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PREFACE

Understanding and management of flood problems require
clear understanding of geomorphological characteristicsa.
Specially in ungauged basins the streamflow synthesis wusing
geomorphclogical techniques is becoaming popular. For synthesizing
and understanding the hydrological behaviour of a basin,
different geomorpholegical parameters can be employed.
The Geomorphological properties are generally referred to the
basin composition which represents the topographical and
geometric properties of the basin.

In this report wvarious important deomorphological
parameters including linear, areal and relief aspects have been
discussed and computed for Punpun basin of Ganga river systemn.
This report entitled "Geomorphological Studies of Punpun Sub-
basin of Ganga Basin" is a part of work programme of Ganga Plains
Regional Centre of the institute. The study has been carried out
by Shri A.K.Lohani, Scientist'B’, Shri Manohar Arora, Senior
Research Assistant, Shri Rahul Kumar Jaiswel, Senior Research
Assistant under the guidance of Dr. K.K.S.Bhatia, Scientist ‘F' &
Head, Ganga Plains Regional Centre, Patna. Services of Shri
A.K.Sivadas, Tech. Gr. III and Shri Santhosh M.B, Tech. Gr. III
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are alsoc acknowledge herewith.
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ABSTRACT

Geomorpheclogy is +the study of landforms, and in
particular their nature, origin, processes of development, and
material composition. The climatological and watershed
characteristice has direct impact on hydrologic response of a
basin. In spite of the fact that the hydrologic balance of a
region is dynamic and everchanging, different approaches have
been made to obtain relationships involving morphological,
geological and climatic characteristics. The 1linking of the
geomorphological parameters with the hydrological behaviour of a
watershed acts as a tool in understanding its hydrological
response.

For the purpose of hydrological studies,
geomorphological characteristics are classified in three groups;
(i) linear aspects of watershed, (ii) areal aspects of watersahed
and (iii) relief aspects of watershed.

The river Punpun is one of the important tributaries of
the river Ganga, originating from Chottanagpur hills of Palamau
district in Bihar. Since Ganga Plains Regional Center has taken
up the task of making Punpun basin as Representative basin for
micro studies, It becomes utmost important to Know the
geomorphological characteristics of the basin. This report
encompasses the methodology for the estimation of some of the
important geomorphological parameters. Further some of the major
and widely used geomorphological rarameters of the Punpun basin

have been evaluated.

iii



1.0 INTRODUCTION

Understanding and successful management of the
flood problems require an understanding of geomorphological
characteristics of the basin. Apart from flood forecasting and
flood control geomorphological characteristics also have
application in the field of energy resources and engineering
projects. Now a days streamflow synthesis from uniauged basins is
gaining importance and the geomorphologic techniques have
recently been advanced for hydrograph synthesis. Before taking up
studies related with flocd and hydrologic simulations using
geomorphologic characteristics, the important geomorphological
properties have to be quantified from the available topographical
map of the basin. The linking of geomorphological parameters with
the hydrolegical characteristics of the basin provides a simple
way to understand the hydrologic behaviour of different basins.
Various geomorphological parameters generally required for
hydrological studies include linear, areal, and relief aspects of
the basin. In this study some important geomorphelogical
parameters have been evaluated for Iunpun basin.

The river Punpun is one of the important right bank
tributary of the river Ganga in Bihar. The upper most catchment
lying in the districgts of Palamau and Hazaribagh is hilly and
mostly covered under forest, While the 1lower part of the
catchment is mostly plain or having some uniform mild slope. The

river system receives about 85% of its annual rainfall during the



parameters required for hydrological studies are linear aspects,
areal aspects, and relief aspects of the basin. In this study
some important geomorphological parameters have been evaluated
for Bagmati basin, typical in nature, These geomorphic
parameters can be readily evaluated from the topographic maps of

the watershed,.

Bagmati is a river originating at Shivpuri range of
hills in Nepal. The upper catchment of Bagmati river is hilly
and forested while the lower one, to its confluence with the
Kosi, 1is almost plain. It has been observed that the river
Bagmati has been shifting its cou~se constantly in the past
within the measuring zone. Therefore, it is necegsary to have a
clear understanding of geomorphological characteristics of the

Bagmati basin.

In this report various geomorphological characteristics
representing the linear, areal and relief aspects are discussed
in detail with a full description of various methods available
for computation of such parameters. The study may be useful for

any hvdroclogical analysis for the basin.

[R%]




2.0 DESCRIPTION OF THE STUDY AREA

The river Punpun originates from Chottanagar hills of
Palamau district in Bihar at an elevation of 300m and at North
latitude of 24°211' and east longitude of 84°9'. It joins the
Ganga near Fatwa about 25 Km downstresam of Patna covering a total
distance of 232 Km. The river has a number of tributaries joining
it mostly from its right bank. Important among them are the
Batane, the Madar, the Mohar and the Dardha. All these rivers
rises in the Chhotanagpur plateau and are rainfed. They flow only
during monscon and dry for the rest of the year. The river Punpun
receives most of the discharge from its right bank tributaries.
The contribution of left bank tributariea is very low in
comparison to right bank tributaries. A line diagram showing its
left as well as right bank tributaries is givemn in Fig 2.1.

The Punpun basin lies between longitude 84°10’ E to
85220’ E and latitude 24°11°N to 25°N. It is located on the right
bank of the Ganga and is bounded by the Sone river system on the
west and Kilul~Harchar-Falgu river system on the east. On its
northern side is the river Ganga and on its southern side, it is
bounded by Chottanagpur hills.

The Punpun river sysatem is roughly trapezoidal in
shape. The length ofhthe catchment is about 180 Km and average
width in the upper and lower reaches of the river system is 80

Km. and 25 Km. respectively. The total catchment area of Punpun

is about 8530 Sq.Km., which is 1% of the total area of Ganga
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basin in the country. The general drainage direction of the basin
is from south-west to north-west. The entire catchment lies
within the state of Bihar and is spread over the districts of
Patna, Gaya, Aurangabad, Hazaribagh and Palamau. The district
wise break up of its catchment area is shown in table 2.1

TABLE 2.1 DISTRICT WISE BREAK UP OF CATCHMENT AREA OF PUNPUN

S1. Name of the Sub-basin area in sq.km % of total catchment
No. district lying in the district in the district
1. Patna 960 11.25
2. Gaya 3060 356.25
3. Aurangabad 2310 27.08
4. Hazaribagh 800 9.39
5. Palamau 1400 16.41
Total 8530 100.00

2.1 Topography

The upper most ca*chment of Punpun river lying in the
districts of Palamau and Hazaribagh in Chottanagpur hills is
mostly covered under forest. While the lower part of the
catchment 1lying in the districts of Aurangabad, Gaya, Patna 1is
mostly having some uniform mild slope. The land elevation varies

from 300 m near origin of the river to about 50 m near its

outfall into the river Ganga.
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2.2 So0il And Geology Of The Basin

The geology of the basin varies from dranite,
gneiss, charnokiteas in the hills to the recent alluvium in the
plains. The broad soil groups are calcium and non calcium, recent
and ol!d alluvium and brcwn forest soils, red soil podzowe,
lateritic soils with cover being very deep in plains and deep to

shallow in hills.

2.3 Rainfall Distribution

The basin receives about 85X to B7X of its annual
rainfall during the South-West monscon period occurring from June
to September. The average annual rainfall being 992 mm. The
maximum value of 24 hours rainfall of 50 years frequency is 32
cm, which occurs in the upper catchment of the Morhar river, a
tributary of Punpun. The rainfall in the remaining portion being

between 24 cm to 28 cm.

2.4 Land Use

The land use pattern of the Punpun basin shows that out
of the total area of 8500 sq. km. about 5,000 sq. km. is wunder
agriculture, 2.500 s8q. km. is under forest and the remaining
area of 1000 sq. km. is under miscellaneocus use. Thus the pie
chart shows that §9X is agricultural area, 29% forest area and

12% miscellaneous area.



3.0 MEASUREMENT AND COMPUTATION OF GEOMORPHOLOGICAL PROPERTIES

In this section the methodology of measurement of
various geomorphnlogical characteristics which are of importance

in hydrological studies for Punpun basin are presented.
3.1 Measurement and Counting of the Properties
3.1.1 Stream ordering

Earlier Horton's method of ordering of channels was
used for all quantitative study of channel networks, but in the
year 1952 Strahler propcsed a method for ordering of channels
which is s8till successafull in present day context. In the present
study Strahler’s system of stream ordering is used for +the
selected watershed (Fig 3.1). According to the Strahler’'s systenm
of ordering, a stream which has no branches is designated as a
18t order stream. Where iwo first-order streams join, a channel
sedgment of 2nd order is formed; where two 2nd order streams join,
a channel segment of 3rd order is formed, and so forth. The trunk
stream through which all discharge of water and sediment passes
is designated as the stream segment of highest order.

It is found that the Punpun river 1is a sixth order
stream. The number of streams of order one, two, three, four,
five and six have been counted and their values are

671, 104, 28, 7, 2 and 1 respectively.

3.1.2 Channel length

The following are five methods which may be used for






length measurement from topographic maps
(i) Pair of dividers
(ii) Thread length
(iii} Edge of paper strip
(iv) Opisometer
{v) Analog to digita) converter
The measurement of stream lengths in Punpun basin

was done by thread length method.

3.1.3 Determination of C.G. of the basin

The centroid of the Punpun basin has been determined
using a cardboard piece. The cardboard piece was cut in the
shape of Punpun catchment. Then the C.G. was Jocated on the
catchment shape card board piece using point balance standard
procedure. The card board piece marked with centre of gravity
was superimposed over the catchment plan and by pressing a sharp
edge pin over the centre of gravity of the card board piece it

was marked on the catchment.

3.1.4 Drainage area

The Drainage area is probebly the single most important
characteristics for hydrologic design., It is hydrologically
important because it directly affects the flood hydrograph and
the magnitude of flood peaks. The larger the size of the basin,
the greater is the amount of the rain intercepted and higher is
the peak discharge. The drainage area can be defined as the
collecting area from which water would go to a stream or river.
The boundary of the area is determined by ridge separating water
flowing in opposite directions.

r

The fellowing methods may be used for the determination



of the area of a drainage basin from the available toposheets of
the basin.
(i) Estimation
(ii) Polar planimeter
(iii) Dot grid
(iv) Strip sub division
(v) Geometric sub division
(vi) Analog to digital converter.
The basin area of the Punpun river has been measured

by dot grid method.

3.2 Evaluation of Geomorphic Parameters

Various geomorphic parameters can be broadly classified
into three categories.
1. Linear aspects of channel

2. Areal aspects of the basin
3, Relief aspects of the catchment and channel network

3.2.1 Linear aspects of channel

Various parameters grouped under this category are

listed below.

P

Length of the main channel (L)
Length of the channel between the outlet and a point
nearer to C.G. {(Lc ).

Stream lengths (Lu) -
Length of over land flow (Lo)
Basin perimeter (P)

Stream length ratio (Ri)
Bifurcation ratio (Rb)
Wandering ratic (Rw)

Fineness ratio

Watershed eccentricity (r)

o

N — p— p— p— — o
Lol S0 Q0
St et gt Nt et et e st

The methodology to quantify these parameters for

Punpun basin is given below:
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3.2.1.1 Length of the main channel (L)

This is defined as the length along the longest water
course from the outflow point of designated basin to the upper
limit to the catchment boundary. The length of the main channel
of Punpun basin is 255 Km.
3.2.1.2 Length of channel between the outlet and a point nearer

to C.G. {Le) :

Lc¢ is the length of the channel measured from the

outlet of the catchment to a point on the stream nearest to the

centroid of the basin. Its value for the Punpun basin is 180 Km.
3.2.1.3 Stream lengths (Lu)

Total channel length is the total sum of the lengths of
channels of all the orders in the basin. If Lu is the total
channel length of all streams of order w in a given basin then 1t

can be expressed as

Where Li is the length of the ith segment of order u and Nu is
the number of streams of order u. This parameter gives an 1dea
of over land flow and channel flow in the basin. CThannel storage
varies with stream length as a simple power function. The stream
lengths of one, two,. three, four, five and six order has been

obtained 1671.50, 548.75, 521.50, 165.25, 295.50, and 16.00 Km.
3.2.1.4 Length of overland flow (Lo}

Horton (1945} defined length of overland flow as the

length of flow path, projected to the horizontal, of non channel

11



flow from a point on the drainage d.vide to a point on the
adjacent stream channel. The length c¢f overland flow is one of
the most important independent variables affecting both the
hydrologic and phyziographic development of drainage basins.
Horton recommended using half the reciprocal of drainage density

D for the average length of overland flow Lo for the entire

watershed,
_ 1
Lo= —_— 00001(301)
2D
Where,
D = drainage density

Length of overland flow for Punpun basin is 1.326.

3.2.1.5 Basin perimeter (P}

Basin Perimeter is defined as the length of the
watershed divide which surrounds the basin. It is measured along
the divides between basins and may be used as an indicator of

basin size and shape. The perimeter of Punpun basin is 487.25 Km.

3.2.1.6 Stream length ratio (Ry)

Stream length ratio is the ratio of the mean atream

segment of order u to the mean segment of order {u-1),

RL --000(302)

-I:u-l

Normally the value of RL ranges between 1.5 to 3.5 in

natural networks. The value of stream length ratio for Punpun

12



basin has been determined by taking the anti-logarithm of slope
of regression plot of logarithm of average stream length versus

gstream order (Fig 3.2).

3.2.1.7 Bifurcation ratio (Rv)

The Rp» computed using Horton'’s law of stream number
which states, "The number of stream segments of each order form

an inverse geometric sequence with order number" or

Nw = Rpk-v¥ eeeea (3.9
Where,

k = order of trunk segment

Nv = number of segments of order w
log Nv = {k-w) log R»b

cr 1og Nw a - bw I.ll‘(3l4)
Where,
a = k log Rv and

b

log Ro

or Rb = log-1(b)

The value of bifurcaticn ratio varies normélly between
3 and 5 and is used as an index of hydrograph shape for
watersheds similar in other respects. The bifurcation ratio of
Punpun basin has been determined by taking anti-logarithm of

slope of the regression plot of leogarithm of stream number versus

stream order {Fig 3.3).
3.2.1.8 Wandering ratio (Rw)
It is defined as the ratio of the main stream length tc

13
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the valley length. Valley length is the straight 1line distance
between outlet of the basin and the fartheat peoint on the ridge
{(Fig 3.4). The value of Wandering ratio for Punpun basin has been

obtained as 1.34.
3.2.1.9 Fineness ratio

Fineness ratio may be defined as the ratio of channel
length to the length of the basin perimeter, which is8 a measure
of topographic fineness. The value of Fineness ratio has been

computed for Punpun basgin and it’'s value is 0.52.
3.2.1.10 vatershed eccentricity (t)

The watershed eccentricity is computed by the following
equation
I (Le? - Wi2)|

T = 000-0(3-5)
Wi

Where
T = watershed eccentricity, a dimensionless factor

Le = length from the watershed mouth to the centre

of mass of the watershed in the same unit, and
WL the width of the watershed at the center of
mass and perpendicular to Lec.

The measurement for Lec¢ and Wi are shovn diagramatically
into fig 3.5 it ig also to be noted that if Lc = W, t = 0, and as
either Lc or W get large, t increase. Thus the lower the value of
T, the greater the compactness of the watershed concentrated near
the mouth and the higher the flood peak. The watershed

eccentricity obtained for Punpun basin is 2.509.

16
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3.2.2 Areal aspects of the basin

The geomorphological parameters which are governed by
the area of the drainage basin are classed as areal aspects of
the basin. Various areal parameters which has been computed here
includes

Drainage area (A)

Drainage density (D)

Constant of channel maintenance (C)
Channel segment frequency (F)
Circularity ratio (Rc)

Elongation ratio (Re)

Watershed shape factor (Ra)

Unit shape factor (Ru)

Form factor (Re)

—— . — p— . p— o p—
o o0 Q0 oP
B

3.2.2.1 Drainage area (A)

This has been described in section 4.1.4 of this

report.

3.2.2.2 Drainage density (D)

Drainage density is defined as the ratio of the total
length of channels of all orders in the basin to the area of the
basin. The unit chosen for the drainage density is km/sq. km.

L
veess(3.8)

A
where,

Lu is the sum of stream length of all orders,

A is the ;rea of the basin

It should be measured on the topomaps of large acales
(1:50,000) 80 that first order streams can also be taken into

account. Drainage density is textural measure of a basin which is

19



generally independent of basin size., It ir considered to be a
function of climate, lithology, and stage of development.
Numerically this ratio expreases the number of kilometers of
channel maintained by a square kilometer of drainage area. 1It’s

value for Punpun basin has been obtained as 0.377.
3.2.2.3 Constant of channel maintenance (C)

It ia defined as the ratio between the area of a
drainage basin and the total length of all the channels expressed
in sguare feet per foot or square meters per wmeter. It is
virtually the reciprocal of drainage density and for Punpun basin

it is 2.653.
3.2.2.4 Channel segment frequency (F)

Channel segment frequency or stream frequency im
defined as the number of atreams per unit area in a drainage
basin.,

Stream frequency F is computed as the number of streams

per unit area or,

F 2 — ce...(3.8)

Where,
N = total number of segments of all order in the
catchment area

A = drainage area of basin

The value of channel segment frequency for Punpun

bagsin ia 0.0953,

20



3.2.2.5 Circularity ratio (Rc)

The ratio of the basin area to the area of & circle
having circumference equal to the perimeter of the basin is the
circulatory ratio.

4nA A

12.566
p2 P2

e = e (3.9)

The value of this ratio approaches unity as the shape
of a drainage basin approaches circle. For Punpun basin the

value of Re is 0.451.
3.2.2.6 Elongation ratio (Re)

It may be defined as the ratio of diameter of a circle
of the same area as the basin to the the maximum basin length.
This parameter is evaluated for all the watersheds to assess
whether the shape of the basin approaches a circle. It can be
computed by the following expression

{(4A/w)
Re = —————— ceeaa(3.10)
Lw

The value of élongation ratio approaches unity as the

shape of drainage basin approaches a circle. The value of

elongation ratio for Punpun basin is 00,5486,
3.2.2.7 Watershed shape factor (Ras)

Wu et al (1964) has defined the watershed shape factor
8s the ratio of main stream length Lc to the diameter D¢ of a

circle having the same area as of watershed.

21



Le
RB = - ---.-(3-11)_
De

For Punpun basin the value of Rs is 1.7267

3.2.2.8 Unity shape factor (Ru)

It is defined as the ratio of the basin length (Lb) to

the square root cof the basin area.

Ln
Ru = —— .....(3.12)
4 Aw

The value of Ru for Punpun basin is 1.9480,

3.2.2.9 Form factor {(Re)

Horton defined forem factor, Rt, as the ratio of basin
area A, to the square of basin 1length L. The Re is a
dimensionless parameter and is computed as
A

Rf z -— ---00(3013)
L2

For Punpun basin the value of form factor is 00,1312

3.2.3 Relief aspects of catchments and channel networks

Variables involving relief aspects of the basin are the
most significant parameters in hydrological studies of the
watershed. These aspects are the functions of the elevation or
elevation difference at varicus points in a catchment or along

the channels. Various parameters involving the relief aspects to

22



clearly understand the kind of relationshi» that exists between

the sediment yield and the relief features, are as follows:

a) Watershed relief (H)

b) Relief ratio (Rr)
)

{

(

{c Relative relief (Re)
{d Ruggedness number (Rx)

3.2.3.1 Watershed relief (H)

The difference in elevation between the remotest point
in the divide line and the discharge point of the watershed is
known as watershed relief. The elevation difference between the
remotest point and the discharge point is obtained from the

available contour maps. The value of H for Punpun basin is 250 m.
3.2.3.2 Relief ratio (R:)

Relief ratio is a dimensionless ratio and can be
defined as the total watershed relief(H) divided by the maxinmum
length of the watershed.

H
Rr =

srenaf3.14)
Lb

The value of relief ratio for Punpun basin is 0.00132.

3.2.3.3 Relative relief (Ra)

L]

Relative relief is defined as the ratio of the maximum
watershed relief to the perimeter of the watershed. It 1is

computed from the following equation

23



esees(3.15)

Relative relief is an indicator of the general
steepness of a basin form summit to the outlet., For Punpun basin

the value of relative relief is 0.0005

4.2.3.4 Ruggedness number (Ru)

Ruggedness number is (a dimensionless term advanced by
Strahler) defined as the product of drainage density and maximum
basin relief. Any change in either of the factors will obviously
 have a telling effect on the slope, steepness and ultimately on

the erosion. It is computed from the following equation

H.D

Ry = —— ceess(3.18)
1000

Where,
RN = Ruggedness number,
H = watershed relief in m,
D = drainage density in Km-?
The value of Rx for Punpun basin is. obtained as
0.0943.
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4.0 RESULTS AND DISCUSSION

The stream ordering of the Punpun basin, which falla in
Survey of India toposheets noc. 72 C,D,and G anin has been done
using Strahler’'s ordering scheme. It is observed that the Punpun
river is a sixth order stream.

The length of the main channel of the basin is 255 Knm
and the length of the channel between the outlet and a point near
to center of gravity (C.G) is 180 Km. The streamg of different
order were counted and total lengths of astreams of each order

were measured and presented in table 4.1. It is observed from the
table that the mean lengths which have been computed as the ratio
of the total length of specific order of streams and the total
number of streams of that order, are 2.49, b5.276, 18.626,
23.607,147.75 and 16.00 km for order one, two, three, four, five
and 8ix respectively., The number of streams falling under
different order are 671,104,28,7,2, and 1 respectively. Total
length of streams of all orders, basin perimeter, watefshed
eccentricity etc. have also been computed for the Punpun basin
and these values are ﬁresented in Table 4.1. On a semilog paper
‘number of stream of different orders with their order number were
plotted. Negative =slope of the straight line indicates that
the number of streams of a particular order decrease with the
increase in stream o;&er and it follows the law of satream
numbers. Which indicates that the number of streams of any given
order are fewer than the immediate lower order but more in

+numbers than the next higher order. However, in general, the

average length of & particular order stream increases as8 the
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TABLE 4.1: GEOMORPHOLOGICAL PARAMETERS BASED ON LINEAR ASPECTS OF
THE BASIN (LENGTHS ARE IN KM).

Name of Parameters Symbol Value
1. Length of the main channel L 266.00
2., Length of the channel between Lo 180.00
the outlet and a point near
to C.G
3., Total length of channels of
Order 1 La 1671.50
Order 2 L2 548.75
Order 3 La 521.50
Order 4 L4 1656.25
Order § Ls 295.50
Order 6 Le 18.00
4. Total length of streams of Lu 3218.50
all orders
5. Total number of channels of
Order 1 ni 671
Order 2 nz 104
Order 3 nj 28
Order 4 n4 7
Order 5 ns 2
Order 6 ns 1
6. Total number of streams of Nu 813
all orders
7. Mean length of streams of
Order 1 L1 2.49
Order 2 L2 5.276
Order 3 L3 18.6828
Order 4 Ls 23.607
Order § Ls 147,75
Order 6 Ls 16.00
8. Length of overland flow Lo 1.326
9. Basin perimeter P 487.25
10. Wandering ratio Rw 1.34
11. Fineness ratio 0.52
12. Watershed eccentricity T 2.509
13. Bifurcation ratio Rb 3.344
14, Stream length ratio_ RL 2.286
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order of the stream increases which means that the mean length of
a stream of a given order is greater than that of immediate lower
order but less than that of the next higher order. The values of
bifurcation ratic and stream length ratio are computed by finding
out the anti-logarithms of slopes of the regression plota of log
Nu versus u and Log Lu versus u respectively. The value of
bifurcation ratio of the basin is 3.344. Bifurcation ratio is a
non dimensional parameter which reflects the hydrological

characteristics particularly effecting the time of peak.

Geomorphological parameters based on areal aspects have
been evaluated for Punpun hasin are presented in table 4.2,
It is found that the drainage area of the sgelected basin is
8530.00 s8q. km. The basin drainage area is considered to be one
of the important geomorphological characteristic and has been
used frequently in various hydrological studies. The valucs of
various non dimensional areal measures e.g. elongation ratio,
circularity ratio, constant of channel maintenance, drainage
density, form factor and stream frequency are also computed.
These non dimensional areal parameters are the governing
factors for the peak and shape of the basin response
hydrograph and these can be used 1in the nmodelling of
hydrologiéal response without considering the runoff records.
Values of these non dinehsional parameters are alzo presented in
table 4.2

Under relief aspects of +the basin gsome _of the
important parameters have been computed and presented in table

4.3. The Punpun river basin has a total relief of 250 m. Various
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TABLE 4.2: GEOMORPHOLOGICAL PARAMETERS BASED ON AREAL ASPECTS OF
THE BASIN (AREAS ARE IN SQ.EM.)

Name of parameters Symbol Value
1. Drainage area A 8530.00
2. Drainage density D 0.377
3. Constant of channel maintenance C 2.653
4, Channel segment freguency F 0.09563
5. Circulatory ratio Rc 0.451
6. Elongation ratio Re 0.5486
7. Watershed shape factor Ra 1.7267
8, Unity shape factor Ru 1.9480
9. Form factor Re 0.1312
non dimensional relief measures e.g. relief ratio, relative
relief, ruggedness number and average overland slope of the

Punpun basin are also presented in table 4.3. The relief
parameters have significant importance particularly in the
modelling of mountainous catchment where velocity of flow are
considerably high. Overland flow and stream flow process in the

basin is also governed by them.
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TABLE 4.3:

OF THE BASIN.

GEOMORPHOLOGICAL PAIr*METERS BASKED ON RELIEF ASPECTS

Name of parameters Symbol Value
1. Basin relief H 250.0000 m
2. Relief ratio Rr 0.00132
3. Relative relief Re 0.0005
4. Ruggedness number Rx 0.0943
5. Average overland slope Sa %
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6.0 CONCLUSION

In this report various geomorphclogical properties
covering linear, areal, and relief aspects of Punpun sub-baain of
Ganga river basin heave been discussed and computed. It is
observed that the main Punpun stream is a sixth order stream and
the main channel is 255.00 km. long. Total relief of the basBin
was computed as 250 meters, which showa that basin is not very
steep, The value of drainage density is 0.377 which 1is lese
thereby increasing the value of Constant of channel maintenance.
The shape parameters such as circulatory ratio, elongation ratio,
watershed shape factor and unity shape factor indicates that the
basin does not have evenly distributed area. Various non
dimensional geomorphological parameters of the basin were also
computed. The geomorphological parameters, thus estimated, may be
utilized for regional unit hydrograph studies, flood frequency
analysig, instantaneous unit hydrograph atudy, simulation models.
These parameters may also be utilized for the developaent of

empirical formula.
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