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_SYNOPSIS

WA G S S s

In this study some conceptual modols for obtaining
direct runoff hydrograph from effective rainfall hyetograph
have boon reviewved.

A concoptual model based on binomial distribution
of runoff clcoments for obtaining direct runoff hydrograph
froo offoctive rainfall has been proposed. The proposed
rooponse model is pasieally a two paramctor analytical model,
fho paramcters are (1) Response Sub~aren and (ii) travel co-
officient, Those parameters arc ovaluated from ome of tho
recordod ovents on the catchment. Tho catchment eron is
divided into response sub=-area which develop their independent
hydrographs at the outlet. Thgsa are superimposed to get-
dircet runoff hydrograph. Therefore, it has been possiblo
to cocount for spatial distributions of the rainfall,

The model has been applied on Ajey River eatchment
locatod in Chotanagpur platau of Bihar (India) . The catch~
ment erca at the outlet (Sikatia) is 992 sq.miles.

The computed hydrographs have beon found to be im
closc agrooment with the observed hydrographs.
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CHAPTER - 1

THE HYDROLOGICAL SYSTEM

1,0 INTRODUCTION

The transformation of rainfell into runoff is affected
by a large number of physiographic and climatic factors
obtaining in the natural catchment during the transforma~
tion process. To name a fow, these are, catchment characteris=-
tice, channel characteristics, precipitation, interception
cvaporation and transpiration etc, It has been noted that.
the process of formation of the storm runoff is preceded by
the process of rainfall abstroction and goneration of rainfall
oxcess. It 18 the rainfall excess which is transported and
transformed by the catchment esystem and finelly appcars at

the outlet as direct runoff.

The transformation of rainfall excess into direct
runoff is a complex process. The complexitiecs are mainly due
to interdependence and interaction of the numerous physical
laws which govern the process. To correlate the hyetograph
of rainfall excess to the hydrograph of direct runoff, appli~
cation of physical laws is impracticable. It 18 so due to
the fact that,

(1) €he physical laws governing the proéese aro not
clearly established.

(44)  The inter dependence and interaction of the numsrous
physical laws governing the process is difficult to

be ascertained.



(141) The physiographic and climatic data required for
carrying out such a comprehensive analysis will de
too much and availability of such a reliable and

comprehensive data is rave. -

(iv) However if such a comprehensive data is collected,
the error in collection may have cumulative effect
and the refinement sought by putting in more
labour in carrying out complex computations may

offset the accuracy.

Therefore direct application of physical laws to
correlate the direct runoff with rainfall excess has not
been favoured by the hydrologista.

In the recent years with the development of electro-
nic computation machines mathematical experimentation of é
hydrologic system has become possible and it can be studied

as an engineering systen,

1.1 THE CATCHMENT SYSTEM

Like any other engineering system hydrologic system
also has the following components -

1. Input function
2 Systen function
3 Output function or Response

In surface water hydrology where a natural catch-
ment is studied as a hydrologic system the input function is
generally the hyetograph, system function is a function represent
ing the catchment action on hyetograph., The output funetion or



response is the runoff hydrograph observed at the outlet.

In the Pig., (1.a) a schematio representation of a
natural catchment system has been givén. In this representa-
tion the catchment has been considered as a lumped systemn,
whose components are functions of time only. The coneebt of
lumped system simplifies the solutions to a great extent,
which ie an obvious advantage. The disadvantage is that
the spatial variations of the components cannot be taken

into account,

Even then,variocus research workers have studied
the behaviour of the ocatchment and developed the concept
of Unit hydrograph, Linear reaervoir, Non-linear reservoir,
Linear channel, Time area diagram,Genetic principle etc,
These concepts are discussed briefly in the following sub-

sections,

3.1.1 Unit Hydrograph Theory

In the year 1952 Sherman post¥lated the unit
Graph theory. The theory states that,

(1) A natural catchment may develop a characteristic
unit hydrograph of direct runoff resulting from
a unit depth of rainfell excess generated uniforﬁ-
ly over the catchment area at a uniform rate within
a specified unit duration, which will reflects all
the combined physlcal characteristics of the

catechment,



(2) The base or time duration of the hydrograph of
direot runoff due to e rainfall excess of unit
duration 1is constént irrespective of the amount
of rainfall excess generated‘uniformly over the
catchment avea.

(3) The ordinates of direct yunoff hydrograph of a
common base time are directly proportionel to
the total amount of direct runoff repiesented by
each hydrograph.

(4) The rainfall excess generated in the anticedent
durations 4o not affect the time distridbution of
surface runoft due to the rainfall excess generated

in the given duration.

The uniformity of rainfall excess over the unit
duration gnd over the catchment area is an‘essentiai condi-
tions of the theory. In this theory the catchment has been
sasumed to be a homogeneous, time invarient linear system,
The theory has beenf illustrated in the fig, (1.b), It
implies that when a unit hydrograph of a given effective
rainfall duration is available the runoff hydrograph of

several durations can be derived.

It also implies that the UH of other durations
can also be derived, A general method of derivation of UH
of any required duration is the well kmown S-hydrograph
method. It was f£irst suggested by Morgan and Hullinghors(1939).
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The theorotical S-hydrograph is o hydrograph
produced by a continuous roinfall oxcess gonorated for an
infinito period at a constant ratoc eay I por unit time. This
hydrograph agsumes a stretched S-shape and its ordinatis
ultinately approach the ratec of effeotive rainfall. The
S~hydrograph can be constructed graphically by sumning wp a
sorios of identical UH spaced at intervals equal to the
duration of rainfall excess from which it was dorived. Aftor
tho S=hydrograph is constructod the UH of any given duration tu
can bo derived by offsetting the position of S-hydrogroaph by
o poriocd cqual to tho dosired duration to. The UH ordinatos
thon are givon by |

S, =8 .
i t -2

-

Therefore, onco o UH for o catchmont ie ostablicheod
tho direct runoff hydrograph for any uniform intensity rain-
fall oxcess over unit duratioms con be coaputed, If rainfall
oxcese hes occurcd for several unit durations the dirocct
runoff hydrograph can bdo cozputod by prineiple of supor-

- position,

‘ Howevor tho apsumption of uniformity of precipita-
tion ovor the unit Quration 1o alweys likoly to bdbe violatod.
To ovorcome this difficulty the comcept of instantanoous
hydrograph was introduccd by clark(a) in tho yoar 1945 for
hydrograph analysisc, Instantancous Unit hydrograph io the
uni¢ hydrograph of infiniteoimally small duration of raine
fall oxcoss, In the limit whon the infinitosimally omall
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duration of rainfall oxcess tonds to goro, the 1UH reducos
to be the first derivative of the S-hydrograph whose ordi-~

nates have the dimensions of time'l

s and vhose total area
works out ¢¥o0 be unity e pure number. This m@oporty ofvthe
IUH onabled the application of convolution integral( DUHAMEL
INTEGRAL) to study the rainfall runoff relationship ond
ropresentation of the transformation process in mathematical

fora

t’_ﬁ to

thore
I(t) = Input function
U(t_1) = Kornol function (¢he system function)

Q(y) = Output function
ond ¢ =t wvhem t £ ¢, ond ¢! = ¢, when t > ¢

The 1UH coneept has beon illustrated in the
figure (1.4).

The system function rolating to the ostehing
catchmont system in the above oxpression is known as impulso

rooponse function also, Tho propertios of this function are,

(1) 0 < U(t) £ A (a positive value)
vhen ¢ > 0 (1.¢)
(11) v(t) =0, vhon ¢ £ O (1.p)

(114) v(t) = O, when ¢ = & | (1.3)’
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(1v) SJTu(t) at =1  (1.F)
0

(v) {;”U(t) o t. G4t

S = ty, the Lag time (1.6G)
J u(t) at
0

The concept of catchment rosponse to instantanoous
unit input provided & powerful tool to compute the surfaco
runoff hydrograph of any distribution of lumped input the

rainfall excess,

The Unit hydrograph for o f£inito unit duration is
emporically derived from o recorded isolated ovont in the
catchment, But, emperical dorivation of IUE frxrom ¢he
“recorded evente is not possible becausce no uniform procipi-
tation of infinitosimally omall dﬁratlon over o natural catch-
ment cza be thought of, However in practice theorotical

concopts are ugoed to derive IUH,

Onc such method was given by cnou(3) in the yoar
1962. Ho used a procedure for approximate determination
of IUH from given effeotive rainfell hyetquaph‘(nnﬁ) and
dircot runoff hydrograph (DRH)., In this mothod the 1UH
ordinate at time ¢t 48 simply oqual to the slope of tho
S-hydrograph at time t, The S=-hydrograph can be derived as
oxplained above in this sub-section., As the S-hydrograph
derived from the nctual data cannot be too exact, the IUH
derived by this method is also approximate.
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Other methods for determining IUH involve use of
conceptual identities like linear yreservoir, non-linear
reservolr, linear channel and time-area diagram ete., HMost
popular among them is the concept of treating the catchment
pyoton as a cascede of identical linear reservoirs in geries
proposed by Hashﬁ4) in the year 1957. This concept has doen
used in dorivation of IUH for a matural catchment in this
otudy and is apponded at appondix 3.

The various conceptual identitics mentioned above

. arc diocussed briefly in tho following sub-sections -

1.1.2. The Resorvoir Concept:

The catchmont action on its input precipitafion is
analogous to tho action of a resorvoir on its inflow hydro-
graph. A reservoir also translates and atﬁiuates the 1nflow
hydrograph by rogulating its outflowing discharges over
cortain time period, fThis analogy suggests that a natural
catchnent could porheps bo studied by application of rosorvoir
concept, Depending upon the inter-relationship smong the
inflov (1), otorage (S), and outflow (Q), the reservoirs

noy bo clageified es linear or non-linear.

1.1.2.1. %he Linear Roservoir:
It 15 a concoptual reservoir in which otorage S
ie diroctly proportional to the outflow Q -

i.eo 8 [+ 4 Q (l.H)
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tthere K 45 the storage constant, which has dimen-
sion of time. In ropresenting catchment action it stands
for the average delay time imposed on the input rainfall
by the catchment.

1.1.2,2. The Non-Lincar Reservoir:

It is a conceptual reservolr in which the storage
S and outflow Q are not directly proportional. General
functional relationship for such a reservoir can be written
aB

B

S = c ™ Q (ch)

Yhere C and B are dimensional constants which may
be function of imput I, Storage S, and outflow Q or their
derivetives. For a non-linear reservoir model,C and B are

the two characteristic parameters.

1.1.3. The Linear Channel (Concept):

It is a conceptual channel in which the time (T)
required to translate a discharge Q of any magnitude through
& channel reach of length (x) is alwvays constant. Itvimpliea
that when an inflow hydiograph is routed through the linear
channol its shape and sige is not affected. In functional
form it may be stated that if I = £ (t) is the inflow and T
is the translation tiﬁe for the channel reach of length x then,

the outflow Q) will be given by

Q(t‘) = £ (t-T) (1.K)
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1.1.4. The Time Area Concept

The basic concept of the time-area disgram is that
a naturel catchment can be considered analogous to a linear
channel carrying a spatially varied flow., Total area A of
the catchment is divided into n sub~areas of individual area

n
QAJ ( J=1, 2, ¢sevsp n), such that ¢ AAJ = A, by
. 3=1

isochrones of travel time A t.
I¢ the rainfall oxcess over the individuel inter

isochronal areas be 1, (=1, 2,0ese. n) then total runoff
genoratod on the jth sub-area ghall be I3 IAAJ.'

If © be the time of travel of the runoff from the
Jth sub-area to the outlet then T = (j=1) A t. Let rainfall
occur only for the first time interval Dt then the runoff
at the outlot due to jth sub~ares shall be given by,

(By application of lineor chamncl concept).

Dividing both sides by A, it can be written as

A
5 .xy B e, a0

Thorefore for the vhole catchment

n n oA
321 | 9{-31 e 31:1 13—7‘3 £ (-7, At)
= =

n
Setting & 9-9)- s (%)
=1
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n A
vt = 1 1 L £ (+-1, At)

Taking 13 = Unity for all sub ~ dasins

W(t) 3;1 %ﬁl £ (t=2, At) - (1)

I£ pt < 0 tho above function gives a smooth curve.

The ordinates of this curve u(t) are proportional to the
sub-aroa projected on the channel., So, it is called time-

arca—-concentration diagram.

l.1.5. The Genetic Principle ‘

The genetic principle is based on the concepts of
isochrones. The isochroncs are the lines Joining the points
of equal time of travel of water particle to the outlet. This
explains that the process of flood formation is a result of
lag and summation of seperate volumes of water inflowing
from some seperate catchments., FHathematically the principle

can be expressed as
Q(t) = J I,y Gt 4t (1.7)
o

there _
t = Runoff timo lag
I(t)= Intensity of rainfal) excess at time t.
A = Area of the catchment,

If the rainfall oxcess over the catchment be observed
during Ist time interval only, the runoff at the outlet shall
be given by

Qu) =Xy =M



Q(z) = I(l) b4 Az otc. (lip)

The catchment areas ‘Aqy» By ete. (Pig. l.e) and
(1.£) represent the sub~watersheds limited by ad jacent
isochrones drawn according to the assumed time interval pt.
Taking A< to be the unit in general the genetic formula
can be written as

% .
) = s L) ® Mpersa) | (1.q)
Vhere

I(x) = Average intensity of rainfall excess
over the duration A,

t = current tine

A(t~£+1) = Sub watershed area bounded by the (t-t) and
(t-t+l) unit isochrones. '

For an instantaneous input I the runoff hydrograph
is given by

Where,

At = Axca of the catchment detween O and ¢
unit isochrones,

A(t~3)= Area of the catchment between O and (t-1)
unit isochrones,
Genetic principle does not take into account the

transformation of the discharges in the channel section,
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CHAPTER - 2

REVIEY OF SOME CONCEPTUAL HODELS

2,0 INTRODUCTION |
Por establishing a suitable relationship between the
rainfall excess and the runoff, a mathematical modol or bstter
known, a conceptual model i8s considered to de more scientific,
The obvious advantage in such an approach is that independont
* 1dentities of various factors which affect the runoff procoss

are condensed in a few parameters,

Commonly two approaches to this effect viz physical

approach and black box approach are followed.

In physicel approach actual role of the catchment in
affecting the runoff process is 1nvestigated. The model is
divided to dbehave as nearly as possible 1nvaccordance wvith the
lmown physical laws. Various components of the model are

identified as representing various stages of the process,

In black box approach the physical laws arc takon
care of by é system function, generclly given by mathematical
relationships among various parameters. The necessity and
adequacy of the parometric values are Judged by comparison
of model output and output of the actual system. The examples
to this approach are, Sherman'acl) UH theory, Bernards(S)
method, Clark's(Z) method, Nash’s(4) cascade of linear reser-

voirs, Dooge'a(G) linear channel model ete.
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Based on the nature of the input function considered
the conceptual models proposed by various investigators may

be grouped in two categories

(1) Lunped modelo
(2) Distributed models

2.1 LUHMPED MODELS

In these models the input function is function of
time only. It does not have spatial coordinates. It is
_considered to be located at a single point in the working
space. Some of such models are discussed in the following

paragraphs,

O'Kblly(7) proposcd that the instantaneous hydro-
graph for a catchment could be approximated by the dischargo
from a linear reservoir into which appropriate unit volume
of inflow took place in a given time T, the rate of inflow
varying with time as the ordinates of an isoceles triangle,

The outflow was assumed to be the IUH, This IUH
could be expressed as a mathematical function of time contain-
ing two parameter T and K. The values of T and K were chosen
by visual comparison of the computed UH with that dorived from

the observed short duration intense storms,

Clark‘z) derived the instuontaneous unit hydrograph
by routing the tiﬁe area concentration diagram through a
‘linear reservoir. Time of concentration T and the storago
coefficient K were the two paremetersof the model T was

defined as time interval from tho end of excess rainfall to
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a point on the falling 1limb of the hydrograph where the
ratio of rate of decrease in discharge to total discharge was
greatest, and K was a coefficient of linear storage discharge

relationship,

Where St is storage in the reservoir at the instant ¢
and Q(t) the outflow rate at the same instant ¢.
The coefficient X is evaluated as

Where, Q is the rate of direct surface runoff at the point

of inflexion on the falling limb of the hydrograph.

Nash(4) proposed a more general mathematical modol
for IUH. He assumed that any catchment could be represonted
by a series of n linear resorvoirs each having its storage
co-efficient K with the outflow from the first becoming inflow
for the 2nd and $0 so on. The outflow hydregraph from the nth
reservoir for an instantaneous unit input in the Ist reservoir
was considered to be the instantaneous unit hydrograph for the
basin., The I1UH ordinates woere given by

1, 4 \b=1 -t/ '

The parameters of the model n and K were cvaluated
by method of moment from the observed rainfall excess hyeto-

graph and direct runoff hydrographs, which gave the following
relationships



20

Mopgy = Mpremg =2 K (2.D)
and Mypms = Hgpgo ® B (n41) K + 2 nk oy (2-E)

there

MERHI = Jet moment of the effective raintall hyeto-
graph abovt the origin,

MERH2 = 2nd moment of the effective rainfall hyeto-
graph sbout the origin,

nDRHl = Ict moment of the direct runoff hydrograph

about the origin,

MDRHZ = 2nd moment of the direct runoff hydrograph
about the origin,

The definition of moments adopted here are those

prevalent in statistics i.c.
$00

L. 75 & :
n J y ax
P

Vhore
Hn = nth noment

¥y is ordinste and x abscissa.

2.2 DISTRIBUTED FODELS

In these models the input function involves spatial
coordinates gs well., In the previous section the model whose
input function is lumped have been discussed. In nature the
rainfall excess is rarely lumped, it is always distributed.

In this section some of the modols whichare capable of account-

ing for spatial distribution of rainfall excess are discussed.
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Dooge(ﬁ) introduced the conceptof linear channel
and modified the Nash-model by adding one linear channel
before each linear reservoir in the series. 'He divided the
catchment area by meané of isochrones and represented each
inter isochrongl area by a set of linear channel and linear
reservoir in the series. The outflow from the linear channel
wap voprosented by time aream concentration diagram and consi-
dored as input to the linear reservoir of the set. The output
wvas obtained by adding the partial curves obtained by routing
tho time erea concentration dlLagram for the upper most reach
of the basin through n-linear reservoirs, next through (n-1)
linear reservoirs and so on. A general equation for the IUH
of the model for equally spaced identical linear reservoirs
was given as

JK

. |
B(yy = %—, fo Pm,n~1) V(') dm (2.6)

Vhere T = Haximum translation time
¢ = current time meoasured from time of occurance of
the instantaneous rainfall excess,
¥(m,n-1)= Poisson's distribution function.
< = A variable translation time
m=(t -~ x)/K
K = Storage coetficient for linear reservoir and
translation constant for the linear channel.
n(<t)= Fumber of linear reservoirs down stream of t.
and W(<') = Ordinate of the dimensionless time area concen-

tration diagram ot time %',
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As the catchmoent vwas divided into several parts by
isochronce and iaput on each part was fed to the model separately,
it vas possible to account for the spatial distribution of rain-

fall excess.

Lanrenaon‘a) proposed the concept of distributed
input 4in non linear rosorvoirs. He divided the catchment by
isochrones in several sub-areas. These sub-areas were repre-
sonted by non-linear resexrvoirs in series, The inputs were
routed thiough tho resorvoirs to get the output. This model

triod to account for the following features -

(1) Rainfell excess is variable in time and space.

(41) Stornge in the catchment is distributed not lumped.
(111) Storage discharge relation is nonlinear,

(iv) Different imput elements pess through‘differenf

anount of storages.

The velues of the parameters Ki. K., K?"“ the
gtorage coefficient of non-linear reservoirs were estimated

by obsorved rainfall runoff records by iteration processes.

Mathnr(g) proposed a series model of linear channels
to simulate catchment action on distributive nature of input
function. In this model the catchment area is divided into

subwvatercheds accordl ng to tho schenme,
Ua,t) =8 ~ A (2.H)

Vhere 0(1 t) represent UH of unit duration, t the current
]

time and At the area of the catchment between zero
and t unit isochrone,
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Each subwatorshed is conceptunllreprosented by a
linear channel in the series which receives two types of
inputs, primary fnput and secondary input. Primary input is
the input received by the linear chamnel at its upper bound
translated down to it from upstream linear channel and
secondary input is the distributed input over the subwatershed
allotted to the iinoar.channal. It has been agsumed that
both these inputs are received by the linear channel simule
tanoously. The concept of primary input maintains the conti=-
nuity of the funoff hydrograph and the secondary input takos
carc of the distributive nature of the input rainfall., Tho
assunmption of simultaneous transletion of both primary and
secondary input to the linear channe)l is valid vhen the number
of linear channel is large and correspordingly tho length of
linear channel ig small. This model has been found capable
of accounting for the unevenncss of spatial distridution of
precipitation ovor small drainage basins.

Hok11ak1%) and Pehekyshiina have proposed & thoore-
tical scheme for determination of discharges from snow melt

and rainfall based on general law of runoff formation,

In this scheme catehment area is divided by channol
isochrones after maximum vclocity of flow in the channol
section for a given time interval, The hydrograph ordinates:
are calculated by specific gonetic formula

t 4
W=/ by et (2.1)



Yhere, ¢ = runoff time lag
ht = rainfall excess
f = catchmont area

Qm = discharge,

and transformation of discharges in channel section
by lag coofficients given by the formula
£7 L lE=1 F o)ttt (2.9)
t fz=1 tt-r
Vhere r = constant value of travel coefficient in thoe
isochronel oection of fhe river,
t = Travel time

t = current time

££7)

¢ = the lag coofficicnt for tth sub area at
instant ¢.
Sueh that,
s ) |
Y = 1,00 (2.8)
t=t '

For ordinary rivers of plains r = 0,7 to 0.8, for
rivers having large flood plains r = 0,5 to 0.6 and for marshy
and over grown stretches of rivers » = 0.35 to 0.45 have been

suggested,

The authors have also suggested that to talke into
account gpecific foatures of formation of low, everage and
high floods on the river there is a possibility of two or
three U,H.designs, |



CHAPTER - 3
THE PROPOSED RESPORSE MODEL

3.0 THE PROBLEM

Rainfall excess generated over a natural catchment
due to storm precipitation is variable in time and space. The
catchmont action transforms it‘into direct runoff vhich is
observed at the outlet. As discussed in section 1.0 the trans-
formation process is very complex in nature. The mechanism of

runoff can not be studied by direct application of physical laws.

From reviow of the efforts made in this direction it
appcars that the transformation process may be studied by

conceptual model representation,

In the following scetions an attempt is made to identi-
fy the transformation process by a two parsmeter conceptual

model based on certain assumptions.

3.1 THE ASSUMPTIONS -
To develope the proposed response model following

assumptions have been made =

(1) Fatural catchment is a homogenecus time invariant
linear syston,

(2) The input function i,e, rainfall excess may be taken
a8 lumped over smaller duration of time and over
ocmeller arces,

(3) Ro regulation of natural flow eithor exists or is

- taeken into account,
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(4) No water is lostfrom the rainfall excess generated
in course of its transportation and transformation
in river channel or on its flood plains.

(5) The discharges due to the rainfall excess reach the
outiet in distributed manner. In doing so, they follow
the laws of binomial distribution.

3.2. FHE AREA ANALYSIS
For an instantaneous lumped input I to a catchment

systen, the convolution suggeste that,

UORRELPRY (3.4)
Vhore
Q(t) = Runoff at instant ¢,
U(o,¢)= IUH ordinate at instant,t-
From the genetic principle of runoff it is given by
Qg = ix (At.ﬂt-l) (3.B)
there
Q(t) = Runoff at instant ¢.
Ay = Area of the catchment between 0 and ¢t unit
isochrones.
Ay 4= Area of tho catohment between O and (t-1) unit
isochrones. |
Thorofore,
U(o,t) = A¢™A¢- (3.¢)

The equation (3,C) suggests a proportional schem for

the division of catchment area in to sub=areas in proportion to
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the IUH ordinates, To distinguich these from the isochronal
arcas it is named as 'Response Sub=area'. And the lines
dividing the catchment area have been named as 'Responsc time
Contour' to distinguish then from the isochrones.

The response sub-area may be defined as the area of
catchmont whose impact is felt at the outlet after the time
unit indicated by lower bound of the response time contour

enclosing the sub-area.

The response gub=areas involve two quantities (1) the
time interval of the responso contour enclosing them‘énd
(1i) the areal magnitude of the response subearea. Both the
quantities are decided on the basis of the instantancous unit
hydrogroph derived for the catchment from observed records. AS
the asoumption is that the catchment is a time invarient linear
gystem, Hash's model for determination of IUH has been adopted.
Therofore

1 g Tt -t/K

The two parameters n and K of Nash's model are
evaluated by the method of mamenks(4). Thereafter the IUR
ordinates are calculated at suitchle time intervals, An
infiniteosimally small time interval will be the ideal time
unit at which the response contours must be drawm. Since the
systen 1o nssumed to be lumped a finite time interval is
adoptod. The range in vhich the adopted time interval N«
nust 110 mey mathematically be defined as,
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0/ A t$ Time to peak of IUH

The IUH derived on the basis of Nash's model“’ gives
an infinite recession., For the purposes of the proposed mode)
the portion of the recession 1imd from where the ordinates
become sufficiently small compared to peak value, should be
curtailed and remaining ordinates adjusted to make the volume
unity. These asdjusted ordinates of the IUH should be used for
computing the area of respective response sub-areas. After the
response sub-areas have been decided quantitatively, the next

step is to mark them on the catchment area map.

It is assumed that the nature of the response contours
will mainly depend on the topographical features of the catch-
ment area. To take them into account the contour map of the
catchment is divided into arbitrary square grids. Each grid
point is serially numbered and flow time from the grid point
to the outlet are computed using eny of the available relations
(viz Manning's or Chessys equation etc.). These flow times
are assigned to the grid points and then flow time contours
at the selected unit time intexval [/\ « are drawn, The
areas bounded by two consecutive flow time contouia ere plani-
metered and compared with the required areas on the basis of
the IUH ordinates, These may differ. If so, the response
contours are drawn on the same map mgintaining the nature
similar to that of the flow contours so that the areas enclosed
between the two consecutive response contours be same as
calculated on the basis of IUH orﬂindtas_ These response
contours are then transferred on a fresh map and used for

further analysis in the process of runoff computation,
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3.3 IHE HECHANICS OF RUNOFR

The genetic principle of runoff which has been used
for response sube-area analysis does not take into account the
effect of spreading of the water flow due to changes in its
flow velocities along the channel. It also neglects the effeot
of non-uniformity of velocity distribution over stream crosge
section. An effort has been made to account for doth these

factors in the runoff mechanics postulated below -

As shown in figure (3.a) a water particle moving from
P to the outlet with the maximum velocity of flow takes tho
timo ¥ to reach the outlet, and from Q it takes the time
T 4-[5‘1; If the arca enclosed botween the two response time
contours be /\ A which is draining in the recach P Q of tho
stroam and I (g¢) be tho total rainfall excess gencrated over
tho arca /\ A at & uniform rato in time /\ «, then totel run-
off volume received by the channel reach P Q is given dy

nvaA AxI () {3.E)

It is generally kmown that the flov velocities are
non uniform over the chamnel section. It also varies along
the channel, Under these circumstances total volume R of
rainfall excess will not pass the outlet im time /\ «, but
vill tako longer time., Boefore time 4 from start of the rain-
fall oxcoss over the sub-aroca /\ A the runoff contribution from
this sub=area to the outlet is gero. Let the discharges be
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(1) Rx0131 in the timq interval ¢ and < 4-1L x

(14) RxCp 4 in the time interval ©+/\vand 43 A

(111) RxC, r4p in the time interval x+2/\ T and t+3/\ < and

80 on.

Then under the condition of no losses in the river
channel or its flood plain

+c-ooo) (30F)

m 3
or ti: C‘r.t a ] (300)

As the coefficients Qm.t perform the operation of
distribution of runoff volume against time it is nemed as
'the runoff distridbution coefficient',

Study of runoff hydrographs indicate that the tunoff
elements from the catchment in different time invervals form
a skewed distridution of discharges at the outlet. In the
proposed model the discharges at the outlet from any response
sub-area ' are calculated by multiplying the total rainfall
excess over the sub-area by the 'runoff distribution co-
efficients', Therefore the distribution of these co-efficients
over the time must be in agrecment with the skewed distribution
of the discharges at the outlet.

Various skewed distributions which can take these
effects into account are aveilable, namely, the binomial distri-
bution, the Poisson's distridution, Chi-square distridbution, the
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Gamme distribution etc. In the proposed model the binomial
distribution has been adopted for explaining the mechanics
of time distribution of runoff, A suitablé expression for
runoff distribution coefficient has been investigated in the

following pares,

The mathematical expression for binomial distribution
is (p + q)t, P+q=1, p = probability of failures,

q = probability of successes, and t = number of triels,

The expwnsion of the above dinomial expression is
given by

) = () o« ( F) 9% o §) o7

3 0 o * (t)Ptﬂt 1 . ‘.‘(:)’oqt (S'H)

The <th term of this expansion is given by

m = (t) 1 t=z+l q?-l (3.1)
(2-1)T (te+l)!
In surface wator hydrology if an input is applied to
e catchment in a chosen unit duration of time, however emall
its responses from the catehment last for several time inter-
vols say t. ‘Then the time of comecentration is givem by (t-1).
Therefore replacing t by (t-l) in the above expression,

(prg)*2 (5 hp* g0 + (37 Lpt2 +. . ..

o I AP LRSI § 3 PP L B O 1)
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The tth term of the above expsnsion is given by'

= (t-1) ¢ Fel teq ‘
‘ oK
(et e TP (3.5

In the above expression ¢ stands for probability
of successes and Pfor probability of failures, such that,

ptqel. orp=( 1l=gq)

Bringing in the concept of probabidity of successes
of the rainfall excess geherated over the response sub-area
to travel down the slopes and reach the channel section in the
Ist time interval and then transformation of those discharges
in various reaches of the channel section and probability of
- theiyr reaching the outlet in different time interwvals, the
analysis 1s advanced further, Assuming Cy to dbe the probability
of successes of the rainfall excess generated over the <th

response sub-area, and therefore setting q =.q¢

and p o ( 1 - ct) the expression for
Tt can be written as

t-1)!
2 = _ (-1

— 1 (1c )V (3.1)
(v=1) 1 (=)t T* % )

Ap the probability Q‘ is associated with the travel
of rainfall excess to join the channel and become runoff, it

has been named as ‘the travel coefficient'.
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The equation (3.L) was examined for its applicability
ior finding out ?the runoff distribution coefficlents defined
after eqn. (3.F) ard (3.6) for computation of discharges from
the «¢th response sub-areg at different instants t. Forx =1
and t = 1,2,... etc. the above expression (eqn.(3.L)) gave the
values of runoff distribution coefficients as follows

Tl = °1.1 = Runoff distridbution coefficient for the first
sub-area for first time interval

< T I . cg1-1) (1_c1)91~1)

T, = C) , = Runoff didtribution coefficient for the lIst sub~
[}
area for 2nd time interval

-1) 1 11 2-1
(1o 5171 Cx (1-c.)

From above,
-

por Wt 71
But, the condition for the runoff distribution co-

efficients ig that



tit CT't = 1 (30“)

So, the oquation (3.L) noceds modification to suit the require-
ment of equation (3.M). The cquation (3.1) was thereforo
modified by multiplying the R,H.3. by GQ, which gave

t - ! o t |
ot = (o= tet C; (1 -¢p) (3.1)

From equation (3.N) the values of the runoff distri-

bution coefficients for Ist sub=-area arc
€1, %
€3,2 = Cp (1-C)
0,3 = ¢, (1% et

Such that

I G ,=1 (3.p)
g3 1ot |

It may bo noted that the above expression (eqn.(3.1))
is dofined only for t 2 %, which is in agroement with the
concept of travel time for the ¢th sub-area vwhose impact shall be
felt at the outlet at'timg t;g ¢ 1.c. the upper bound of the
enclosing réspanae time contour of the response sub-area. In
the proposed model the equation (3.5) has been adopted for
calculation of 'the runoff distribution coefficients' which

are given in terms of 'the travel co-efficionts 01'.
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The assumption of homogeneity of the catchment
systen onables to take Ox,oonstant for cach and every

response sub-arce of the catchment,

Therefore 'the runoff distridbution coefficient ct.t
in terms of 'the travel coefficient’C_ ', ‘the response sub-

arca n_umbar“'c‘) and 'the current time't, is givén by

- (¢t ~-21) 1 0'."'\1-0 t~t x
Tt (ga1) 1 (t=x) t * ¢ '*J (3.1)

%.4 THE PARAMETERS OF THE NMDDEL
From the sectione 3.2 end 3.3 it is evidont that in
the proposed model *'The Reasponse Sub-arca' and 'The Travel

Coefficient' are the two basic parameters.

The mothod of gquantitative evaluation and the demarca=-
tion of the rcoponse sub-area on the catchment area map have
been oxplained in detail in section 3,2. Next step is estima=-
tion of the value of 'The travél coofficiont’.,

The selection of a suitadle valus of the 'travel co-
efficient’ C. 18 a matter of trial and error, But a rough idea
can be had from the following relationship.

15>C » ZFeak of UH of A « duration
T Peak of IUH

there /\ « 1s tho adopted time intorval for draving

the ropponse time contours,

The value of 01 8o derived may be adopted for comput-
ing the hydrograph of the rainfall r»unoff event recorded over
the catchment. Tho observed and computed hydrographs are



compared and if necossary value of 0¢ adjusted till a

reasonable match is obtained,

The value of 01 vhich gives tho best fit¢ is adopted
asparametric value of the model. The assumption of homogeneity
enables adoption of constant value of Cw for all response sub-
areas of the catchment. Therefore, oncc the value of travel
co-efficient 01 is o3tablished, runoff distribution coefficients
01’t for all response sub-areas may be calculated by the relation-
ship given in the equation (3.1).

3.5 THE STEPS IR APFLICATION OF THE PROPOSED MODEL TO A NATURAL
CATCIGENT
As discussed in section 3.3 the proposed model has

two baeic parameters, vi.z, the responso sub-area and travel
co-efficient. The mcthod of evaluantion of these parameters has
boen discussed in detaeil in the -gections 3.2.., and 3.4...
The procodure of application of the proposed model to a natural
cagohment can thus be summarised as follows =

(1) An isolated, short duration, intonse, wide-spread,
uniform storm is selected from the observed records
of the catchment, The runoff hydrograph observed at
the outlet due to bhe selected storm is identified and

ioolated from the continuous recoxrds,

/

(11) Baseflow is separated from the runoff hydrograph
asguming a suitable distribution and storm runoff
hydrograph is found out. Average depth of storm

runoff is ocalculated over the entirec catchment area.
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(111).  From the observed rainfall records, the hyetograph
of rainfall excess is drawn. For this prﬁpose a
suitable value of ¢ ~ index is adopted. A reaaonabxj
accurate value of ¢ - index oan be arrived et from
the analysis of atorm rainfall and storm runoff depth

assuming constant value of g -~ index.

(iv) The IUH of the catchment is derived. The Nesh's
moda1(4) is proposed for the same, The wvalue of
the two parameters m and k of the Nash's model are
evalunated by method of moments and IUH ordinates are
computed by the relstionship of equation (3.7).
1 3y YR (3.2)

U T

The procedure has been outlined in eppendix 3,

(v) Neglecting the recession limb of the IUE from the
point whare the ordinates become sufficiently small in
comparison to peak value, the remaining ordinates

are adjusted to make the area of the IUH unity.

(v1) If further smaller time interval are not possible,
the time to peak of the IUH is identified and
adopted as unit intexrval /\ ¢ for drawing response
contours. A unit graph for duration /\ t is also
derived from the IUH,

(vii) The catchment erea is divided in acccrdance with the
propoged area distridbutive scheme, following the

nature of flow contours as discussed in 3.2. The



(viid)

(ix)

(%)

(xt)

(xi1)

39

sub~arcas so arrived a%t are the rosponse-sub-arcas.
Thus the IUH ordinato at /\ © from the origin re-
presents the Ist responso sub-area, the ordinate at
2 A\ * from the origin represents 2nd response sub-

arca and so on.

Average rainfall excess over individual response
sub-areas at time steps / « during the storm are
found out, such that the average dopth over entire
catchment equals to the obperved storm runoff depth
found out in (1i) above. This may require slight
edjustment of the velue of ¢ - Indox adopted in(4i1)

above,

‘Trial value of the iravel coefficient Ot i3 chosen

as per conditions laid down in soction (3.4), anmd
values of the runoff distridbution coefficients Gx.t
for each response sub-area is caloulatod from the

relationship given by equation (3.H).

Runoff hydrograph for the catchment at the outlet

is computed as per scheme given in fable 1.

The computed hydrogreph 18 compared with the observed
hydrograph and if suitable match is obtained the valuo

of 0,c is adopted as parametric value of the model.

If not, the value of 01 is suitably adjusted to improve
the result and steps (ix) to (xi) ere repeated until

a roasonadbly well mateh §g obtained.
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Having established the parameters of the model it
can be used to compute runcff hydrograph for any distri-
bution of rainfell excess over the ocatchment as per scheme
of Table 1.

The detailed application of the model on a natural
catchment namely Ajay river basin in Bihar (India) is given
in the Chapter 4,
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CHAPTER-4
APPLICATION OF THE PROPOSED FHODEL ON A DATURAL CATCHEIENT

4.0, INTRODUCTION
The proposed response model has beon applied to Alay

river catchment.

The AJay river catchment is located in Chhotanegpur
platan: of the state of Bihar, (India).

The river AjJay originates from the hills on the
border of Munger, Southal pargana and Hagaribagh districts
at an elevation of about 1050 £t. ebove mean sea lovel. Tho
Pathro and the Jointl are its main tridutaries. The gaugo
site 15 located at Sikatia where the average bed lovel of the
river 18 530 ft,

The geographical situation of the catechment is between
latitudo 24° 5' to 24° 36' U and longitude 86%15' to 87° o' E.
Genoral orientation of the drainages in tho catochment is from
North=sest to South-cast. Total eatchment area at Sikatia is
992 sq.miles.

The catchment area is spotted with low and scattered
hills. Ig the plains thore are scatterod out crops of rocks
punctuwrod at places with pits oxposing mica and white clay
doposits. A considerable aroca of the catchment is coverod by
gneioo and sohists. Soil cover is usually thin, The lands
are hideously cut with gullios and ravines, The arca shows
elither exposurc of the rock itself diping towards north or
iomodiate produet of its Gecomposition, The forest in tho
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catohment is scattered except in some portions of Hagaribagh
district on some hillocks and some isolated patches in plains,
These forests consist of fire wood plants, sal, Bamboos and

thorny bdbushes.

Valleys and plains of the catchment are cultivated.
The main crops are paddy in valleys and maiz in plains,

4,1. AVAILABLE DATA

Storm precipitation in the catchment and runoff data
at Sikatia are collected by the lrrigation Department of
Government of Bihar. Daily rainfell data at nine rain gauging
‘gtations in the catchment and daily average discharge data at
Sikatia are availabdle for analysis. The nine rain gauge sta-
tions are located at (a) Sarath (b) Dhodna (c) Maheshmunda
{4) Medhupur (e) Sarwan (f)} Daranga (g) Deoghar (h) Bichkhorwa
and (k) Kiajori. These rain gauges are more or less uniformly
distributed over the catchment., The rainfall was measured in
inches and discharges in cubic feet per second., The rainfall
- and runoff data which were used for fitting and teating the

model are given in appendix-2,

4.2 EVALUATION OF MODEL PARAMBTER

As discussed in section 3.3, model parameters to be

evaluated are (i) The Response Sub~area and (ii) The Travel
Coefficient, For evaluastion of response sub-area the first

- step is to derive instantaneous unit hydrograph of the
catchment at the outlet, The derivation of IUH has been
done in appendix 3. The resultant IUH is given in FPig.(4.a).
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A unit hydrograph for the duration equal to the
time to the peak of the IUH has also been derived from the
IUH Figl(4cb)o

According to the hypothbsis postulated in seetion
3.2. response sub-area are proportional to the IUH ordinates.
So, the response sub-areas have been computed in Table 2. The

time interval adopted is 1/2 day the time to peak of the IUH,

TABLE 2

Time in IUH Ordi- Percentage Area in Response Response

days gg;gisin of totel sq.miles i:b;g::: Sugs?rea
0.5 19795 39,460 391.50  2,50,560 1
1.0 14777 29,472 292,37 1,87,117 2
1.5 8305 16.571 164,28  1,05,139 3
2,0 4124 8.250 81.88 52,403 4
2.5 1620 3,250 32.25 20,640 5
3.0 866 1.727 17.12 10,957 6
3.5 381 0.765 7.60 4,864 T
4.0 159 0,318 3,15 2,016 8
4.5 66 0.131 1.30 832 9
5.0 28 0.056 0.55 32 10
5.5 0 - - -

The first trial value of the travel coefficient
was approximated by the ratio of peak value of UH and peak
value of IUH, Trial and error to give a good fit to the
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observod hydrograph was carried out and travel coofficiont
value wvas esteblished at 0.97. Then applying the formula
for runoff distribution coeffioient (C,. 4) elven 1n
secotion 3.3....  The c@.t values for each response water=
shed wore calculated (Appendix-4),

4,5 DIVISION OF THE CATCHMENT AREA IN RESPONSE SUB-AREAS
Following the procedure described under section
3.2« the area was dfivided as follows -

Potal concentration time as obtained from UH of 1/2
~ day duration was 5.5 days. Tho olevation of the remotost
point of the catchment is 1050 £t and that at the outlet

is 530 £, The length of the channel as measured on the
plen vorks out to 56 miles or 2,95,680 ft. So average slope
ic 1 in 568,6,

Honnings formula for velocity of flow in opon
channol is

v e é—-%@-‘i r2/3 g1/2 (4.4)

But the velue of R and n are not known., So an assumption
woo Dado that the quantity AG%QQ X Ra/3 is constant.
Putting thic quantity oqual to a the oquation for v moy
bo wyitten as

veg.sH/? (4.B)

Prom the above para tho longth of the channol

and tine of concentration arc known so velocity

v = —28nAth of channol
me of concentration



= %zﬂ/ﬂeo.

= 00622 ft/ﬂeeo
Similarly S = Fall f%%% iegﬁtezgengigggigutle§
20
“as?g“"ao = ‘3%"'"68.'

.« . From the above oquation
v 0,622
Vs S ;;2,, - |
Y 568,

How value of ¢ 1is known,

The area was divided in 3 miles grid and at ocach
grid point the elevation was catimated from the contours,
Connceting that point to the outlet through the natural
drainago tine of travel to the outlet was oalculated from

the formula T o —= (4.0)
a VS

wheré. ? = Time of travel in scoconds

1 = distance of tho grid point from the\outlet
measured along the drainage in f£t.

S = Average slope of the dreninngo.
_a = 14,732 caleulatod abovo, '

The travel tinmo no caleuwlated was assignod to cach
ond cvery grid point. Then the cqual time of travel was inter-
poleted. These lincs are roforrod honceforth as flow contours.,

The interval of tho flow contours was taken equal to tho
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time choson for devision of the catchment into response sub-
area. The inter flow-contour areas were planimetered and com-
pared with the response sub-area computed in table-2. The two
arcas did not tally. So the flow contours were adjusted on
the same map maintaining their nature so that the inter flow
econtour areas fallywith the response sub-area, The adjusted

flov contours were ‘the response time contours.

The responsc time contours for Ajay river catchment

arc givon in the mop at fimwre (4.¢).

The Thiessen polygons wore drawvn on the same map

for the nine rain gauge stations.

Respective arcas according to response sub-areas

and Thiessen polygon were measured and are given in table-3,

4.4, IDERTIFICATION OF RAINFALL EXCESS

From the available records following five storms

wero sclected to examinerthe working of the model.

(1) Storm of 13-17 Oct. 1971

(11) Storm of 3-7 June 1971

(441) Storm of 9~13 July 1971

(iv) Stoym of 28 Sept. to 2 Oct. 1933
(v) vStorm of 11-13 Oct. 1973

Rainfall and runoff data for these storms aro
given in Appendix-2. Runoff hydrograph for full monsoon
geason of 1971 was plotted and mastor recession curve was
derivod Fig.(4-d) and Fig.(4~e),
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)

The master recession curved was used to locating
the point of recession on tho falling 1limdb of the abserved
hydrographs resulted from the storms 1ieted above. The point
of rccescion and the point of rise in the risings 1limb were
Joined by straight line for the purposes of separation of base‘
flov. After separating base flow depth of direct runoff volume
ovor the catchment was calculated. Substracting this value
from the gross wveighted average depth of rainfall over the
catohmont the abstractions wore estimated. Projecting the
direct runoff depth over the gross weighted rainfall assuming
constant rate of abstractions the value of g-index was cal-
culated,

Then weighted average rainfall on individual response
sub-areas was calculated by the samte Thiessen method, Subge
tracting the value of g-index from these values, rainfall

excess over each response sub-area was calculated separately.

These rainfall excesses were averaged over the
whole basin and compared with the dfirect runoff depth compu-
ted carlier. If these differed g-index value wes adjusted
s0 that the rainfall excesses over the individual sub~basins
when averaged over the whole catchment became equal to the

direct runoff depth.

Thesoe rainfall cxcesases wore talken as the input
to the model. The values of the rainfall excess calculated in
accordance with the above procedure are given from Table=5

to 9.



TABLE HO,.3

AREAS OF INDIVIDUAL RESPONSE SUB-AREA ACCORDING T0 THIESSCH
POLYGON

(Timo Intorval 1/2 Day)

%E?LM&M%‘S' = "
oly- 4roa veight

Sq. age § gon sq.- 'age%‘ on sq, e%

o. Milos Ro, [ilos NO, 114190
a 150 .40 38,42 b 7.2 2.50 4] 16.29 9.90
b 123,03 31,42 4 - 88.28 13,10 £  B0.57 30,80
d 62,20 15,90 0 66,78 22,860 g 42,19 25,70
£ 71.03 24,30 k 45,23 27.61
g 59,06 20.20
Total 321.60 100,00 202,37 100,00 164,28 100,00

! ; ) ea No, REANT » Re ARON )
Puly- Arca Uelg area I‘oia t- i telghy

ﬁg:x I-i?iér 5 ago & I%;f SM age ¢ ggz;L ggign . ago §
g 1.40 1,71 h 17,35 53.86 h 3.88 22,86
h 36,40 44,50 k 14,80 46,186 k 13,24 77,36
k 44,08 63,79 |

Totel 81,88 100,00 82,26 100,00 17,32 100,00

Rogponso Sub«Area Ho,B Rosponso Sub-&rea [lo,8 Rosponse Sub-Aroa Ho,

POJ.Y- irca Ve y o Uoighi~ Foiy~ droa 7

gon 4. age § gom  3q, ogo § gom  Gq.Miles ago ¥
Ho, Milos llo. Ydloo o,

h 7.60 100,008 h 3,1 1008 h 1.30 100,008
Total 7.,6C 100 3,16 100 1,30 100

h 0466 1008

Tatnl nh_R{ mno
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TABLE 10,4

AREA OF IUDIVIDUAL RESPONSE SUB-A4REA
. ACCORDIIIG T0 TIIDSSEY POLYGOH
(Tire Intornal Ono Gay)

cq.0dlos O aq.milos 0q.miles
180,40 22,0 ¢ 16,29 6,61 h 21,24 43,00
b 130,40 19,10 £ B0.67 20,86 k 28,13 57,00
¢ S0.P1 7.46 g 43,59 17,70
a 100,43 14,70 h 46,20 18.81
e 121,50 17,70 k 39,81 85,33
£ 71,03 10,40
e 59,06 8,656
Total 683,87 100,00 245,16 100,00 49,37 100,00

Rosponso Subarog No,4  Rogponso Sub-area 0,5

8th. = 0Fco i Stn., AOrea [
N3.nidon rL.milos
h 10,75 100.00 h 1.86 10,00

Totel 10,76



TABLE=-

STORM FROM OCT, TO

0C?

(A1l rainfall excess figures are in inches)

91
L

.0‘

excens according to date

Response Rainfall 3 t |
sub=-ares «10.7T1 o 10,1 17.10.71

1 - 1.1875 -
2 0.3002 0.9686 -
3 0.5153 0.7763 -
4 0.1488 0.4435 -
5 0.0388 0.5983 -
6 0.3163 0.0358

7-10 - 1.4283 -

DARIE

STORM OF 3rd JUNE TO 7TH JURE 1971
(A1l rainfall excess figures are in inches)

Response "Rainfall excess according to date

Sub-area 3.6.71 4.6,71 5.6.71 6.6,71 7.6.71
No. | |
1 - 1.9007 0.2457 0.4925 0.0340
2 0.1996 1.4803 0.2707 0.8406 0.0557
3 1.1635 1.0833 0.1901 1.1738 0.2631
4 1.0266 0.2075 - 1,9139 0.3170
5 0.8179 0.2341 - 1,9829 0.2578
6 1,5929 0.0321 - 1.7504 0.4565
7-10 - 0.5349 - 2.3749 -




TABLE=7

STORM OF 9TH T0 L3TH JULY 1971
(A1l rainfall excess figures in inches)

Response ~Nalnfall 6xCess a0CoTAing 1o date

gub-area 9.7.71 10.,7.71 © 11.7.71 12.7.71 13.7.712
No,, . ‘ - ,
2 0.1834 - ' 1.6565 0.2470 0.6883%
3 - - 1.,8904 0,5994 0.9990
4 - - 0.9348 1.2525 0.,4051
5 - - 0.7409 1.2589 0,3599
7-10 - - - 1.1709 0.3509
TABL E=

'STORM OF 28TH SEPT, TO 2 OCTI1971

(A11 rainfall excess figures in inches)
Response Rainfall excess according to date
:gub"ma 2809071 29!9-71 30.9.71 1.10.71 2.10.71
0, ‘ — _
1 0.0664 0.4367 2.4593 0.5630 0.0517
4 - 0.0407 0.7060 0,1923 0.1413
5 - 0.0045 0.7643 0.1015 0,0878
6 - 0.1480 0.5080 0.3100 0.2870

7-10 - - . 101420 -
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TABLE.9
STORI OF 11TH to 13TH 0CT.1973

(A1l rainfall figures in inches)

Hesponse Rainfall excess according to date
§£f~area 11.10.73 | 12;10.73. 13,10,73
1l 0.4896 2.1744 >

2 0.5334 2.2913 0.5117
3 0.5640 1.8719 0.6088
4 0.9721 1.4392 ‘ -

5 1.1056 1.G606 -

6 0,2696 1,2506 -
7-10 2.1181 2.3881

" Detalled calculation of the rainfall excesses are
appended vide Appendix-5,

4.5, RUNOFF COMPUTATIONS

In the previous section input rainfall excess have
been calculated. The model parameters response sub-aree and
the travel coefficient have already been established in

section 4.2,

The runoff distridbution coefficients were calculated
vide appondix-4, Using the rainfall excess given from table

Ro.5 to table No.9 as input function, runoff computation
were carried out as per scheme of table no.l. The table of

computations are given in appendix-t,
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4,6, COMPARISON OF OBSERVED AND COMPUTED RUROFF HYDROGRAPHS

The runoff hydrograph of the five storms as observed
verc plotted at suitable scale on normal graph paper. On the
pame graph paper the computed runcff vide appendix-5 were also

plotted. These are given from figure (4,f) to (4.3).

It may be soen that observed and computed hydrographs
of the five storms as presented through fig.(4.f) to fig.(4.])
match reasonably well, In almost all the computed hydrographs
the runoff at the beginning of the storm is more and at the
end of the storm it is loss than the observed one., This may be
attributed to the assumption of constant value of g-index which
renains more in the boginning and roes on reducing as the

storm duration advances,
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CHAPTER=5

CONCLUSIONS

5.0 SUIMIARY OF CONCLUSIONS

(1)

(2)

(3)

(4)

In this study a simple conceptual model has been
developed which is capsble of taking into account
the spatial distribution of rainfall excess to soms

extent.

To represont the catchment action in terms of the
two parcmeters vis. ' the response sub-area' and
*travel coefficient', o procedire has been developed

utilising ono of tho observed events on the catchment.

The proposed response model has been applied on a
natural catchment viz. Ajay river catchment located
in Chhotanngpur platau area of Bihar (C.A.992 sq.
miles)., The computed hydrographs are in good agree=~
ment with the observed hydrcgraphs,

As the response sub-areas develop their separate
hydrographs at the outlet, the effects due to any
chance in land use vhich may offect the runoff

from the particular subarea can be identified.

5¢1., RROPOSED IMODEL VERSUS EXISTING [MODELS

In the existing conceptual models the transformation

of rainfall excess in to the runoff is explained through cone

ceptual idontities, like, linear channel, linear snd non-linear
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resoyvoir and time-area concentration diagrams etc., In tho
prosent model non of these identities have been used. In the
proposod bodel the basic runoff mechanice has dbeen explained
considering the contributions of the response sub-areas to be

bgomially distributed in time (Section 3.3)

A new concept of response sub-area has been introduced
wvhich are diffcront from the inter-isochronal areas. The iso-
chronal areas are supposed to contribute to the outlet betwoen
the time 1imit indicated by upper end lower tims units of the
afjacent isochrones whereas, the resronse subareag are assumed
to start contridbuting to the outlet from the time indicatod
by the lower bound value of the rosponse contours and confinuee
as per binomial distribution suggested in the runoff schemo
for infinite time intorvals, |

., The model though uses basic runoff mechanics f£rom
first prineiple, it is a practical tool. Computations can
be computerised but at the samc time these may b2 carried out

with the help of ordinary computation machines.

The proposed model is basically a two parameter
onalytical model and the parasmeters cen be evaluated easily

from a recorded oventon the catchment.

Since the catchment area is divided into response
gub-areas it is possible to account for spatial distribution
of rainfall excess,
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5.2, SCOPE OF FURTHER INVESTIGATION

The proposed model has heen tested for a basin
of very high drainage density of area around 1000 sq.miles.
Tho model may be appliedto larger basins pro%ided sufficiently
uniform rainfall is recorded at least once to establish the

parametors.

The assumption that no control section exists in
tho catchment, pute a serious limitation on the applicebility
of the model to multi river basins, Somz methodology can be
investigated to combine the individual hydrographs computed
for individual rivers to predict the resultant hydrograph
at tho outlet.

anre
Runoff distribution coefficients calculated by
the formula proposed in section (3.3) which is based on bino=-
mial lew of distribution.

Other skewed distridution viz. Poissons distribution,
Chi~square distribution, F-distribution etec. with suitadble
approximation may also be whtth trying to compare the basiec

recponses and so the subearea responses,
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A,B,D

IUH
WARK
EVARF
-UH
u(o,t),0(t)

DRO

APPENDIX=]

GLOSSARY OF SYMBOLS

Area of response watersheds of the catchment

Travel coefficient

Response sub-area number

Input rainfall excess

Runoff distribution coefficient

current time

No. of linear reservoir in Nash model for IUH
Storage constant for linear reservoir
Computed runoff discharges at time ¢
Storage function

Constant for approximating flow contours
Total tramslation time

Instantaneous unit hydrograph

Weighted average rainfall

Effective weighted average rainfall
Unit Hydrograph

Ordinate of IUH at time t,

Ordinate of UH of duration a <« at the
instant t,

Direet Runof?



0.R.0.
B.T,
R.F.
R.R.F,

ERH1

R.0.

- -~

* 66

Observed runoff

Base flow

Rainfall

Recorded rainfall

First moment of the effective raiﬁfall
hyetograph about origin

First moment of the direct runoff hydro-
graph about the origin

Runoff generated over the response sub-area

Area of the response sBub~area in acres,
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APPENDIX~3

DERIVATION OF I,U,H, AND 12 HOUR U,H.,FOR AJAY RIVER
CATCHHENT AT SI A

For derivation of I,U.H, Nash model was wsed. The model
parcmeteXs n and k were evaluated by method of moments as ex-

pleined in section 2.1. through equation numbers (2.C) to(2.F).

A short duroation storm which occurred on the catchment
morc or less uniform in space was selected such a stoxrm was

of 15-16 Oct. 1971.

After separating base flow from the runoff hydrograph
and computing the weighted effective rainfall by Thieasen
mothod. Following data were available for deriving an I.U.H,

Tipe interval ERH in DRH in
in days cusecs cusecs
0 0
1 4755 | 1480
2 25978 20307
3 6180
4 +1850
5 916

6 0

By using Nash's method of momont values of n and k in
tho equation (2.C) have been evaluated below (Refer £ig.5).



72

AJAI BASIN AT SIKATIA
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M o LA755x1x0.5 + 25978 x 1 x 1.5
ERH2 4755 + 25978

= 1.3453 days

2378 x0.,5 + 38967 x )
Mern2 = ..11_.......3.%,.3_2_2.3_._.1:.2.3

= 1.9406 days? -

. 80 x 1 + 20307 x 2 + 1680x3+18 16x
¥pRru1 80+ 20307 +6180+16850+9; _

= 2 03627 days

o Ox 1+ 40614 x 2+ 18540 x3+ 7400x4x4580x
MRu2 3480% 1+ 40014 2,2+ 18200 20+ T400MX4OR00D

- 6.2092 day>

In Nash's meodel values of n and k are given by

Mprmp - Memm = PK (1)
and,

3»332'“3332 = n(n+l)K?42nk Merm (11)

From (I) we have
2.3627~ 1.3453 = nk
or nk = 1,0154
or k = 40128 (111)
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and from (II) we have

2
6.2092~1,9406 = n(1-n) (;l.-_O%Ei).
: n

"+ 2x 1.0154 x 1.3453

or 4.2686 = l'sg—‘-‘- (1,03144) + 2,7320

or 1.5366 n = 1,03144 + 1.03144n

or n = 1.00-1_ = 2,0418

Say 2

e k = 'lﬁgléi— = l&glii—

= 0.5077 days

Putting the values of n and k obtainéd above in Nash model
for 1UH, We get,

) = g (P et

2 ( 5igpr 272 -t/0,5077
= ]
0.5077 x Y 2 0.507

= . x0. t'°-1.97t

= 3,88 xtxet Tt
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IUH has beeon calculated on the next page in the
Table No.ll.

Volume of 1 inch runoff over the catchment uniformly

supplied in 24 hours.

280 x 5280

A on34 %3600 Cusecs

= 26,674 cusecs
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FADLE-11
Da§9 1.97 ¢ -0 IUH=0(e) IUH in torms of
e g o = 3.88xtxe * dischargos
26674 x U(4)

0 0 0 0 K
0,25  0.6925 0.61110 0.59200 15,800
0,50  0.9850 0.37345 0.72400 19,300
0.75  1.4775 0.22821 0,66450 17,720
1.00  1.9700 0,13946 0.54100 14,410
1.25  2.4625 0.08523 0.41300 11,020
1.50  2.9550 0.05208 0,30350 8,090
1.75  3.4475 0.03185 0.21650 5,775
2.00  3,9400 0.01945 0.15080 4,025
2,25  4,4325 0,011724 0,10230 2,735
2.50  4.9250 0.006108 0.05928 1.581
2.75  5.4175 0.004400 0,04695 1,252
3,00  5.9100 0.002714 0,03155 842
3.25  6.4025 0,001672 0,02110 562
%3.50 6.89%0 0,001025 0.01392 371
5,75  7.3875 0.000525 0.00909 243
4,00  7.8800 0.000375 0.00582 155
4,25 8.3725 0.000228 - 0,00376 100
4.50  8.8650 0,000140 0.002445 65
475  9.3575  0.000084 0.001548 | a
5,00  9.8500 0.0000525 0.001018 27
5,25  10.3425 4,5%10"°x,795 '0.000729 19
5.50  10.8350 4.5x10"9x.434 0,000509 14
5.75  11.3275  4.5x107°x,265 0,0000266 7

6.00  11.8200 4.5x107%x,162 0,0001698

Total 1,04,260




In theoretical sense the discharges from the catchment

t1ill continue upto infinite time. But for practical purposes

looking to the IUH ordinates we may curtail it at 5th day and

take the ordinate at 5.5th day as zero. How to make the volume

of the IUH e¢qual to unity we may adjust the ordinates before

5th day. This work is mccomplished in table=12.

TABLE-12
doys | U0 TS | arges | dasohacges ace)
) (s =
1 2 3 4 2
0 0 0 0

0.25  0.592000  0.606410 15,800 . 161.59
0.50  0.724000  0.741630 19,300 19795
0.75  0.664500  0.68068 17,720 18137
1.00  0,541000  0,554190 14410 14777
1.25  0.413000  0.423070 11020 11300
1.50  0,303500  0.310880 8090 8305
1.75  0.216500  0,221770 5775 5906
2,00  0,150800  0.154470 4025 4124
2.25 0.,102300  0.104888 2735 2795
2.50  0.059280  0,060728 1581 1620
2,75  0,046950  0,048070 1252 1283
3,00  0,0%1550  0.032423 8421 866
3.25 0,021100  0.021600 562 576
3,50  0.013920  0,014253 371 381

Contd.



Table 12 Contd.
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1 2 3 5
3.75  0.,009090  0.009296 243 246
4,00 0,005820  0,005958 155 159
4,25 0,003760  0,003843 100 102
4,50  0.002445  0,002495 65 66
4.75 0.001548 0.001588 41 42
5.00 0.001018 0.001038 27 28
5.25  0.000729  0.000729 19 19
5.50  0.000509 0 14 0

4000000

Total =

Response subwarea

As. explained in section (3.4) the next step is to
select the time intorval to be taken as unit and divide the
catchment into several. sub-areas according to their response
time, ' |

The IUH peak reaches at 1/2 day i.e. 12 hours so the
time intorval should be less than or equal to 1/2 day. The
areﬁﬂ proportional to the 1UH ordinate at 1/2 day 1 day 1.5 day
2 dey oto..have been calculated in Table~13,
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TABLE-13
e TN ordinate | Yercentage of | Ares in | Area in | Sub-area
days cusecs totad gq.miles| acres nos,
0.0 0 0
0.5 19795 39.460 391,50 250560 1
1.0 24117 29.472 292,37 187117 2
1.5 8305 16,571 164,28 105139 3
2.0 4124 8.250 81.88 52403 4
2.5 1620 3.250 32.25 20640 5
3.0 866 1.727 17.12 10957 6
3.5 381 0.765 7.60 4864 1
4.0 159 0.318 3,15 2006 8
4.5 66 0.131 1.30 832 9
5,0 28 0.056 0.55 352 10
5¢5 -0 0
Total 50121 100,00 992, 00




TABLE~

DAY UH FROM IUH
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Time —IUH ~12 Hrs. or 1/2 day
days cusecs UH cusecs
0.25 16159 8080
0.50 19795 9898
0.75 18137 17148
1.00 14777 - 17286
1.25 11300 14718
1,50 8305 11541
1.75 5906 8603
2.00 4124 6230
2.25 2795 4350
2,75 1233 2039
%.00 866 B24%
3.25 516 930
3.50 381 624
3.75 246 411
4.00 159 270
4.25 102 174
4.50 56 112
4.75 42 72
5.00 28 47
5.25 19 30
5.50 0 14
5.75 0 9
6.00 0 0

Pig.(4.a) and (4.b) respectively.

IUH and 1/2 day UH computed above are plotted as

Time base of the IUH is 5,5 day. Therefore the

time of concentration for the basin = 5.5 days.
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APPENDIX - 4

EVALUATION OF TRAVEL COEFFICIENT AND RUNOFE
DISTRIBUTION COEFFICIENT

The value of travel coefficient Cxr was calculated

by trial and error, Firat trial value was taken as

Peak of UH duration

Where pt 1s the time to peak of the IUH,

Progressively Cr value was changed to improve the
output response computed on the basis of trial Ct value.
In the prescnt case Cx = 0,97 gave a better match and ao
it was adopted, The values of runoff distribution co-
efficient Cx ¢ are given in Table 15. |

-



AVEL COEFFICIINTS C_ = 0.97
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Respogto time interval ¢

sub=-

~o. 1 12 13 1 15 16
1 .

2

3

4

5

6 001

7 018 0.0001

8 254 0,0025 0.0002

9 1052 0.0308 0.0034 0.0003

10 {374 0.2212 0,0365 0.0033 0.0004 0.0001

11 0.7152 0.2360 0.0425 0.0055 0.0006 ©0,0001
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APPEUDIX - §

ID:NTIPICATION OF RAINFALL EXCESS FOR FIVE STORMS IN aYAY BASIN

AT SIKATIA (BIHAR)

CALCUL 62101 FOR W, 4,R.F. OVL] CATCHMENT - STORM DATE 1517 OCT,

1971

Rodngougo Yolght- 16,10,

Z% 16,10,72 1700473 @
R.R.F, W +R,R, UARF R,R,F, VOARF :

Stationy age a2 :
ch inch inch 4dnch dnch = inch
a8 15,16 - - 2,42 (0,365 = -
b 13,14 - - 1,35 0,1773 0,05 00066
e 6,82 - - 1,71  0,1107 - -
d 10,12 1,27 0,1285 - - - -
e 12425 - - 144 0,1764 - -
4 12,26 0.06 0,0735 2,13 0,261 - -
é 10,39 2,43 0,2520 0,83 0,0861 = -
BoOb - - 1,80 0.1611 0,06 0.0046
10,92 0.890 0,0972 - - -
Total 0.5512 1.3451 0.011l1




1000°0  9000°0 §G00°0 §240°0 09§2°0 26TL°0 = - - = . - - - - - 5% T
0000 ¥000°0 £600°0 §9€0'0 2T2'0 WL'O - - - . - - - - - 6% ot
£000°0 $£00°0 80€0°0 2502°0 009L°0 - - - - - - - - L6*0 6

2000°0 §200°0 #620°0 088L°0 §€8L°0 - - - - - - - 6% 8

000°0 8100°0 #020°0 LE9T°0 008’0 = - - - - - 160 L

1000°0 60000 IST0'0 66410 62680 = - - - - 16% 9

8000°0 9170°0 €eeT'0 ses8'0 - - - - 16% S

GODo'0 0B00°0 290T'0  1488°0 - - - 6% '

€000°0 6000 2800 LT60 -~ = L§'0 ¢

T000'0 G200 §950°0 6O¥E'0 - L6'0 2

. 6000°0  T620°0 00L6°0 L6°0 1

T 6§t .t T w1 ot 6 8 L 9 ' ¢ A S
% TPAXO3UT auT3 03 JuTpxodoe p.pc S3KITOTSZO00 UOTINATAIETP JFOUNX JO Senyep ..nwwwmm Mmﬂmmum

- I (3=3) {12
* Ta,Crn e () ﬁ. AW.»AV ey

L6°0 = ....o SINIIOIIZT00 TIAVES HOX SVAHV-GNS ISNOISHY INAYAJAIC ¥O4 SIHTLOIILIOD SOIZAETYTSIO ZI0NM 0 SEQTVA
T= 3TN

8



84

Dato 0,R,0, B,F, D.R,0, Computation for g Index
Cusecs Cusoccs Cusees

14,10,71 260 380 0 0,R,0,Dopth = 30733 x_24x3800x12

992x5280X5280
16,10,71 1938 488 1480 | .
n
16,10,71 20923 €16 20307 ® -‘;%%%%
17.10.71 6925 7456 6180 s 1,15 inches

18.10,71 2723 873 - 1860
19,10,71 1917 1001 916
20,10,71 1130. 1130 0

Gross Y,A,R,F,= 0,6612+ 1,3451
| x 0,0111 = 5 gg7an

. o Total 1080 (1,8074"-1,15")
Total ' 20733 = 0,7574 inch

L3

. Av. lo‘gs - 01'2574 i /day

8 0,37315"
Assuming coastant valuo of B - Indox it works out o be 0,3732"/day.

Date 17 ARFF
16610,71 0, 1760
16,10,71 0.8720"
17, 10,71 -

Totol 1, 16"




C 4LCUL ATION OF WARF ON INDIVIDUAL SUB BASINS - DATE-YISE(R.F,IN

NCH L)
STORM OF 15-17 OCT, 1971
Sub- R,G, “Yeigha 16,10,71 16.10,71 17, 10,71
gaain gstn, tgge RRF "1 ARF RRF UARF RRF v ARD
0.
1 a 38,42 - - 2,42 0,9300 -
b 31,42 - - 1,35 00,4240 0,05 0,0157
d 15.% 1'27 0.2020 - - - -
e 14,26 - - 1,44 0,2052 - -
Total 042020 1,6592 0,0157
2 b 2,80 - 1,35 0,033 0,05 0,0013
d 130]0 1.27 0,.]563 ' - - - -
e 22,50 - - 1,44 0. 3240 - -
¢ 17.40 - - 1.71 0,29756 - -
£ 24,30 0,06 0,0146 2,13 0,5175 - -
g 20,20 2,43 00,4910 0.83 0,1676 - -
Total 0.6712 1,3403 00,0013
3 c 9.90 - - 1.71 0. 1593 - -
£ 30.80 OQOG 0;0185 2:13 0;6560 - -
g 25,70 2,43 0,6240 0,83 0,2130 - -
h 6,09 - - 1,80 0,1087 0,08 0,0030
k 27.51 0.89 0.2445 - - - -
Total 0,8370 1, 1480 0.0030

conm. . ./
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1.8000

1 2 3 4 5 6 7 8 )
44050 - - 1&80 0‘8010 0005 0:0225
53079 0‘89 o '47m - L - -
Total Os 65208 Q. 9700 0 00270
5 63.85 = - 1,80 @700 0.06  0.0270
K 46,156 0,80 0.,4106 = - - -
Total 0.4105 0,5700 0.0270
6 h 22,66 = - .80 0,4075 0,06 0,0113
k 77«.35 OASQ 0&6880 - - - -
Total 0.6880 0.4075 0.0113
7-10 h 100,00 = - 1,80 1,8000 0,05  0,0500
Total 0.0800
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Totsl of Net WARF over the catchment = 0,1918
0.05568

Totals" 1.1476

R.0, depths 1,1500

SR ——

.. Deficit rein.z 0,0024

$ - Index must be reduced by an amount x to make up this
deficit' in net{ rainfall.' For the value of %y we gat

x [ 0.39460 + 0,01270 + 2(0.29472% 0,16671 + 0.08250
4+0,03260 + 0,017277) = 0.0024

or lx[_.o.fmao* 11854 = 0.0024

049928 » 0.001508 Sev O.0018"
or X ® '1'5927 = .0,001504 ay 0,0016

. revised * 0,3732 - 0,0016 = 0,3717%/day
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¢ CUL 7100 FOR O,R,0, DEiTH
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Dato 0.R.0, B.F, D.R.O, Gross W,48,R, ', Ovar the

Cugecs Cugecs Cusecs Catchment
3,6.71 2602 2602 0 3.6,71 0.5248
4,6,71 6369 2681 2678 4,6,71 1.6687
546,71 46200 2760 44140 5.6,71 0.4659
6,6,71 16223 2839 13334 66,71 1.1916
7.6.71 13884 2807 15836 7671 0,3763

Bs6,71 6820 2097 3023
9.6.71 3928 3076 852
10,6,71 315§ 3155 0 R,0.Depth o

Total  4,2170"

Tay

002352805

N0

.-ot!

Total 80943

- . = % = 3,032

Loss of rain = (4,217 « 3,032)" ¢ 1,186

'.', Loog pate 2 J&%& s 0;237"/day
Non of tho YWARF aro losgs than 0,237"/day
... g » Indox = 0,237"/doy
Dates  3,6,71 8,671  5.6.71  6.6.71  7.6.71

R,F, 0.2876 1.4317 0,219 0,9646 0,138
Excon0 .
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Total EWARF = 0,4070
1.42%2

0.2327
0.9485
0.1439
3.1573
0.R.0, depth = 3.0320

Surplus depth = 0,1253

]

+ « § = Index must be increesed by an amount X given by

x [[4 %(0.39460 40,03250 +0,03250) +5x(0,2947+0.16571+0,01727)
+3 x 0.01270 4 = 0.1253"

or x [ 4 x 0.50960 + 5 x 0,47770 + 0,03810_] = 0,1253"

or ( 2.03840 + 2,38850 + 0.03810) x = 0,1253 "
or  4.46500 x = 0.1253

or x = 201220 - = 0,0281

L ]

But EWARF on individuel basins show that 0,0262''
40,0130 are less than x.

0,1253-{ 0, 0005 +0,000
. 0=\ 0, 01727 +0.

«'s Revised value of x =
& 5 0 " = 000281”

+*+ Reviced value of ¢ index = 0,2370 + 0,0281
= 002651" / daﬂ
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CALCUL £1TION FOR D,.R,0, DEPTI

Dato Doﬁvcn BOFQ ﬁ.R.Qg
Cusees Cusees Cusecs

. -

8.7071 2049 4049 0 O.R’.Dadepth
9,7.71 6513 4470 2043 o
10.7.71 7535 4871 2644
11.7.71 20308 5312 14996 = 53623

' 26674 - 2+010"
12.7.71 24758 5733 19026

” .&' A

T D92x6280%5

| Taking the rainfall upto
13, 10,71 17233 6154 11@79 Mlex%m’; pbmt vhich comsg
, ' on 13,7,71 only effectivo
14,110,711 10412 65675 3837 4n producing R,0, Ve get
16.10,71 6095 6095 o 8ross ralnfall
: e e 20,4606 + 063774 + 1, 3208

Totel 53523 +0.88894 0,8232

St =N S et e T ————— - ——— & —— - e, e B e e
- 3,8719
| ]

o » LOst rain 2(3,8719 -~ 2,020)"= 11,8619

« o AVerago 1096 w -lu%ﬁ&@ = 0,3724

Hon of Vg A,R.F, are less than 0,3724"/day

c‘. $ Indox s 0.3724"/day

CENTRAL LIBRARY UNIVERSITY OF ROORKER
"OCREEE
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GROSS W,4.R.F. EXCESS OVER THE BASIN

B or s en

Date Grosgn\gﬁ A.R,F, ﬁ&ggax R.Finlgcess
9.7.71 044606 0.3724 0.0882
10,7.71 0,3774 ~  0,3724  0,0050
11,7,71 1.3208 0.3724 0.9484
12,7,71 0.8899 0.3724 06176
13,7.71 0.8232 0,3724 044608

Total  2.0099
z 2,00
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» «» Totol ERF depth over the bagin
- 0.1312
0.1585
0,8688
0.3541

0.4504,
2,0734

OQ‘R.O. dapﬁl -
- 2,0100

Surplus 0.0634

102

+ « f=Indox should be incrosced by ca smount x given by tho

folloving relation to absorb <¢he surplus dopth,

[ 42(0.39460 , 0.20472 4 0,16671) 1 32(0.08260 1. 0,03260 4.0,01727)

+2xo.0127oj X s 0,0634

or, (4x0,86503, 30,13227 , 0,02540) X = 0,0634
or, '3.420124 0,396814 0.02640) = gz 0,0634"
- op, 3.84233 x =g 0.0534
or 2 = 0,0166"/day
.« £ roviso8 g 0,37244 0.0186" o 0,3389
But roinfall on 9,7.71 in 3rd oubebasin becomes
... Ilou for xn' (rovised value of x) ve get

(3.84233 = 0,1657) x » (0,063% « 0,0021)
or (3.67662) x o (0.,0613)

-~ L
or x» Q4080 = 0,0167

o« £ 2nd revised = (0,3724 0,0167")/day
0,3891

0,3889",
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CALOCULATION FOR O.R,0, DEPTH -

104

M’&Qp. B.F.. | lD.R.o."

Cuxees Cuseos Cuseos

28,9.70 598 598 0
29,9.71 2054 566 1488
30.9.71 23276 534 22742
1.10.71 24531 802 24029
2,10,71 11560 470 11070
3.10,71 5678 437 5241
4.10.71 3835 405 3430
5,10.7L 2170 373 2397
6.10.71 1862 341 1521
7.10.71 1232 309 923
8.10.71 960 217 683
19,1071 244 244 0
Total - 73524

2 24x24%3600
DRO Depth = 4ZE1292LE2IAIR00

= 2076"
Gross weighted average rainfall

= 0,1927
0.5296
D.8991
0.8686
0.2459

| 3.7359
.". Rain lost =(3.7359-2.7600)
= 0,9759

« Average loss rate =-Q=§152 /day

= 0,1952 */day

L

., pS-Index - .0_1.2122%_0.-_1.231 = .Ql.z.alg - 0,1958"/&&3.

+ +» R.}.oxcesses are

29.9.71
30.9.T1
1.10,71
2,10.71

Total

0.3338
1.7033
- 0,6728
0, 0501

2,7600

AR Al
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«'s Total ERF depth over the catchment

0.0447
0.3407
1.6952
0.,6603
0.0723

2.8132"

O.,R.0. depth = 2,7600"

Surplus depth = 0,0532"

Row, value of § must be incressed by an emount X
‘given by the following relation in order to absorb the surplus
‘depth of 0.0582'" | | |

x ]‘_' 5 X0.39460 + 4 x(0.29472+0,16571+0.08250 + 0.05250+0. 01727)
 +1 x 0.02270_] = 0,0532"

or x [ 1.97300 + 4(0.59270) + 0.012707 = 0,0532"

"or x [ 1.97300 + é.avoao +0.012707] -‘ o.ésaé--

orx [ 4.35650 ] x = 0,0532 |

e x m e = 0,0122" /day

.*. f revised = (0.1958 + 0.0122)'* /day

= 0,2080" /day
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WARF excess = 0,5858

2.0779
0.2561
2. 8
R.O, Depth = 2.9000
.: Surplus rain = 0,0198"

The value of g index must be increased by an amount

x to absord the surplus rain. For the value of x

x [ 2(0.39460 + 0,08250 + 0,03250 + 0.0172 +0.0%270)
+ 3(0.29472 + 0.16571)_] = 0.0198

orx [ 2x 0.53957 +3 x 0.46043 J = 0.0198

or x (1.07914 + 1.38129) = 0.0198
or 2.46043 x = 0.0198

x vx = 0.0099"

« o § revised = (0.2620 + 0.0099)" faay

= 0.2719" /day



APPENDIX -

COMPUTATION OF FLOOD HYDROGRAPHS FOR
FIVE STORMS
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1

COMPUTATION OF FLOOD HYDROGRAFH STORM DATE 813 JULY 1971

RO. 20,084 % box 3. - |
, . TIME UNIT 12 HOURS (ALL FLOWS IN CUSECS)

Subs  Area ENF according to  R.0.poms ELRMENTS OF EYDROGRAFH ORDINATES IN CUSEGS AGCORDING 10 TINE INTERVAL
basin Acres ; oratal - . . ,
Ko, ~ &e cusecs 1 3 3 4 6 6 7 8 9 0 1 1 18 M4 8 18 17 B
i 3 3 4 ) 6 7 8 @8 L ® 1 W B 18w B B 2 21 = 25
1 260560 0.8700 0,0291 0,0000
1 0,0808 ¥96 643 40 2
- § O.gm08 s . A A
O 4 0.1927 4085 040 18 4
5 0.0333 703 83 20 1
u: ¢ 0,0839 203 683 20 1
2 8 - -
9 0,0116 ‘244 2% 7
13. 1 0.013 244 2% 7
3 BMT7 ,. 0.9400 0,0666 0,0026 0,0001
1 00817 1042 1358 81 .
a 0.0917 1442 158 8 a4
by - - _
8 0,8283 13020 12260 738 33 1
6 0.8283 12020 12260 736 33 3
7 0,1238 1942 1828 110 &
8 0.1236 1042 5330 28 6 3%
) 0. 3842 5420 600 6 14 1
10 0.3442 5420 5100 6 14 1
3 s | : 049227 0,0821 0,0049 0,0003
1 - -
2 - -
M - -
5 0.9453 830 - mes cs6 4 2 .,
6 0.9452 8
? 0.2887 Ere 2830 2 13 1
. L ar ¥ NI
044995 . , A
1 044908 410 L : « ‘ . 4006 2 22 1

Conta, ,
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