DEFINITION OF GEOMORPHOLOGY:
The study of the landforms of the earth including fheir history and process of
origin. This is the systematic examination of the landforms and m

interpretation as records of the past history. .

The information is utilized by members of the different md
such as those related to geography, geology, geoplm n 3
geomorphology.

e Actually interest of different groups overiap

e No clear line of distinction among these groups.

ASPECTS OF GEOMORPHOLOGY

e It establishes relation between the land forms and the 1
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r reaching the surface of the earth in the f
es the stream ultimately. From the point where pre
e earth surface it may take different paths on it’s way to the

Precipitation is the general term for all forms of moisture emanati
the cloud and falling on the ground.

Some part of the water flows over the land surface and reaches the,str_'e'
immediately after the precipitation. The other part of 'the precipitatio
infiltrates through the soil surface and flows through the soil surface to reach

the stream.

" COMPONENTS OF THE TOTAL FLOW:

Unsaturated

ol N Water body

FLOW

o that part of water which travels over the gr

t infiltrating or percolat
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Introduction:

The Rational Method is an intensity based rainfall method, meaning that it
can be used to predict peak flows based on the characteristics of the
catchment area and a rainfall event. This makes the Rational Method a
popular choice for storm sewer analyses.

Objectives of Rational Method:

Many hydrologic design problems require simply an estimation of the
peak flow rate generated by a river system under specified conditions. In
such problems, the general shape of the flood hydrograph and the time of
occurrence of the peak flow rate are no special significance and need not be
taken into account. In such cases the Rational Method can be applied to
estimate the peak flow rate.

Also when adequate data are not available this method can be applied.

Assumptions:
#The rainfall is uniform both spatially and temporally.

#The drainage area is small.
#The duration of the rainfall is equal to the catchment’s time of

concentrations.

#Peak flow occurs when the entire catchment area is contributing.

# The recurrence interval of the peak discharge is equal to that of the rainfall
intensity.

Rational Formula:

Peak discharge, Q= kICA
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. in three ways. These arc.
1) VALLEY LENGTHENING: May take place 1 three way

o By the process of headward erosion
e ,' ; : Sl » S iy . ‘. : - ll'b‘
e Through increase in size ol their meande =
" | ini (f ~ wering
« Valley also may lengthen at their termini. Uplift of the land or lo A g
of the lake level will result in extension of the valley form across (n€

newly exposed land.

CLASSIFICATION OF VALLEYS:

A. According to the stage in the geomorphic cycle valleys are classified as:
. Young
2. Mature, and
3. Old.
This classification is rather based on the characteristics developed at
different stages in their evolution.

A young valley is narrower, and steep sided because down-cutting had
greatly been predominant over the process of valley widening till this age.

mature young

old

Fig. Cross profile of valleys at different stages of development
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. RIVER TRANSPORTATION

Activities of running water: The water that flows along the river does the
following works:

e [t transports the debris

* It erodes the river channel deeper into the land

* It deposits sediments at various points along the valley or delivers them
to lakes or oceans

River transportation: River transportation is the ability of the river to carry
along the particles that a stream picks up directly from it’s own channel or
that 1s supplied to it by slope wash, tributaries or mass movement.

Factors affecting the transportation power of river:

* Size of particle to be carried
¢ Volume of total load
e Velocity of river

Some important definitions:
Load: The amount of material that a river carries at any time 1s called its

C

load. (ioad Ton & P34 709 E“i]\ amount of lead 16 atuncton of Thme,

Capacity: The total amount of material a river is capable of carrying
under any given set of conditions is called the capacity of the river,

Capacity of a river varies approximately with the third power of the velocity
if a fair proportion of all grain sizes are available, with a higher power if all
the materials are fine grained and with a lower power if the material is
coarse. The capacity is a function of discharge and velocity. |
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Competence: The maximum s1z¢ of pi

its competence.
move materials n terms 0O
velocity only. The diameter of a
approximately with the square of the stream
R compgtence, o e

CLASSIFICATION OF LOAD

e [oad carried in solution

e Load carried mechanically as sediment
Dissolved load: These are the soluble materials and are carried in solution

in the form of ions. The amount of dissolved load depends upon 1) Climate,
2) Season, and 3) Geologic setting. '

Suspended load: This is the load carried mechanically as sediment. These
are the particles of solid matter that are swept along in the turbulent current
of the stream and remain in suspension. The amount of this load depends
upon 1) intensity of turbulence of water, and 2) terminal velocity of each
individual particle.

Bed Load: These are solid particles, which move along the riverbed. Bed
load mainly consists of gravel and sand.

MOVEMENT OF BED LOAD:

Particles in the bed load move in three ways:
1. By saltation,

2. Byrolling , and

3. By sliding.

1) Saltation: A particle moving by saltation jumps from one point of the
stream to another. First, it is picked up by a current of turbulent water and
flung upwards and if it is too heavy to remain in suspension, it drops to
the stream floor again at some spot downstream.

2) Rolling and sliding: Some particles are too large and too heavy to be
picked up by the water current. But they may be pushed along the
streambed and depending upon their shape, they move forward either by
rolling or by sliding.
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CHANNEL CHANGES IN THE FLOOD:

We think the f
subsequent irlUI1df1i‘(] as the change in the height of water surface and
W Wit { 1(Jll}hul apart from that change occurs in the stream bed
~ ball hot see because of the turbidity of - i
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streaty ¢ turbidity of water flowing through the
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Fig: Stage discharge behavior in unsteady flow condition

The figure above, represents the unsteady behavior of stage-discharge
relationship at a location of the stream. The maximum stage and the
maximum discharge occur at different times. The changes of the channel bed
form that take place during the flood need a clear understanding of this

unsteady behavioral pattern.

River channel changes in configuration with this rising and falling stage.

e At first the bed may be built up by large amounts of bed load supplied in
the stream during the first phase of heavy runoff. [ Observe the elevated

; bed level as result of it] . This stage disappears soon.

e The bed is actively deepened by scour as the stream stage rises. This is
quite interesting to mark the lowest elevation of the bed level at the

highest stage.
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stage, the water may become quite clear with only a few
rolling along the bed where the current is still fast enough.

CONCEPT OF EQUILIBRIUM AND GRADED STREAM:

As an idealized concept, “an equilibrium condition” means the supply of
load to a stream from its drainage basin such that it exactly matches the
capacity of stream to transport. In this type of stream the hydraulic factors
are changing continuously to bring about a state of equilibrium. This sort of

stream 1s called the graded stream.
Based on the concept of Mackin, a geomorphologist:

A graded stream is one which the slope is delicately adjusted over a period
of years to provide, alongwith the available discharge and prevailing
channel characteristics, just the velocity required for the transportation of the

load supplied to it by the drainage basin.

FACTORS CONTROLLING EQUILIBRIUM OF THE STREAM:

a) Stream Discharge (Q): Usually measured in ft’/sec or m'/s.
Dependent mainly on climate. The relationship Q=A * Vp 1s

important.
V,.= mean velocity of the section

A = Area of the section perpendicular t
flow.

o the direction of
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Distance from source, (X) mile

Fig. Schematic diagram of longitudinal profile of a stream

EQUATION OF LONGITUDINAL PROFILE:
dency of a stream to erode at any particular point along

Assumption: The ten
proportional to the height of the stream above the base

its profile is directly
level.

If,
H = Elevation above base level or MSL in feet

X = Distance downstream from source in mile

réivert bed sa elevat®

Then based on the assumption: SR
Zo i), TORiOr VTN
or, ij!‘ — —‘bH
ax
or, ﬂ = -bdX
H




or, loge H = - bX + log, C

or, log. H - log, C = - bX

or, log, (H/C) = -bX 6. | @T0or atard
or, HIC= e ™

1s the equation of the longitudinal bed profile.

READJUSTMENT OF THE STREAM GRADE:

A graded stream delicately adjusted to its environment of supply of water
and rock waste from the upstream sources is highly sensitive to changes n
those controls. Changes in climate and in land surface of the water shade
bring changes in discharge and load at downstream points and these changes
in turn require channel readjustment.

Effect of increase in bed load:
[Increase of bed load beyond stream capacity > acumulation of coarse

sediment on the stream bed = elevation of stream bed | = Aggradation
As consequence of aggradation

In the upstream direction: Reduces the channel slope in the u/s
direction = reduction of stream capacity in the reach - accumulation
of the bed materials in the u/s direction

In the downstream direction: The channel slope is increased > velocity
increases — more bed materials gragged downstream

Aggradation ghanges the channel cross section from a narrow and deep
fqrrp toa wide and shallow one. Formation of bars continuously =
Division of flow into multiple directions = Braided channel.

Effect of decrease in bed load: This change can come along in a number of

ways:

» Reforestation of an abandoned farmland

* Building of dam, trapping sediment in the upstream reservoir
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DRAINAGE PATTERN:
Definition:

Distribution of stream ¢ ‘ ,
ton of stream courses and their spatial relationship to one other

(ry]\(‘!i: \ R ¢ ‘J‘ r\ oy f‘, Vel \ UMD T8 ?”V}:\q 18 j G

l. Dendritic 5. Annular
T AL T

2. Trellis 0. Parallel

3. Rectangular 7. Irregular
4. Radial

. Dendritic:

= Irregular branching of tributary streams in many directions at almost any
angle (Usually less than or at right angle)

- Most likely to be found upon horizontal rocks or in areas of massive
igneous/metamorphic rocks

- Looks simular to that of the roots of trees

2. Trellis:

« These are formed in places where the bands of rock resistant to weathering
alternate with bands(of rock’) that erode more rapidly

= The main streams {requently make nearly right angled bends to cross or

pass between aligned ridges
= Primary tributary streams are usually at right angles to the main stream
and are joined at right angles by the secondary tributaries whose courses

are commonly parallel to the main stream
- This 1s a special variety of the rectangular pattern

3. Rectangular:
= Characterized by the bends in both the tributaries and the master streams

- Generally right angle joints

4. Radial:
= In the radial outward pattern the drainage lines radiate outward from a

common center, This center is located at an elevated location.

= In the centripetal or radial inward type the streams flow into a common
~ center from the circular basin walls.
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- As breaching proceeds the initial radial drains completely disappear,
influence of slope control ceases and concentric arrangements of streams
(the annular pattern) on the least resistant formations will develop if other

factors are negligible

6. Parallel:

- It consists of parallel master and tributary streams

_ Pronounced regional slopes, parallel faults and parallel topographic
features are the controlling factors in the formation of this type of

drainage pattern S
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:\%\\Q* QUANTITATIVE ANALYSIS OF STREAM NETWORK

STREAM ORDER:
Stream order is a measure of the position of a strea
tributaries (Branches of stream).

m in the hierarchy of

PURPOSE OF MAKING STREAM ORDER:
« To make comparison between different drainage basins
« To help making relationship between different aspects of drainage pattern

of the same basin to be formulated as general laws.

« To define certain useful propertics of drainage basin in numerical terms

HORTON'S SYSTEM OF STREAM RANKING:

According 1o this system of stream ranking- a stream which has no
Sqedll tributaries is a stream of / “order. '

A stream which has tributaries of order 1, 1s a second order stream.

A stream which has first and second order tributaries, is a stream of third

order.

BIFURCATION RATIO:

The ratio between (Mean ratio) the n
number of streams of next higher ord

umber of streams of one order to the
er is a constant and is called bifurcation

ratio (B.R.).
For the stream network shown above:
‘Stream order | No of streams B.R. Average B.R.
g 18 34913
36-3 @ 1 4
T 6
=2 @ | _8_;e67
31’d 3 3 -
e - 31=3@

Aordert &, Stream 2ReE 3 B-RAR!
= BT AL BT + 2T &Ho ‘

rtatio :
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Length Ratio(L.R.) ;

The ratio
of Qtle;t;; f‘i“{ff*ﬂ o S length of siream of an order to the mean length
18 Of the next lower order is a constant and is Lalled length ratio

(LR) e e
ot 1) 4”"\ e
= (F{J\,\ ot s,g ,,4”7'{‘:\» = gf
O e T BU TS ©Y
\ Stream order | Mean length | L.R. | Average L.R
5 (Miles) ! |
1 5.3 4.7 +2 2.14 |
\ A ,( 47+283+214
md 24.8 =47 !f 3
_ 70.2/ 24.8 =3218
< 70.2 =2.83
= ‘ 150.5/ 70.2
4 _ 150.5 =72 14

CONSTANT OF CHANNEL MAINTENANCE:
It is the drainage area required to be sustained by unit length of the channel.

Length of channel (L) is given by the empirical formula: LL =1.4 Adj

L = Mean length of the channel (mi), A, = the area of the drainage basin
(mi®) '
The value of A, for L =1 unit, is the constant of channel maintenance.
aT® lenghh w7 chomel @ WX
Drainage density: ~ dm,[ﬁwt 7@ =g channel
maintencmee
SRy . Length ; o :
Drainage density = —Z—i@t— i : Umtis 1/ nule’
ZAread A,

Length of overlan_d flow:

Length of overland flow = 2 x . : : Z ; Unit is mile
DrainageDensity 72

Stream Frequenty: s Fraqeny - No of streamsin anetwork  =south & @1
Total area of drainage basin shream
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The development of an area changes the natural flow of water. The fate of

PI'(‘Cipllalion in Ontario, Canada (a) before and (b) alter urbanization
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After Ontario was developed, runoff increased substantially, from 10 percent to 43 percen
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Fig. 4.2 Impact of urbanization (after Murisawa 1985).
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