ridge of alluvium deposited at the side of the channel. They
ver and slope gradually away from it (Fig. 8.15). During flood period
 valley, wall, to the other, Is under water and the water current is
ep line of river channel. Silt bearing water spreads out and mingles
vaters on either side. It quickly loses its velocity and much of the silt and

h sides of the river channel. During flood period such type of deposition
;f as a result a slightly higher ground is formed known as natural

] e river.
out that not all the str

ents during flood

r adjeining flood plains.
» height of natural levees i
nges between 6 m and 7.6m. Natural levees limit the late
ing severe and widespread floods. Natural levees are more or less

h attract human settiements. Some times, natural levees are 2lso

eams build natural levees. Levees are formed
periods when the water overtops the river
Long ridges of low height are formed parallel

s within 10 meters. The natural levees
ral spread

‘.A__,A‘

rposes because vieler table of g
Ip in checking the floods but
catastrophic floods Inflicting heavy loss of human health and
more of less confined within the natural levees and hence therel
which causes gradual rise of the river beds (valley floor). -

.
B

used for agricuitural pu
Generaily, natural levees he

=5
‘._ ELOOD I'LAINS+

\ '\-.---i— G —H

Fig. 8.15 Natural Levees

Natura ; :
COHSEqueml( Y! Li\;e; trrr;::tson:]etumes prevent a tributary from joining the main river.
RV élistance £y :rly ows para.llel to the main river, behind the natural levee, for
Gt arI' ; finds a suitable place to meet the main river. Such tributary
the Mississippi River. A n; n):bgaafstreams_, after a stream of the same name flowing into
e T e of such yazoo streams occur along the Gangas River (for
R ]uence of Gandak and Kosi Rivers) and somz of its major
straighter course a vee s not well developed, a river in spate may take a shorter
across a meander but not its neck. This short course is known as cﬁut: 4

Natural levees are especis
ocean going ship; e i L:pmduy noted on the Yellow River in China near the sea v.!
? npear Lo sail high above the plai L
T T . & e plain on the elevated river R
& also present On the Rio Grande River in Colarado's San Luis Valloy o Mot o
2y

Breact \ n si
the river w;tZAr' ";:;’}Zzlsle.agez T Sltu'aum causes sudden catastrophic floods becausa
e A 3l Sl mf the flood plains and settlements with high velocity be Jsa
Wapeni. s of breaches of natural levees and consequent severe floc Y
rom the Yellow river (formerly the Hwang Ho) of China, Thiso:lgz""

rea
son that the Hwang Ho was called ‘Sorrow of China’s
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deita in Bangla
depends on the rock
anual rainfall etc. The depth of
for example, the averzge depth of
chape of delta also varies from on2
te chape, bird-foot shape, elongated

are 2rcus

muan and growith of delta include

S
-

' shallow sea nd lake shores,

(i.e. long rivers so that they bring enough amount of
e very fine, Lthey would be
d if they are very COarse,
no delta would be

because if the sediments ar
nsion for longer distances an
_down at the sea bottom, and hence

sea at the mouths of the rivers (so that ocean currents,

) tidal waves do not interfere wi
2and delta formaticn,

upplys
sion In the catch

ment area of the concerned river.

nic bottom (because sea coast

of sea coast and ocea
ements

emergence or submergence caused by tectonic mov
sedimentation and thus disfavours delta formation.

¢t g delta is formed only vhen the rate of deposition of

ate of removal o szdiment by sea viaves and tidal currents.

ith the natural process of

St

Delta Formation

The formation of delta starts vith the daposition of .", r
conditions 2re available. The sedimentation takes place regularly.
;‘r:e :!m‘sdlof stream channel, in the bed of the river and in fron
e f:; in the sea. Thus, an extensive fan is formed which
i Ultimate:y a::] formed at the mouth of the river. These fens g 2du
- n; , esis fans are coalesced and a delta is formed. These ¢
S ar e 3;1 river and hence is divided into several branches. This ';
e i nl:l; :u:t;z;: ai:d known as bifurcation. Thus, the main ¢
and the stream with numerous distrlbgt::i:i:uc:;ﬁ:: ;?;rdse::i:;a?r:e -

actors affecling Type, Shape and Progress of Delta

are bIJllE Ut m fcn - LD R L
I)E“as r (s} ()‘ the “Iate”a!s t]a”s fted f cm (a“ “l”{'i! ba_)! 1S J ence Uie d—"‘.’m

building activities of a ri
a river will depend on
n9ture A PLoiA melﬁbe nature of the catchment grea and elso on the

Iota' a””ua' ra”l’a" a”d lts d‘ I If the a"‘e({lﬂ ne L} ﬂh‘
St ‘butlcn T aclor ] J y
5 t < qLa 13 Of

sediment. If a part of
the catchment i {
D, 1 X v '
because of their considerable grinding pwf:n?w T e T

Coming down to the ri
/ e river mouths, i
of the delea, If utns, the tidal ranqe T >
the total range is high, the sc! s b-r:i-g:f :J: gr? Cirect o the progress
AU wn by the flood carrizrs. 2
affigrs, ze

uou Y “’.d d td pl eve”“:_'d nom sel“lﬂsi (!(,‘,','n' “]e are tren l)(}”e” |l;l ne ica
COI]“I] ous cnury f y
Fi S t
l-—--

creeks and utilized for raisi
Z raising the dal
the delta js che elta already fo
cked. 1f on th y formed, and hence, tho
e contrary, , the seaward progress of

rapid. T .
tidal range is very low, tha progress will ba

Littota! drift affect

s the moveient of cfiﬁFhﬂe pfogress of the dziza to a very great extent
g m;-:mm’nt dlpng the coast by the mzans of curr;?‘- It _ma';' L definzd
several sources; sedir;eﬁgj-L obliquely. The materizl in the littarz! d—krs Hs e
If the delta is subject to a Lrought by the flood carries eroded ":""'r" b
e d-.“ 0 a littoral drift, its seaward progréss -,.' atenial from shores, ete.
own by the stream will be continuously mrri:; ‘ab: 5
way.

Other factor
ctors such as
the delta formation,

twrally checkad a5

coastal curr
en‘rs, cyclones, hiuman interference, ctc., o
7 C.. @iso C‘-'-"ec



v@ fans and Deltas

of the river but
e upper part af

'Igfén view as either high destructive of high

ntinuously removed by
t become blocked and

where the sediments are co
cult the distributaries do no

rapid removal of debris by strong

1
hose where there is a
cisco river of

.make a flat delta. The delta of San Fran

shaped where the distributaries are open
Niger & iMekong are of

T

<e where due to the large supply of debris from the
n. e.g. Nile river.

e generelly funnel-
dal scour. The celtas of the Ganges,

s are tho
ng shoreline resembling the alluvial fa
d from the shape of the delta. The formation of
two main factors of delta-building. viz. (i) the
these sediments.

» ysually derive
relationship of
e degree of marine forces acting'on

ery. eposition of alluvium in the delta
ecome very fertile. Agriculture is practiced very successively. A great

epends upon agricutturel production. The deltas of the (Ganges,
tra, the Nile, the Hvang Ho, etc. are intensely populated. The
o face the prablems of marsh, floods, transports etc.

important. On account of the d

6. Back Swamp —

Back swamps are located @ distance away from the streai
When wiater spills over onto the floodplain, the heaviest maté ;
materizl is carried @ greater distance. The fine-grained alluvium |

drar{\s rather slowly creating .wetland areas. Back swamps @r€ ffn’ tant
retain water that might cause severe flooding downstream. 1 e

74 INSTABILITY OF RIVERS

Downward
fom a;::z;:znt of meanders is common in alluvial rivers. Sideways shift int
U hor"z = 'wmh alluvial fan formation. In these processes, the river instability |
il ,'-. c;n al plane. Vertrc_al instability occurs when rivers are dzmmed result
ey thr; chountt of sedimant deposition on the upstream and bed retrogressio
il ol henz:::g;eam. Even if the river is not disturbed through human agenc
form, which may assume si o fre“’-: 0 p_e lAgRggcEs =10ty can be prevaiendiy be(‘
RIS Gl :;Ze;:;eadlgn:;srons and migrate at measureablz rates. Instabilis
el nd the river constantly tries to adjust 25
ad and boundary characteristics to achieva dynamic eduilijbriui:o gl
.
1::le 'n\P :
Chitale and B‘ :
e an i
Garde (1984) dassified river instability as i i
autogenic meaning inherent in the

river regime or allogeni
C genic in response t
. . ~ . o S ] :

activity. Some illustrations are as follows*sy Rl o0 o o et othann

/ﬂﬂ.l Autogenic instability '\6

_~1. Lateral shifting and i
e T Cha.nglng of channel positions accompanicd b
ivity of building of an alluvial fan i i

4.1 Kind of River Instability ¢!

g 2- El Q5iC 1 07 concave bal a“ll ed[{n T§ia 200SIU0nN !“l |g convex bank- i
!\
S ar dl.po t a ta |

progressive down

/€ downstream n

# o am movement of meandar train qf in cutoff forming hat

3 N ng hairpin
/5- Shaa 56

!lng due t y
e to flocculat ; : -
ation and increase in salinity due to reduction i+ tidal in s
i = 2 el infiux.

4. Flatteni
e tening of slopa due to extension of dslta.
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1. As a result of construction of svaten
Increase In meand:r bt

3. Retrogressron may result m undermining of fok
submergence of pumps,; reducnng eff iciency of
bed is unerodible), cutting off of meanders, co2is< i
also be emphasised that aggradation or degradation T
changes in the tributzries or sub-ti ibutaries and hence oA&
the reasons for instability of a strezm because the culprit cén-

3412 Allogenic instability

~a

ound water levels in the vicinity, increased evaporation, etc.”
?

and meander progression may render water intakes dry and
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OF RIVER RESOURCES

o ver water in the world Is irrigation. For the g'rowth of plants, water
—wl,:" ?ﬁ;opﬂ;te quantities and at the right time. Irrigation, there"'or;z is
‘an augment production for all areas where the rainfall is l;fs
rim. .Sff]ce ancient period irrigation was extensively practiced in I i
ve irrigation systems were found in the cldest city Hara anfJ IE:T.
x & Vedas, rituals were prescribad for the inaugural cererrgp"- "”:
pissome of these ancient works ere found in Cz;uvery river ba:i:hisma
: f,;;h! s two canals from the Yamuna river (Eastern and \‘Ve's'h:xm) J*-'uddr:ﬁ;
C River were conslructed. In 1854 upper Ganges canal was Et;natr::'zr: ‘at

i
tion. Other irrigation canals of this period are the Sirhind canzl, Lc
anei, Lower

ra canal of U.P.

h century lar.ge irrigalion \works have been done in India e.o, the Mizam
the river [Maniira, Mettur dam across the Cauvery, Bikaner el J“
State of Eikaner elc. ' e s
racticed along the Tigris and the E ¢ i

! uphrates river vall jz

‘ ‘ 2! eys from anciznt
frated areas of about 396,580 hectares are wvell irrigated from thes:"

MAN AND RIVE

on for all of mankind for sustzining life. The three stage of the rive
L is a source of hydel-power, d i ; : ey
wing pa e P omestic and industrial use, navication
wing pages we viill discuss bricfly about the various uses of river:'-

" has generated larg

~ deep and vide river course, (4) perennial character elc. s

the Sutlej @
wheat of Afghanistan 15
Mississippi river of USA pro
million hectares of 12
Rajasthan put after the 1R
t under cultivation. Iy t

two rivers. In Indus rea
and the Chenab to the ravi and
ground viater also for Er:?gatio'n. _
irrigation viater of Amuciarya rver. The
million hectares of land. In Sudan at?ut’ 2
river v/ater. Though the climate is tarrid n e
j 12l project a l2arge area has been 010

gfr‘l:]é.::';arepprjoducmsl cotton, clusterbean, sugarcane and groundf\nu:ag?sea‘
ractares and wheat, grain, rapes and ustord on 2.50 [akh hectares | on

|

«er generation. For th

important -ways in which water Is utilised is hydropow the
ors are necessary j.e. the

i ical fact -
developmant of the hydropower some important geographica I ]
amount of water of the river, availability of water through out the year, velocity of the B

shape of the land etc.

9,1.2 Hydropower:

Another most

stream,
The total hydropower potential in the world is estirnate

est hydropower in the world. and the import
nnese river basin and Colorado river basin are

d at 4,200 milliea kW, U.S.A.
ant generating centers are
a. The totel hydroelectric
d at 41 million kKW, The then U.S.S.R.
power stztions are 6N
enerating capacity of
Id for generating the
stries of the country

the Niagra fells, Te
potential of the Colorado river basin is estimate

occupies the second place in hydropower generation, The important
the river Dniper, Niva river, Arnur river, Shir and Volkhov river. The g

the U.S.S.R. is 170 million kW Japan has the third position in the wor
hydropower depending upon which the small' and cottage based indu

have developed.

9.1.3 Navigation
River transport is by far the cheapest means of navigation. Navigability of the river depends |
upon some geographical factors like (1) steady and calm flows of river, (2) snow-free, (3

The Ganges was navigable: for boats from the mouth to Benaras and also th}ough

Padma upto Dhaka. Depending upon this route a Hooghly industrial belt was developed
along the river. But now due, to the siltation of this course navigation is practically extinct
except for country boats in a few reaches of the upper and lower Ganges stretches.
i ahmaputra river was also once navigable from Sadya onwards to Calcutta. But now due to
s:lt?tfon the steamers can go up to Neamati, 320 Km upstream of Guwahaﬁ. In the northern
region of West Bengal the Torsa, the Tista and the Mahananda are navigable by small
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The Narmada Is navigable up to 160 Km from the mouth, the
from the mouth, the Subarnarekha Is navigable for 30 Km and
m the mouth. The Godavari is navigable up to a distance of

country boats in reaches.
Tapti is navigable upto 25

pi-Misouri river of USA Is navigable about 3,200 Km at 2 stretch and
jltural products, industrial goods and the Coal of Pennsylvania are
er. In Russia, through the river Volga many products are trans-

In UK the cargo ship easily reaches to the centre of the cotton producing
| Km hfanchester canal. Beside this Tames, Mercy, Hamber, Severn are

vilization of China was developed along the side of the Yang-Sikiang river,
of ich is navigable. All agricultural products, minerals and forest products
3 3 traﬁgqurting through this river to the Ports of Pacific Ocean.

et :
Use .
 water, therefore, the development of the industries along the side of the
st prefereble. In the north-east industrial belt of U.S.A., the water of St. Laurence
e lakes are widely used. In U.S.5.R., all the industrial belts like iMoscow- Tula
u [region, Leninared region, Ukrain region use the water of the rivers Volga-oak,
adoga-odega Lake, Dneister-Dnipper river respectively. In India the iron and steel
nshedpur uses the vsater of river Subarnareiha. i

ter is not caly used for the production but zlso for the disposition of the

Used for drinking and other domestic purposes. River is also a rich source of

area of the leveed stream. The velocity will incre

;t.;’(d'
discussion it Is cleared that
to change the environment to suit him
not, always good and the hydrological <ii2 ETEER
Owing to the pressure of population and to serve: . 2

‘lization extensive deforestation is going on. Lagger and larger arees :
civilizgecs for the: growing population and cultivation. Extensive forest on
2 ﬁnd. roo:;t rapidly and often indiscriminately to meet the needs of moder i
Lol h is being destroyed due to excessive grazing by the cattle.

t
en the under grow : ) ) o
;:Vforestatioﬂ is increasing the silt charges cfithe river bed, thus raising the flo e
oE“Ing to the formation of choals and trickle flow in dry weather navigation is also affected
: naturalogists suggest the intensive’ agriculture in Rajasthan Dy the canal water woul
Some s supporls extensive:

loosen and crode: the valuable and precaricus topsoil that presently o

grassland- : _ :
To keep the river flow steady or navigable and to make the flood free zone many

ing measures like longitudinal embankments, dams and barrages have been
o the river. These measures have some adverse effects also. h :

From the above
has a tendency
on the river are
changed greatly-

flood controll

constructed 0
g9,2.1 Effect of Embankment on River Bed Level
| due to the construction of longitudinal embankments on both sides of a river, flood

xtent and the river bed will be filled up with silt as the
se of Damadar and other

Firstly,
water will be controlled to some &

water leval will not reach flood plain. This incident happens in ca
tidal rivers of Sundarban areas. The tidal water of these rivers flooded the lovi 1 part of
Bengal and made them unfertile. Therefore, by the construction of longitudinal earthen
xments, the overflow of the saline water from the tidal river has been stopped. But

e deposition of silt the river beds are being filled up. This is the case of such tidal
f West Bengal, India.

emban
due to th
rivers like Bidyadhari, Kultigang, Piali etc. of South 24- Paraganas O
Secondly, due to the construction of !ongitﬁéinal embankment, down stream aggradations
vill ba more prominent. The river flow is obstructed and instead of further meandering ¢
straight course will develop. The rejuvenation features like terrace will disappear due to

salutation in the river beds. ,
ankment causes decrease in cross sectiopal
ase due to the constriction of the flow and
will be greater than before the construction

Thirdly, the construction of longitudinal emb

large hydraulic radius, thus the rate of discharge
of embankment. y
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, Fourthly, the tendency to scour is intensified because of greater velocity arid the tenvdency' ;
to deposit sediment [s lessened. The scouring is more active on the bed than on the banks
and the genera effect IS 'tq. Jower the bed of the stream. If the discharge is high then the
velocity- measurement curve Vil besteeper. ¢ ; :

d river, the stream hydrograpﬁ will form a sharp peak during the flood
riods the hydrographs will form @ rounded shape. About 900 Km lc'J'ng
g the river Brahmaputra but it cannot

In an embanke
t has been constructed alon

g other pe
mbankmen
frequency ©f the river.
the em

stage. Durin
. ~Tongitudinal €

stop the flood
bankment the water of the river will enter in its flood

Jand. Due to construction of embankment the flood-plain will
cannot flaw to river, giving rise to @ swampy land.
Katwa to _Howrah there is @ number of low
filled up with alluvium and reclaimed for
rt are bekol marsh, Dankuni marsh,

Eifthly, if theré is any crack in
plain and will create @ swampy
pe il drained because the rain water
‘Bordering hé.,‘Hbothy-Bhagirathi levee from
which have been
rshes of this pa

ompy. lands most ©f
e Khanakul low land.

lying swam
zgriculture. S0m
Bargachia ‘marsh,
ct of Dam and Barrage on R
a bar
tream decreases. The silt

It is generally observed

e of the prominent ma
Hurburia marsh and th

22 Effe I '

dz;é"tq rage, the flow of water is checked, as a result (l
gggasiﬁon of silt i arried by the tidal water
pay of Bengal are being -
he duration of whh tide’in 3 ti

construction of a dam or
n the dov/ns
deposited in the
dal river is much long
acity of the “flow tid2"is mo

bed of river Hooghly.
or than that of the flow tide, and

re than the ‘ebb tide’

in the upstream and i
|

th

_;st'laa are created as the ‘carrying cap
Sgé‘bﬁdﬁp due to the construction of dam, velocity increases
4 dua;yf-decreasing in the downstream, @s a result the velocity cUrve takes a smoother
: ded conditicn.
ge in base
{

there is a local chan

nd same can maintain the gre
channel filling etc. The J

ue to construction of dam,

es d
lacity drops and causes dep

he ve

 Thirdly, in the upper reach
Jevel, In the lower reaches, t asition,
deposition also cause, decrease in slope.

o
voirs to the dam

huge sedimentation occurs in the resen
y cause flood sometime.

ater reduces
Therefore, the

Fourthly, dus to less velocity,
reducing the depth of the reservoirs vhich ma
vanced that the impounding of w
to hold wsater in the reservoir.
e and the channel deteriorates. "

One theory has been ad longevity of the
dzms and barrages and the capadty flood
prablem in the lower reaches becomes acut




