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In this study some conceptual modol+ for obtaining 
direct runoff hydro aph from effective rainfall byotograph 

have boon revio ,od. 

A conceptual model based on binomial distribution 

of runoff elements for obtaining direct runoff hydrograph 

from effective rainfall has been posed. The proposed 

roaponso model is basically a two parameter analytical mode.. 

Tho parameters are (i) Response Sub-urea and (ii) travel co- 

efficient. These parameters are evaluated from one of the 

recorded events on the catcbmont. The cateb~ment area is 
divided' into response sub-area rihich develop their independent 

hydroraphs at the outlet. These are superimposed to got-p 

directrunoff hydrograph. Therefore, it has been possible 
to account for spatial . distributions of the rainfall. 

The model has been applied on Ajay River catchmont 

located in Chotanagpur platau of Bihar (India) . The catcch. 
meat area at the outlet (Slkatia) is 992 oq.milos. 

The computed hydroographs have boon found to be in 

close crooment with the observed hydro phd. 
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CHAPTER - ~. 

THE HYDROLOGICAL SYST34 

1.0 INTRODUCTIOU 
The transformation of rainfall into runoff is affected 

by a large number of physiographic and climatic factors 
obtaining in the natural catchment during the transforma-
tion proceso. To name a tow, these are, catchment characteris-

tics, channel characteristics, precipitation, interception 

evaporation and transpiration etc. It has been noted that 

the process of formation of the storm runoff is preceded by 
the process of rainfall abstraction and generation of rainfall 
excess, It Is the rainfall excess which is transported and 
transformed by the catchment system and finally appears at 

the outlet as direct runoff. 

The transformation of rainfall excess into direct 

runoff is a complex process. The complexities 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 is so due to 

the fact that, 

(i) The physical laws governing the process are not 

clearly establishod. 

(ii) The inter dependence and interaction of the num~arous 

physical laws governing the process is difficult to 

be ascertained. 
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(iii) The physiographio and climatic data required for 
carrying out such a comprehensive analysis will be 
too such and availability of such a reliable and 
comprehensive data is rare. 

(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 tp 
correlate the direct runoff with rainfall excess has not 
been favoured by the hydrologists. 

In the recent years with the development of eleotro-
me computation machines mathematical experimentation of a 
hydrologic system has become possible and it can be studied 
as an engineering system. 

1.1  THE CAT ENT SYSTEM 

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

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

In surface water hydrology where a natural catch-
meet 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 function or 



response is the runoff hydrograph observed at the outlet. 

In the Fig. (1.a.) a schematic representation of a 
natural catchment system has been given. In this representa-
tion the catchment has been considered as a lumped system, 
whose components are functions of time only. The concept o 

lumped system simplifies the solutions to a great extent, 
which is an obvious advantage. The disadvantage is that 
the spatial variations of the components cannot be taken 
into account. 

Even ther,varioue research workers have studied 
the behaviour of the catchment and developed the concept 
of Unit hydrograph, Linear reservoir, Non-linear reservoir, 
Linear channel, Time area diagram,Genetic principle etc. 
These concepts are discussed briefly in the following sub-
sections. 

1.14 Unit $ydrograph Tbeory 
In the year 1932 Sherman postiil.ated 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 rainfall excess generated uniform-
ly over the catchment area at a uniform rate within 
a specified unit duration, which will reflects all 
the combined physical characteristics of the 
catchment. 

43 
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(2) The base or time duration of the hydrograpb of 
direct runoff due to a rainfall excess of unit 
duration is constant irrespective of the amount 
of rainfall excess generated uniformly over the 
catchment area. 

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

(4) The rainfall excess generated in the anticedent 
durations do not affect the time distribution of 
surface runoff due to the rainfall excess generated 
in the given duration. 

The uniformity of rainfall excess over the unit 
duration and over the catobment area is an essential condi-
tious of the theory. In this theory the catchment has been 

assumed to be a homogeneous, time invarient linear system. 
The theory has been` illustrated in the fig. (l.b). It 
implies that when a unit bydrograph 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 Uf 
of any required duration is the well Inaovn S-hydrograph 
method. It was first suggested by Morgan and Rullinghoro(1939). 
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The theoretical S-bydrograph is a byydrograph 
produced by a continuous rainfall excess ,gonoratod for an 
infinite period at a constant rato say I per unit time. This 
hydrograph assumes a stretched S-shape and its ordinatis 
ultimately approach the rate of effective rainfall. The 
S-hydrograph can be constructed graphically by sum mina up a 
canoe of identical DH spaced at intervals equal to the 
duration of rainfall excess from which it esao derived. After 
the $-hycrograph is constructed the UH of any given duration to  
can bo derived by offsetting the position of S-hydrograph by 
a period equal to the desired duration to. The Ui ordinates 
then are given by 

U (too t) St - St -to 
Ito  

Therefore, once a UH for a catchmont is ostabliohod 
the direct runoff hydrograph for any uniform intensity rain-
fall excess over unit durations can be co +puted. If rainfall 
excess has occurod for several unit duration the direct 
runoff hydrograph can be computed by principle of cupor-
position. 

However tho assumption of uniformity of procipita-
Lion over the unit duration is always 1ikoiy to be violutod. 
To ovorcomo this difficulty the concept of instantaneous 
hydrograph was introduced by Clods(2)  in the year 1945 for 
hydrograph analysis. Instantaneous Unit hydrograph is the 
unit hydrograph of infinitesimally small duration of rain-
fall oxcooc, In tho limit whon the infinitesimally omal.l 
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duration of rainfall excess tondo to zoro, the IUH reduces 
to be the first derivative of the 8--hydrograph whose ordi-
nates have the dimensions of time-1, and whose total area. 
works out to be unity a pure number. This property of the 
IUH enabled the application of convolution intogral(DUHAflEL 
INTEGRAL) to study the rainfall runoff relationship and 
representation of the transformation process in mathematical 
form 

t°  O(t) = f 	I(s)   II t 	dz (1.0) a  	t 	) 

1lhoro 

I(s)  Input function 

Kernel function (the system function) 

Q( t ) 3* output function. 

and t' = t when t 	to  and t' = to  when t > to  

The i lH concept has been illustrat©d in the 
figure (1.d). 

The system function relating to the oatehing 
catchmont system in the above expression is known as impulse 
response function also, ^ho properties of this function are, 

(i) 0 < U(t) C A (a positive value) 
when t > 0 	(1.C) 

(ii) U(t) = 0, 	then t 0 	(1.D) 

(iii) 13(t) -° 0, 	when t •* c► 	(1.H) 
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(iv) .1 U(t) dt a 1 	 (1,1?) 
0 

(v) v{ t} .t. at 
t y , the Lai time (1.G) 

j v(t) dt 
0 

The concept of oatohcaent response to inotantanoouc 
C 

unit input provided a powerful tool to compute the surface 
runoff hydrograph of am distribution of lumped input tho 
rainfall excess. 

The Unit hydrograph for a finite unit duration is 
omporically derived from a recorded isolated event in the 
catohmont. But, emporical derivation of 1W! from the 
recorded events is not possible because no uniform procipi- 
Cation of infinitosiinally small duration over a natural catoh- 
Mont cen be thought of. However in practice theoretical 
conceptse used to derive IUIi. 

One such method w.ia given by choJ 3)  in the year 
1962. He used a procedure for approximate determination 
of IUH from given effective rainfall hyotograph (E ) and 
direct runoff hydrograph (DEl ). In this method the 1131! 

\ ordinate at time t is simply equal to the olopo of the 
3-hydrograph at time t. The S-hydrograph can be derived as 
explained above in this sub-oeetion. As the S-bydrograph 
derived from the actual data cannot be too exact, the IU I 
derived by this method is also approximate. 

10 



Other methods for determining IUH involve use of 

conooptual identities like linear reservoir, non-linear 

reservoir, linear channel and timo-area diagram etc. Float 
popular among them is the conoopt of treating the catchment 

oyotem as a cascade of identical linear reservoirs in series 
proposed by 	in the year 1957. This concept has boon 
usod in dorivation of ZUR for a natural catohment in this 

otudy and is apponded at appendix 3. 

The various conceptual identities mentioned above 

. aro dicouaoed briefly in the following sub-sections -- 

1,1.2. The Reservoir Concopt 

The catobmont action on its input acecipitation is 

analogous to the action of a reservoir on its inflow hydro-. 
graph. A reservoir also translates and attenuated the inflow 

hydrograph by regulating its outflo~ring discharges over 

certain time period. This analogy suggests that a natural 

catchment could po rhaps be studied by application of rosorvoir 
concept. Depending upon the inter-relationship among the 

inflow (I), storage (S), and outflow (Q), the reservoirs 

may be classified as linear or non-linear. 

1.1.2.1. The Linear Reservoir: 

It is a conceptual reservoir inwhich storage S 

is directly proportional to the outflow Q - 

i.e. 3 a Q 
	

(1.H) 

or 	S=ICQ 	 (1.I) 
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Where I is 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 loon-Linoar Reservoir: 
It is a conceptual reservoir in which the storage 

S and outflow Q are not directly proportional. General 
functional relationship for such a reservoir can be written 

3=C  QB 
	

(1.J) 

Where 0 and B are dimensional constants which may 

be function of input I, Storage 5, and outflow Q or their 
derivatives. For a non-linear reservoir model,C and B are 
the two characteristic parainotore. 

1.3.3. The linear Channel (Concept): 
It is a conceptual channel in which the time (T) 

required to translate a discharge Q of any magnitude through 
a channel reach of length (x) is always constant. It implies 
that when an inflow hydrograph in routed through the linear 

channel its shape and size is not affected. In functional 
form it may be stated that if I = t (t) is the inflow and T 
is the translation time for the channel reach of length x then, 
the outflow Q(t) will be given by 
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1.1.4. The Time Area Concept 
The basic concept of the time-area diagram is that 

a natural 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 
4 A1  ( 3 = 1, 2, ..... , n), such that. E N A4  = As  by 

isoohrones of travel time p. t, 

It the rainfall excess over the individual inter 
ieoohronal areas be I j  ( 3 = 1, . 2,..... n) then total runoff 
generated on the jth sub-area shall be 13  I A 

If P be the time of travel of the runoff from the 
jth cub-area to the outlet then T = ( 3=1) L t. Let rainfall 
occur only for the first time interval A-t then the runoff 
at the outlet duo to jth sub-area shall be given by, 

Q(3) '3 Ij AA3 f (t-T, 6t) 	 (1.L) 

(By application of linear channel concept). 

Dividing both sides by At  it can be written as 

A = I =A f (t--, at) 

Therefore for the whole cetohment 

E 	-D2  = E I 	f (t-T, of ) 3=1 	3=1  d 
n 

Setting E 	tt (t) 
3a1 



n 
I 

tA 
A f (t-T, At) 

14 

Taking I 	Unity for all sub - basins 
AA 

tJ(t) = E 	f (t-, 	,t) 	 (1.10 
j51 

12 .t 0 the above function gives a smooth curvo. 

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

1.1.5. The Genetic Principle 
The genetic principle is based on the concepts of 

isochronee. The isochronos are the lines joining the points 
of equal time of travel of.grater particle to the outlet. This 
explains that the process of flood formation is a result of 
lag and summation of seperate volumes of orator infloting 
from some seperato catobments. I7athematically the principle 
can be expressed an 

Q (t) a £tl t 	dt 	 ( 3..g ) 8  { 

Where 
t = Runoff timo lag 

I(t)= Intensity of rainfall excess at ttine t. 
A = Area of the catchment. 

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

¼i) = I( ) z  nl 
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Q2) Z I(1) z A2 etc. 	 (i.P) 

The catchment areas Al, A2 etc. (Fig. i.e) and 

(l. f) represent the sub tershedo limited by adjacent 

isochrones drawn according to the assumed time interval Cs. 

Taking ('c to be the unit in genera]. the genetic formula 

can be written as 
t 

Q(t) = ~ 1 I(s) X 

Where 

I(s) = Average intensity of rainfall excess 
over the duration A . 

t = current time 

A(t t+i) . = Sub waterched area bounded by the (t,- r) and 
(t—r+1) unit ieochrones. 

For an instantaneous input I the runoff hydrograph 

is given by 

Q( t) = I x (At At,.i) 	 (i.R) 

Where, 

At = Area of the catchment between 0 and t 
unit isochrores. 

Area of the catchment between 0 and (ti) 
unit isochr©nee. 

Genetic principle does not tako into account the 

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

REVIEf OP SOTME CONCEPTUAL I1ODEI1S 

2.0 INTRODUCTION 

Per establishing a suitable relationship between the 

rainfall excess and the runoff, a mathematical modal or better 

known, a conceptual model is coneiderOd to be more scientific, 

The obvious advantage in such an approach is that independont 

identities of various factors which affect the runoff process 

are condensed in a few parameters. 

Commonly two approaches to this effect vie physical 

approach and black box approach are followed. 

In physical approach actual role of the catchment in 

affecting the runoff process is investigated. The model is 
divided to behave as nearly as possible in accordance with the 

known physical laws. Various components of the model are 

identified as representing various stages of the process. 

In black box approach the physical laws are takon 
care of by a system function, generally given by mathematical 
relationships among various parameters. The necessity and 

adequacy of the parametric values are judged by comparison 

of model output and output of the actual system. The examples 
to this approach are, Sherr an' e(l)  WI theory, Bernards(  
method, Clark's(2)  method, Nash' e(  ') cascade of linear reser- 
voirs, Dooge'e(6  linear channel modol etc. 
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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) Lumped models 
(2) Distributed models 

2.1 LUfPEU 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 Inthe following 
paragraphs. 

O'Zelly(7)  proposed that the instantaneous hydro-
graph for a catchment could be approximated by the discharge 
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 isocelee triangle. 

The outflow was assumed to be the 1Ul. 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 H with that derived from 
the observed short duration intense storms. 

Clark 2)  derived the -ins t,ntaneouo unit hydrograph 
by routing the time area concentration diagram through a 
linear reservoir. Time of concentration T and the etorago 
coefficient K were the two paramoter3of the model Twas 

defined as time interval from the end of excess rainfall to 
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a point on the falling limb 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, 

(2.A) 

Where 	St is storage in the reservoir at the instant t 

and Q(t) the outflow rate at the same instant t. 

The coefficient K is evaluated as 

K M d dt 
	 (2.B) 

Where, Q is the rate of direct surface runoff at the point 
of inflexion on the falling limb of the hydrograph. 

I~ash(4) proposed a noro general mathematical model 

for IUH. He assumed that any catchment could be represented 

by a series of n linear reservoirs each having its storage 

co-efficient K with the outflow from the first becoming inflow 
for the 2nd and 9Q so on. The outflow hydrograph 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 IUH ordinate3 wore given by 

U( t 	( K n 	p t̀/ 	(2. C) 
z IT) 

The parameters of the model n and i were evaluated 

by method of moment from the observed rainfall excess Kyoto-

graph and direct runoff hydrographs, which gave the following 

relationships 
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MDRE1 0% ~' 	n 3 	 (2 . D) 

and 	'i DBH2 P'M2 n (n-i) K2+ 2 r.K NERIfI (2.E) 

Whore 

nERHIa let moment of the effective rainfall byeto-
graph about the origin. 

T ~ = 2nd moment of the effective rainfall hyeto-
graph about the origin. 

"DRHi = Ict moment of the direct runoff hydrograph 
about the origin. 

11DRH2 = 2nd moment of the direct runoff hydrograph 
about the origin. 

The definition of moments adopted here are those 

prevalent in statistics i.e. 

 'Xn dx 
,fin , 	 2.F) 

Whore 

fn = nth moment 
y is ordinate and x abscissa. 

2.2 DI STRIB1JTED I.ODMS 

In those models the input function involves spatial 

coordinated as 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 models wh(ckare capable of account-

ing for spatial distribution of rainfall excess are discussed. 
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Dooge(6  introduced the conceptof linear channel 
and modified the Trash-model by adding one linear channel 
before each linear reservoir in the series. He divided the 
catchment area by means of isocbrones and represented each 
inter ioochronal area by a set of linear channel and linear 
reservoir In the ceriea. The outflow from the linear channel 

e roprosented by time area concentration , diagram and consi-
dered as input to the linear reservoir of the set. The output 
was obtained by adding the partial curves obtained by routing 
to time area concentration diagram 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 Civven as 

t/K 
U ) 	fo 	P(m,n-1) tl(rt') dm 	(2.0) 

Where 	T Ile mum translation time 
t = current time measured from time of oceurance of 

the instantaneous rainfall excess. 
P(m,n-1)s Poisson's distribution function. 

v = A variable translation time 

m = (t -' )/i 
9 $ -Storage coefficient for linear reservoir and 

translation constant for the linear channel. 
n(ic)e Number of linear reservoirs down stream of t. 

and t1(,') P Ordinate of the dimensionless time area ooncen-
tration diagram at time me'. 
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Its the catchmont was divided into several parts by 
isocbzonee and input on each part was fed to the model separately, 
it r ao possible to account for the spatial distribution of rain-
fa3.1 excess. 

iaurenson(8)  proposed the concept of distributed 
input In non linear resory oirs. He divided the catchment by 
isochronee in several sub-areas. These sub-areas were repre-
sonted by non-linear reservoirs in series. The inputs were 
routed through the reservoirs to get the output. This model 
tried to account for the following features - 

(i) Rainfall excess is variable In time and space. 
(ii) Stor^ge in the catchment is distributed not lumped. 
(iii) Storage discharge relation is nonlinear, 
(iv) Different input elements pass through different 

amount of storages. 

The values of the parameters ic, E2, 1 .... the 
storage coefficient of non-linear reservoirs were estimated 
by,  observed rainfall runoff records by iteration processes. 

Mathurr9)  proposed a series model of linear channels 
to simulate catchment action on distributive nature of input 
function. In this model the oatcbment area is divided into 
subwatershods according to the scheme, 

U(l, t) At  - At.»1 	 (2J1) 

Where 	U,1,t)  represent Till 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 subwatcrshed is oonceptuo lrroprosented by a 
linear channel in the series which receives two typos of 
inputs, primary input and secondary input. Primary input is 
the input received by the linear ► channel at its upper bound 
translated down to it from upstream linear channel and 
secondary input is the distributed input over the subvatershed 
allotted to the linear channel. It has been assumed that 
both these inputs are received by the linear channel aimul-
tanoously. The concept of primary input maintains the conti-
nuity of the runoff hydrograph and the secondary input takes 
dare of the distributive nature of the input rainfall. The 
assumption of simultaneous translation of both primary and 
secondary input to the linear channel is valid when the number 
of linear channel. is large and correspondingly the length of 
linear channel is small. This model has been found capable 
of accounting for the unevenness of spatial distribution of 
precipitation over small drainage basins. 

I okliak(10)  and Tchekyshkina have proposed a thoore-
tical scheme for determination of discharges from snow melt 
and rainfall based on general law of runoff formation. 

In this scheme catchment area is divided by channel 
isochron©s after maximum velocity of flow in the channel 

section for a given time interval. The l}iydrograph ordinates 
are calculated by specific genetic formula 

t 
Qm  = f bt 	dt 	 ( 2.1) 

0 0 
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There, t = runoff time lag 
h. = rainfall excess 
f = catchment ass 

Q® m discharge, 

and transformation of discharges in channel section 
by lag coefficients given by the formula 

J! .,. 1, (l r)t-rc 	(2.J) 

Where 	r = constant value of travel coefficient in the 
isoobronal section of the river. 
Travel time 

t = current time 

r(IT)  = the lag coefficient for 'rth sub area at 
instant t. 

Such that, 

t z 	r,t 	=1.00 	 (2. K) 

For ordinary rivers of plains r = 0.7 to 0.8, for 
rivers having large flood plains r a 0.5 to 0.6 and for marshy 
and over grown stretches of rivers r = 0.35 to 0.45 have been 
suggested. 

The authors have also ouggested that to take into 
account specific features of formation of low, average and 
high floods on the river there is a possibility of two or 
three U.H.designs, 
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THE PROPOSED RESPONSE 140DEL 

3.0 TIE PRODL2 

Rainfall excess generated over a natural catchment 

due to storm precipitation is variable in time and space. The 
catohmont action transforms it into direct runoff which 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 review of the efforts made in this direction it 
appoars that the transformation process may be studied by 
conceptual model representation. 

In the following sections an attempt is made to identi-
fy the transformation process by a two parameter conceptual 
modal based on certain assumptions. 

3.1  1 HE ASSUMPTIOI1S 

To develops the proposed response model following 
assumptions have been made - 

(1) patural catchment is a homogeneous time invariant 
linear system. 

(2) The input function i.e. rainfall excess may be taken 

as lumped over smaller duration of time and over 
smaller areas. 

(3) g'o regulation of natural flow either exists or is 

taken into account. 
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(4) No grater is lostfrom rom 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 
outlet in distributed manner.. In doing so, they follow 
the laws of binomial distribution. 

3.2.  x lE AREA ANALYSIS 

For an instantaneous lumped input I to a catohment 
system, the convolution suggests that, 

tk t)  a I c U(o,t) 	 (3.A) 

%ihoro 
Q( t) = Runoff at instant t. 

lUf ordinate at instant,t 

From the genetic principle of runoff It Is given by 

Q(t) = I x (At-At4,i) 	 ( 3.13) 

Where 
Q( t ) = Runoff at instant t. 
At  a Area of the catchment between 0 and t imit 

inochronee. 
Area of the oatohment between 4 and (t-i) unit 
ieochronos. 

Thorofore, 
v(o,t)  0At-At_i 	 (3.e) 
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 distinguish these from the isochronal 
areas it is named as 'Response Sub-area'. And the lines 
dividing the catchment area have been named as 'Response time 
Contour' to distinguish then from the ieochrones. 

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 sub-areas involve two quantities (ii the 
time interval of the response contour enclosing them and 
(ii) the areal magnitude of the response sub«-area. Both the 
quantities are decided on the basis of the instantaneous unit 
hydrograph derived for the catchment from observed records. As 
the assumption is that the catchment is a time invariant linear 
system, Hash's model for determination of 1t311 has been adopted. 
Therefore 

a(t7 	t 	e 	 (3.D) 

The two parameters n and 1 of Nash's model are 
evaluated by the method of moments( ` . Thereafter the IUR 
ordinates are calculated at suiteb le time intervals, An 
infiniteoeiinefly small time interval will be the ideal time 
unit at which the response contours must be drawn, Since the 
system is assumed to be lumped a finite time Interval is 
adopted. The range in which the adopted time interval t t 
must lie may mathematically be defined as, 
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0 / A 1 Time to peak of MH 

The IDH derived on the. basis of gash's model(  `) gives 
an infinite recession. For the purposes of the proposed model 
the portion of the recession limb from where the ordinates 
become sufficiently small compared to peak value, should be 
curtailed and remaining ordinates adjusted to make the volume 
unity. These adjusted ordinates of the ItIH should be used for 
computing the area of respective response sub-areae. 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 any of the available relations 
(viz Manning's or Chezzys equation etc.). These flow times 
are assigned to the grid points and then flow time contours 
at the selected unit time interval ,A -t are drawn. The 
areas bounded by two consecutive flow time contours are plans- 
metered and compared with the required areas on the basis of 
the 1111! ordinates. These may differ. If so, the response 
contours are drawn on the same map m ntaining the nature 
similar to that of the flow contours no that the areas enclosed 
between the two consecutive response contours be same as 
calculated on the basis of IUH ordinates. These response 
contours are then transferred on s► fresh map and used for 
further analysis in the process of runoff computation, 



3.3  THE r'ECHANICS OP RUNOFF 

The gonetio principle of runoff which has been used 
for response sub—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 effect 
of non—uniformity of velocity distribution over stream cross—
section. An effort has been made to account for both these 
factor3 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 the 
timo v to reach the outlet, and from Q it takes the time 
rt + .4 v. If the area enclosed between the two response time 
contours be , A which is draining in the roach P Q of the 
stroam and, I (v) be the total rainfall excess generated over 
the area j, A at a uniform rate in time , v, then total run-
off volume received by the channel reach P Q is given by 

R 	,AxI (.) 
	

(3.E) 

It is generally known that the flow, velocities are  
non uniform over the channel section. it also varies along 
the channel. 'finder these circumstances total volume R of 
rainfall excess will not pass the outlet in time 4 t, but 
trill take longer time. Before time ; from start of the rain-
fall oxcoss over the sub-area ,, A the runoff contribution from 
this sub-area to the outlet is zero. Lot the discharges be 
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Catchment Boundary 

Outlet 	,, 	A2 

l 

Time Response Contours 
after maximum velocity of flow 

Response- subarea 

FIG.3a__RUNOFF MECHANICS LOCATION OF TIME RESPONSE 

CONTOURS 
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(i) RtxC.Vt'T in the time interval ~t and v +4 

(ii) R x G, r-, ,1 in the time interval c + „ , -v and t+3 

(iii) W,,,,  in the time interval +21A, t and t+3 v and 
Goon. 

Then under the condition of no losses in the river 

channel or its flood plain 

R=R(C 	+°,, +l4. 	. 	.) 	J) 

m 
or 	£ Cx,+ =l 	 (3.G) 

t 

As the coefficients C,To, perform the operation of 

distribution of runoff volume against time it is named an 

'the runoff distribution coefficient'. 

Study, of runoff .hydrograpbs indicate that the tunoff 

elements from the catchment in different time invervals for 

a skewed distribution of discharges at the outlet. In the 

proposed model the discharges at the outlet from any response 
sub-area 0 are calculated by multiplying the total rainfall 
excess over the sub-area by the 'runoff distribution co. 

efficients $ . Therefore the distribution of these co-effic .ents 
over the time must be in agreement with the skewed distribution 

of the discharges at the outlet. 

Various skewed distributions which can take these 

effects into account are available, namely, the binomial distri- 

bution, the Poisson's distribution, Chi—square distribution$ the 
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Gamma distribution etc. In the proposed model the binomial 
distribution has been adopted for explaining the mechanics 
of time distribution of Groff. A suitable expression for 
runoff distribution coefficient has been investigated in the 
following parse. 

The mathematical, expression for binomial distribution 
is ( p + q)t  f  p + q = Z, p = probability of failures, 
q a probability of successes, and t a number of trials. 

The expansion of the above binomial expression is 
given by 

p I t 	\ I rF t  qo  + ( t ) .K' t• lq 	J ) pt-2q2  

4.. . . + (t)pttq'T '. . • 	t,) O  t 	`3.11) 

The tth term of this expansion is given by 

(t) 	 +1 wc--i 	(3.1) 
(-l)T (t-.r+i)I 

In surface water hydrology if an input ja  applied to 
a catchment in a chosen unit duration of time, however small 
its responses from the catchment last for several time inter-
valo say t. M 'hen the time of concentration is given by (t-l). 
Therefore replacing t by (t--1) in the above expression, 

(p+q, t"1  t t-1)  t"i 0 + ( t-1 pt-2q  + ... . 

+(t"l) 
pt41l ..f 

 q' +. . .  + t t 1)p° qt l 	(3.J) 
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The rth term of the above expansion is given by 

{t4) pt gT-1 .~ 

( t-i) I 	, *-1 	{3. JO t 
( i)i (t,-'t)! ~ 	p  

In the above expression q stands for Probability 
of successes and Pfor probability of failures, such that, 
p~q=1. orpa( 1-q) 

Bringing in the concept of probabi..ity of successes 

of the rainfall excess generated 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 

their reaching the outlet in different time intervals, the 

analysis is advanced further. Aasining O to be the probability 

of successes of the rainfall excess generated over the th 

response sub-area, and therefore setting q a 0It 

and p a ( 1 - c) the expression for 

T,t can be written as 

As the probability 	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 
for finding out 'the runoff distribution coefficients defined 
after eqn. (3.P) and (3. G) for computation of discharges from 
the tth response sub-area at different instants t. For -v = I 
and t a 1,2,... etc. the above expression (eqn. (3.L)) gave the 
values of runoff distribution coefficients as follows 

Ti = C1,1 =2 doff distribution coefficient for the first 
sub-area for first time interval 

i dirt c(1s1) (1-C, )0 "-1) 

1 

T2 = C1,2 '0 Runoff diatributioxi coefficient for the 1st sub-
area for 2nd time interval 

-3 	(1.-" C) 2-1 - 	2-1`!  

(1-C,) 

Simi1ary 

01*3 = ( 1 

01,4 22 (1 — C1;)31 and so on 

From above, 

C,~ 4 	>1 
t 

But, the condition for the runoff distribution co 

efficiente is that 
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E C =l 
 

(3j') 

So, the cquation (3.L) needs modification to Suit the require-
mont of equation (3J4). The equation (3.L) was therefore 
modified by multiplying the l..i ..S. by C, which gave 

Cc ,t ° ~r t t- i' 	C ( 1 "' Ct)~ 	(3J) 

From equation (3.N) the values of the runoff 4istri-
button coefficients for lot sub-area arc 

C1,1 = Cdt 

C1,2 = C,t 

C1. 3 = cs (l1q*t) 2 	etc. 

Such that 

C* 
I C,=1 
	 (3.P) 

t=l 

It may be noted that the above expression (eqn. ( 3J) ) 

is defined only for t t, which is in ajroemcnt with the 

concept of travel time for the rth sub-area whose impact shall be 

felt at the outlet at time t t i.e. the upper hound of the 

enelosina response time contour of the response sub-area. In 

the proposed model the equation (3-17) has been adopted for 

calculation of 'the runoff diotribution coefficients? Which 
are givon in terms of 'the travel co-efficiento CI,' 
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The assumption of homogeneity of the catchment 

system enables to take Qv constant for each and every 
response sub-area of the catchment. 

Therefore 'the runoff distribution coefficient C 
in teriis of 'the travel Coefficient' C,, * `the response eub-
area number' v -, and 'the current tine' t, is given by 

C t a 	{t -_1) 1 - 	C' (l ",T 	)t C 	(3.1;)
(-T-I) I (t-•c) t 

3.4 THE PARAT1ET S OP THE +D 

Prom the sections 3.2 and 3.3 it is evident that in 
the proposed model 'The fleeponsa :dub-arcs' and 'The Travel 

Coefficient' are the two basic parameters. 

The mothod of quantitative evaluation and the demarca-- 
tion of the response sub-area on the catchment area map have 
been explained in detail in section 3,2. text step is estima-

tion of the value of 'The travel coefficient'. 

The selection of a suitable value of the 'travel co-

efficient' C,., is a matter of trial and error, But a rough idea 
c n be had from the following relationship. 

1> a > Peak of  h R of 	c duration 
Peak of IUH 

Where j,~ -t is the adopted time interval for drasing 
the rooponse time contours. 

The value of Cl so derived may be adopted for comput- 
ing the hydrograph of the rainfall runoff event recorded over 
the catchment. The observed and computed by drographs are 
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compared and if necessary value of C C  adjusted till a 
reasonable match is obtained. 

The value of CIV  which gives tho bast fit is adopted 
aeparametric value of the model. The assumption of homogeneity 
enables adoption of Constant value of C,T  for all response sub-
areas of the catchment. Therefore, once the Value of travel 
co-efficient C is established#  runoff distribution coefficients 

for all response su b--areas may be calculated by the relation-
ship given in the equation (3.l ). 

3.5 THE STEPS iN APPLICATION OP THE PROPOSED MODEL TO A NATURAL 
CATCI1lENT 

As discussed in section 3.3 the proposed model has 
two basic parameters, vi 2. the re ,ponoo sub-area and travel 
co-efficient. The method of evaluation of these parameters has 
boon discussed in detail in the 	-sections 3.2.. and 3.4-. . 
The procedure of application of the proposed model to a natural 
oatahm.ont can thus be summarised as follows - 

(I) 	An isolated, short duration, intense, wide-spread, 
uniform storm is selected from the observed records 
of the cater. went. The runoff hydrograph observed at 
the outlet due to 3 he selected storm is identified and 
isolated from the continuous records. , 

(ii) 	Baseflow is separated from the runoff hydrograph 
assuming a suitable distribution and storm runoff 
hydrograph Is found out. Average depth of storm 
runoff is oaloulated over the entire eatobment area. 



38 

(iii). From the observed rainfall records, the:hyetograph 
of rainfall excess Is drawn. For this propose a 
suitable value of f — index is adopted. A reasonably 
accurate value of $ Index can be arrived at from 
the analysis of storm rainfall and, storm runoff depth 
assuring constant value of A index. 

(iv) The ZUR of the catchment is derived. The flash's 
model(4)  is proposed for tho same. The value of 
the two parameters n and Ic of the Nash's model are 
evaluated by method of moments and tUB ordinates are 
computed by the relationship of equation (3.1') . 

n-. -t/k 
+fit ( 	) 	e 	 (3.T) 

kj n 

The procedure has been outlined in appendix 3. 

(v) Neglecting the recession limb of the tUH from the 
point where the ordinates become sufficiently small in 
comparison to peak value, the remaining ordinates 
are adjusted to make the area of the tUB unity. 

(vi) If further smaller time interval are not possible,. 
the time to peak of the tUB is identified and 
adopted as unit interval ,, 	for drawing response 
contours. A unit graph for duration , 	is also 
derived 'from the tiMR. 

(vii) The catchment area is divided in accordance with the 
proposed area distributive scheme, following the 
nature of flow contours as discussed in 3.2. The 
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sub-areas so arrived at are the response-sub-areas. 
Thus the IUB ordinato at ; 	from the origin re- 
presents the let response sub-area, the ordinate at 
24 r from the origin represents 2nd response sub-
area and so on. 

(viii) Average rainfall excess over individual response 
sub-areas at time steps ,, _ v during the storm are 
found out,, ouch that the average depth over entire 
catchment equals to the observed stoma runoff depth 
found out in (ii) above. This may require slight 
adjustment of the value of -Index adopted in(iii) 
above. 

(ix) Trial value of the travel coefficient C- is chosen 
as per conditions laid down in section MOO  and 
values of the runoff distribution coefficients C 
for each response sub-area is calculated from the 
relationship given by equation (3.A). 

Runoff hydrograph for the catcbnnt at the outlet 
is computed as per scheme given in ¶able 1. 

(xi) The computed hydrograph is compared with the observed 
hydro ph and If suitable match is obtained the value 
of 0 is adopted as parametric value of the model. 

(xii) If not, the value of C og  is suitably adjusted to improve 
the result and steps (ix) to (xi) are repeated until 
a reasonably well match is obtai nod. 
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Having established the parameters of the model it 
can be used to compute runoff b drograph for any stri-
bution of rainfall excess over the catchment 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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APPLICATION OP PEE PR©POSED ODOAUATURALCATCE 1ENT 

4.0. 	T'R©DUCT'ION ~rr~r +rirrr~ri arw 

The proposed response model has boon applied to Ajay 

river catchment. 
The Ajay river catchment is located in Chhotanagpur 

platen{ of the state of Bihar, (India). 

The river Ajay originates from the hills on the 

border of P'?unger, Southal pargana and Haearibagh districts 

at an elevation of about 1050 ft. above moan sea level. The 
Pathro and the Jminti are its main tributaries. The gaugo 

site is located at Sikatia *There the average bed level of the 
river Is 530 ft. 

The geographical situation of the catchment is between 

latitudo 240 51 to 24° 36' i and longitude 86°15' to 870 o' B. 
Qenoral orientation of the drainages in the Catchment is from 
North oat to South-east. Total catchment area at Sikatia is 

992 sq.miloe.. 
The catcbment area is spotted with low and scattered 

hills. In the plains there are scattered out crops of rooks 

punctured at places with pits oaponing mica and white clay 

deposits. A considerable aroa of the catchment is covered by 

gneiae and sohiste. Soil cover is usually thin. The lands 

are hideously out with gullies and ravines. The area shows 

either exposure of the rook itself diping towards north or 
immediate product of its decomposition. The forest In the 

0 



oatohment is scattered except in some portions of Hazaribagh 
district on some hillocks and some isolated patches in plains. 
These forests consist of fire wood plants, sal, Bamboos and 
thorny bushes. 

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

4.1.  AVAILABLE DATA 

Storm precipitation in the catchment and runoff data 
at Sikatia are collected by the Irrigation Department of 
Government of Bihar. Daily rainfall data at nine rain gauging 
stations in the catchment and daily average discharge data at 
Sikatia are available for analysis. The nine rain gauge sta- 
tions are located at (a) Sarath (b) Dhobna (c) Maheehmunda 
(d) Madhupur (e) Sarwan (f) .Daranga (g) Deoghar (h) Aichkhorwa 
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 pen second. The rainfall 
and runoff data which were used for fitting and testing the 
model are given in appendix-2. 

4.2  jVA11JATIO q OP M I PARAMETER 

As discussed in section 3.3, model parameters to be 
evaluated are (i) The Response Sub'-area and (ii) The Travel 
Coefficient, Per evaluation of response sub area the first 
step is to derive instantaneous unit hydrograph of the 
catchment at the outlet, The derivation of IUE has been 
done in appendix 3. The resultant ITJH is given in Pig.(4.a). 
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A unit hydrograph for the duration equal to the 
time to the peak of the 11TH has also been derived from -the 
lull P .g.(4.b). 

According to the hypothbsie postulated in section 
3.2.: response sub-area are proportional to the lUli 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 IUA. 

TABL .2 

Time in IUl Ordi- Percentage Area in Response Response 
days 	nates in of total 	eq.miles sub-area Sub-area 

cusecs 	 in acres 	No. 

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 1630 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 7 

4.0 159 0.318 3.15 2,016 8 

4.5 66 0.131 1.30 832 9 

5.0 28 0.056 0.55 352 10 

5.5 0 - OR - 

The first trial value of the travel coefficient 
was approximated by the ratio of peak value of 1 and peak 
value of lUll. Trial and error to give a good fit to the 
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oboor rod hydrograph was carried out and travel coefficient 

value ,am established at 0.97. Then applying the formula 
for runoff distribution coefficient (C4  t given in 
sootion 3.3..... The C,,, t values for each response o ester-' 
shod tore calculated (Appendix-*). 

4.3 DI VI SI OI Of THE CATCHIE T AREA IN RESPONSE SVB.-AREAS 

Following the procedure described under section 
3.2 tho area wac dAvidod as follows . 

Total concentration time as obtained from UR of 112 

day duration was 5.5 dam. rho elevation of the reeotoet 
point of the oato bent i.e 1050 ft and that at the outlet 

is 530 ft. The length of the channel as measured on the 

plan tiorks out to 56 miles or 2, 95, 680 ft. So average slope 
is 1 in 568.6. 

12anninge formula for velocity of flow in open 
channel i e 

v 	i f ?& 
R2/ S1/2 	(4.A) n 

But the value of R and n are not kno rn. So an assumption 
ias Dade that the quantity 	x R is constant. 

Putting this quantity, equal to a the equation for v' acy 
bo t,jtton as 

v = a . Sl/2 	 (4.B) 

From the above pars the loner of the channel 

and time of concentration aro known so volocity 

~, Len th o channel 
moo ooncontrra i on 
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 f 3n 	ft/eoa. .5~2 ac 

0.622 ft/eeo. 

Similarly S = x`01,1 ` 	o tes oft utle 
en 	o t e o anne 

X29 80  
From the aboVo equation 

a -g O.622  =14.732. 
S 

now value of a is knorm.. 

The areawas divided in 3 miles and and at ooh 
grid point the elevation was ontimatod from the contours. 

Connecting that point to the outlet through the natural 

drainago tine of travel to the outlet was calculated from 

the formula T = -- --- 	 (4.C) 
afS 

tlhore, T = Time of travel In seconds 

L a distance of the and point from the outlet 
measured along the drainage in ft. 

S = Average elope of the drainago. 

a = 14,732 calculated above. 

The travel tiro co calculated won assigned to each 
and every grid point. Then the equal time of travel was inter-
polated. These linos are roforrod henceforth as flow contours. 

The interval of the flow contours was taken equal to the 



time chosen 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 
areas did not tally. So the flow contours were adjusted on 
tho some map maintaining their nature so that the inter flow 
contour areas tally with the response sub-area. The adjusted 
flow contours were `the 'response time contours: 

The response time contours for Ajay river catchment 
are giv on in the map at figure (4.0). 

The Thiessen polygons Toro drawn on the same map 
for the nine rain gauge stations. 

Respective areas according to response sub-areas 
and Thiessen polygon were measured and are given in table--3. 

4.4.  ENTIP1CAZOIN OP RAIIflPALL EXCESS 

From the available records following five storms 
were selected to examine-etho working of the model. 

(i)  Storm of 13-17 Oct. 1971 
(ii)  Storm of 3-7 June 1971 
(iii)  Storm of 9-13 July 1971 
(iv)  Storm of 28 Sept. to 2 Oct. 19U 

(v)  Storm of 11-13 Oct. 1973 

Rainfall and runoff data for these storms arc 
given in Appendix-2. Runoff hydrograph for full monsoon 
mason of 1971 was plotted and master recession curve was 
derived Tig.(4-d) and Fig.(4-a). 
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The master recession curved was used to locating 
the point of recession on the failing limb of the obs©rved 
hydroaraphs resulted from the storms listed above. The point 
of r©cescion and the point of rise in the risings limb were 
joined by straight line for the purposes of separation of base 
flow. After separating base flow depth of direct runoff volume 
over the catchment was calculated. Substracting this value 
from the gross weighted average depth of rainfall over the 
catchmont the abstractions were estimated. Projecting the 
direct runoff depth over the gross weighted rainfall assuming 
constant rate of abstractions the value of ¢-index was cal-
culated. 

Then weighted average rainfall on individual response 
sub-areas was calculated by the same Thiessen method. Subs-
tracting the value of 0.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 direct runoff depth compu-
ted earlier. If these differed b-index value was adjusted 
so that the rainfall excesses over the individual sub-basins 
when averaged over the whole oatchment became equal to the 
direct runoff depth. 

These rainfall excesses wore taken 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 g. 
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TABLE No.3 

1IREAS OF INDIVIDUAL RESPONSL SUB AREAACCOMITG TO TUIESS 1 
?OLYGOtl 

(T inc Intorvoj 1'2 Day) 

roily- 	area iie gn ko .y- Area Wegti. koly1. 4roa tleight.  
gon 	Sq. 
No„ 	141loa 

age 	S Eon 
no. 

SQ, age gon Sq.. ago 
fli10 1O, Niloo 

a 	150.40 38.42 b 7,32 2.50 c 113,29 9.90 

b 	123.03 31,42 6 33,28 13.31) f 50,57 30.80 

ci 	62.20 	15.90 	0 	66,78 22,50 9 	42,19 26.70 

e 	55,82 	14926 	a 	50.91 11.40 h 	30.00 6,09 

f 	71.03 24.0 h 	45.23 27.61 

a 	6916 20*20 

Total 391.80 	300.00 	292,37 100,,00 3E4,28 300.00 

9 1.40 1071 h 17.23 53.85 	h 3.88 22.68 

h 38.40 44,50 k 14:,89 46.,25 	IC 13.24 77.35 

IC .08 63.79 

Total 81.88 100.00 32.26 200,00 17.32 100.00 

P.oa =so C b-area No. Ros onso Sub-aroa I]o.8 	Ras onso Sub-0roa No, 
Poly.. Qroci o y 117ht. 1 ó1y1 Ftoa 
son Q. ago 3 Con 3q, coo 	Eon 8q.I4i1on ago 5 
No. Milos t7o. Kilos No 

h 7.60 100,005 h 3,15 2005 	h 1.30 300,00% 

7.60 300 3.15 100 1.30 300 

0.65 3t7% 
'Mr 1 i""1 _ f'i c*t inn 



TAME 110.4 

AEE OF IUDIVIDUAL rPO1sE SUB•ARE 

ACCORDXIIG TO ¶ICSS11 POLYGON 

(Tiira Inform. Ono day) 

8"fn. +tea 	U1, 41oa 	$5 	S' $ Aroa 	$S 
cq.n .oD 3 	q m 10 	 o9.afles 
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b 21.24 43.00 

Ic 28,13 67.00 

a 3lw. 2240 c 16+29 6.61 

b 323,O 100 io 9 50,5? 20.56 

o 50,01 7.46 g 43.69 17,70 

d 300o 14.70 h 46,0 18.81 

t 121.50 i7,?o Ic 3931 23,,33 

71.03 30.0 

C 59.05 8,*66 

Total 683487 100000 	246,,16 100.00 	49.37 100*00 

Ronponco Snb of No.4 Roaponso Sub-area No,.5 

'Gi 	i 	 ' 	 X7 	• 	 n 	
_ 

-- flTJflP 	 's 

	

h 10*,75 200,00 h 	1085 	30.00 

Total. 10.75 



J  

TAE-5 

i 

 

STO?J1 PROM 	,r  OCT. TO  17  00  i j.9 1 

(All rainfall excess figures are in inches) 

Response _KainXaU excess accordin 	to date 
sub-area 5.l0.71 16.ló71 	17.10.71 
No 

- 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 	- 

i 
STORM OP3rd  JUET0 7TH JUNE 1911, 

(All 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 

1 	- 1.9007 0.2457 0.4925 0.0340 

2 	0.1996 1.4803 0.2707 0.8406 0.0557 

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 	- 
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TABLE-7  

.STORM OF 9TH TO 13Th JUL t1911 1971 

(All rainfall excess figures in inches) 

espouse 
sub-area 
eta 

Rainfai 
9.7.71 

excess ace ar 	ng to 
10.7.71 	11.7.71 

date 
12.7.71 13.7.71 

1 0.1609 0.3854 	. 0.0677 0.0232 
2 0.1834 - 	1.6565 0.2470 0.6883 

3 - - 	1.8904 0.5994 0.9990 
4 - - 	0.9348 1.25.25 0.4051 
5 - - 	0.7409 1.2589 0,3599 
6 - - 	1.5059 1.3174 0.3659 
7-10 	- 	- 	- 	1.1709 	0.3509 

STORM OF 2 T'H SEPT TO 2 OCT ! 

(All rainfall excess figures in inches) 

Response 	Rainfall excess according to date 
sub-area 28.9.71 	29.9.71 	3 0.9.71 1.10.71 	2.10, 71 

1 	0.0664 0.4367 2.4593 0.5630 0.0517 

2 0.0344 	0.3198 1.5003 0.9191 

3 0.3394 0.9940 0.7881 0.0727 

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 

7-010 - 	4- 1.1420 am 
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ST0RtI1 0P 1Tto 12TH oCT.l97~i_ uwlrw~rrrrr.0 	 n~i~ 

(All rainfall figures in inches) 

Response 	inal1 excess according to date 
sub-area 	11.10,73 	12.10.73 	13.10.73 
ito.  

1 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.O D6 	.. 

6 0.2696 1.2506 

7-10 2.1181 2.3881 

Detailed calculation of the rainfall excesses are 

appended vide Appendix-5. 

4.5. RUN0I`F COMPUTATIONS 

In the previous section input rainfall excess have 

been calculated. The model parameters response sub-area and 

the travel coefficient have already been established in 

section 4.2. 

The runoff distribution coefficients were calculated 
vide appoudix--4 Using the rainfall excess given from table 

No.5 to table No.9 as input function, runoff computation 

were carried out as per scheme of table no.1. The table of 

computationo are given in appendix-6. 
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4.6. COMPARISON OF OBSERVED AND OOI4PDPED RUNOFF 	ROGRI~PHS 

The runoff bydrograph of the five storms as observed 

were plotted at suitable scale on normal graph paper. On the 

same graph paper the computed runoff vide appendix-5 were also 

plotted. These are given from figure (4*f) to (4.j). 

It may be soon that observed and computed hydrographs 

of the five storms as pro3 ented through fig. (4. f) to fig. (4. j ) 

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 less than the observed one. This may be 

attributed to the assumption of constant value of #-index which 

remains more in the boginning and roes on reducing as the 

storm duration advances. 
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CONCLUSIONS 

5.0 SVi1NARY ©P CONCLUSIONS 

(1) In this study a simple conceptual model has been 

developed which is capable of taking into account 

the spatial distribution of rainfall excess to some 

extent. 

(2) To represent the catchment action in terms of the 

two parameters viz. ' the response sub-area' and 

'travel coefficient', a procec'~ re has been developed 

utilieina one of the observed events on the catchment. 

(3) The proposed rosponse model has been applied on a 

natural catchment viz. A j ay river catchment located 
in Chbotenagpur platau area of Bihar (C.A.992 sq. 

miles). The computed hydrographe are in good agree-

ment with the observed hydrographs. 

(4) As the response sub-areas develop their separate 

hydrographs at the outlet, the effects due to any 

change in land use which may affect the runoff 

from the particular subarea can be identified. 

5.1. pRtO?OSED f-10D VERSUS EXISTING IIOAIMS 

In the existing conceptual models the transformation 

of rainfall excess in to the runoff is explained through con- 

62 

ceptuel identities, like, linear channel, linear and non-linear 
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reservoir and time-area concentration diagrams etc. In the 
present model non of these identities have been used. In the 
proposed model the basic runoff mechanics has been explained 
considering the contributions of the response sub-areas to be 
btoomially distributed in time (section 3.3) 

A now concept of response sub-area has been introduced 
which are different from the inter--isochronal areas. The iso-
obronal areas are supposed to contribute to the outlet between 
the time limit indicated by upper and loner tim3 units of the 
adjacent isochrones whereas, the response subareas are assumed 
to start contributing to the outlet from the time indicated 
by the lower bound value of the response contours and continues 
as per binomial distribution suggested in the runoff scheme 
for infinite time intervals. 

The model though uses basic runoff mechanics from 
first principle, it is a practical tool. Computations can 
be computerised but at the some ti m~ these may bs carried out 
with the help of ordinary computation machines. 

The proponed model is basically a two parameter 
analytical model and the parameters can be evaluated easily 
from a recorded oventbn the catobment. 

Sinoo the catohmont area is divided into response 
sub-areas it is possible tD account for spatial distribution 
of rainfall excess. 



5.2. SCOPE OP PUR INVESTI TI ON 

The proposed modal has been tested for a basin 

of very high drainage density of area around 1000 eq.miles. 

Tho model may be app3..t ed{to larger basins provided sufficiently 

uniform rainfall Is recorded at least once to establish the 

parameters. 

The assumption that no control section exists in 

the catchment, puts a serious limitation on the applicability 

of the model to multi river basins. Some methodology can be 

investigated to combine the individual hydrograpbs computed 

for individual rivers to predict the resultant hydrograph 

at the outlet. 
axe 

Runoff distribution coefficients.ealculated by 

the formula proposed in section (3.3) which is based on bino-

mical law of distribution. 

Other skewed distribution viz. Poles ons distribution, 

Chi-square distribution, F-  distribution etc. with suitable 

approximation may ale o be wibtth trying to compare the basic 

responses and so the sub-area responses. 
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APPENDIX-1 

GLOSSARY OF SYMBOL 

A,B,A Area of response watersheds of the catchment 

CI, Travel coefficient 

Response sub-area number 

ij Input rainfall excess 

C ~  Runoff distribution coefficient 

t current time 

z No. of linear reservoir in Nash model for IUH 

Storage constant for linear reservoir 

Q(t) Computed runoff discharges at time t 

S Storage function 

a Constant for approximating flow contours 

T Total translation time 

IUH instantaneous unit hydrograph 

WARP Weighted average rainfall 

EWAHP Effective weighted average rainfall 

UH Unit H,ydrograph 

u(o,t),U(t) Ordinate of IUH at time t, 

u( 4 v, t) Ordinate of UH of duration p 	z at the 

instant t. 

DRO 	 Direct Runoff 



O.R.O. Observed runoff 
B.F. Base flow 
R.F. Rainfall 
R.R.F. Recorded rainfall 
MB  First moment of the effective rainfall 

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

R.O. Runoff generated over the response sub-area 
Ae  Area of the response subarea in acre®. 
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For derivation of i.U0H. Nash model was used. The model 
perimeters n and k were evaluated by method of moments as eu-
plainnd in section 2.1. through equation numbers (2.0) to(2.P) . 

A short duration storm which occurred on the catchment 
more or less uniform in space was selected such a storm was 
of 15-16 Oct. 1971. 

After separating base flow from the runoff hydrograph 
and computing the weighted effective rainfall by Thiessen 
method. Following data were available for deriving an LU.H. 

Time interval 	TRH in 	 DRH in 
In days 	 cusses 	 cusses 

0 	 0 

1 	 4755 	 1480 

2 	 25978 	 20307 

3 	 6180 

4 	 . 1850 

916 

0 

By using Uaah's method of moment values of n and k in 

the equation (2.C) have been evaluated below (Refer fig. 5) . 
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FIG.5 _ERH AND DRH OF STORM DATED 15-16 OCT.1971 



1x4. .+2578 1x1. 

	

MEM2 	 47 55 + 25978)  

1.3453 days 

	

2 8 xQ. 	.38967 
'4ERH2 	 30733 

1.9406 days2  

AM XI +?U)(r xz + 
MDRzi1, 1480+ 2©3 0 180+18 0 

a 2.3627 days 

	

MDRH2 	a  1$'  ux  -±• 

M 	6.2092 day2  

In Noah's model values of n and k are given  by 

3RI1 -- MERM1 	nk 	 (I) 

and,,. 

N H2' R)!2  n(n+1)"2+2nk II I 	(XI) 

,Prom (i) we have 

2.3627— 1.3453 m nk 

or nk = 1.0154 

or k 	 (III) 

73 
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and from (II) we have 
2 

6.2092-1..9406 n(1-n) .01 
n'2 

+ 2x 1.0154 x 1.3453 

or 4.2686  +n (1.03144) + 2.7320 

or 1.5366 n = 1.03144 + 1.03144n 

or 0,50516 n = 1.03144 

nr n = 1 0© 1 -- = 2.0418 

Say 2 

.'. 	k = 	 1154 

0.5077 days 

Putting the values of n and it obtained above in Nash model 
for ma. We get, 

tom) n-1 { 	e-t/k 

= ~..,~.._.___ 	
U 5x17 2-1 0.5077 x V 2 

 xo.' fo 7 	t. a 1.971 

3,88xtxe 1.971 

•-t/0.5077 

0 
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IUH has been calculated on the next page in the 

Table N 0.11. 

Volume of 1 inch runoff over the catchment uniformly 

supplied in 24 hours, 

2$©_x 8Q Cusecs 
`X2x UQ 

= 	26,674 cus ece 
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PADLE'11  

1.97 t -a lmu (t) nm in tom of  
a I 	0 3.88xtze I 	dimehargoc 

-I j 26674 x U(t ) 

0 0 0 0 0 
0.25 0.4925 0.61110 0.59200 150800 
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 0.006103 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 6.8950 0.001025 0.01392 371 
3.75 7.3875 0.000625 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 
4.75 9.3575 0.000084 0.001548 41 
5.00 9.8500 0.0000525 0.001018 27 
5.25 10.3425 4.5x10 5x.795 '0.000729 19 

5.50 10.8350 4.5 	.095x.434 0.000509 14 

5.75 11.3275 4.5x10"5x.265 0.0000266 7 

6.00 11.8200 4.5x10"5x.162 0.0001698 5 

Total 	1,04, 260 



In theoretical. sense the discharges from the catchment 

will continue upto infinite time. But for practical purposes 
looking to the 1'J8 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 IIJE equal to unity we may adjust the ordinates before 
5th day. This work is accomplished in table--12. 

^LADLE 12 

X.&SUV 	 au Ctrs 4,UU 	JJ.W a ~ 	a LU,JU tiaU .~, a U(t) 	r.~ 
c ays 	 tJ(t) 	charges 	I discharges Q(t) 

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 0.664 500 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 0.150 00 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 0.01553 0.032423 8421 866 

3.25 0.021100' 0.021600 562 576 

3.50  0.013920 0.014253 321 381 

Contd. 
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Table 12 Contd. 

1 2 3 4 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 

Total = 	4000000 

Response subwerea 

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

The TUB peak reaches at 1/2 day i.e. 12 hours so the 
time interval should be less than or equall to 1/2 day. The 

areas proportional to the IUH ordinate at 1/2 day I day 1.5 day 

2 day otc. •have been calculated in Table-.13. 
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TABL. 

'Time 	I iiJ 	ordinátC Percentage or rea in Area in Sub-area 
dey s cusec® tota3 sq.niileo acres nos. 

0.0 0 0 
0.5 19795 39.460 391.50 250560 1 
1.0 14777 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 7 
4.0 159 0.318 3.15 2016 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 



TABI.F1.4  

1/2 DPI! Iii 11OM IU1i,,. 

me IIJIF 	Mrs. or 1/2 day 
days 	 cueece 	 UH cusece 

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 1283 2039 
3.00 866 1243 
3.25 576 930 
3.50 381 624 
3.75 246 411 
4.00 159 270 
4#25 102 174 
4.50 66 112 
4.75 42 72 
5.00 28 47 
5.25 19 30 
5.50 0 14 
5.75 0 9 
6.00 0 0 

IUH and 1/2 day UH computed above are plotted as 
Pig. (4. a) and (4.b) respectively. 

Time base of the IUH is 5.5 day. Therefore the 
time of concentration for the basin = 5.5 days.. 



EVALUATION OF TRALEL CO JICIENT AND RUNOP 

'i1STRIBUTIOO 02MI CI +1T 
IIIr~r~rrr~ril~nr~rrilrirr~rMr~r14 r~li~rrrl/r nrr 

The value of travel coefficient Cv was calculated 

by trial and error. First trial value was taken as 

= Peak of 11H 	d t gn 
e o 

Where 6 r is the time to peak of the 1W1. 

Progressively Cv value was changed to improve the 

output response computed on the basis of trial C r value. 

In the present case Cv = 0.97 gave a better match and so 

it was adopted, The values of runoff distribution co-

efficient Cr t are given in Table 15.  

M• 



9DL COEPrzCIIIITS ca  a 0.97 

Respc to time interval t 
sub— 

No. 	2 	12 	13 	14 	15 	16 

1 

2 

3 

4 

5 

6 001 

7 018 0.0001 

8 254 0.0025 0.0002 

9 052 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 

mm• 
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ID:ANTIVICtTIOU OF RAINFtLL LOESS FOR FIVE STORMS IN M AY 1348Itd 
GT $Ii ATI 4 (BIH tR) 

C4LCUL 4IOI FOR t!„ A,R,F. OVU CCCH141E lT - $TORS D AT 15-17 OCT. 
1971 

RainCauCo E5o1cht- ,.. 	0 	 7 
8 totion u 	oge 	it" Ito `. W 	.1 . R. t141 F 	,, R„ F. 	1.IAAF 

SS 	inch Inch Inch 	inch inch . inch 

a 16.30 - 40 2.42 0.3665 
b 13.14 - 1.35 0,1773 	0*05 0.0066 

c 6,82 .. 1.71 091107 	_ .. 

4 30.12 1027 0,1285 _ 	M - 

e 12.26 - • 1.44 0.1764 	.' r 

12.25 4.06 0.0735 2,13 0,2G]0 .~ 

20.19 2943 0,2520 0.83 0*0861 

h 8,096 d* - L80 0.I.611 	0*06 0.004-6 

k 30.92 0.80 000972 ,• .0 	-  - ,. 

Toto1 	 0.5532 	1.3451 	0.0111 
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Alto 	0,R.0, E,F. T .R.Q. 	ComputatUon for $ Index 
Cu;ecs Cu iccc Cusses 

r.wi  
• 

14.30,71 C50 350 0 

16,30.71 1988 488 1480 

16, 20.71 20983 616 30307 
1,7,E 20.71 0925 745 6180 
180 220.71 2723 873 1350 

19* 10w71 1917 1001 93 

30. 20.71 1130 1130 0 

0,R.0.Dop ► = X30733 x 2 &3soQx12 
992x5250x5280 

c 1.15 Inches 

Gross I,I *P,: 0,5618+ 1.3451 
0.0111 0 1.5074" 

Total loan (1.5074«-1,15" ) 
: 0.7574 Inch 

0.7574 fo /day 
3 

0,,, 3?31,5" 

,sting constant valuo of pi- Indox it works out to be Q.3733"/day. 

OVi rB~.. 

Date 	t; 4RPF 

15,10„71 	00 IICO" 

3,30.71 	0.9720" 

I7, 30.71 

Total 	1,1513 

Total 	 30733 



85 

C1LC'UL*tTION OF 31►RF ON INDIVIDU1L SUB BASINS - DATE-11ISR(R.F.IN 
INCli&) 

GTOR'c9 OF 15-17 OCT. 1971 

Sub- R,O. `sleigh- 154Q.71 16.,10 71 17 la.73 
Basin Stn. REF RRF 	IfARF RTtF t~An No. 

tags 

1 a 38042 - .. 2#92 	0*9300 qp 

b 31.42 1#35 	0.4240 005 0.0157 

6 15.90 127 0.2020 .Y 	- - w 

e 14.26 - 1#44 	0.2052 

Total 003020 1.6592 0,,0157 

2 b 3,50 • 1.35 0.0338 0.05 0.0013 

d 13,20 1,27 0.1683 - - 

e 22.60 - - 1,440,3240 • - 

c 17.40 -► - l.71 Q.275 5 .. ,. 

f 24.30 0.06 0.0146 2.13 0.5175 ~• 

9 30.20 2.43 0,04910 0983 0# 1675 - 

Total 0,6719 1.3403 0,0013 

3 c 9190 • w 1.71 0,1693 

	

30,80 0„06 	0.0185 	2.13 0,6660 	- 

g 257,70.. 2,43 	0,6240 	0,83 0.2  

h 	6.09 	- 	1.80 0,1007 0.O 	0.0030 

	

k 27.51 0.39 0.2445 	w 	- 

Total 	 098370 	1.1480 	000030 

cone.../ 



e 

1 	2 	3 	4 	5 	6 	7 	8 	8 

4 	g 	1.71 2.43 	0.0415 0.83 0.0142 	- 

Ii 44.60 	1» 	 1.80 0,8030 0,05 0.0225 

Ic 53*79 0.89 	0.4790 - 

Total 	 0,5205 	009700 	0,,0270 

5 	h 62,55 - 	 1,80 (29700 0*05 0.0270 

k 46.15 0489 0.4305 	 -  

Total 	 0.4305 	0*9700 	0,,0270 

6 	b 22965 	 1.80 0,,4075 0,05 	0*0113 

Ic 77*25 0*8 3 	0*6580 

Totel 	 0.46880 	0.4075 	0.0112 

7-10 b 100.00 	 1880 10B000 0.05 	000500 

Total 	 1.8000 	0.0500 
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Total of Net Wes' over the catchment = 0.191 
0.9558 

• Tots. : "rC~► 
R.0, depth* 1w :.600 

• . Deficit pain.: 0*0034 

~S • Index must be reduced by an emit x to make up this 
deficit In not rainfall. For the value at xt wa got 

x ~ 0 * 3 0 -- 0,01270 -2 (0.29472+ 0.16671- 0,,08260

• + 0.03260 t- 0,01727 	X 0.0024 

or x [ 0.40730 " 1.1350 i* 0.0034 

or x . S 	t .Q,001604 $ ay 0,0016" 

ii 

• s 0 reef sed * 0.3732 0.00W w 0,,3717"/flag 
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CthcJL.IOU M"OR 0,R A0, DE TH 

'f 

Dato OORMO. B.P. DIR.0 ♦ 

Cucecs Cuaecc Cusses 

3.6.71 2602 2602 0 

4,6.71 5359 2681 2678 

5.5.71 46900 2760 44140 

6.6.71 30223 2839 13334 

7 ,x 6 , 71. 13884 299'? 15956 

8.6.7 , 6920 2997 3923 

9.6471 328 3076 852 

20.5.71 3155 3155 0 

Total 80963  

Gross 1r1, 4.R„F, avOr the 
Catchment 

2.6.71 	0.5246 

4,6971 1,6687 

S.6 *71 0.4669 

6.6071 1.1915 

7,6.71 0,3763 

Total 	42 170" 

Loss of rain a (4,217 - 3,,032)" a L185 

Loos ,rate = 	0 0*237t'/day 

Non of tiro tIARP sic loos than 0,227"/dsy 

• I 	

yy~ 

i Y 	n8~ a 0*23 '/doy 

Datoc 	3,6971 4,6.71 
	

5.6,71 
	5.6.71 	7.6 071 

0,2876 L4317 0.2199 0*9545 0.1382" 
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Total EWARP 	0.4070 
1.4252 

0.2327 

0.9485 
0.1439 
3.1573 

0.R.O. depth 	3.0320 

Surplus depth = 0.1253 

Index must be increased by an amount x given by 

z j4 x(0.39460 +4.03250 +0.03250) + (0.2947+0.16571+0.01727 ) 
+ 3 x 0.01270 	a 0.1253" 

or x C 4 x 0.50960 + 5 x 0.47770 + 0.03810'3 a 0.1253" 

or ( 2.03840 + 2.38850 + 0.03810) x = 0.1253" 

or 	4.46500 x = 0.1253 

or x 	0  22 	0.02811 

But EWJU P on individual basins show that 0.0262+ t 
40.0130" are less than x. 

'Revised value of x 	0*  12 -- 0 0000 
f i 	 0- 0. 1 	. +  

0 r 	 0.4281' 

4  • . Revised value of index a 0.2370 + 0.0281 
= 0.2651" / day 
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£ liLCAL TIcN FOR DSO. DR: j ~rnw 	 +~r~ +~uir~r~~ 

Dcito 0.R.0. B.F, .R«0, 
Cusses Cusses Cuseas 

8.7.71 4049 4049 0 a.R.O.depth 
9, 7.71 8813 4470 2043 v 	1382 .3x 2 	...1 	. 

992t5280x5280 
10.7.71 7536 4871 2644  

11.7.71 220308 512 14996 5 	' 	
2,030" 

32.7„7 1 24758 5733 19028 

.3. lA*? 1 17233 43 11079 Tag the rainf all upto 
2.nfl ex .on point which, cone d 

144 l ?,~^1 I2 6575 3837 on 13,7:71 only offect9.vo 
.~n producing 11,0, We got 

16*1i0w71 6995 6998 0 gross rainfall 

w - ---- 	 Q,4606 f 0,3774 + 1.3208 
Total. 63623 4. 0.8899 * 0.8233 

3,8'19 

,. 	Lost rain Z(3,8719 - 2„010) "- 	1.8619 	. 

&verago loss + 	2 0,3724 

I1on of 11,; ,R,F, are less than 0.3724"/day 

fd Indoz - 0.3724"/day 

£ MAL LIBRARY UNIVERSITY OF WORM 
"oeR, _EE 



GROSS td. Q,.R.F. EXCESS OVER WS BASIN 

Date 	Grose tl. A.R4,F,. 	Index 	R.F, Excess 
inch 	 inch 	Inch 

9.7.71 0.4606 0.3724 0.0882  

)D! ̀ .! 1 V..37!4  _ 003M 000050 

11.,7.71 1.3208 U.3724 0,9484 

i2.7.71 0.8899 0.3724 0.6176 

13.7.71 0.8232 03724 0.4608 

Total 2.0099 
2,01" 
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.. Total ERF depth over the ban 
0 *1312 

O.R.Q. depth c 
2.0100 

Eu.us 	0.0634 

• , O-Indoa should be incroaood by ,cam cmcnmt s given by tho 
following relation to absorb the surplus depth, 

CAW0*399-160 4.0*29472 +   0.1557 j-3z(0.08260 ,..0.03850  4 0.0172?) 

+ 2x0.0 ?o3 x a 0.0634 

or, (4z0.855034 3x0.13227 .0.0254!) x . 0.0534 

or, '3.42012 4 0.39881.0.02&0) I r 04534" 

or, 3.84232 x 	0.0634 

or x • 0.0165"/der 

0 rovisod 	0j ?24+ 0.O35" 	0.3889 

But roinf all on 9.7.71 9n 3rd eub..boe2xi beeamvo 	0,3889", 

i1ou for no (rovisod value of x) ve gat 
(3.8 33 - 0.:57) t , (0,063 - 0*0021) 

or (3.67662) x a (0.0513) 

or 7. * 	 0.0167" 

• . A 2nd rev3 sod : (0,P24 o.0367")/day 
0.3891 
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CALCULATION FOR 0.R.0. DEPTH ' 

.uat •., 0.. A ip. B.F. 	D. R.0. 
Cuceos Cuseos Cuseoa 

28.9.71 598 598 j~ DRO Depth . 92 x2 R 600 992x580 
29.9.71 2054. 566 1488 2.76" 

30.9.71 23276 534 22742 Gross weighted average rainfall 

1.10.71 24531 $02 24029 0.1927 

2.10.71 11540 470 11070 0̀ 5296 
p.8991 

3.10.71 5678 437 5241 0.8686 

4.10.71 3835 405 3430 0.2459 

5.1.0.71 2770 373 2397 3.7359 

6.10.71 1862 341 1521 .0. Hain lost =(3.7359-2.7600) 

7,10.71 1232 309 923 = 0.9759 

8.10.71 960 277. 683 . . Average lose rate 	0. 

9.10.71 244 244 0 ©.1952 "/day 

Totes, 	73524 

. Ø..Tnde a - 	; .97590.1 921 = 0 g = 0.1958 "/day 

R. '„ exoeeoes are 29.9.71 0.3338 
30.9.71 1.7033 033 
1.10.71 0.6728 
2.10.71 0.0501 

Total  2,7600 
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. 'dotal ERF depth over the catchment 

0.0447 

0.3407 

1.6952 

0.6603 

0.0723 

2.8132'1  

O.R.O. depth a 2.7600' 0  

Surplus depth -a 0.053211  

Now, value of j' suet be increased by an amount x 
given by the following relation in order to absorb the surplus 
depth of 6.0582111  

x [ 5 x0.39460 + 4 x( 0.29472+0.16571+(.08250 + 0.03250+0.01727) 

+ I x 4.03270: = 0.0532" 

or x 	j'  1,.97300 + 4(0.59270) + 0.01270,: 0.0532'1  

or x 1.97300 + 2.37080 +0.012700 	0.0532 20  

or x [ 4.35650 "3 x 	0.0532  

0.0122 "/day /day 

. • . 	$ revised = (0.1958 + 0.0122)' • /day. 

• 0.2080" /day 
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WARF excess 	0.5858 
2.0779 

0.2561 
2~. 

R.O. Depth 	2.9000 

.. Surplus rain 	== 0.0198" 

The value of g index must be Increased by an amount 
x to absorb the surplus rain. For the value of x 

x C 2(0.39460 + 0.06250 + 0.03250 + 0.0172 +0.0270) 

+ 3(0.29472 + 0.16571) J a 0.0198 

or x 	2 x 0.53957 + 3 x 0.46043 3 a 0.0198 

or x (1.07914 + 1.38129) = 0.0198 

or 2.46043 x a 0.0198 

cr a a 0.0099" 

. ~. 0 revised = ( 0.2620 +0.0099) /dey  

= 0.2719•' /day 
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COMPUTATION OF FLOOD kYDROGRAPHS FOR 

FIVE STORMS 
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