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SYNOPSIS

The establishment of relationship between rainfall
and runoff is one of the basic problem in hydrology. Such
relationships involving various factors affecting runoff are
useful for extending runoff records by using rainfall
records which are generally available for longer periods.
The relationships range from simple rainfall versus runoff
‘®lots for different periods such as storm, monthly, or

annual to very complicated rainfall runoff model.

In the present study, the monthly rainfall-runoff
relationships have been established for Ramganga river basin
upto Kalagarh gauge site, for estimating the water availabi-
1ity using flow duration analysis procedure. The catchment
area of Ramganga river upstream of the Kalagarh dam site is
3097.60 sq-km. Most of the area extends over a rugged and
hilly terrain. The monthly average basin rainfall obtained
from 5 external raingauge was available for 60 years. The
relationshiégigggggge basin rainfall obtained from 5 exter-
nal raingauge station and corresponding average basin rain-

fall obtained from internal raingauge station is established,

to develop 59 years averagé basin rainfall.

The monthly rainfall-runoff relationships is esti-
mated using two methods (i) Linear regression analysis

(ii) Multiple linear regression analysis.



In the mevhod of simple linear regression analysis
‘the monthly rainfall data (X mm) and monthly runoff data
(Y mm) were used and the suraight regressicn is fitted ana-
Lyiically by the method of least square in the form
Y = A + B X to establish monthly wainfall-runoff relation-
shipe

In the method of multiple linear regression analysis
the rainfall of the previous month has been taken (Xé mm) into
consideration along with the monthly rainfall (X m) to the
rasulting monthly zunoff ( Y mmy, “ha equation of the form ‘
Y=A+ B + C X fhis corrslation was £siablished for
the month of July, Augus:, September and October as the
affect of monthly zainfall for the month of My ig ver

lLess on the runoff for month of Juna.

Yhe procedure has been developed for computation
of 60 years runoff series., For estimating the water
availability, flow duration analysis proéedure has been
taken by using the annual runoff se¢ries obtained by lineav
regression analysis and by multiple linear regression

analysis.

In this study an attempt has also been made to
represent the éﬁg:géries of siructures of available daily
runoff data by a simple stochastic model., Such model or
some similar model could be used LO generaie a number of

alternative sequences which can be then used for arriving



at realistic information vegardiing flow availability. How-
ever theso will involve generation of large amount of numbér
of raniom numbers. This can be achieved only on very hig
ligh speed digital computer, In view of This préesent study

the generation of daily flow sequence has not been attempted,
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CHAPTER - 1

INTRODUCTION

The main step in water resvurces plamning isto
aggess the water availability. The hydrologic appraisal
of water resources is the basic requirement for planning,
designing, constxucting, and operating water resources
projects. Its objective is to determine the source, extent
time distribution and dependability of supply and the quality
of water on which an evaluation of control and utilization
is to be based. The design of irrigation and hydel project
often requires a complete analysis of stream flow possibi-
lities with respect to runoff not only from individual storm
but for extended period as well. The efficient operation of
many irrigation and power and flood control developments
require that some estimate be made of the stream flow to be

expected during coming month, gseason or year.

When long term runoff data are not available at the
project site, indirect determingtion of runoff may be empleoy-
ed. This runoff may be determined by extension of shoxt

term runoff record by using long term rainfall record.

Generally in the project site long term rainfall
data are available from which some indirect method is applied
to estimate the water availability by computing runoff series
from the available long term rainfall data. Defficient

hydrologic data may result in the danger of under and over-



designing. Generally in the water resources project

where the long term data of runoff is not available the
long term monthly rainfall is used to compute runoff series
after developing monthly rainfall runoff relationships with

available data.

The relationships between rainfall and runoff is
usually complex. These relationships is influenced by
various factors such as storm pattern, antecedent condi-
tion and basin characteristics. Since the most recent
rainfall has greatest effec% on soil moisture, precipita-
tion values used in an antecedent precipitation index
should be weighted acoording to time of concurrence. But
soll moisture is not, the only influencing factor. Thus
more parameters are needed to completely explain the scatter
of pointg in rainfall runoff plot. These parameters could
be duration of storm, time of year, distribution of chara-

cteristics of rainfall, evaporation loss etc.

As we consider bigger size of catchment the process
is affected more by channel characteristics and many faotors
which are important, for small catchment these factors are
- less important. As we go from short time interval say one
hour, two hours, three hours,'day to month, season or year
it becomes possible to develop suitable and simple rainfall-

runoff relation.




The basic objective of this study is to make water

availability study for Ramganga basin upto Kalagarh.

Ramganga river is the first main tributary of
Ganga river ont its left, after river enters the plains.
Ramganga river riges in the Lower Himalayas north of the
hill station of Ranikhet, where a no. of small tributaries
join it. Ramganga catchment upstream of multipurpose dam
at Kalagarh extends over a rugged and hilly terrain of
3097.60 sn.km. Nearly 50 percent of drainage area is
covered with forestwhile above 30 percent is under culti-
vation with terraced field. Average annual precipitation

is 1552 mm out of which 262 mm during non-monsoon period.

Weighted monthly mean rainfall was available for
60 years from (June 1901 to May 19€1). These mean were
derived 5 external raingauge. Monthly rainfall data was
available from 12 internal raingsuge station inside the

cavenmeni ror the period 1957 to 1967.

Daily flow data was available at Kalagarh gauge
site from 1957 to 1967.
This study will be done in the following stages -

(1) Computation of average basin rainfall series of

60 years.



(2)
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(5)

Development of ~uitable month rainfall - runoff

relationships.

Cowpuvavion of monthly and annual flow series.

Water availability study using flow duration
analysis procedure.
Examining the possibility of development of a

stochastic model of daily runoff.



CHAPTER - 2

A BRIEF REVITW OF LITERATURE

2.1 TNTROTITCTT ON

In hydrologic analysis, it is often useful to
develop relationships between rainfall and runoff, for
water availability analysis. Such relations are useful
for generafion of runoff from longer period of rainfall

which are generally available.

The estimation of water availability 1s necessary
in water resources development not only for economic
appraisal of the project but also for checking the relia-
bility and general pattern of availability of water from

year to year.

30 when rainfall data is available for longer
periods and runoff data is available for shorter period,
it is necesgary to develop rainfall-runoff relation to
compute runoiff series. The relationships between rain-
fall and runoff is usually complex. These relationship
is influenced by various factors such as storm pattern,
antecedent conditions and basin characteristics etc. Due %o
these complexities and the frequent paucity of adequate data man -
formulae which have been developed are only approximate.
Following rainfall-runoff relations are generally developed
for computing runoff series dependingfupon particular

reqairements and data.



(a) Annual and seasonal rainfall-runoff relation
(v) Monthly rainfall-runoff relation
(~) Atnrm mainfall-runoff relation

These relations are sttempted through linear or nonlinear

regresgion models or through conceptual models.

2.2 RBGRES3ION MODELS
'2.2.1 Annual and Seasonal rainfall-runoff relation

In humid climates, annual yield of small water
sheds may be much smaller than those of rivers because
the later contain high base flow. In arid and semi-arid
climate annual yield of smaller water shed may be greater
than those of large streams and rivers that have channel

transmigsion losses and no base flow.

Some methods of annual and seasonal rainfall runoff

relationships are discussed below -

() Rivrias Ma+thngd

Sir Alexander Binnie was probably among the first
who try to develop relationship of Rainfall and Runoff. In
his study, he hag taken Amajheri reservoir on Nag river in

Madhya Pradesh, which has a catchment area of 6.6 square

mile.

The characteristics of the catchment to which

Binnie applied for developing the relation is as follow -



(i) In Ambajhari catchment, only the wet season rainfall

is normally effective in producing the year's runoff.

(ii) . The catchment area maintaln the same condition of dr.-:
ness of surface at the beginning of each successive
wet season and

(iii) The catchment is small, steep and almost impermeable.

(b) Barlow's Method
Mr. T.G.Barlow has studied the actual flow from

catchments of various sizes mostly under 50 square mileg in
the United Provinces and propounded a system of estimating
runoff. He divided the catchment into five classes and %o
each class he assigned a figure representing the percentage
of Runoff fo Rainfall for an'average year'. These percentac- -
based on average type of monsoon were to be modificd by it
application of certain co-efficient according to the 'natuxe
of the season' The figures of percentages for an average
yvear and the co-efficient depending upon the nature of the

seagon are given in T8bles 1 and 2.

TABIE - 1

BARLOW'S PERCENTAGE FOR DIFFERENT TYPES OF CATCHMENT

Class Percentage Description of Catchment

of runoff
A 10 Flat, cultivated and black cotton soil
B 15 Flat, partly cultivated, various soil
C 20 Average (probably undulating with moders: -
slopes), greater part cultivated.
D 35 Hills and Plains with little cultivatic:o.
E 50 Very hilly and steep with hardly any

cultivation




TABLE -.2
CO-EFFICIENT OF BARLOW

Nature of season A ' B C D E

Light rain, no heavy ’
down pour 0.70 0.80 0.80 0.80 n.80

Average year,varying
rainfall, no conti-
nuous down pour 1.00 1.00 1.00 1.00 1.0

Continuous down pour 1.50 1.50 1.60 1.70 1.80

The above two tables may be combined into a single

one and is tabulated in Tagble -~ 3.

TABLE -~ 3

RUNOFF -~ RAINFALI PERCENTAGES BY BARLOW

No. Nature of Season Class of Catchment

A B C D

(5]

1. Light rains, no

heavy downpour 7.0 12.0 16.0 24.0 40.0
2. Average year 10.0 15.0 20.0 35.0 50.0
3 Continuous down-

pour 15.0 2.5 32.0 59.5 50.0

The method gives quick results when only a very
rough idea of the available runoff is required provided
the classification of the type of the catchment and the

nature of the season can be judged correctly.



(e) TLacey's Method Y

Gerald Lacey worked out a formula for seasonal
runoff, taking into account rainfall, nature of the catch-
ment and the duration of the monsoon.

100

120

R/P percentage = —=Zmr—
1 + 353 f

Where
R = Monsoon Runoff in inches
P = Monsoon Rainfall in inches
S = A catchment factor
f = Monsoon Duration factor

(d) Jusgtin's Formula

- Mrs Joel D.Justin drew‘logarithmic curves of rain-
fall and runoff for nineteen catchment in Eastern United
3tates and came to the conclusion that the relation between

rainfall and runoff must conform to the general shape.

R = K P°

Where R is annual runoff in inchés
P is the annuval rainfall in inches

K and n are constants

He observed that the value of 'n' in all cases

nearly equal to two.

He also tabulated the value of catchment slope S
the mean annual temperature T and the value of K in fourteen

catchments, with varying characterigtics.
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(e) Parker 3tudy

Parker presented the rainfall-yunoff relationship

as
-7 ~1 (1)
Where R = Annual runoff in inches

P = Annual rainfall in inches

L = Annual rainfall in inches

He gave the rainfall loss L in an individual year

by equation
L =2a+bP ce (ii)
According to him the equation of the type

L = a +-bS PS + bW Pw

Whe re PS is the rainfall in summer and PW the rainfall
in winter, would be better than enuation (ii). On consi-
derations of practical convenience, however, he used to
former equation itself (i.e. equation for purposes of
computations). Trom a study of the data of catchments in
British Isles, Germany and Bastern United States, he found
the value of 'b' to be 0.16. In deriving this value of 'h!
he neglected the data of all years in which the rainfall
was more than 1.2 times the mean annuval rainfall of the
catchment, for the reason that a practical engineer is
more concerned with only an analyses of the dry years.

He gtated that the formula so found, i.e.

L =a +0.16 P
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""will be correct for all temperate and non-continental
climates provided the mean annual rainfall does not greatly

exceed 0 incheg'.

| None of the methods enumerated above either for
the estimation of surface or ground water can be applied to
a given situation without a study of its specific features
and deciding upon the most suitable approach. For an accu-
rate determination of available supplies, surface or ground,
most of the methods require either long term records or
experimental analysis involving a certain amount of cost,
time and certain minimum laboratory facilities: In the
ultimate analyses, such methods would no doubt be necesgsary
for the sake of écoﬁfaéy. Buf, if there be a method that
could indiocate tﬁe order of available supplies. It will
gerve as a basgis for a preliminary forecast and for judging
the desirability or otherwise of taking up more expensive

investigations and analyses.

2.2.2 Monthly Rainfall-Runoff Relation

when monthly rainfall is available for long period
and runoff igs available for short period, then to compute
runoff series for water availability analysis. Suitable
and monthly rainfall - runoff reliationships can be developed.
Usual methods are graphical correlation by plotting the
direct rainfall and runoff value, the linear regression ana-

lysis and multiple regression analysis.
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In the linear regression analygis the straight
line is generally fitted by method least square method in
the form

Y = A + BX

Where A is the intercept and

B is the regression co-efficient of dependent vari-
able Y and independent variable X. In order to establish
monthly rainfall-runoff relationship with this proces s Y is
taken as monthly runoff and X is taken as monthly rainfall.
This relationships developed by linear regression analysis
cannot properly account for base flow contribution which is

influenced by rainfall in preceeding months also.

In order to establish the monthly rainfall runoff
relationships considering the effect of rainfall of previous

month on the resulting runoff, the multiple régression ana-

lysis can be used in the form

Y = A +-BXl + CX2

Where Y is dependent variable and Xl and X2 are
externally independent variable. In this equation there
are three parameter to be determined. The parameter A is
- the intercept, B is the multiple correlation co-efficient of
Y on X1 when X2 is kept constant and the parameter C is the
multiple correlation co-efficient Qf Y on X2 when X1 is kept

constant. With the help of this method monthly rainfall-

runoff relationships can be develop by considering the effect
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of previous month rainfall also. Where Y is taken as the
monthly runoff and Xi is the monthly rainfsll of the same

month andé X2 for the previous month rainfall.

The multiple linear regression method can also be
used to develop monthly rainfall-runoff relationships by
considering the effect of more that one previous month

rainfall.

Some more methods used to develop monthly rainfall

runoff relations are discussed below -~

(a) Methods used in Ramganga Project
In the Ramgangs project the monthly rainfsil-runoff

relationships-has been developed in the form

g

R =
- 7
and R=P -k P
Where R = runoff in inches

P = rainfall in inches
K,k,N,n are constants are better suited for comput-
ing runoff from relatively short period rainfall when contri--

bution of ground water to runoff igs minor.

This relationships were used for the month of June,
July, Auvgust and for the non-monsoon month (November to May).
For the month of September and October the monthly relation-

ships hag been developed in the form

Ri = 8 P(l'—l) +b Pi
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Subseript (i-1) refers to the preceding month. The

constant a and b are fitted by method of least squares. The
above method shows, when rainfall is gzero, runoff is also zerc.
(b) Vermeule's formula

In 1894 C.C.Vermeule put forward a formula whioch
expressed a relationships between evaporation rainfall and

mean temperature. He worked out monthly loss in the form

I = + b
, a P

Whe re I = monthly losses in incChes

p = month rainfall in inches

Vermeule's were derived from specific catchments
which have a mean annual temperature 94.70. To make them
appiicable to other catchments he iﬁtroduced another multi-
plication factor (0.-05 T — 1.48) where is the mean annual
temperature. Parker tested the multiplication factor and
furnd it correct for catchment in United States, but in
applicable to British and German. Later Vermeule develop in

the form

R =P - (11-0.29 P) (0.035 T - 0.65)

2.2.3 Storxrm Rainfagll-Runoff Relation

The rainfall-runoff relation correlates storm rain-
fall, antecedent basin conditions, storm duration, and the
resulting runoff. As in any statistical correlation the basic
data being used to develop runoff relation must be as consis-

tant and reliable as possible. Only that storm rainfall
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which produced the runoff being considered should be includ-
ed small showers which occured after the hydrograph had
started to recede and should not be included if they have
little effect upon the amount of runoff. Similarly, showers
occuring sometime before the storm should be excluded from
the storm rainfall and included in antecedent precipitation
if such an index is utilized. Rainfall duration need ndt be
determined critically unless one is interested in making

accurate small amount of rainfall.

The bagic technique used by the U.3. Weather Bureau
is the Co-axial graphic al method. Such relation is developed
using data for one or more head water areas in the bagin
where forecast are required. 3tudies must be limited to areas
for which the runoff can be evaluated (from the hydrograph )
for each individual storm eventc. HFactors such as soil type,

land use, ground covver etc. are also considered.

In this rainfall runoff relations the antecedent
bagin condition are represented by two variables. The first
is an antecedent precipitation index (API), which is essen-
tially the summation of precipitation amount occuring prior
to the storm weighed according to time of océurance. The
API for to-day equal to K'times the API for yesterday plus
the average basin pfecipitation observed for the intervening
day. The value of K used by the U.3.Weather Bureau river

forecast centre is 0.90. The second variable is week of
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the year in which the storm occurs (As for example Ist
week of Jan. being 1 etc.) Week of the year introduces the
average interception and evapotranspiration characteristics
of each season which when combined with antecedent precipi-

tation index provided an index of antecedent soil conditions.

Besides this there are some other approach also such
ag the infiltration approach by using infiltration indices

ete.

2.3 CONCEPTUAL MODEL

In recent years, a number of mathematically sophis-
ticated m~thods of hydrologic analysig have béen developed.
All these methods and those proposed in the earlier years
for hydrologic design are essentially technigues of hydrologic
modelling. The complicated hydrologic phenomenon can be
better approximated by modelling only. A brief description
of the modelling approaches of rainfall runoff process used

in hydrologic models are being discussed below -

2.3.1 Principle of Conceptual Models

The process of modelling a physical system can be

divided into the following three phases -

1. Model formulation
2. Model calibration and

3, Model verification
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Execution of.the modelling process is bart art
and part science. The designer must combine ekisting know-
ledge of the physical processes with conceptual representa-
tiong of unknown principles underlying the process being

modeled.

2.3.2 Requirements in a Model

If a model were renuired solely to forecast the
flow from a particular basin, it would probably be adequate
to specify the models form and parametric values such that
the computed output was a sufficiently close reproduction
of the observed output. If the model is also to help us to
understond the process of converting rainfall into discharge
and the relativé importance of different elements in this
process, and particularly if it is hoped eventually to use
the model for basins without records by establishing relation
between the model parameters and basin characteristicg, it
is essential to obtain some guide to the relative signifi-

cance of model parts and the accuracy of parametric values.

Although simplififation of the operation of a basin
is necessary, especially in terms of variability over the
area, it is desirable that the model should reflect the
physical reality as closely as possible. If it is hoped to
transfer the model to an ungauged basin the parametric

values can be determined only by measuring the physical
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characteristics of the basin. Therefore the further the
operation of the model departs from known physical laws

the more tenuous is likely to be the relationship between
model parameters and the bagin characteristics. On the
other hand if the model parameters are to be fixed by opti-
misation on comparison of computed and observed outputs,
the more detailed and complex the model the more difficult
it becomes to e~tablish the values of the parameters, parti-
cularly if these are interdependent. This conflict cannot
be resolved entirely, but there should be no unnecéssany
Iarge number of parameters to be optimised and model parts

with similar elements should not be combined.

All systems are analyzed with the aid of mathe-

matical methods. These fall into two categories -

(1) Analytic or direct approach
| and
(2) the trial and error or non analytical approach.

Analytical solution are the most desirable, since
they yield the wanted result directly. Unfortunately the
equations describing hydrologic gystem are often so complex
and numerous that direct solutlons are impossible and non
analytic and trlal and error solution must be resorted to.
The principle advantage of the trial and error method is

that relatively simple equations are usually involved.
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However, a separate trial is reouire of each combination

of system parameters.

From the above discusgsion it is clear that as
we consider bigger catchment the process is effected more
by chamnel characteristics and many factors which are
important and less for the small catchment. As we go
from short time interval to-day to months, season or year

it becomes possible to develop suitable and simple rainfall

runoff relations.
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CHAPTER - 3
RAM GANGA BASIN AND DATA AVAIIABLE

3.1 INTRODUCTION :

The first wain tributory of Ganga River is Ramganga,
which is on its left, after the river enters the plains Ramgadga
River rises in the lower Himalayas north of the hill station of
Ranikhet, where number of small tributories join the river, At
Kalagarh the river emerges into the plain after flowing through
a long and narrow gorge, and about 160 KM in the hilly terrairn.
The main tributaries are the Mandal, the Madalati and the Sone
Nadi which joins the river before it enters the gorge. The

total catchment area of the Ramganga basin is 82,800 sq.kn.

Ramganga river project in Uttar Pradesh (Latitude
28° 30! and longitude 78° 451) is built up, which is a multi-

purpése project with Irrigation and Power.

3.2 ‘CATCHMGNT CF RAMGANGA RIVIR PROJECT

Ramganga catchment upstream of multipurpose dam at
Kalagarh extends over a rugged and hilly terrain of 3097.60 Sq.
km, as shown in Figure 3.2.1, in a typical shoe shape fashion.
It lies in Almora, Meinital, Chamoli and Garhwal districts.,
Nea. ly 50% of the drainage area is covered with forest while
above 30% is under cultivation with terraced field. Most of

the area falls in the outer middle Himalayan Regions but a

smaller part of it right upstream of the reservoir, is in
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Himalayan foot hills and Siwaliks. The predominant slope is
50 to 60 percent. The catchment lies between the elevation 262

and 2927 metre,

The Ramganga drains through the geologically unstable
Himalayan formation. This area led to an accelerated soil ero-
sion dve to heavy rainfall, indistriminate felling of trees,
continuous and heavy pressure of grazing, faulty method of
agriculture and indiscriminate exéavation of hill sides for

road construction.

The most of the streams heavily charged with silt,
sand and boulders etc., during rains and the flow with torren-
tial velocities lead to heavy damage to adjoining land. Due to
frequent change of course of some big rivers like Hamganga, Bin-
Gragas etc. wash away some of the best agriculture land in the

catchment .

To maintain of the effective span of reservoir life

period the ﬁost préssing watershed management need of Ramganga
river valley project was, therefore, to reduce rate of siltatio.:
A centrally sponsored scheme of soil conservation in the catch-
ment of the Ramganga river valley was started in 1962, to check
the problem at its source. The execution of soil conservation
measures was entrusted to the forest department Uttar Pradesh
with headquarter at Raniket and at Ramnagar. The quantitative X
estimate of silt load contributed by different subcatchment is

being observed by the measurement of discharge of water and the

amount of silt in it during the various part of the year,
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3.3, CLIMATE

The catchment falls in Himalayan subtropical zone of
climate with mean annual temperature of 24°c and average
annual precipitation is 1552 mm out of which 262 wm during
non-monsoon period. At the ridges and places of elevation

about 1500 metres, occasional snow fall occurs in winter,
but does not stay for long. Winter frosts are common in the

valley from “ecember to February and its intensity varies
moderate to severe i.e. from April to June but monsoon rain
mainly occur from July to early part of uctober, In the ear.ly
December/January or early February winter rain also occur,
but very little contribution to the total rainfall, Some

of the climatic data related to Ramganga catchment in
Table 3.1.

3.4. PHYSICAL CHARACT_RISTICS OF THR CATCHMSNT AREA

The catchment area of Ramganga river valley project
has been subdivided into small units to accelerate the work
of soil conservation and water shed management. The impor-

tant subcatchments of Ramganga river project are as below -

|

(a) Mahalchouri (g)  Choukhtia
(b) Kedar (h) Naula
(c) Bhikiasain (1) Kaprah
(d) Bhoura (3) Machulla on kamganga river
(e) Marchulla on Deota (k) Swepdulli
River

(f) Beharbadi (1) Kalagarh
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3.5. RAINGAUGE STATION AND GAUGE SITE
One gauge site at Kalagarh and 5 nos. of Raingage

Station outside the catchment and 15 nos. raingauge inside
the catchment. lhe name of the raingauge stations is men-
tioned below and their positions shown in the Figure 3.1.
wxternal Stations:

(a) Karan prayag

(b) Ranikhet

(¢) Ramnagar

(d)  lansdown

(e) Kotdwara

Internallstatioas:

1. Bungidhar 2. Chaukhtia
3. Chitresware L. Papra

5. Sinaura 6. Harora

7 Koerala 8. Nayla

9. Dungri 10. Badiar gaon
11, Poth lngan 12, Khubani

13.  Silgaon 1k, Bhikiasain

15.  Deghat
3.6, RAINFALL DATA

Weighted monthly mean rainfall was available for 60
years from June 1901 to May 1961. These mean were derived from
five out side raingauge station namgly Ranikhet, Karankrayag,

Kotdwara, ‘fansdown and Ramnacar (Table 3.2).
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The monthly rainfall data was available for- the
individual raingauge of 4 station outside the catchment

from 1957 to 1967.

Monthly rainfall data was available from 12 nos.
raingauge station inside the catchment for the common

period from 1957 to 1967.

The position of these 12 nos. raingauge station are

shown in Figure 3.2..

3.7. RUNOFF DATA

Daily flow data was available at Kalagarh gauge sitno

from 1957 to 1967,
3.8. REMARKS

For the nurpose of water availability study since
only the monthly data is available for rainfall, wmonthly
series of runoff can be computed using appropriate relation-
ship for conversion monthly rainfall data to monthly
hunoff data. as the rainfall data, rain gauge station situzt-d
within the catchment is for limited period for the remain-
ing period of about 50 years or so such computation will
have to rely on data for outside rain gauge station. The
availability of daily runoff data for about 10 years period
provides a means for development of some stochastic model
which could be used for data generation. However such a
approach for data generation will require lot of computer

time,
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TABIE 3.1

NORMAL MONTHLY VALUES OF SOME CLIMATIC FACTORS AT KAIAGARH DAM
SITES ON RAMGANGA RIVER

MONTH MaximgiMPEiégggﬁm %ﬁé?ﬁi¥§ 3gigcity “raporation
0 ‘ o¢ % MPH mm
January 20.90 6.8 76,3 5.02 107.8
Feb., 22,70 9.2 7041 5438 162, 4
March 28,20  1k.2 62,3 6454 266, k4
April 34,0 20.3 42,8 7.00 387.0
May 36.8 P 37.3 8:78 47k, 3
June 36.2 26.1 59.0 6.76 333.0
July 32,2 25.8 98,6 5,149 133.3
August 31,7 25,1 81.9 5,03 111.6
Sept. 31.0 23.8 79.0 4,57 138.0
Oct . 29.8 19.6 67.5 5,11 16k4.3
Nov. 25.6 134 65.2 5. b1 47,0

Dec. 22,40 7okt 72.0 5.24 108.5




WEIGHTED MONTHLY MiwN RUN-UFF (1901 -1960)

TABIE 3.2
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(FROM EXT.RIOR STATION)

YEAR JUNE  JULY  AUG.  SdPT. OCT. NOV. - MAY
mm mm mm mo mm mm
1 2 3 L ] e 7
1901-2 27.63  364.23 704.34 144,78 17,52 14k ,52
2-3 128.01 413.76 365.25 187.70  16.76 140 46
3-4 60.19  248.92 474.73 213.10 h2.92 199.39
k-5 128.52 495.55 403.09 207.01  3.55 405. 34
5-6  72.13  314.96 319.53 106.68 - 215,64
6-7 194,05 307.08 573.78 243.58 5.08 503.93
7-8  46.73  336.595 393.39 11,17 - 16k.k9
8-9 83.82 Lph.22 526.@3 58.92 0.50 éggjé5
9-10  316.74 660.90 513 08 148,59  33.78 213.86
10-11 216.15 540.76 683.51 283.46  363.73 336.04
11-12 144,52 67.56 342,64 296.42 10,41 301.98
12-13  99.31  368.30 496.82 317.24 - 320, 29
13-14  215.90 346.20 137.41 47,24 12,44 368.30
1415 98.29  613.41 357.37 502.%1  19.05 360,42
15-16  154%.43 373.38 552.19 165.35 12.44 124.15°
16-17  314.96 362.96 408.17 853.49  70.61 392.43 |
17-18 23k, L4 608.33 354.07 391.66 141.75 213486%%
18-19  195.32 168.91 313.69 19532_ 5.3% 350.92

Contd.
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1 2 3 Y 5 6 7
1919-20 190.75  401.32  316.23 507.84 12.44 217.93
20-21 225.55 L54.91  258.82  69.85 '9.14  193.44
21-22 426,21  356.10 655.57  657.60  67.99 105.41
22-23 112.52  497.33  704.3%  318.77  4.06  254.51
23-24 27 .94 347,72 331.%7  210.56 28.44 267.9Y
2l -25 26.41 526,28 L422,65 656.5%  134.87 201.93
25-26 257,73 553.46  371.85  64.77 6.85 294,21
26-27 24,38  397.51  L19.10 176.02 5.08  250.44
07528 166,62 286.76  655.57  128.27  171.45 311.91
28-29 58.42  L92.50  248.66  12.70 '9,25 - 15L.43
29-30 122.17  246.38  38.0k 40.38 Wy 19 359,66
30-31 17,06 483.61  315.21 93,72 13.71 219.20
31-32 L6.h8 392.17 454,91 140.18 gk.k8 115,06
32-33 . 88,64 367.53  529.08 360.17 10.71 346.20
33-34 285.75 557.53  371.60 176.53  113.79 18U.67
3435 225,59  L43h4,34  hL85.6L4  89.66 - 246,63
35-36 30.48 3%2.39 253.74  203.45  1.27 247.65
36-37 379.98  625.85  392.93 261.36 15.74  374.65
37-38 152,65  L438.65 h458.72 318.77  8.63 318.77
38-39 328.93  591.05 411.98  90.93 18.79  166.11
39-40 231,64k  399.03  20%.97 215.90 22.35 308.86
40-41 150.62 489.20 3798.90 91.18 0.25 256.28
W1 =42 228.09  181.61 L40.18 117.35 27.68 27.68

Contd.
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1 2 3 L 5 6 7
194243 236.47  599.94% 567.69 187.70 - 243.07
L3 =Ll 73.66 264,41 760.22  213.61 - 302.51
4L 45 197.32 429,00 200.35 161.24 8.38 231.1k4
L5-L6 79.75 254,76  395.98  L400.05  73.66  283.97
L6-47 223.26  691.38 L426.97 108.90 69.08 216.40
47-48 138.93  417.83  357.12 50%.71 11,43 240.03
48-k49 48,51 334,26  721.61  260.35 38.51  273.05
49-50 86.10 590.04%  L450.08 205.74 1k.47  259.08
50-51 266,44 597.66  605.53  191.51  1.77 245,36
51-52 61.72 246,38 412.49  280.92  15.24  317.75
52-53 303.02 366,26 434,34 62,73 12.19  205.99
53-54 200.40  690.88 271.78 143,76 - 352.2¢
54-55 70.86  501.65 542,29  219.71  223.52 228.60
5556 115.57  337.05  L466.3%  279.L0 371.09 241,55
56-57 187.70 411,73  L36.37 149,08 410.72 316,48
57-58 170.68  422.14%  217.93  351.28  314.90 225.04
58-59 85.3% 591.82  571.75 270.76  91.69  296.16
59-60 90.17 525.01  450.34% 259,08 102.87 264,41
60-61 105.66  681.99 507.49  209.29 84.58  26h4.41
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CHAPTIR - 4

COMPUTATION AND ANALYSIS OF RUNOFF S:ERIES

4.1 INTRODUCT ION

For the assessment of water availability in apprais-

ing water resources detailed stream flow data are required.

In planning the utilization of water resources, the magnitude

of the available water dictates the location and its distri-

bution dictates the scope and size of the various structures.

For this reason the availability of quantity of water at any

time within a year and the total quantity of water available

for certain period are required to be estimated.

The runoff data is available generally for a limited

period only whereas the rainfall data is available for a

longer period. In such cases to estimate flow series for a

longer period it is necessary to correlate rainfall and run-

off using some type of correlation analysis using the available

data of rainfall and runoff for concurrent period.

are

(1)
(2)
(3)

The usual wmethods for developing such relationships

Graphical correlation using the method of deviation
Graphical correlation using coaxial methods.
Simple linear Regression and Multiple regression

analysis.
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In this study relationship have been developed be-
tween monthly rainfall and monthly runoff using statistical
nrocedures nf simnle linear regression and Multiple Regress-

ion Analysis.

4.1.2, Simple Llinear Regression and Correlation :

The straight reogression line is generally fitted ana-
lytically by method of least squares of the departure from the
line, For the regression line Y vs X the departures are i

along the ordinate. The equation of the form

Y = a4 4+ BX

Where B is the regression coefficient of dependent
variable Y and independent variable X; A is the intercepts for
the regression line. If X and y are the mean values of x and

y for the sample size N, then

=X ¥, - NXT = (A X NAY,)

B - e e e O R GR— .
= x°. W% T (AXp =
Where A X, = (x - x) and axY; = - v,

and the intercept

A=Y -BX

Above analysis procedure has been adopted to corre-
late (1) Monthly Rainfall of external raingauge station (X)
as independent variable and average Basin rainfall over its

Thiessen Polygon obtained from inside Raingauge Station (Y)

the
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as dependeﬁf variable (2) nverage monthly Basin Rainfall
obtained from I ive external raingauge stations (x) and

Average monthly Basin Rainfall obtained from 12 internal
raingauge stations and (3) average monthly Ischyetal mean
Rainfall obtained from Inside raingauge stations (xJ) and

Monthly Runoff (y).

4.1,3. Multiple Regression and Correlation :
The association of three or more variables can be

investigated by wultiple regression and correlation analysis,

The multiple - regression may be expressed in the

form
Y:f(X.I’ X29-o-¢. %n)

Where, ¥ is dependent variable and Xqy Xpseeses X are

independent varlables.

If the abové eluvation is linear, the regression is
velerreu W as musslple linear regression and the association
is multiple linear correlation. The non-linear relations in
hydrology are often transformed to linear relation for multi-

ple regression analysis,
The linear regression for three variables is

Y = A + BX1 + C X2

Where Y is the dependent variables and X1 and X2 are externally
independent variables. In this equation there are three para-

meters to be determined. The parameter & is the intercept,
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B i1s the multiple regression co-efficient of Y on X1 when X.2
is kept constant. The parameter C is the multiple regression

co-efficient of Y on X2 when X1 is kept constant,

In this the correlation between monthly runoff (Y)
with the wonthly rainfall of the same month (X1) and the
monthly rainfall of the previous month (Xé) has been developed

using the above mentioned analysis,

The development of linear regression and multiple
linear regression relationships between ﬁonthly rainfall and
monthly runoff has been described in the following sections.
This involves computation of monthly average basin rainfall
using available records of raingauge stations. Using the
relationships thus developed monthly runoff series have been
calculated for 60 years and analysed for water availability
study. Besides this an attempt has been made to develop a
stochastic model structure for available daily runoff data at
Kalaga.n gauge siw, The procedures and results of the study

are discussed in following sections,

4,2 COMPUTATION OF MONTHIY AVER&GE BaSIN RAINFALL SERIES

4,2.1. Thiessen Polygons for Internal and Bxternal Raingauge
Stations:

The Thiessen polygon of five nos. of external station
has been drawn and the areas of Thiessen polygon as per these
5 station were found out. Similarly weighted areas of Thiessen
polygon from the 12 Nos. internal Raingauge Station were found

out. (Fig. 3.2).
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The computed areas and weights of different polygons
of Zxternal and Internal Raingauge Stations are tabulated

in Table No.k.1.

4.2.2. Development of Relationship between Rainfall Data of
daxternal and Internal Raingauges:

Out of 15 nos. internal raingauge stations, data
from 3 nos. raingauge stations are available for the period
1968 to 1976 for which rainfall data of external stations
are not available. So only the rainfall data of 12 nos.
internal raingause stations has been taken for analysis
as it has relatively larger period of data for which data

of external rain gauge stations are available,

As discussed in Chapter-3 the rainfall data for
5 nos. external raingauge station is available for 60 years
(1901-1960 ) where as for internal stations only 12 stations
have reasonable length of data for the concurrent period.
In order to obtain flow series of 60 years it is essential
to know rainfall series for 60 years an attempt has been
made to establish relationship between monthly rainfall
for each five external raingauge stations and corresponding
average rainfall over their respective Thiessen Polygon
for the concurrent period. So that using these relationship
average basin rainfall could be computed for entire 60 years
period. For Kotdwara external station concurrent period of
rainfall data has been obtained by corresponding period rain-

procedure and results
fall for Kalagarh raingauge station situated nearby. The /
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for this study has been discussed in Sections 4.2.2.1, %.2.2.2,
)‘+.2¢2~3, )'*'.202-)4' al’ld 4.202.5-

4,2,2.1, Weights of Internal Raingauge Stations within
Thiessen Polygon of External Station :

Areas of Thiessen Polygon of internal raingauge
stations within each external raingauge station, Thiessen
Polygon has been found out aleng with their weightage. The
figures is tabulated in Table No. 4.2,

4.,2.2.2. Monthly Rainfall of Kotdwara Station:

The rainfall of Kotdwara station was not available
for which Thiessen Folygon have been drawn including this as
an external station, for the period 1957 to 1967, for which
rainfall data was available of the internal staﬁions. However
in the same period the rainfall data of the raingauge station
Kalagarh were available which is close to the Thiessen Polygon_

area of the Kotdwara station.

Relation as linear proportionate was assumed for each
month (June to October and November to May combined) between
Kalagarh and Kotdwara stations for which concurrent rainfall

data of period 1968 to 1976 were available.

The following relations were established which were
used to get the rainfall figures for Kotdwara station during

1957 to 1967.
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Y = Monthiy rainfall of Kotdwara (mm )
X = Monthly rainfall of Kalagarh (mm)

June Y = 1,15 x

July Y = 1.08 x

August Y = 1.1k x

Sept. Y = 1.13 x

Oct. Y = 0.86 x

Nove-May ¥ = 1.49 x

4,2.2.3, Correlation Between the Monthly &xternal Station
Rainfall and Weighted iaverage Rainfall from the
internal station - within the Thiessen Polygon
area of Axternal Station :
The weighted average rainfall as per internal

stations were calculated and tabulated along with each rain-

fall of external station in Table No.k,3,

4.,2.2.4. Relation from Simple Graph:

3y plotting on 8ingle graph reldationship was establish-
ed between rainfall of exterior and the average rainfall with-
in the Thiessen Polygon area of external station for the month
of June, July, august, September, Lctober and November-iay. The

results are tabulated below in the Table No,4.k4.
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TauBLs - )+.)+

Month Relation Relation Relation Relation
on with Karan-  yith _ with with

prayag Ranikhet Llansdown Ramnagar
Jun Y::.66X Y:On 66X Y=1.28X Y=Oo 8X
Jul Y=0.79x ¥=0,64x ¥=0.85x% Y=0.84x
Aug. Y=1.07x Y=0.55x% Y=0.7% Y=1.4x
Sept, Y=0,53x% Y=0.62x Y=0.87x Y=1,16x
Oct. Y=1.6x Y=0,60x Y= x Y=0.5%
Nov-May Y=1.hkx Y=0,80x Y=0,75% Y=0,75%

Y = Rainfall of external stations (in mm)

X = average rainfall over their respective Thiessen

Polygon (in mm).

4,2.2.5., Regression Analysis and Correlation Co-efficient:

Correlationswere established between rainfall of
external ctabiocws (Y in mm) and average rainfall over their
respective Thiessen Polygon (X in wm) with curve fitting (By

least square method) in the form

Y = A + BX

-

The correlation co-efficient and the linear relation of
different month is tabulated in the Table No,4.5. The
Computer programme was used to established the relation. The

programme is listed and shown in Appendix.I
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From the above results it is observed that except
for the external raingauge station lansdown, the correlation
coefficients are very low. Furthermore longer period rain-
fall data of the internal raingauge stations is not available.
There the relation which are obtained above have not been

adopted for computation of rainfall series for the catchment,

4,2,3. Development of Relation between Average Basin Rainfall
for External and Internal Raingauge ‘

4.2.3.1 Average Basin Rainfall as per JIsohystal Method
~compared to that from Normal Thiessen Polygon Method:
The average basin rainfall computed from isohyetal

maps for different months for three years choosing one as

average rainfall year (1962), one low flow year and one

wettest year (1963).

Mean ratio of monthly rainfall as per Isohyetal
method and as per Thiessen Polygon method has been computed

and the monthly ratio shown below:

Month Jun July  Aug. Sept. October November -May
Mean 1.013 0.976 1.015  1.c21 0.945 0.974
Ratio :

Above méntioned three years Isohyetal maps has been

shown in Apvendix - IIT.
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The above ratios were used to convert Thiessen
polygon mean rainfall to lsohytal mean of the other years
which were used to develop rainfall runoff relationship. This
15 duie Locauss 1u 15 possible to estimate.the precipitation
with a fair degrea of accuracy by a simple inspection. It is

also advantageous as the catchment is mountaneous.

4.2.3.2. Relation betwe=sn average basin rainfall obtained from

external station and internal station:

For establishing correlation between the monthly mean

calculated from the out side station rainfall data and the
mean gauge

monthly/rainfall calculated from inside Rain/station rainfall
data only the years in which complete data for exterior and
interior station available have been taken here and tabu-
lated in the Table No.k.6.

By using these data the straight regression line is

fitted analytically by the method of least sguares, The egua-

tion of the form
X-::.h-rDA.

Here Y is taken as Average basin rainfall obtained
from external station ( in mm ) and X is taken as average

basin rainfall obtained from internal station ( in wmm).

Computer programme was made to establish the relation
coefficient

~rogramme . Co-relation/between them is also found out.
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The results of the relation established is tabulated
below along with correlation co-efficient for the month of
June , July, sugust, September, Gctober and November-May.

These relationships have high correlation c¢eefficient and hence
have been adoptcd.

Month e lation Corelation coefft.
June Y = 15.1440.8004 X 0.82

July Y = 177.7386 + 0.5278 X 0.80

hug. Y = 51,63 + 0.7005 X 0.91

Se ~t, Y = 24,14 + 0.6629 X 0,85

Get. Y = 2,82 +0.7272 X 0,87

Nov. = v - 8,328 + 0.732 X 0.9k

May

4.2,4, Computation of fiainfall veries:

The relation obtained in section %.2.3.2. between
average basin rainfall obtained from five external stations
and average basin rainfall obtained from 12 internal stations
have been used to coavert 60 years monthly basin rainfall
series obtained from external stations to average monthly
basin rainfall, Thus 60 years wmonthly average basin rainfall

series have been computed and tabulated in Table 4.7,

4,2,5. Comparison of computed rainfall series with rainfall
series computed in the project report memorandum:

In the project report, conversion of average basin
rainfall for out side station to average basin rainfall for

int rnal station has been done by taking 75% average basin
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rainfall obtained from outside raingauges stations.

The statistical parameters Mean and 8tandard
Deviation of computed rainfall series and the rainfall series
com~uted in the project were calculated for each month from
June to Lctober and for total rainfall for November to May.
The comparison of two series is shown in Fig.k.1. The mean,
standard deviation and coefficient of variation of rainfall
series computed in present study and that for the series com-
puted in rroject report is tabulated below:

Month June  July sug. Sept. wct., Nov,-May

Computed Mean 11,53 408,10 353,04 167,55 40,41 183,51
rainfall (mm)
series
- Standard 79.15 72.31 102.40 89.50 64.81 57.10
deviation
(mm )

Co-effici-
ent of 0.53% 0.177 0.29 0.535 1.60 0.311

variation

Rainfall Mean 117.17 321.65 321.17 163.17 L4.75 195,92
series

computed VE2N92Td 50,97 101,70 108.92 101.7t 70.66 59.17
in project tion
report
Co-effici- ,
ent of 0.603 0.31€ 0.339 0.623 1.57 0.302
variation

s ——— st

The comparison of statistical parameter for two
rainfall series as well constant obtained for relationship
between average basin rainfall and from exteérnal and internal

raingauges for different months cleariy shows that a constant
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factor of 75% is not correct such a constant factor would
give considerable variation in monthly rainfall values, though
it might maintain total annual rainfall to a realistic value
in the computation of monthly rainfall series for 60 years
could be improved further if sufficient data is available for
developing relationship between rainfall and value recorded by
an exteérnal raingauge station and corresponding average value
ovér its Thiessen polygon as obtained from ihternal raingauge

stations.

h,}. RAINFALL RUNOFF RSLATION
4.3.1. Rainfall-Runoff data:

Rainfall runoff relation was based on the data of

rainfall and runoff for the pericd 1957 to 1967,

Weighted monthly average for the basin was calculated
from 12 nos. internal raingauge stations for the cbove mentioned
period. These monthly means were converted to Isohyetal mean
by applying the factors, mean ratios of monthly rainfall as

per Isohyetal wethod and as per thiessen polygon method (%.2.3.1)

Monthly runoff data was also found out from the
available daily flow of the same period, which are tabulated
along with monthly Ischyetal mean rainfall converted from

Thiessen polygon mean as disScussed above in Table No.4.9.
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4.3.2. Rainfall-Runoff Relation Using Simple Linear
Regression analysis

By using the monthly rainfall data ( X mm) and
monthly runoff data (Y wmm) mentioned in seetion 4.3.1. the
- straight régression is fittcd analytically by the method

of least squares in the form
Y = 4 + BX

A computer programme¢ was written to establish
rainfall-runoff rc¢lations and to compute with corre-

lation co-efficients for these relationships (appendix 1 ),
4.3.3. Results of Linecar Regression:

The regression relation which were established at
%.3,2. are tabulated below with their correlation co-
efficients for the month of June, July, august, Sept. Oct.

and November-May in ‘able ¥o.k,10

TaBLs 4,10
Month Relation Correlation in
coafficient

June Y= 4.3789 + 0.2756 X 0.77

July Y = - 19.3243 + 0.5869 X 0.52
August Y = 52.89 + 0.6912 X 0.80

Sept . Y = 160.274+40.0925 X 0.93

Qct. Y = 13.44 + 0.1367 X 0.95

NOV . -May L] Y =

40,9448 + 1,177 X 0.76

<
f

= Monthly rainfall in wmm
Y = Monthly runoff in wmm
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4,3.4%, Rainfall runoff relation using Multiple regression
analysis:

In the monthly rainfall runoff relation established
at 4.3.3. gives monthly run off values from the same months
rainfall., There may be considerable amount of effect on the
runoff from the previous month rainfall also. So an attempt
has been mads to cstablish rainfall run off relationship

considering rainfall for previous month also,

For this multiple regreéssion analysis was used, The
eguation is of the ferm ¥ = 4 + B X1 + CX? as discussed
in secticn 4.1.3.

Here Y is taken as the monthly runoff in mm and
X, is the monthly rainfall of the same month and X, is the
monthly rainfall of the previous month,

This correlation was established only for the
month of July, aAugust, Sept. and October as.the effect
of monthly rainfall for the month of May is very less on

the runoff for month of June.

The computer programme was written to establish
rainfall runoff relations and to compute multiple corre-

lation coefficients for these relationships (AppendixII)
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%.3.5. Result of multiple lLinear Regression :

The multiple regression relationship for the
month of July, august, september and Lctober are given
in Table io.k.11 along with their correlation co-efficient.,
Thus monthly runoff ¥ (mm) is related to monthly rainfall
X1(mm) for the same month and monthly rainfall Xé(mm) for
the previous month,

These relationships gives somewhat better
correlation as compared to those for linear regression. Far-
ticularly for the month of July considerably improvement

is there in correlation cocfficient.

TABLAL 4,11
fomth  Relatior
July Y= 0.513 X, + 0.57 %,-6.07  0.721
sug. I= 0.65 X, - 0.274 X, + 164.338 0.83%
Sept. Y=0.06k X, -0.081 X, + 38.35 0.936
Oct . Y =1.36X, -0.0k7X,+21.59 0.957

i 4. RUNOFF S_RIAS
Loy 1. Computation of iaunoff series:

The monthly average weighted rainfall series for
60 years as obtained from thz monthly average basin rainfall
series from out side station (4.2.4%) were converted to
monthly Isohyetal mean applying the mean ratio as

obtained in section %.2.3.1.
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iafter converting the rainfall series to monthly
Isohyetal average rainfall scries, the same has been used
to compute monthly runoff series for 60 years with the
linear régression relationships established at 4.3.3 for the
month of Jun: to Lcteber and November-May (combieed)'

and tabulated in Table No.k, 13A.

The multiple linear regression relationships es-
tablished at 4.3.5. were also used and the monthly runoff
series for the months from July to Uctober was computed

and tabulated in Table ib.k,12,
4.4.2., Non Monsoon runoff ( November to May ) :

In order to divide the total non monsoon runcff
(Novembe: -May) into that for individual months ratios
were established between individual months runoff to
total runoff for seven monmonsoon months{(Nov.-May )
1947-48 to 1960-61 which was available, These ratios are

tabulated below:

aw

Month DNov. Wdec. Jan, Feb. March. april May Total

Frac- 0,2% 0.18 0.16 0.17 -0.11 0.08 . 0.06 1,00
tion of

Total

flow

- W e S ]

Using the above ratios monthly runoff series for
60 ynars of non-monscon flow of Nov. to May was divided

into different months and is tabuylated in Table 4,13,
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after converting the rainfall series to monthly
Isohyetal average rainfall series, the samé has been used
to compute monthly runoff series for 60 years with the
linear regression relationships established at 4.3.3 for the
month of June to Lctober and November-May (combined)

and tabulated in Table No.k, 13A.

The multiple linéar rzgression relationships es-
tablished at 4.3.5. were also used and the monthly runoff
series for the months from July to Cctober was computed

and tabulated in Table Mo.k, 12,
4.,4.2, Non Monsoon runoff ( November to May )

In order to divide the total non monsoon runoff
(Novembe: -May) into that for individual months ratios
were established between individual months runoff to
total runoff for seven monmonsoon months(Nov.-May)
1947-48 to 1960-61 which was available. These ratios are

tabulated below:

-

Month Nov. 4dec. Jan, Feb. March. april May Total

Frac- 0.2 0.18 0.16 0.17 0.11 0,08 0.06 1,00
tion of '
Total

flow

- a6

Using the above ratios monthly runoff series for
60 y=ars of non-monsoon flow of Nov. to May was divided

into different months and is tabulated in Table 4,13,
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4,4,3, COMFARISON OF RUNOFF SuRIGS

Statistical parameter comparison:

The mean, standard deviation and co-efficient
of co-variance have been calculated for the computed
monthly runcff series (Tabk3%.13A,M.13B and 4,12)and
for the montbhly runoff series computed by Central Design
Directorate, Irrigation department, Uttar Pradesh which

are tabulated below in Table Mok 1, L.15 and Y%, 16.
Fig.4.3.

From the above results it is sean that monthly
mean and standard deviation in nearly all the months
is higher for the séries obtained in the present study‘
in comparison to the monthly mean and standard deviation
of the monthly runoff series obtained in project report:
Thus it is seen that monthly runoff series obtained by
using proper statistical relationships for converting
external raingauge average basin rainfall to averaae'
basin rainfall and regréssion relations for rainfall-
runoff conversion differs considerable from that obtained
in project report. This 1& turn will influence the design

of prcject.
4,5, WATER AVATLABILITY ANAIYSIS

The objective of this study is to estimate the
| availability of water with specified levels of pro-~
bability. In order to evolve economic design of the
Hydraulic structures to the water availability study

is c¢ssential.
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In order to estimate water availability for
Irrigation and Power for the Ramganga Project the runoff
series which have bezn computed, have been tnalysed and flow
duration curves have been plotted, This analysis has been
made for annual éeri@s only. for this the monthly runoff
data which was computed in mm has been converted to annual

flows in Million Cubic Metre.
4.5.1. Flow-Duration Analysis

“hen the values of Hydrologic events are arranged
in descending order, the percent of time for each magnitude
to be equalled or exceeded can be computed. & plotting
magnitude as ordinates against the corresponding percant
of time as abhseigsa results is so called duration curve.

If the magnitude to be plotted is the runoff of a stream,
the duration curve is known as flow-duration curve. In the
present study two annual series has been computed for

60 years. Unz from linear regression relation between
monthly rainfall and runoff and other from multiple linear

relation
regression/( for monsoon months of July to tct.).

4.5,2, Flow Duration Comparison :

Flow duration analysis was made for 3 annual

series:
(M. Cum)
(1) Annual runoff / scries as per project report

(Vide Table Lk.17)
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(2) Present computed two annual runoff series (Vide
Taple 4.18 and 4%.19)
The flow duration curves were plotted as shown in
Fig.4.2. for all three series. The following yield values

have been estimated and tabulated for comparison.

e - e e

51, No. Series 75% dependable 96% dependa-
runoff in Mcum ble runoff
in Mcum

1. AS per project report 1700 1360

2. as per present computation 2460 2150
with linear regression
analysis

3. as per Multiplc lincar 2150 1960
regression analysis

4,5,3. Remarks

In the previous section the procedure has been developad
for computation of 60 years of monthly runoff series for
Ramganga catchment using available data. This has involved es-
tablishment of suitable relationship to convert monthly average
basin rainfall obtained from 5 external raingauge station for
which 60 years data was available, to monthly average basin
rainfall as indicatéed by limited data available for 12 internal
rain gauge station. an attempt was made to relate monthly

rainfall recorded by ext€rnal raingauge station to the average
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rainfall over its Thiessen Polygon as recorded by appropriate
internal raingauge station. However due to limited data
available satisfactory relationship could not be established,.
As such relationship between average monthly basin rain fall
obtained by using data of external raingauge stations and
corresponding averageé basin rainfall obtained from internal
raingauvge station, was devei.oped and used for obtaining

60 years series of average monthly basin rainfall,

The results of above analysis are thus affected by
the extent of representativeness of external raingauge Station
and also the adequancy of relationships deve.oped by using

about 10 years of congurrent period of data.

The monthly rainfall runoff relationships developed by
using linear regression analysis could not properly account
for base flow contribution which is influenced by rainfall in
preceeding months also, The multiple regression anglysis using
previous month also deals with this particular aspect to
some extent. Howyever as the wmonthly rainfall runoff data
consists of totals for the calenday months 1t is subject to
error due to rainfall occuring dﬂging last few days of a

month being accounted in that month while the resulting run

off being accounted in next month.

The nonmonsoon runoff has been estimated as a total

for the entire seven months period ( Nov. to May ) and then
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redistributed in constant proportion to individual wmonths. This

procedure was adopted due to non availability of suitable data,

The water availability study for three cases viz,
(1) annual ruvnoff series obtained by linear regression analysis
(2) annual run off series obtained by multiple linear regression
analysis for wmonsoon month. and (3) annual run of series used
in project, clearly shows that the decision regarding water
‘availability is cffected by the method used to estimate the

runoff series.

It is therefore necessary that while estimating runoff
series a best possible used is made of all available data in

a scientific manner.

175 714
cewTRAL LIBRARY URIVERSITY OF ROORKF®
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4.6. STOCHASTIC MODEL FOR DAILY FLOW SERIES

4.6.1.Introduction

In the previous section the monthly runoff series for
60 years hag been obtained by using available rainfall data
and deterministic relationship developed between monthly
rainfall and runoff data. However the runoff series thus
obtained represents a gsequence which is not likely to repeat
in the same order in future. As such the decision arrived
at using these sequence may lead to over design on under-
design. To help overcome this defficiency the modelling
technique developed in the field of stochastic hydrology are
employed to generate a number of stream flow sequences of
desired length using statistical information of availablé
observation data. These sequences which are equally likely
to occur in future can be utilised to evolve a rational

design of the water resources project.

In this section an attempt has been made to represent
the two series of structures of available daily runoff data
by a simple stochastic model. Such model or some similar
model could be used to generate a number of alternative ge-
quences which can be then used for arriving at realistic
information regarding flow availability. However these will
involve generation of large amount of number of random
numbers, for example to general one 60 years series of

daily flows 60 x 12 x 365 normal independent random nos.
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will have to be generated. This can be achieved only on
very big high speed digital computer. In view of this present
atudy the generation of daily flow sequence has not be

attempted.
4.6.2. Component of daily flow series

Component of daily flow series can be represented by

an additive model of the form

Qt= Q+Qd+Zt

Where Qt = obgerved daily flow
N = mean of all available daily flows
Ng = mean of (= Q) for each day of year thus

representing periodic component of time
- geries.
Z~b = Stochastic component which consists of

devendent and independent components.

In this representation both'ﬁ and Qd constitute deter-
minis{ic component. The removal of mean @ from the time series
makes it homogeneous and then the removal of periodic component
Qd makes the remaining series Zt a stationary stochagtic
serieg. In this approach the periodicities in standard devia-
tion and other higher moment have been assumed to be non
existant. The periodic component Qd which consists of 365 values
of daily means could be represented by significent harmonic

within the annual cycle. A maximum of 173 harmonics could
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be present in case of daily flows whereas a maximum of 6
harmonicg could be present in case of periodic component of
monthly flows. Generally it has been found that in case of
daily flows also the periodic component can be represented

by 5 or 6 harmonics mneeding 10 or 12 parameters only.

The stochastic component ZJc can be represented by a

_Ist order Markov model

Z_t:‘a,l Zt—l +Gt
where & =TIy = Lag one correlation coefficient.

Et = Independent stochastic component.
Begt fit statistical distribution of Et for given data can
Chl square y
be found using / test and then the time series model can be
used to generate a number of sequences of data of required
length by generating Et having same statistical distribution

and adding dependent stochastic component and deterministic

component 9 and Qg 1.¢» mean and periodic component-

In this study an attempt has been made to represent
available 8 years data of daily flows by time series model

strudtures discussed sgbove.
4.6.3. Determination of Qg (Daily flow )

Data of daily flow was available for 8 years from
1960 to 1967 in which 6 to 8 observation were recorded at a

regular interval of time on each day.'Thé average of thesge
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observation for each day has been calculated and in this

way the Qt geries of 8 years of daily flow has been computed.
is

The Q4 values for 1963 whicl/wettest year out of 8 years have

been plotted in figure ~-4(4A)

4.€.4. Determination of O

The mean N of all available daily flow data for 8 years
hag been calculated by summing up all daily flow values of the
Qt series for 8 years and dividing by the number of days in
8 years. The mean daily flow of each year has also been

calculated and tabulated below -

AR 1960 1961 1962 1963 1964 1965 1966

§§§ 31733.63 35781.25 34607.08 36718.56 35239.39 24315.19 41951.45

w

mee )

am 86.94  98.03  94.81  100.59 96.54  66.61 114.9%
R 1967 Total for 8 years

al

1y 31%99.74 3590%5.90

w

mec)

n 86 .02 N = 983.66

4.6.5. Determination of Qd

_ is substracted
The mean @ of the daily flow data of 8 years/from Qt

(daily flow). The values of Qt4§ have been plotted for
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193 in Fig.4C. Then the flow (QtJQ) are added for the res-
pective day of each year and the summation has been divided

by the number of years i.e. 8. For example g for Ist January
obtained by summing all Igt January (QtJa) values. of eachyear
and then divided by number of years. In the game manner Qg

is found out for 365 days i.e. %365 number of Qd values. The

Qg represent the deterministic periodic component of time
series. The 365 values of Qq have been plotted in figure 4.B.
This figure clearly indicates the periodic nature of 74, which
can be represented by suitable small mrrumber of significant

harmonics.
4.6.6. Determination of ZJG

Stochastic component which congists of dependent and
independent component is found out after removing determihistic
component § and corresponding N from the daily flow en ieeo

2y = 0y - n - 0g The figure 4.D shows a plot of %,
values for 1963.

This stochastic component (ZJc could then be represented by

a Markov Model. The simplest would be Ist order Markov Model

as below
Zyp =8 By g +Ey
where €, is independent stochastic ( random ) component.

4.6.7. Caleulation of a and €, for 1963 data
The co-efficient 8 =Ty, whére ry is Lag one serial
co-relation co-efficient which is calculated from the equation

given below -
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—1 N-1 N-1
1

S Z.. Z - (s z.)( ¢

I T 7 S 6 SO0 < $=1

Zt+l >.

O R
LN-1 LT Tt

Auto co=-relation analrsis is used to determine the
linear dependence among the succegsive values of a series
that are given lag apart. In case of two series, the lag
crogs co-relation, with the positive or negative lag, gives
the linear dependence of the successive values of the two
serieg that are given lag apart. A measure of this is given

by the serial correlation co-efficient.

The serial co-relation co-efficient is analogous to
the product moment co-relation co-efficient for two sets of
data.

Zt and %t+1 are congidered here two sets of data. The
values of the above equation are calculated from Zt series

which are given below

i) N
363

ii) £ 3

t=1

_ .\ 363
1ii) Ty

t=1

364
0.11262 x 10% cumec

Il

Il

.t

‘ 4
— 7
Zt+l = 0.11097 x 10" cumec

1 N-1 2] 1/2
Sz, )k
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363
iv) T Z
t=1

) pX Zt+1 = 0.1%611 x 10° (cumec)
t=1

363 8 2
vi) s Z‘t Zt a= 0.09246 x 10 (cumec)
t=1 ‘

Il

i 0.13612 x 10° (cumec)®

Substituting these values in the above equation ry
comes to

4.6.7.1. Test of Significance

A test of significance for social co-relation co—effi-
| cient T has been proposed by Anderson, is based on ciréu—
1ar series approach and the confidence limits which is
modified by Yevjevich (38) for open series approach is given

by the equation.

rk ((I) = (

Wwhere N is the number of observed value in the time
gerieg, K is the lag and n, is the normal standard deviate
from standard ncrmsl distribution for a two tail test and
at the gignificance level o

a at 95 percent n, = 1.96

Substituting the value of n, and N in the above equation
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r(a) = -1 + 1.96 V364-1-1

364-1

I

-0.105 angd + 0.099

Therefore the = 0.6791 (4.6.7) is highly significant

sl
for 364 data values.

4.6.7.2. Determingtion of Gt

Knowing & ( i.e. ry ) and Zt , the independent sto-

chastic component was calcvlated as below

Sy =2y - 8 By
The values of et for 1963 has been plotted in
figure 4.%8.

4.6.8. Testing fore fit of Normal distribution of Gt series

For independent stochastic component i.e. €, series

.t
normal distribution was fitted. The values of parameter of
Normal Distribution i.e. mean and standard deviation were

obtained as Mean = 1.75 cumec Standard deivation = 141.66 cumec.

The goodness of fit Normal distribution was tested by
dividing the 364 values of €, into 28 classes having equal
probability. The class interval limits for equal probability
were obtained by using normal distribution table. The observed
frequency for each clasgss 1limit was obtained and Chi square

was calculated as given in Table No.4.6.10.
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The Chi square comes as 2181.354 the Degrees of
Freedom in this case is 28-1-1 i.e. 25 for which tabulated
values of Chi square at 95 percent confidert level is 377

this shows that Normal Distribution does not fit €, series.

+
The reason for this is clearly indicated by clags limit
No.14 and figure 4.%. where a large number of negative
values of nearly equal magnitude occur dfiring non monsoon
reason. 1t appears that typical seasonal value of Indian
climate, monsoon and non-monsoon sSeason have to be dealt

separately, and normal distribution could be tried for mon-

goon season data,

Therefore géneration of data of such cases will also
have to be dealt by taking to separate model for monsoon
and non monsoon period after evaluating their respective

parameters.
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TABIE-4,6,10
S1.No. Class limits sxpected  Observed (Qi-&)z
FrequenCy Fre%uency o -
- t
1 2 3 L 5
1 - 42 to - 8942 13 7 2.769
2 -8942 to-7241 13 2 9.307
3 -7241 to-€640 13 0 13.00
Yy -6640 to- 5243 13 L 6.230
5 -5243 to-4539 13 6 3.769
6 -44539 t0-3890 13 3 7,692
7 -3890 t0-3291 13 L 6,23 .
8 -3291 to-2741 ~ 13 3 7,692
9 -2741- to 2240 13 6 3.769
10 -2240 to -1741 13 5 4,923
11 -1741 to -1290 13 7 2,769
12 -1290 to - 838 13 11 0.307
13 -838 to - 383 13 27 15.076
14 -383 to + 62 13 164 - 1753.92
15 62 to 507 13 68 232,69
16 507 to 962 13 15 0.307
17 962 to 141k 13 2 9.307
18 141h to 1865 13 3 7.692
19 1865 wo 2304 13 L 6.230
20 2364 to 2865 13 2 - 9.307
21 2865 to 3415 13 3 7.692
22 3415 to 4013 13 1 15.07
23 4013 to L4663 13 3 7.692
2k L4663 to 5367 13 1 15.07
25 5367 to 6764 13 2 9.307
26 6764 to 7366 13 2 9.307
27 7366 to 9066 13 0 13.00
28 9066 to 13 9 1.23

= 364 Chi Square=2181.35k4
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TABL: 4.1
THIZSSEN POLYGON AiBA OF TBXTURVAI 3T'TTON AVD INTTRVAL
STATION
Arec. 1n sq.km.

SI. TMamz cf cut  Tron Woightage S1. DMame of Inside Area  wWeight-
No. @8ide Station of total Ng. station age of

basin total

basin

1. KaranPrayak  502.19 .0.162 1. Bungidhar 453.88 0.1465
2. Ranikhet 1382.96 0.446 2. Chaukhtia 483.26 0.0982
3. Ramnagar 500.33 0.162 3. Chitreswar 245,65 0.0793
+. lansdown 438,65 0.142 L, Papra 197.%0 0.0637
5. Kotdwara 273.47  0.088 5. Sinavwea 164.38 0.0531
| 6. THarora 70,48  0.0227

7, Koerala 126.29 0.04%08

8. Naula 245.58 0.0793

9. Dungri 372.62 0.1203

10. Badiargaon 210.09 0.0678

11. nathwadhab 385.32 0.1244

12, Khubani 321.85  0.1039

Total 3097.60 1.00 3097.60 1,00




TABLE 4.2

AREAS OF THIASSEN POLYGONS OF

WITHIN ZACH OUTSID:S RAINGAUGE STATION THILSSEN POLYGON
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INSIDE RAIN GAUGE STATIONS

Area in Sg. Kum.

81, Mame of out- Area for Sl. Inside Rain Area of Weigh-
Ne. side station outside No. Gauge T.P. inside tage
station Winlni station
T. P, T- Po in"
cluded in
outside
station TP
1. Karanprayag 502.19 1 Bunghidhar 360.29 0.7174
2  Chaukhtia 141.90 0.2826
| Total 502.19 1.0000
2. Ranikhet 1382.96 1  Bungidhar 93.59 0.0677
2 Chaukhtia 162,15 0.1172
3. Chitreswar 2Ly 65 0.1776
L4 Papra 197.39 0.1427
5  Sinaura 164,38 0, 1188
6 Horora 41.8n 0.0322
7  Koerala 126,29 0.0913
8 Naula 245 .58 0.1778
9  Dungri 88.88 0.68643
10  Badiyargaon  173.38 0.0124
Total 1382.96 1.6000
3 Ramnagar 500.33 6  Horora 28.67 0.0573
7  Dungri 283. 74 0.5671
10 Badiyargaon 88.88 0.1776
11 Rathwadhab 99.0k4 0.1980
Total 500.33 1.0000
4 lansdown 438.65 10 Badiyargaon  103.98 0.2370
11 Rathwadhab 154.63 0.3525
12 Khubani 180.04% 0.4105
Total 438,45 1. 3000
5 Kotdwara 273.%47 11  Rathwadhab 131.67 0.4815
12  Khubani 141,80 (.5185
Total 273.47 1. 0000
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TABLE 4.3

DaTA USED FOR CORRSLATION BET Wuld MONTHLY RAINFALL OUTSIDI
RAINGAUGE STATION (X mm) AND AVARAGE RAINFALL OVER ITS THIZSSEN
POLYGON OBTAINED FROM INSID.J RAINGAUGE STATIONS (Y mm)

CUTSIDE STATION KARANPRAYAG

YiAR JUNs e JULY AUGUST e
X mm Y mm X mm Ymm X mm Y wm
R S
1960 168,33 S 305. 14 190.60  340.57  171.64
1962  136.70 122,16 L4oly, 10 341,44 301,20 720.52
1963  160.1k4 110. 00 0.0 220.56  512.c0 539,24
1964 189,50 74.00 221.20 485.32  318.20 229.18
1965  101.90 154,52 303.60 284.52  208.80 229,68
1966 252,90 208,41 313.40 229.24  216.10 239.36
1967  114.30 87.8%4 233.80 250,12 511.70 224,88
OUTSIDE STATION RaNIKHAT o
1960  107.38 70463 393.29 375.27  375.00 145,13
1961 0.0 103. 8% 483,10 182.24  298.70  127.69

1962 245,90 117,54 385.10 330.80  360.70 @ 234,62
1963 107.38 135.53 270,60 179.39  596.40  351.52

196% 136,10 56. 84 380.70 408.47 184,10 195,45
1965  28.50 68.79 382.70 246.99 204,60 194,89
1966 192,40 126,18 292,20 214.87  360.70  220.09
1967 41,40 79.65 479,70 187(87 551.40  25%.38

VUISIDS STATION RAM NaGAR

1960  135.66 96,22 445,720 373.26 265.71 394,94
1961 132.30 59450 0.0 575.58 0.0 310. bk
1962  192.60 230.40 563.40 611.90 336.0 260. 80

Contd.
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TABLE CONTD.
1 > 3 __714w—* 5 6 7*’ )
1963 135,66 136.30 452,20 386.74  %07.50  704.08
1964  91.50 58,62 469,40 507.06  89.70 284,94
1965  18.0 21.18 421,40 243,18 208.0 254,80
1966  229.0 427,82 361. 20 452,24 Lo2,40 470,66
1967 150,80 147,70 854, 60 506,38 417,30 577.64
QUTSIDE STATION LaNSDOWN
1960 147,33 76.25 632.57 342,05 625.51 581,35
1961 74,30 150,20 987. 20 486.75 681,50 421,05
1962 147.00  225.40 866,90  718.35 603.50 314,60
1963 147,33 195,10 547,70 516,45  641.60 559,45
1964 112,60 L. 10 554,70 508,65  560.60  357.00
1965  55.30 24,35 417,60 334,15 432,50 L33,45
1966 359.90  485.55 407.50  784.25 983.50 63k 50
1967  135.80 149,25 647.90 719.50 892.20 672.65
OUTSIDs STATION KCTDWARA

1960  52.79 65.56 242,55 420.36  463.70  379.28
1961 125.90 251.81 278, 28 540.1%  390.30  690.58
1962 149,50 280.12 536.50 409.60  230.70  200.38
1963 153,40 241,38 434,50 231.65 438,10  631.24
1964 151,60 232,44 377,20 682.52  269.85 269,86
1965 19,05 6.85 265,00 674,61 344,85 430,86
1966  379.39 552.79 721.05 259.90 502.70 337.12
1967 111,05 395.28 338,40 451,20  519.25

418,82

——
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DATA USED FOR GIENEPAT)

TABIE 4.6

66

[NG RALATION BETWEEN QUTSIDE

AN( 1. JAND TNSTD. MEAN (RATNFALLY
YIAR - JUNR L JUIY AUG, SEPT.
Outsicc Iumside Outside Inside Oubside Inside Cutside Inside
mean mean mean mean mean mean mean mean
in mm inmm in mm in om in mm in mm in mm in mm
1960 142,03  70.86 395.18 L27.66 398.88 299.21 213.61 171.70
1961 88.28 112.01 - - 538.53 232.41 146,50 115.57
1962 207.69  157.22 502.52 481,03 367.55 329.69 325.37 217.42
1963 143,12 14,52 289.87 299.37 560.76 497.58 308,31 324.10
1964 142,13 84.83 L460.12 L45,51 251.02 255,52 362,70 211.58
1965 41.16  73.91 380.25 298.17 286.82 268.47 55.18 71.12
1966 260.61 273,30 308.10 391.61 L427.62 356.36 119.74% 77.21
1967 112,33 114,80 526.13 421.65 559.62 4%09.19 177.48 137.40
YEAR OCT . NOV, -MAY
Outside Inside Lutside Inside
mean mean mean mean
in mm in mm in mm in mm
1960 22,085 43,18 166,59 162.05
1961 75.33 54,61 194,16 145.79
1962 0.67 0.0 213.05 177.80
1963 0.0 0.0 214,83 165.01
1964 1.6 0.0 329ﬂ13 271.80
19685 38,66 22,86 167.59 106.33
1966 27,62 5.4 108.13 66,87
1967 10.53 4.82 348,54 203.88




TABL&Z CONTD.

67

———

YEAR SEPT. ocf&w_ NOV,-MAY .
X mm Ymo X mm Y wmm X mm Y mn
1 8 9 10 11 12 1;‘wv
1960 212,57 122.44% L4040 59.06 164.0 174, 24
1962 297 .40 102.4%4% 0.9 (R 182.85 152, 84
1963 318,30 319.2% 0.0 0.0 156,60 211.80
1964 262,30  131.44 0.0 0.0 177.30 260,30
1965 k7.80 110.32 Lh.ho 35.76 228.10 330.72
1966 110,00 28,56 9.0 20.22 . 103.60 158,08
1967 178.20  157.84 0.0 0.90 167.0 82,67
1960 194,60 114,48 27.99 66,42 138,30 140.98
1961 100.80 éz.ug 112:90 69.14% 362.70 143,28
1962 310.60  219.48 1.50 0.0 220. 60 163,10
1963 253.40 262,27 0.0 0.0 251.30 211.89
196% 358.90 184,84 0.0 0.0 188.60 161,69
1965 51.80 60.30  36.60 19, 6k 274,00 30k, 81
1966 126,00 52,73  27.10 16.19 172,60 82,14
1967 160,70 M™.76 17,80 1.26 170. 20 104436
1960 184,86 231,22 17.29  12.89  161.71 190.06
1961 0.0 131.17 0.0 17. 64 285. 20 102.92
1962 211,10 275.14% 0.0 0.0 83.10 158.96

Contd.

e e



TABIE CUATD.

L o P

1 8 9 10 11 12 13
1963 360. 20 443,45 0.0 0.18 88.56 118,56
964 39%.0 318.52  10.0 1.12 177.30 127423
1965  38.0 Sh.b2 65.0 10,66 228. 10 110,42
1966 4+0. 80 82,22 39.8 19.70 103.60 79.4%0
1967 249,80 163,10 6.0 9.0 167.0 97.6k4
1960 275.18 260.45  51.17  20.45 258. 14 193.65
1961 225,80  213.63  167.20 63.85 402,60 171,70
1962 582.70  357.00 0.00 0.0 353.50 266.00
1963 316.00  378.85 0.0 0.0 122.70 127.00
1964  503.00  275.00 0.0 0.0 163.20 126,40
1965 o4, 80 119.05  6.30 35.85 396.50 171,15
1966 195. 20 156.75  15.20  29.90 293.50 130,45
1967 183,00  206.80 5.00 13.50 76. 20 124, 20
1960 205.15  221.76  12.95 28,56 158.10 184,78
1961 201,30 285.60  55.80  22.80 129.15  326.25
1962 273495 250.88 0.0 0.0 210. 20 253493
1963 333.05  L74.88 0.0 0.0 75.87 226,75
196%  197.15  295.68 0.0 0.0 99 45 198.58
1965 98.25 53.76 27.05 42,28 140.95 210.30
1966 129,65 131.0%  21.50 68.85 110.95 89.60
1967 139.95 120.96 9.0 1C. 87 91.50 73;n5




TABIE 4.7

COMPUT.sD AVeRAG: BASIN RAINFALL SERIES
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YEAR JUNT JULY AUG.  SEPT.  OCT.  NOV,-MAY
] 2 3 L 5 6 i

1901-2 37,2k 370.00 544,66 119.69  15.60 97.60
2-3  ~117.5k 396.15  307.30 148,02  15.05 9k.62
3-k 93.57 309.13  383.94% 164,78 34,15 137.§1
-5 117,95 439,32 333.79 160.32  5.41 286,20
5-6 72,84 343.99 275.30 94,54 - 149,73
6-7 170,38 339.8% 453,27 18%,90 6.52 361.04
7-8 52,52 355.93 327,00 31.51 - 149.54
8-9 82.19 428.06 419,85  63.02  3.18 154.73
9-10  268.53 526.61 © 410.78 122.20 27.48 148,43
10-11 188,06  463.19  530.08 210.92 268.3% 237.98

11-12  130.75 213.%0  291.47  219.77  10.41 213.03.
12-13 94,58 370481 399.%0 233.51 - 224,57
13-4 187.86  360.48  7.81  59.31  11.90 261.42
W15 93:77  501.5%  301.78 355.73  16.72 255.85
15-16  138:68 374,83 438,16 133427  11.90 82,52
16-17  267.10 369.33  337.3% 19t1.bk 5436 279.37
17-18  202.69 525.67  299.47 282.63 106.28 148.43
18-19  171.39 266,90  271.21 153,05  6.71 255,48
19-20  195.58 389.58  272.99 227.31 11.90 151.41
20-21 195,58 417.87  232.80 70.24%  9.49 93,88

Cont d.
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1 2 3 L 5 6 7
1921-22 356.10  365.71  510.53 458.15 48.80 -68.93
22-23 105.15  440.26  Shh,66  234.52 5,78 178.22
23-24 37.49  361.29  283.65 163.10 23.58 188.08
24 -25 36.26 455,55  3hy.48  L57.48 101,27 134+.68
25-26 221,32  469.89 311,92 66.88 7.82 210.98
26-27 3.6k 387.57  345.00 140,31 6.52 175.24
27-28  148.43 © 329.11  510.53  108.79 115.97 220.29
28-29 . 61.87 L437.71  225.69 32.52 3.00 104,86
29-30  112.87  307.79  78.25  50.79  35.07 255.29
30-31 132.78  433.02 272,27  85.99 12.82 152.3L
31-32 52.32  38%.75 370.06 116.65 71.79  76.00
32-33 86.05 371.75 421.98 261,85 10.63 245.80
33-34 43,74 Lyo.ok 311.75  1k0. 6L 85.88 127.76
34-35 195.58  L407.01  391.57 83.31 - 172.#&
35-36 39.52  357.13  229.24 158,141 3.7%  173.19
35-37  219.12  To8.11 326.68  196.63  14.31 266.28
37-38 137.26  L409.29 372,73 2 k.52 .9 .12 225,32
38-39 278.28 489.7k  340.01 84,15  16.53 113.43
39-40 200.45 388,37 195,10 166,63 49,13 218.06
HO-4+1  135.63  435.97 316.90 8484  3.00 179.52
W1-k2  197.60 273.60 359.75  101.59  23.02 230.34
Yo-l43 20%.31  hok, 43 Lhg.01 148,02 - 169 . 84
43 -l 74,06  317.31  583.78 165,12 - 213.40

Contd.



!

1 2 3 L 5 6 7
1oLk LK 172 0o Lok 1o 191,87 130.59 8.93 161,09
45-46  78.9% k630  328.82  288.17  56.50 199.81
L6-l47 193.7& 542.70  350.59 96,01 53.2% 150.29
4748 126,28 398.30 301.61 357.90 11.16 167.60
L48-4g 53.9% 354,18  556.75  195.97 38.23 191, 81
49-50 84,02 1489.20 36€.69 159,92 13,38 181,57
50-51  228.29 493,22 Lk75.50 150,53 W11 171,51
51-52 64.51  308.32 3#0.37 209.5% 13,94 224,57
p2-53  257.55 371.85  355.66  65.54 11,71  142.C4
53 -5k 175.46 543,90 2%1.87 119.02 - 248, 8%
54-55 71.82 uu3.61 431.23  169.1% 165.97 158.55
55-56  107.59  356.37 378.06  208.5% 273,71 168.00
TETY o MCT20 207.90  357.07 0 122.53  302.6% 222,70
57-58 151.68  401.47 204,18  255.98 25.80 155.94
58-59 83-42 491,40 451,85 202,84  69.75 207.86
59-60 87.27 445,99 36§.87 195.13 77,91 184,68
60-61 99.66  539.19  L406.87 162,27 64.56 184,68




72

TaBls 4-9

DATA USHED FOR CORRaLsTION BaTwii N MONTHLY ISOHYwITAl MaalN
RAINFALL ( Xmm) AND MONTHLY RUNOFF (Ymm)

O Moo sare it e S ey S e e

—— JUNG JULT AUGUST
= (X)om (Y )mn ( X)mm (Y ) (X) mm (Y Jmm

S,

1957 91,44 10,92 401.32 130. 81 209.8 190.5
58 61.72 12.95 374, 65 169,67 468,12 373.63
60 70.87 5.08 314,96 213.36 299, 21 282.19
61 112,01 24.89 298. 20 206.25 - 232.41 304,55
62 157.23 28.96 48, 31 247,65  329.69 201.16
63 144,53 18,80 260. 10 70.10 497.59 401,83
6l 8l , 8l 18.29 437,13 208.79  255.52 225.55
65 73497 k9. 28 29, 89 113,54 268.48 161,04
66 273.30 81.03 378.71 314,96 356.36 318,77
67 114,81 32.51 362.46 227.33  L409.19 369,06

a—

YEAR SEPTLMBER _OCTUBER, NOV, - MAY

X(wm ) (Y Jmm (XDmm (Y Jom (X ymm (¥ ymm

1957 264,92 242,57  17.02 35.31  163.07 123419

58 159.00 176.53  92.71 150.11  105.16 60,96
60 171.70 204.98  L43.18 59.18 162.65 112427
61 115.57 192.53 54,61 90.42 145.8 173474
62 217,42 236.73  37.08 62.48 177.8 187.45
63 324,10 333.25 37.08. L48.51 178,05 146,30
bk 211.58 252.98  37.08 70,36 162.31 204,72
65 71.12 78.49 22.86 L8 41 228.35 220.73
66 77 .22 80.77 25.4 39.88 99. 31 551.28

67 137441 111.76 4,83 38.1 ok, kg 166,12
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TABLzZ 4.12
COMPUTED MONTHLY RUNOFF SERISS FROM JULY TO OCT.

LA NPT - o c—

YEAR July August September October
mmn mn mn mm -
] 2 u_wi_u;:f"mﬂm, L g
1901-2 - 203.93 418,13 1.61 36,74
2-3 263. 0k 256.79 22.3 3k.57
3~4 204.99 330.09 17.17 5947
L-5 285,28 262.34 20.95 20.82
5-6 216.95 250,07 23,65 -4.73
6-7 264, bk 366,86 12.83 21412
78 205,46 280.45 13.73  -1.58
8-9 259.16 321.32 8.19 22.66
9-10 415,63 288. 83 12,47 52,76
10-11 337.142 383,49 8.25 375.99
11-12 177.36 295. 8% 27.87 24 .67
12-13 237,02 323,49 20.06 -11.68
13-14 284,92 162.75 29.49 34,91
115 303.36 224, 7L ‘35.2 2,45
15-16 26l, 21 347.6 10.95 31.02
16-1" 334, 61 283.55 22.5 85. 85
17-18 377.62 216.73 31.0 151.91
18-19 227.81 268.23 25.48 22.98
19-20 304,17 236.25 29.8 26.31
20-21 318459 202.5 23.59 30.9
21-22 383.49 397.1 4,65 64.96

22-23 278.47 399,16 8.5 17,63
: COntdo
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1 2 3 L 5 L

1923 -24 199.63 252.84 251 L5, 41
ok 27 2470 266,86 37.65 136436
25 ~26 35724 239.88 17.06 28.8
26 =27 211.4 283.61 18.82 23.35
27 -28 46,46 L06.98 29.69 173.78
28 ~29 252.5 192,52 21.89 23.95
29 =30 215.31 131.76 34.99 66,66
30-31 290.52 224, 06 21.38 34, 64
31-32 220,04 300,66 15.9 113.3
32-33 232,64 337.92 19.95 22.87
33-34 373.67 19%.98 21.5 131,27
34 =35 313.06 181. 24 11.67 4,17
35 ~36 198.67 93.26 29.16 18,67
36-37 L1, 04 234, 24 23.67 31.13
37 -38 280.98 142,71 22.25 22.17
38 -39 402,39 213465 15.85 39477
39-40 306433 18943 32.39 39419
L0 ~41 293.65 134,45 17474 21.3k
41 -42 246,17 218,57 15.32 47,73
42 ~43 363.62 163.3 2.08 -7.40
43 ~44 198.04 126,47 1,2 -8,26
Ll -45 298.74 167.31 30.49 27,11
45 -46 266.6 9k, 81 28,98 8k, 06
46 -47 381. 21 1h3.h 15.71 89.11
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o o s b

1 2 3 L 5

1947 -48 269.11 252.51 35.3k 18.79
L8-49 205.38 430.26 5.22 63.69
49-50 291.38 270,27 18.26 31.7
50-51 375.67 239.91 8.99 19.56
51-52 188.01 301.99 23.48 29,98
52-53 330, 1k 204, 78 13.78 3k, 15
53~54 3714 179.37 25.79 -5.95
54 ~55 261.18 324.53 13.65 238,76
55 ~56 237.08 313.52 20. 27 382.35
56_57  290.15 289.19 16.78 2696
57 -58 285. 21 188.32 37.03 43.79
58 -59 292.16 325,02 14,02 106,22
59 —60 271.19 282.05 20. 236 117.7
60 -61 325.8 282.89 15.19 101,19

o



COMPUTuD MONTHLY RUN-OFF SuRIAS

TaBLs 4.134A

76

- YRAR JUNE JULY  AUG. SwPT . UCT. NOV, -MAY

mm ;2]11? mm mm mn mn

1 2 3 E 5 6 7
1§o1-2 5.67 195.27  L42§.70 1%0.71 15.62 73.24
2-3 27.35 210. %4+ 264,92  173.32 15.85 69.76
3-4 20.88  159.97 317.80 174.76 18.22 120,29
W5 M6 23548 283.29 174.40  1h19 293,91
5-6  15.28 180.18 242.84  1683.58 13,4 134,24
6-7  41.62 199,98  365.64  176.56 .35 381,47
7-8 9.80 187.11 278.52  164.95 13.4+ 134,01
8-9 17.81 228.95 342.58 165;67 13.88 140,12
9-10 68.12 285.87 '336.33 170.99  17.28 132.72
10-11 46,39 249,32 418.64 160.90 51,00 237.%9
11-12 30,72  i0#.4% 254,00  179.71 14,89  208.30
12-13 21.15 195,38 328,47 180.97 13,44+ 221.80
13-14 46,3k 189,75  5k.87  1A4.95 15,10 265,15
| 1H-15 20,93  271.56  261.12  191.55 15.75  298.40
15-16  33.06  198.07 355.22 171.97 15,10 55,60
16-17 67.73  194.88  285.58  177.19  21.05 285,91
17-18 50.3%  285.56  259.52  185.%8  28.31 132,72

Contd.
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1 2 L 5 6 7
1918-19 41.89 135.#7 240,02 i%1.30 1#.38 257.96
19-20 48.42  206.63 241.25  180.43 19.10 136,20
20-21 4842 223.0k 213.52  166.32  17.76  68.89
21-22 91.96  192.78 405.15 201.2? 20.27 39.70
22-23 24,01  236.02 L428.70 181.06 14,25 167,57
23-2% 5,74  190.22 248.60  171.82 16.7% 179,11
2 -25 5.1 24489 292,87  201.13 27,61 122,48
2526 55.37 253.21  268.11  166.02 14,53  205.90
26-27 4,97  205.46  290.94 169.79 .35 164,08
27-28 35.69 171,59 L405.15 16 72~ 29,67  216.79
28-29 12.32 234,54 208,61 162.88  13.86 81.74
29-30 26.09 159.19  106.88  164.50 18.35 257.72
30-31 31.h7 231.82  240.75 167.70 15.23 137.29
31-32 9.7% 203.83 308.23  170.44 23.49  L7.97
32-33 18.85  196.29  3L4.05 183049 14,92 246,64
33-3k  61.43 254,45 267,99 172.60 25.46  108.53
34-35 k8,42 216.7%  323.07  167.47  13.44%  160.81
35-36  6.29  187.81  211.06 168.81 13.96  161.68

Contd.
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1 2 3 L 5 6 7

193637 81.78 275.37 278.29  177.69  15.44 270.66
37-38  32.68  389.95 310.07 1g1.06 1471 222,68
38-39 70.75 264,72 287.49  167.56 15.75 91,77
39-h0 49 7k 265‘93 187.51  174.p4 16,12 214,18
uo-u1. 32.24 252,86 271.55  167.56  13.86  169.09
L1-42 48.97 139,36 01.11  169.09 16.66  228.59
L2-43 50,78 2674k 362.70  173.32 13,44 157,76
L3-Lh 15,61 164,71 455,66 174.8%5 - 13.4h 208.73
Ll L5 k2.32 215.10 185.28 171.70 .69  147.53
L5 -L6 17420 239.53 27977 185.92  21.36 192.83
L4647 47.93 295,44 294,79  1.68.68 20.89  134.83
4748  29.27  211.69  261.00  192.13  15.00 155.14%
LB8-~k9g 10.18 186.10 437,04  177.5% 18.79  183.47
Lo-50  18.30  264.L1 305,90  174.31 ‘15.31 171,49
50-51 57.25 266.74% 382,986  173.50 .01 159.72
51-52  13.03 159.50  287.7%  178.81  15.3¢  221.80
52-53 65.15 196.35  298.29 165.85 15.0% 125,24
53-5% 42,99 206.13  219.78  170.71 13,44 250.19

Contd.
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1 2 3 L 5 6 7
195455 15.01 237,96 350,43 175.20  36.67 1kk.55
55-56  2k.67 187,37  313.79 178.72  51.75  155.61
56-57  4%0.25  210.32 299.26 170.98  55.81 219,61
57-58  36.57 213.542 193.77 182.95  17.05 141,50
58-59 18.1%  265.68 364,66 178.1.8 23.20 202,25
50-60  19.18  239.3k 306,03 177.50 24,34 175913
60-61 22.52  293.40 336.63 177.58 22,47 175,13




TABLG 4-13B

80

CCMPUT.D MONTHLY RUN.OFF SHRTES( NON MONSOON PSRIOD)

NQV.

YEAR DEC. JAN. FEB. MuR.  APR.  MAY
mmn mnl mm mm mm mm mn
1 2 3 L 5 6 7 8
1901-2  17.57  13.18 11.72 12,45 8.05 5.8 h.39
2,3 16. 74 12.55 11.16 11.86 7.67 5.58 4,18
3-4  28.86 21.60 19,20 20,40 13.20 9,60 7.20
4L-5  70.53 52.92 47,04 ﬁ9.98 32,33 23,44+ 17,64
5-6 32,22 24,12 21 bk 22,78 14,76  10.72 8,04
6-7 91.55 68.58 60.96 E4,77 41,91 30.#8‘ 22,86
7-8 32.16  24.12 21. 4k 22.77 14.7%  10.72 8.01
8-9 33.60 25.20 22,140 23.80 15.%0  11.20 8.%0
9-10 31;92 23.76 21,12 22.4% 14,52  10.56 7.92
16-11 56.88 42,66 37.92 40.29 26.07 18.96 14,22
11-12 49,92 37. 44 33.28 35.36 22,88 16.64 12,48 |
12-13  53.04 39.96 35.52 37.7%  2+.k2 17.76 13.32
13-1% 63,60 47,70 Lo.40o 45.05 29.15  21.20 15.90
1h-15 61.92 4644k 41.28 43,86 28.38 20.64 15.48
15-16  13.20 9.90 8.89 9.35  6.05 4.0 3.30
16-17 68.40  51.48 L9.7h  LB.45  31.45 22,87 17,16
17-18 31.68 23.94 21.12 22.4+ 1h,52  10.56 7.92

Contd.
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1 2 3 oy 5 6 7 8
1918-19 61.68  46.08 40.96  43.87 28.37  20.64 15,47
19-20 32,60 24,48 21,76 23.12 14,96 10,88 8,16
20-21 16.56 12,24 10.88  11.56 7.48  5.hk 4,08
21-22  9.60 7.02 6.2k 6.63 W29  3.12 2.3k
22-23 L0.08  30.06 26,72 28.39 18.37 13.36 10.02
23-24% 42,96  32.22 28.6% 30,43 19.69 14,32 10.74
4-25 29,28  21.96 19.52 20.7% 13.42 9,76 7.32
25-26 49,20  36.90 38,80  34.85 22,55 16,40 12,30
26-27 39,36  29.52 26.24% 27,88 18.09 13.12 9.8
27-28 51.8%  38.08 34,56 36,72 22.55 17,28 12.96
2829 19.61  14.58  12.96  13.77 8.91 6,48  L.86
29-30 61.68 L6, 26 L1.12 43,69 28.29  20.56 15.42
30-31 32,88 24,66 21.92 23.29 15.07 10.96 8.22
31-32 11,49 846  7.52 7.99  5.17  3.76  2.82
32-33 59.0b  W4.28 39,36 L1.82 27.06 19.68 14.76
33-3% 25.92  19.hk 17.28  18.36 11.88 8.64% 6,48
34-35 38.k%0 28.80 25.60 27.20 17.60  12.80 9.60
35-36 38.6k 28.98 25.76 27.37 17.71  12.88 9,66
36-37 64,80  L48.60 k3.20  L45.90 29.70 21,60 16.20
37-38 53.28  39.96 35.52  37.7% 2442 17,76 13.32
38-39 21.8k4 16.38 14,56 15.47 10,01 7.28. 5.46
39-k0 51.36  38.52 4.2k 36,38 23.5%  17.12  12.84
4o-41 L0.56  30.4k2 27,0k 18.59  13.52 10.14

28.73

Contd.,
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1 2 3 L 5 6 7
9ki-k2 sh,72 L1,0b 36,48  38.76 25,08 18.24+ 13,68
yo-43 37,68 28,26 25.12 26,69 17,27 12,56 Q.42
b3UL 49,92  37.M4 33.28  35.36 22.88 16,64 12.48
W5 35,28 26,146 23.52 24.99 16,17 11.76 8.82
L5466 46,08 34,56 30.72 32,64 21,12 15.36 11,52
h6-47 32.16 24,12 21,4l 22,78 14,74 10,72 8;ou
h7-48 37.20  27.90 24.80 26.35 17.05 12.%0 9.30
L8-4g 43,92 - 32,94 29,28 31,11 20,13 14.6% 10.98
k9-50 41.09 30.78 27.36 29.07 18.81 13.68 10.26
50-51 38.16  28.62 25 ik 27.03 17.%9 12,72 9.54
51-52 53.0%  39.96 35,36 37,57 24.31 17.68 13.26
52-53  30.00 22.50 20.00 21.25 13.75  10.01 7.50
53-5%  60.04 45,03 40.03 42,50 27.50 20.02 15.03
54-55 35,56 25.92 23,04 24,48 15,84 11.52 8.6k
55-56 37.24 27.90 24. 80 26,35 17.05 12.40 9.30
56-57 52.56  39.k2 35.0k 37,23 24,09  17.52 12,5
57-58 33.8% 25,38 22,56 23.97 15.51 11.28 8.46
58-59 LB.L8  36.36 32,32 34,34 22,22 16.16 12,12
59-60 42.00 31.52 28.02 29.79 19.25 14,00 10.50
60-61 42,00 31,52 28.02  29.75 19.25 14.00 10.50
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TABLE - %.17

FLOW DURATION ANALYSIS OF ANNUAL SERIES 28 PER

RUNOFF SERIES COMPUTED IN

PROTECT RZPORT
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1 3 b 5 6

1 1100 ~ 1400 3 5 5 95400
2 1400 - 1700 7 1166 16466 83434
3 1700 - 2000 10 16 466 33433 66.64
L 2000 - 2300 ‘ 8 1333 46.66 53,34
5 2300 - 2600 11 18 ¢33 614499 35.01
6 2600 - 2900 12 20.00 84.99 15.01
7 2900 - 3200 5 8.33 93.32 6.68
8 3200 -~ 3500 2 3.33 96466  3.34
9 3500 - 3800 1 1467 98.33 1467
10 3800 - 4100 0 0 98.33  1.67
1 h1ob L400 1 1.67  100,0 O
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TABLE - 4,18

FLOW DURATION ANALYSIS OF ANNUAL SERIES AS PER
PRESENT RUNOFF SERLES COMPUTED BY LINEAR REGRESSION

Lo Emeain N0 o R CREve Percenage
Cu. metre

1 1700 - 2000 1 1467 1.67 98433
2 2000 - 2300 5 8.33 110,00 90.00
3 2300 - 2600 11 184 34 28434 71.66
b 2600 - 2900 W 23433 51467 48.33
5 2900 - 3200 9 15400 66467 33433
6 3200 - 3500 12 20.00 86467 13.33
7 | 3500 ] 3B00 6 10.00 96 .67 333
8 3800 - 4100 2 | 3.33 100.00 0

9 4100 - 4400 o 0 0 0

10 L400 - 4700 0 0 0 0
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TABLE - %.19

FLOW DURATION ANALYSIS OF ANNUAL SERIES AS PR PRESNT
RUNOFI SERIES COMPUTED 3Y MULTIPLE LINEAK REGRESSION

SL. Class in Range DNo,of % of time Cumulative % of time

No. in Mcum ocecur- occurance 4% of time exceeded
ance
1 1500 ~ 1700 1 1.67 1467 98,33
2 1701 - 1900 2 3.33 5400 95,00
3 1901 ~ 2100 L 6.67 11.67 88.33
N 2101 - 2300 1 18.33 30,0 70,00
5 2301 - 2500 10 16,466 46 .66 53434
6 2501 ~ 2700 9 15.00 61,66 B o3
7 270.1 - 2900 1 18433 79 .99 ,‘20’01
8 2901 - 3100 L 64067 86 .66 134 3%
9 3101 - 3300 1 1.67 88.33 11.67
10 3301 ~ 3500 L 6 .67 95.00 5.00
11 3501 - 3700 1 1.67 96 .67 3.33
12 3701 -~ 3900 - - 96.67 3633
13 3901 - 4100 1 1,67 98 o 34 166
(3 4101 - L300 - - 98 . 3+ 1. 66

4301 - 4500 1 1,67 100,00 0

-3
AN
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CHAPTIR - 5

CONCLUSIONS AND SUGGHESLIONS FOR FURTHER RESEARCH

The study of water availability for Ramganga basin
upto Kalagarh has been done by computing 60 years of monthly
flow series using available monthly rainfall data of 60 years
for five raingaugs stations situated out side the catchment,
For estimating average basin rainfall relationships have been
developed using available 10 yesars data of monthly reinfall
for 12 raingauge staticn situated inside the catchment,
Monthly rainfall runoff relationships have been developed
using statistical techniques of linear regression and multi~
ple linear regression. The water availability has been work-
ed out for 60 yoars monthly flow series obtained by (1) ILinear
regression relationships (2) Miltiple linear regression. The
comparision has een dong for water availability worked out
for these two cascs with that for monthly flow s:eries worked
nut hy project people. On the bagig of the present study

the following conclusion can be drawn :

(D For devdloping the relationships.betwaen monthly
rainfall recorded by extuernal reingauge stations to
the average rainfall over its Thiessan Polygon as
recorded by internal raingauge station was triced,
but suitable rcdlationships could not be established

due to lack of suitable data for a longer poriod.
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(2) Reasonably satisfactory rolation is - stablished
betweun avorage monthly basin rainfall obtain<d by
‘using ext rnal raingauge dota and corr.sponding
average monthly basin rainfall obtained by data of

internal raingaugs gtations,

(3) The base flow contribution to monthly run-off could
not bz taken into account satisfactorily, sincc the
base flow is influsnced by rainfall in preceeding
months also, In order to gat better relationships
between monthly rainfall and monthly runoff,‘tha
rainfall of the¢ previous month has to be considered,
For this, multiple linear rogression analysis should
be used to develop relationship be tween monthly
rainfall and monthly runoff for monsoon period by

\

considering the rainfall of provious month also,

(4) The non-monsoon flow could be estimatzd as total
for entire soven months period (Wovember to ihy)
and then can be redistributed in constant propor-

tion to individual months,

(5) ‘he estimation of water availability is affcected
by the procelurc used in computing the menthly £low
scries and various assumptions made, as is clearly
indicated by differcnt ma.nitudes of water availa-

bility obtainéd for throc casszs,

CENT L Umaay U"I"esiry or nocnrer



39

(6) An attenpt wes made to devalop a simple stochastic
modiel with the availabls data of daily flows. But
the sitable model could not be escablished in view
of szasonal naturs of data with most of runoff occur-
ing during monsoon season. It may be necessary to
develop two Feparate model structures for monsoon

and noOn~-monsoon sSSasons.

SUGGASTION S:

Vith the availability of larger pariod rainfall
data of internal raingauge suvations, the individual correla-
tion between rainfall deta of oxbernal rainzauvge station
and corresponding averaje rainfall over its Zhiessen Polygon
obtained from internal rainsauge stations could developed

for better resultse.

Correction for rainfall of last faw days of the
month to the runoff of the next month is necessary, This
effect could not taken into account in present study as only

monthly rainfall dota was available,

A suitable simple stochastic model of daily runoff
by separately considering the monsoon and non-monsoon flow
could be developed with about 15 - 20 years of daily flow
data. Then the alternate scquences could be generated for

Obtaining better estimates of water availability.
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APFoNDIX-I
CORELATUON A WAGIF K
DIMENSTIOM X{210)sY(L.10)
READIsNSsN
FORMAT (1615)
DO 10 IJ=15NS
READ 2o (X{I)sI=15sN)
READZ25 (Y(I)sI=14N)
FORMAT (8F 10, 4)
SUMY=v o
SUMX=3,0
JUMX2=0o1
SUMY2=0. .
SUMXY=0o{
40 20 I=14N
CUMX=SUMX+X (1)
CUMY=SUMY+Y (T)
SUMX2=SUMX2+X (1} #X{I)
SUMY2=SUMY24+Y (I )*Y (1)
SUMXY=SUMXY+X{Ty*Y ()
CONTINUE :
PUNCH 45 SUMXsSUMY 9 SUMX2 9 SUMY2 5> SUMXY

FORMAT (2X95HSUMX=9 E130Js5HSUMY=4E]13,

1E136556HSUMXY=9F1305//)

AN=N
J=1

5/2Xs6HSUMX2=3E13659s6HSUMY2=

= (SUMXY=SUMX#SUMY /AN )/ [ SUMX2=SUM X3 SUMX/ AN )

A=SUMY /AN=B#SUMy /AN
R1=SUMXY=SUMX*SUMY /AN

R2=SQRTF ( (SUMX2=SUMX*¥SUMX/AN)* [ SUMY2-SUMY*SUMY/AN) )

R=R1/R2
PUNCH35sIJsAsBsR

FORMAT (5X 5 1OHSERIES NO=512/5Xs2HA=,E16.7 515X 2HB=sE160 755X s2HR= 5

1E16.7/ /)
IF(J=1)12512510
Al=SUMX
A2=SUMY
A3=SUMX2
A4=SUMY 2
SUMX=A2
SUMY=A1
SUMX2=A4
SUMY2=A3
J=J+1

GO TO 13
CONTINUE
STOP

END
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APPuNDIX-IT
MULTIPLE REGRESSION ANALYSIS BY A.WASIF

DIMENSION B(5)sSR{5)sRM(5)sRPAR(5}) sC(555)sCY(5)CXBAR(5)
DIMENSION S1(5)552(5)953(5)sXB{5)sBPAR(5)sAPAR(5) +STOX(5)sR(5)
READ 1 4NMN

DO 29 IN=1,NMN

READ1sNDATASNPARSNSHSNTRY

FORMAT(51I5)

NT=NPAR+1

READ 1s(IP(T)sI=1oNT)

DO 100 I=1,.NDATA

READ 25(Z2(15J)¢ J121sNS)

FORMAT(10F6.2)

K=NS§S~1

S4=0,

S55=0, .
DO 700 J=1,K

S1(J) =00

S2(J)=00

S3(J)y=0.

DO 700 I=1sNDATA

S1(J)=S1{I)+2(1,J)
S20J)=8S21U)+2(14J)1%2(IsJ)
S3(J)=S3(J)+Z(1,J)*Z(T1sNS)

DO 631 I=1sNDATA

55=S5+2( IsNS)I*Z (IsNS)

S4=S4+Z(I4NS)

AN=NDATA

FN=NDATA=1

YB=S4/ AN

STDY=SQRTF ( { S5=aAN*YB*%2)/FN)

DO 652 J=1+K

XB(J)=S1(J)/AN . o
BPAR(J) = (S%(J)“AN*XE(J)rYB)/(S7(J)-ANVXB(J)*w2)
APAR(J) =YB=BPAR (J)*XB (J)
STDX(J)'SQRTF((52(J)*AN*XB(J)%*2)/FN>
RIJ)I=(S3(J)=AN*XB(JI*YB)Y/ (STDX{J)*STDY*FN) -
TUNCH 20 X

FORMAT (1 X9 3H*1%)

DO 603 J=1,K

PUNCH 100U0s BPAR(J)sAPAR(J) R J)

FORMAT (3F16.7)

PUNCH 475(STDX(J)sJ=1,K),STDY
FORMAT(5E1667)

PUNCH 47+5(XB(J)sJ=1:K) Y3

IPL=IP(NT)

DO 101 I=1sNDATA

X{IsNT)=Z(I,IPT)

DO 132 J=1,sMNPAR

IPJ=IP(J)



102

103

104
105
2001

99

106

107

109

110
111

2007

98

80

590

600

580
500

DO 102 I=1,MDATA
X{IoJ)=Z{1s1PJ)

DO 103 J=1oNT
SUM(JY=0,

DO 104 J=1sNT

DO 104 I=1sNDATA
SUM(J)Y=SUM( ) +X(15J)
DO 105 J=1sNT
XBAR(J)=5UM(J) /AN
TUNCH 2091
FORMAT (1 Xo3}!32%)

DO 99 I=1,3NDATA
PUNCH 29 (X(IsJ)ad=1sNT)
DO 106 J=1sNT

DO 106 I=1,NDATA
X(IoJ)=X(IsJ)=XBAR(J)
DO 107 J=14NPAR

DO 107 I=1sNPAR

AM{TyJd )=y

DO 109 I=1,NPAR
AY(1)=0.

AY2=0D.

DO 111 K=1,NDATg

DO 110 I=1,5NPAR
AY(T)=AY (D) +X(Ks IT)%#X(KsNT)
DO 110 J=1,NPAR

AMUT o J)=AMOT s J) XK T} *XA{K o J)
AY2=AY 2+ X{KsNT) %X (KoNT)
PUNCH 2Gv2

FORMAT (1 X9 3p3t33% )

DO 97 I=1sNPAR

PORNGHT P68 18MET s U) oJ=1sNPAR) o AY () sAY2
DO 80 I=1sNPAR

DO 8C J=15NPAR
ClIeJ)=AM(I,J)

DO 500 I=1,NPAR
PIVOT=AM(Io1I)

AM{TsI)=1c0

DO 590 L=1,NPAR
AMUTIsL)I=AM(I L) /PIVOT

DO 560 L1=1.NPAR

IF(L1I=I) 6005005500
T=AM({L1s 1)

DO 580 L=1,NPAR
AMILLIsL)=AM(LLIo ) =AM(IoL)*T
CONTINUE

DO 540 I=1,NPAR

B(I)=0.C

DO 540 J=1,.1PAR
B(I)=B(I)+AM(IsJ)*AY(J)



540 CONTINUE
$=0,
DO 112 I=1sI'PAR
112 S=S+B(I1)*XBAR(1I)
BINT)=XBAR(NT)=g
PUNCH 20353
2003 FORMAT(1Xs3H#43%)
PUNCH 35 (B(I)sI=1sNT)
3 FORMAT (5E16,7)
$=0.
DO 113 I=1-NPAR
113 S=S+B(I)*AY(I)
FN1=NDATA=NPAR
SDR=SQRTF((AY2™=g) /FN1)
RMULT=SQRTF({S/AY2)
PUNCH 2004
2004 FORMAT (1Xs3H%5%)
PUNCH 59 SDRIRMULT
5 FORMAT(2EL16.T7)
DO 81 I=15sNPAR
DO 81 J=1sNPAR
81 AM(IosJ)=C(IoJ)
IF(NTRY=1) 68549568
49  NK=NPAR=1
[0 50 K1=1sNPAR
DO 51 I=1sNK
DO 52 J=1,oNK
IF{I=K1) 53454554
53 IF(J=K1) 55556556
56 ClIsJ)=AM({I,J)
GO TO 52
56 C(IsJ)=AM(I¢J+1)
GO TO 52
54 IF(J=K1l) 57558558
57 C{I,J)=AM(I+1:J)
GO TO 52
58 CUIoJ)=AM(I+1sJ+1)
52 CONTINUE
51 CONTINUE
PUNCH 205
2005 FORMAT (1Xs3H¥®6%*)
DO 59 I=14NV
59 PUNCH 965s(C({IsJysJd=1sNK)
DO 60 I=1sNK
IF(I=K1) 61:62562
62 CY(I)=sAY(I+1)
CXBAR(I)=XBAR(I+1)
GO 70O 60
61 CY(I)=AY(I)
CXBAR(I)=XBAR(T)
60 CONTINUE



PUNCH 20436
2006 FORMAT (1Xo3H#T*)

PUNCH 96s({CY({I},I=1sNK)
DO 1520 I=14NK
PIVOT=C(I,1)
CllsI)=1,0
DO 1590 L=1,NK
1590 C(IsL)=C(IsL)/PIVOT
DO 1500 Ll=1sNy
IF(L1~=1) 1605515005160y
1600 T=C(L1-1)
C(L].DI):‘:UQ
DO 1580 L=1sNK
1580 C(LLoL)=CUlLIsL)I+aClIL)*T
1500 CONTINUE
DO 63 I=1,sNK
B{I1)=0.0
DO 63 J=13NK
BUI)=B(I)+C(IsJ)*CY(J)
63 CONTINUE
S=Oa
DO 64 I=1,Nk
64 S=S+B(I)*CXEAR(T)
B(NPAR)=XBAR (NT =S
PUNCH 23597
2007 FORMAT (1Xs3H*83%)
PUNCH 35(B(I1)sI=1sNPAR)
S'—"':'o’:)
DO 65 I=1,NK
65 PrI=ROATACNKD)
SDR=SQRTF{(AY2~5) /FNI}
RM(K1)=SQRTI(S/pY2}
PUNCH 2Go8
2008 FORMAT (1Xs3H*9%)
PUNCH 54SDR¢RM{Kk1)
50 CONTINUE
DO 66 J=1,NPAR
66 RPAR(J)=1o=(1o=RMULT*%2)/(1,=RM(J)*%2)
PUNCH 29:9
2009 FORMAT(1Xs4H*10%)
PUNCH 675 (RPAR(J)sJ=1sNPAR)
67 FORMAT(5E16.7)
68 CONTINUE
29 CONTINUE
STOP
END

\
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