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PREFACE

Flood magnitudes and their frequencies are often needed for
planning and design of various water resources structures, bridges
and culverts etc. Flood frequency analysis procedures provide such
estimates from the available 1limited historical peak flood
records. The flood frequency analysis for those gauging sites,
where the historical peak discharges are available for
sufficiently long period, may be carried out using at site data.
However, for the ungauged sites or sites with short record
lengths, such analysis may not be able to estimate the floods with
desired accuracy. In such a situation, flood frequency analysis
may be carried out using regional approaches with ‘regional and at

site data’ or ‘regional data’ alone.

A number of studies have been carried ou* 1in 1India 1in the
area of regional flood frequency . analysis using U.S.G.S.,
regression based and Chow’s methods etc. Some attempts have been
made at National Institute of Hydrology and some academic
institutions to study the applications of new abproaches of
regional flood frequency analysis for typical regions of our
country. However, so far very few studies have been carried out 1in
our country to compare the relative performance of the various
flood frequency analysis methods for identifying the most robust

method for a specific region.

In this report, a comparative study has been carried out for
the Sub-Himalayan region by Shri R.D. Singh and Shri Rakesh Kumar,

Scientists and Smt. Vibha Jain, P.R.A. of the Institute 1in order




to identify the most robust frequency distribution based on the
descriptive ability as well as predictive ability criteria. Effect
of the regional heterogeneity on the flood frequency estimates has
also been examined. The flood frequency relationships developed by
fitting the recommended frequency distribution would be very much
useful for estimating floods of various return periods for gauged
as well as ungauged catchments of the region. The study would also
provide an appropriate methodology for developing regional flood

frequency relationships for other hydrometeorologically

homogeneous regions of the country.
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ABSTRACT

In this report, flood frequency analysis has been carried out
for Sub-Himalayan region using peak flood series data of ten small
and medium size catchments varying in size from 6 sq. kms. to 2072
sq. kms. The study involves application of Extreme Value
Type-I(EV1), General Extreme value(GEV) and Wakeby distributions
using (i) at site data (ii) at site and regional data in combined
form and (iii) regional data alone. statistical tests based on
U.S.G.S. method and coefficient of variation(CV) based method have

been performed in order to test the homogeneity of the region.

Flood freguency analysis has been carried out for the two
groups of the catchments. Annual maximum peak flood series data of
8 bridge sites passing the U.S.G.S. homogeneity test have been
considered under Group-1; whereas the peak flood se(jes of 5
bridge catchments, which passed the U.S5.G.S. as well as CV based
homogeneity tests have been considered under Group-2. The data of
remaining two sites have been used for testing the methodology
based on descriptive ability criteria for both the 'groups.
Synthetic flood series have been generated using the regional
EVi(Case-1), GEV(Case-2) and Wakeby(Case—-3) parameters derived
from the historical data of the two groups of the catchments.
Generated data sets of specific record lengths(same as the record
length of historical data for respective gauging sites) have been
considered for both the groups of the catchments for developing
the flood frequency relationships. For the two independent sites,
variable record lengths viz. 1, 5, 10, 13, 20, 30 and 40 have been

considered one at a time for computing the flood frequency

viii




estimates and the predictive ability criteria such as bias, root

mean square error and coefficient of variation.

The above methodology has been applied to the generated data
of different sample sizes for each population, considered as
Case-1, Case-2, and Case-3 populations respectively for the two
independent gauging sites of the two groups of the catchments.
Performance of different methods has been evaluated based on
predictive ability criteria viz. bias, coefficient of variation
and root mean square error. It is seen that the methods based on
GEV(PWM) and Wakeby(PWM) approaches using at site and regional
data in combined form provide flood frequency estimates with
computationally less bias, comparable root mean square error and
coefficient of variation for the two test catchments. Further, the
effect of regional homogeneity on flood estimates has also ben
examined using the Monte Carlo experiments. In general, it is
observed that by using the SRGEV and SRWAKE methods for GEV and
Wakeby populations, relatively 1larger percentage differences
between the respective flood estimates for different recurrence
intervals are obtained based on the flood estimates of the two

groups of the catchments as compared to the EV1 population.



1.0 INTRODUCTION

Estimation of flood magnitudes and their frequencies have
been engaging attention of the engineers the world over for
planning and design of water resources projects, since time
immemorial. Flood Frequency analysis procedures provide such
information from the available limited historical flood records.
The peak flood data used for frequency analysis should be of good
gquality, random, homogeneous, adequate and the sample size should
be such that the population parameters can be estimated from it.
In flood frequency analysis, generally various theoretical
frequency distributions are fitted to historical flood records.
The parameters of the distributions are estimated using one or
more parameter estimation techniques. The best fit distribution is
selected on the basis of some chosen goodness of fit criteria. The
floods of different recurrence intervals are computed using the
estimated parameters of the best fit distribution, based on those

criteria.

There are various distributions and methods of parameter
estimation available in the flood frequency analysis Tliterature.
Correct inference about the distributions which fit the peak flood
series of a site 1is crucial 1in flood frequency analysis, as
various distributions fitted to the same data result in different
flood estimates in the extrapolation range. There is no general
agreement among the hydrologists as to which of the various
theoretical distributions available should be used for modelling
the peak flood series at a site. The reason being that the
hydrologists try to infer about the population distribution from

the sample data which is subjected to sampling variability. The




conclusions arrived regarding the correct distribution based on
the given sample data are influenced by the extent, the data
satisfy the basic assumptions of tlood frequency analysis and the
techniques employed; 1ike the adjustment of data, presence of
outliers, historical 1information etc., method of parameter
estimation, distribution model used and goodness of fit test

adopted.

The inference about the best fit distribution for a sample
data observed at a site is made based on some goodness of fit
criteria. In spite of a number of attempts no uniform goodness of
fit criteria has been developed for selecting the best fit
distribution, so far. As a result recommendations about different,
design flood estimates for the same site depend upcn the adopted
goodness of fit criteria. In order to avoid such subjectivity,
hydrologosts are always 1in search of a robust frequency
distribution for fitting the peak flood series. Whenever, peak
flood data are available over adequate number of years the flood
frequency analysis may be carried out by fitting frequency
distributions to the at site records. However, the reliability of
such analysis is somewhat Timited for the catchments with short
record lengths. Such a situation can be overcome by adopting
regional flood frequency approach, based on at site and regional
data. For an ungauged catchment, it is not possible to carry out
at site flood frequency analysis because of absence of flow
records. Regional flilood frequency analysis based on regional data

provides the flood frequency estimates for such catchments.

In India, regional flood frequency studies have been carried

out using conventional methods such as USGS method, regression




based methods and Chow’s method etc. for some typical regions.
Attempts have been made to study application of the new approaches
in the studies conducted at some of the Indian research
institutions and academic organizations(Seth,1984-85). Very few
studies have been carried out to test comparative performance of
the existing rationalization techniques. Lettenmaier and
Potter(1985) and Lattenmaier et al.{1987) have conducted some
studies, wherein performance of various flood frequency methods

were compared.

In present study, probability weighted moment based EV1, GEV
and Wakeby distributions, which are simple and widely used
distributions available 1in recent flood frequency analysis
literature, have been considered to fit the annual peak flood
series data of hydrometeorologically homogeneous Sub-Himalayan

region. The analysis has been carried out with:

(i) at site data,
(ii)- at site and regional data, and

(ii1i1) regional data alone without considering at site data.

Annual maximum peak flood series data of B8 bridge sites
passing the U.S.G.S. homogeneity test have been considered under
Group-1; whereas the peak flood series of 5 bridge catchments,
which passed the U.S.G.S. as well as CV based homogeneity tests
have been considered under Group-2 for estimating the parameters,
keeping the data of two sites for the purpose of testing the
methodology based on descriptive ability criteria for both the

groups.




Descriptive ability of various methods has been tested based
on the three numerical measures of goodness of fit wviz. (a)
average of the relative deviations between computed and observed
values of annual maximum discharge peak(ADF) (b) efficiency(EFF)

and (c) standard error(SE).

In the second part of the study, Monte Carilo experiments have
been conducted, wherein the regional parameters of EV1, GEV and
Wakeby distributions are utilised for generating the respective
populations at each gauging site including the two independent
gauging sites. The computations are made with the generated data
for an independent gauging site taking samples of different sizes
viz. 1, &, 10, 13, 20, 30 and 40 respectively. Similar
computations are also repeated for the second independent gauging
site. The predictive ability of various methods has been testes
based on the numerical criteria such as bias(Bias), root mean
square error(RMSE) and coefficient of variation(CcV) computed from
the generated samples of different sizes by considering 1000
replications. The results obtained from the two generated
populations using the above mentioned procedures for both the
groups of the catchments have been compared with an objective of

selecting a robust method among various methods considered in the

present study.



2.0 REVIEW

Statistical flood frequency analysis has been one of the most
active areas of research since the last thirty to forty years.
However, the questions such as (i) which parent distribution the
data may follow? (ii) what should be the most suitable parameter
estimation technique? (iii) how to account for sampling
variability while identifying the distributions? (iv) what should
be the suitable measures for selecting the best fit distribution?
(v) what criteria one should adopt for testing the reginal
homogeneity? and many others remain unresolved. The scope of
frequency analysis would have been widened if the parameters of
the distribution could have been related with the physical process
governing floods. Such relationships, if established, would have
been much useful for studying the effects of non stationarity and
man made changes in the physical process on frequency analysis.
Unfortunately, this has not been yet possible and the solution of
identifying the parent distribution still remains empirical based
on the principle of the best fit to the data. However, development
of geomorphological unit hydrograph seems to be a good effort
towards the physically based flood frequency analysis. Inspite of
many drawbacks and limitations, the statistical flood frequency
analysis remains the most important means of quantifying floods in
systematic manner. Keeping this in view, various flood frequency
analysis studies carried out in 1literature have been reviewed

before taking up the present study

Procedures for frequency analysis depend oin (i) the amount

and type of data used such as at site data, at site/reéiona1 data




and regional data only without at site data, (ii) type of model,
and (iii) form of distribution and estimating procedure used. For
the sites having adequate length of records, frequency analysis
may be performed either using at site data or at site/regional
data. On the other hand, at site data togather with regional data
can be utilized to provide most consistent and reliable flood
estimates for the gauged sites with 1imited data records. For
ungauged sites, however, only regional data can be used for flood

frequency analysis.

As such there are essentially two types of models adopted in
flood frequency analysis 1literature: (i) annual flood series
(AFS) models and (ii) partial durationseries models. Mayimum
amount of efforts have been made in modelling the annual flood
series as compared to the partial duration series. The present
study 1is also based on the annual flood series. Thus the
literature review has been restricted to AFS studies only. A
large number of peak flow distributions are available in
literature among these the Normal, Log Normal, Gumbel, Log
Gumbel, General Extreme Value, Pearson Type III, Log Pearson Type
III and Wakeby distributions have been commonly used in most of
the flood frequency studies. For the estimation of the parameters
of the various distributions, the method of moments, method of
maximum likelihood, method of probability weighted moment, method
based on principle of maximum entropy and method of least squares
are some of the methods which have been most commonly used by many
investigators 1in frequency analysis lTiterature. Once the
parameters are estimated accurately for the assumed distrisbution,
goodness of fit procedures then test whether or not the data do

indeed fit the assumed distribution with a specified degree of




confidence. Various goodness of fit criteria have been adopted by
many investigators while selecting the best fit distribution from
the various distributions fitted with the historical data.
However, most of the goodsness of fit criteria are conventional
and found to be 1in appropriate for selecting a best fit
deistribution which may provide an accurate design flood estimate

corresponding to the desired recurrence interval.

Although different forms of distributions, parameters
estimation procedures and goodness of fit criteria have been used
by many investigators in their at site and regional flood
frequency studies, but covering of the review of all the studies
is beyond the scope of this report. However, a comprehensive
review of various flood frequency studies may be found
elsewhere(Gries, 1983; Potter; 1987 and Seth, 1984—-85). Here some
of the regional and at site flood frequency studies, carried out
in India as well as abroad and relevant to the present study have

been briefly reviewed.
2.1 Review of some Flood Frequency Studies Abroad

Dalrymple(1960) described an index flood technique to carry
out regional flood frequency analysis. Benson(1962) pointed out
the deficiencies in the U.S.G.S. index-flood method, proposed by
Dalrymple(1960), and suggested many modifications in the U.S.G.S5.
index-flood method. NERC(1975) gave a method for regional flood

frequency analysis based on order statistics.

Wallis(1980) recommended the method based on standardized
probability weighted moments for regional flood frequency
analysis. About General Extreme Value distribution recommended in

the British flood studies Report, Wallis(1980) feels that its




regional application is quite specific for U.K. conditions and
therefore studies should be made for GEV distribution for other
region also. He concluded that regionally derived flood estimates
of the extreme quantiles are preferable to at site estimates. It
is true for 1long records also. Gries and Wood(1981)
investigated the use of probability weighted moments(PWM) for
improving estimates of flood recurrence quantile events 1in both

gauged and ungauged basins.

Several new regionalisation approaches have been introduced.
The most extensive work has focussed on the application of the
probability weighted moments in regional flood frequency studies
for various distributional choices inciuding the Extreme Value
type 1, 2 and 3 distributions(EV1, EV2, EV3). The generalized
extreme value distribution(GEV) -and the Wakeby distribution.
Various issues involved in regionalization have been investigated
by Landwehr et al.(1978, 1979a, 1979b, 1979c, 1984), Wallis(1980,
1981, 1982), Gries and Wood(1981, 1983), Kuczera(1983b), Hosking
et al.(1985a, 1985b), and Lettenmaier and Potter(1985).

Stendinger(1983) proposed an approach for regionalisation
based on a 1log space transformation after taking into
consideration some theoretical Timitations of the standardization
used in Index Foood methods. Kuczera(1983a) proposed
regionalizing the parameters of the Box—-Cox power transformation,
using an empirical Bayes approach. The method accounts explicitly
for unequal sample variances and inter site correlation. Rossi et
al.(1984) developed a regionalisation procedure for twoc components
extreme value distribution in which annual floods are assumed to
come from two distinct Extreme Value Type 1 distributions.

Performance of these new regionalization techniques'have not been




tested yet properly.

Inspite of the 1large number of existing regionalisation
techniques, very few studies have been carried out with some what
limited scope in order to test their comparative performances.
some of the important comparative studies conducted by many
investigators include Lettenmaier and potter(1985), Gries and
Wood(1981, 1983), Kuczera(1982), Lettenmaier et al.(1987) and

Singh(1989).
2.2 Review of Some Flood Frequency Studies in India

There has been significant number of studies in the area of
regional flood frequency Analysis in India. Goswami(1972), Thiru
Vengadachari et al.(1975), Seth and Goswami(1979), Jhakade et
al.(1984), Venkataraman and Gupta(1986), Venkataraman et al(1986),
Thirumalai and Sinha(1986), Mehta and Sharma (1986), James et
al.,Gupta(1987) and many others have conducted regional flood
frequency analysis for some typical regions in India. In most of
the regional flood frequency studies the conventional methods such
as U.S.G.S. Method, regression based methods and Chow’s method
have been used. Some attempts have been made by Perumal and
Seth(1985), Singh and Seth(1985), Huq et al.(1986), Seth and Singh
(1987) and others to study the applications of new approaches
ofregional flood frequency analysis for some of the typical
regions of India for which the conventional methods have been

already applied.

Although there has been a large number of application studies
using conventional as well as advanced regiocnalisation techniques,
but as such limited efforts have been made by any investigator to

compare the relative performance of these approaches for any




typical region 1in India. Singh et al.(1990-91) compared
performance of eight methods involving application of EV1 ana GEV
distributions viz. EV1, SREVi-I, SREVI-II, REV1-I, REV1-II, GEV,
SRGEV and RGEV of regional flood frequency analysis for Godavary
basin sub-zone (3f). In this study, relative performance of the
above methods as well as performane of three more methods based on
Wakeby distribution i.e. WAKE, SRWAKE and RWAKE have been compared
using "at site”, "at site and regional” and “"regional” data. The
study has been taken up in order to examine some of +important
aspects of at site and regional flood frequency analysis, with and
without at site data, which require 1immediate attention 1in the

Indian context.



3.0 STATEMENT OF THE PROBLEM

The review of literature about at site and regional frequency
analysis reveals that the flood estimates obtained from flood
frequency analysis using regional and at site data combined
together are more consistent and reliable than the at site
frequency analysis estimates speci§11y for the short records.
Inspite of considerable developments in the area of flood
frequency analysis, there is still a Tot of controvercy regarding
choice of distribution, method of parameter estimation, goodness
of fit criterion, regional homogeneity tests, method of regional
frequency analysis with and without at site data, and many other
aspects of frequency analysis. This study, therefore, has been
taken up to examine some of the important issues related with at
site and regional flood frequency analysis which require immediate
attention. EV1 GEV and Wakeby distributions, which are widely used
in flood frequency analysis, have been considered for the study.
Eleven methods invoiving the applications of EVi, GEV and Wakeby
distributions on (a) at site data, (b) at site and regional data
and (c) regional data alone without considering at site data,
have been used in the study in order to achieve the following

objectives:

(i) to develop/derive regional flood frequency curves/regional
parameters using different methods after conducting the

regional homogeneity tests.
(ii1) to estimate the floods corresponding to different recurrence

intervals for ten bridge catchments of sub Himalayan

region(Zone-7) using the eleven different methods.

11




(iii)to compare the descriptive ability of different methods based

on some performance criteria for each gauging site 1including

some independent gauging sites not used in calibration.

(iv) to identify a robust regional frequency method among the

(v)

methods considered in the study based on the predictive
ability criteria given in the form of bias, root mean square
error and coefficient of variation, computed from 1000
samples of different sizes by conducting Monte Carlo
experiments on three different generated populations(regional

EV1i, GEV and Wakeby populations).
To study the effect of regional homogeneity based on USGS

homogeneity test criteria and the coeffiicient of variation

test based criteria for the region.

12



4.0 DESCRIPTION OF STUDY AREA

The study area comprises of small and medium catchments
ranging in size from 6 sq. kms. to 2072 sq. kms. in the
Sub-Himalyan region. The Himalayan region upto 1its foot-hill,
lying within the great arc passing through Madhopur near Dara Baba
Nanak in the north east between 760to 96 E longitudes and 260 to
320 N latitudes has been grouped under Zone-7; which is one of the
7 major zones in which whole of India has been divided. These
seven major zones are further subdivided into 26
hydrometeorologically homogeneous sub-zones of moderate size(CWC,
1980). The locations of the railway bridges considered 1in the

study are shown in Fig. 1.

Flood estimation for this zone is proving to be an
intractable problem as the runoff from this region consists of
snow melt as well as rainfall. Data availability on both these two
important inputs is totally inadequate, if not nil. Though Indian
Railways have collected rainfall and runoff data ranging from 5
years in the case of rainfall to 15 years and over 1in case of
runoff from over 300 répresentative railway catchments in almost
all the 24 sub-zones, they have but a very small number of such
sites in the sub-Himalayan region. Railways have 1ittle 1interest
in the Himalayan reg{on but for the two narrow gauge 1lines they
have viz., Siliguri-Darjeeling and simla-Kalka. Any large scale
development of Railway routes in the foreseeable future especially
of Broad Gauge, appears to be remote, may, even far fetched, in
view of the stupendous technical difficulties that are likely to
be encountered. In fact, for that matter, construction of a heavy

gauge line in the Himalayan region apart from up-setting the

13
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ecological balance of the region may not even be possible from the
engineering point of view, as the Himalayas are situated 1in a
known seismic belt, are geologically young in age and have friable
s1pes leading to frequent land slides. As such the question of
having a railway route in Himalayas in foreseable future can be
safely ruled out and to that extent the interests of the Railways
in the flood estiimation of rivers in Himalayan rivers are very
much Timited especially from the view point of rail route building

activities(Venkatraman and Gupta, 1986)



5.0 DATA USED

The data collected by Indian railways for eleven bridge sites
were available for the study(Venkatraman and Gupta, 1986). The
record lengths vary from 13 to 20 years over the period of 1966 to
1985. The data of two bridge catchments i.e. one second largest
and the other second smallest bridge catchments are kept

independent for the purpose of testing the methodology.
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6.0 METHODOLOGY

The various frequency distributions used 1in tna study
along with the different methods adopted for carrying ragional

flood frequency analysis are describad below.

6.1 Frequency Distributions Used

Methods used in the study to carry out flood frequency
analysis involved fitting of Extreme Value Type I(EV1), General
Extreme Value(GEV) and Wakeby(WAKE) distributions, which are

briefly discussed here under.
6.1.1 Extreme value type-I distributionCEV1)

This 1is a two parameter distribution and it is
popularly known as Gumbel Distribution. The cummulative density

function for EV1 distribution is given by:

F(x) = & (1)

where, F(x) is the probability of non exceedence and equal Lo
1-1/T ; T is the recurrence interval in years,u and 2 are the
location and shape parameters respectively. These parameters can
be estimated from the sample of annual maximum peak floods using
the parameters estimation techiniques available in literature.
Method of probability weighted moments (PWM) is one of the
parameter estimation techniques which has been succeaessfully
applied by Landerwehr et al.(1979) for estimating the parametres

of EV1 distribution more efficiently with less bias. The method of
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probability weighted moments which has been discussed in subsquent
section was, therefore, used for estimating the EV1 distribution

parameters.
6.1.2 General extrems value distribution(GEV)

GEV distribution is a generalised three parameter
extreme value distribution proposed by Jenkinson (1955). 1Its
theory and practical applications are reviewed 1in the Flood
Studies (NERC,1975). The cummulative density function F(x) for GEV

distribution is expressed as:

_ X—-U | 17K
E(X) = e_(1--- ( 5 )) (2)

where u, @ and X are location, scale and shape parameters of GEV
distribution respectively. For estimating these parameters, a
procedure based on method of probability weighted moments
(Singh,1989) which has been described in the subsquent section, is

used in the study.

6.1.3 Wakeby Distribution

A random variable x is said to be distributed as Wakeby
if:
b -d
x =mta [1-(1-F) 1 - ¢ [1-(1-F) ] (3)

where F = F(x) 1-1/T, and
a, b, c, d and m are the parameters of Wakeby distribution which

can be estimated using a special algorithm proposed by Landwehr et

al.(1979) based on method of probability weighted moments.

6.2 Flood Frequency Methods used

The methods used in the study are classified in

following three groups:




(A) at site flood frequency methods,

(B) at site and regional tlood frequency methods, . i

(C) regional flood frequency methods without using at site

data.

Under the above groups the following eleven methods of

flood frequency analysis have been used.

s
=
L
1=
r-
W

=
It

L)
[ =]

i
od frequency methods

o]
L

at site EVI(PWM) method (EV1)
at site GEV{PWM) method (GEV)

at site Wakeby(PWM) method (WAKE)

£B) At site and regional flood frequency methods

modified U.5.G.8. method based on at site and
(SREV1-1)
EViI{PWM) method based on at site and regional

data (SREVI-II)

regionai data

GEV(PWM) method based on at site and regional dat= (SRGEV)

Wakeby(PWM)} method based on at site and regional dats

 (SRYWAKE)

(C) "Reglownal flood frequency ‘methods

moditfied U.S5.G.S. method bsed on regional data (REV1-I)

EVi(PWM) method based on regional data (REV1-1II)

" GEV(PWM) method based on regional data (RGEV)

“Wakeby (PWM) method based on regional data (RWAKE)
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A brief description of each of these methods is given below.

1) At site EVI(PWM) Method (CEV1)
Methods based on probability weighted moments generally
require expressing the distribution function in inverse from which

is given below for EV1 distribution:

X = u -2 1n (-1 F ) (3)
where, u and & as mentioned ealier are the parameters of the
distribution.

Follwoing the Landwehr et al. (1979) the rth order
probability weighted, %Gr is given by the equation:

n "
T x (1 —FLY (4)

where, FL the probability of non exceedence, is computed using

the plotting position formulae

F‘: i (4a)

where, ¢+ 1is the rank in the arranged flood series,

and n 1is the sample size.

Putting r =0,1,2,....etc. in equation (2), Mioo’ M101'
Mioz"' etc..are computed from the flood series.
The parameters u and <&, of EV1 distribution and

quantile QT are computed by this method following the steps given

below:

i) Arrange the flood series and compute M 10dand M - using

equations (4) and (4a).
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ii) sStandardise the computed values of M and M
100 101

obtained from step (i) dividing them by the at site mean, which

is same as M . Hence
100

(6)
100
mJ'\= ={u
| 100
o 101 (1)
1 M
100
iii) F=iimate the parameters, u and & , using the
following equations(Landwehr 1979)
u=m - 0.5772 ¢ (8)
mo— 2m1
5 : 9
O T o (9)
iv) Estimate the T-year recurrence interval flood using the
relation : 1
xT.:u—d(1n'1n (1‘?)) (10)
v) Scale the quantiles X by at site mean in
order to give an estimate for the site, Q :
Q =M X £1E)
T 100 T
(2) At site GEVC(P¥M) Method (GEV)
The inverse form of the GEV distribution is :
K
x=u+a(1-(1In(F) ) x) (12)

where u, & and X are the location, scale and shape parameters

of the distribution.
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For =0, GEV distribution converges to the EV1
distribution. If K ¢ 0 orv¥ > 0 y 1t represents the EV2 or EV3
distribution form respectively.

The parameters, u, & and ¥, of the distribution and
quantile QT are estimated using the method of probability weighted

moment in the following steps

i) Arrange the flood series and compute M , M , and M
100 101 i02
using equations (4) and (4a).
ii) Standardise the computed values of M . M , and M )
100 101 102

obtained from step (i) dividing them by the at site mean (same as

). Hence:
100
100
!:‘-(-_J = =1 (13)
100
M
m = 101 (14
1
100
102
|| - "= 15
, M (15)
100
11i) From normalize: values of L and m, obtain M11¢ and
M using the equations
120
o - Mo (VY (16)
(17)
=m - 2m +m
120 1 :
iv) Calculate a constant C
C = (2 Mno- m )/ (3 M120_ m ) ) = ( 1n2/ 1n3 ) (18)
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v) Calculate the shape parameter K using the relation

¥ = 7.8590 C - 2.9554 C (19)

vi) Calculate the scale parameter, & , using the relation:

-1

o= (( 2 Mo ~— M )* k) / ( Gamma(1+k)*(1. -2) ) (20)
vii)Calculate the 1location parameter, u using the relation:

us=m + (o (Gamma (1+x) -1)/x) (21)
where, Gamma (14k) is the value of Gamma of (1+K) computed from
Gamma function subroutine.

viii) Estimate the quantile X using the relation:

x = u+ea (1= (An( 1 )" (22)

ix) Scale the gquantiles xT by the at site mean for the at site

estimates of quantiles C% for a site:

Q = x XM (23)
T T 100

(3) Modified U.S.G.S. method based on at site and regional data
(SREV1-ID

Following sequential steps are followed
i) Test for regional homogeneity for the selected gauged
catchments using the procedure described by Dalrymple (1960) and

discard those catchments which are not homogenious.

ii) Compute the flood of 2.33, 5, 10, 20 and 50 years using the

parameters u and & , estimated by the method of least square
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for different gauging sites after assigning the

probbilites by Gringorton plottig position formula:

i-0.44

{" n +0.12 (24)

ii1) Compute the frequency ratios of floods of 5, 10, 20 and 50
years to mean annual flood (2.33 year flood) for each of the
gauging sites and workout the median values of the frequency

ratios corresponding to each recurrence interval.

iv) Draw the median values of the frequency ratios against the EV1
reduced variate corresponding to different recurrence 1intervals.

Such curves are known as the regional frequency curves.

v) Estimate the regional frequency ratio corresponding te a
recurrence interval using the regional frequency curve for the

catchments 1ying in the region.

vi) Estimate the quantiles QTfor a particular catchment of the
region after multiplying the regional frequency ratio by the at

site mean computed from the sample.

(4) Modified U.S.G.S. method bsed on regional data (REV1)

Following sequential steps are followd:
i) Repeat step (i) to step (v) described for FFA using Modified

U.S.G.S. Method based on at site and regional data.

ii) Establish the relationship between mean annual flood
and catchment characteristics (usually catchment area) at each

station.
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iii) Estimate the mean annual peak floods for each gauging sites
using the relationship established between mean annual peak flood

and catchment area.

iv) Estimate the quantile QT multiplying the mean annual peak

flood obtained from the previous step with the regional frequency
ratio.

(5) EVI(PWM) method based on at site and regiocnal data (SREV1~IID

The steps are:
i) Test for regional homogeneity of data for selected gauged
catchments, using either U.S5.G.5. homogeneity test or CV based

homogeneity test.

ii) Rank the flood series of each gauging site and compute the

at site values of PWM, M and M as:
100, 101,
i ne g
= — Y
Hmo,j nep T (25)
L=1
. né g
T — - . = F . 26
M.j.m.j AT E )‘L,J 1 FL,j) ( )

where, n(j) is the record length for the jth gauging site,

hﬂoo is the zeroth order probability weighted moment for
» )

the jth gauging site (same as the at site mean).

YW is the first order probabiiity weighted moment for
¥

the jth gauging site.

F  is the probablity of non-exceedence and computed by the

'
Lely
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following plotting position formula:

{ L =0,;3% )

E |, o (27)
Ly nip

o 0 ety is the ith rank value in the sample of annual maximum peak
LRI | .

series for the jth gauging site.

iii) Standardize the at site values of PWM obtained from

the previous step by the at site mean. Thus:

100,)
Mo = = 1.0 (28)
100,
104,)
mo = (29)
L] .
where, m) is the zeroth order standardized PWM, for jth
0o, )
gauging site , and
m 1is the first order standardized PWM for jth

15
gauging site.

iv) Compute the regional values of the standardized PWMs
averaged across the ns sites in the region 1in the ratio of the

record lengths. Hence:

ml—‘ :
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ns
where, L = ¥ = Total record length (32)
i=1

m , and ﬁi are the standardized regional PwWMs.

v) Compute the regional EVIi parameters u and 2 using the
relationships:
mo = 2 n&
&= In 2 e
u = 50 - 0.5772 (34)

vi) Estimate the regional quantiles xT using the relation:

1 K -
X, = u+a (-In{-In(1.- = )) - )/K (35)
vii) Scale the quantities X by at site mean (same as Mzoo ; ;y to
estimate quantiles (QT . ) for each gauging site.Hence:
Q =M X (36)
T i00,; T

(6> EVI(PWM) method bzsed on regional data (REVi-II2
The steps are:
i) Repeat step (i) to (vi) described for FFA using EV1 PwM

method based on at site and regional data.

ii) Estimate the mean annual peak floods (Q) for each gauging
]
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site using the relationship between the mean annua! peak floods

and catchment area ncoveloped for the region.

iii) Scale the quantities xT by the mean obtained from the

previous step to estimate quantilies QT j for each gauging
1]

site. Hence:

Q =Q x (37)

¢7) GEVCPWM) method based on at site and regional data (SRGEV)

The steps are:

i) Test for regional homogeneity of data for roloritod  gauged
catchments using CV based hrugeneity test.

ii)Estimate at site values of PWM, M , M and ™ , Tfor
100, i 101, ) 102, j

each gauging site putting r = 0, 1, and 2 in the following

equation , respectiveiy

v ;
LI -
=z L% (1 th) (38)

iii) Standardise the at site values of PWMs obtained from

step(ii) by the at site mean :

M .
10r,]

m = — (39)
r.j

M .
100,)

where r = o, 1, and 2 respectively.

iv) Compute the regional values of standardized PWMs averaged
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across the nth site in the region in the ratio of record lengths.

Hence:

_ n
m = E m . n(;) (40)

v) Estimate the regional parameters, ¥, u and 2 of the GEV
distribution using the procedure described for at site GEV PWM
method where in place of at site standardized PWMs regional
standardized PWMs are used. Thus in place of mo, mi,and mz,ﬁg .

Ez’ and ﬁz are used in eq. (16) to (21).

vi) Estimate the regional quantiles xT using the relation

K
x =u+a(1-(-n (1 - —;—— ) )oK (41)

vii) Scale the quantiles xT by at site mean for the estimation

of quantiles QT - at any gauging site
2]

Q =M A (42)
T,) 100, T

(8) GEVC(PWM) method based on regional data C(RGEV)
The steps are:-

i) Repeat step (i) to (vi) described for FFA using GEY PWM

method based on at site and regional data.

ii) Estimate the mean annual peak floods (Q.) for each
J

gauging site using the relationship between the mean annual

peak floods and catchment area, developed for the region.

iii) Scale the quantiles X by the mean flood obtained from




the previous step to estimate quantiles QT, for each gauging
)
site. Hence

Q. = Q x (43)

(8) Wakeby(PWM) method based on at-site data (WAKE)

The following sequential steps are followed while carrying

out at-site flood frequency analysis by this method.

i) Test for regional homogeneity of data of the gauged catchment

using homogeneity test.

ii) Estimate at-site values of probablity weighted moments upto
fourth order for the gauging site putting r = 0, 1, 2, 3 and 4 in
equation:

ndy

1
M = T xtj a4-F 3 r (44)
i=1

10,) ¢ L,
i11) Standardize the at-site values of PWMs obtained from step

(i1) dividing them by the at-site mean. Hence,
'ﬂo | :
e | ; :
m = — 45
woy M ) ()
10G,j

Lol

iv) Compute the regiocnal values of the standardlized PWMs averaged
across the NS sites in the region 1in the ratio of the record

lengths using the following equation;

ns

1
m S ;*1 m ni {(46)

From this step, the values of'mb ,y M, m_, m , w are obtained
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v) Estimate the regional parameters of the Wakeby distribution

using the special algorithm suggested by Landwehr et al.(1979)
based on the regional probablity weighted moments m ml, m % "
and n&

vi) Estimate the regional quantiles XT using the following
relation:

1 b 1 -d
XT =m + a[1—(—?—) - [1—(—?—) ] (47)

vii) Compute the T-year flood for any particular gauging site
after scaling the quantiles XT obtained from step (vi) by at-site

mean.

€10) Wakeby(PWM> method based on at-site and regional data

CSRWAKED

The following seguential steps are foliowed while carrying

out. at-site and regional flood frequency analysis by this method.

1) fest tor regional homogeneity of data of the select. . gauged

catchments using homogeneity test.

11) Estimate at-site values of probablity weighted moments upto
fourth order for the gauging site putting r = 0, 1, 2, 3 and 4 1in
equatiocn:

RGNV
1 ,
M = — T X  #F iy (48)

10, g L) L,]
L=1

111) Standardize the at-site values of PWMs obtained from step

(i11) dividing them by the at-site mean. Hence,
Mr
or,
mr = _*_!_.I__ (49)

104,




iv) Compute the regional values of the standardlized PwWMs averaged

across the NS sites in the region 1in the ratio of the record

lengths using the following equation;

m = = P;-.: m ondg (50)
From this step, the values of mo,m m ,m ,m are obtained

3

v) Estimate the regional parameters of the Wakeby distribution
using the special algorithm suggested by Landwehr et al.(1979)
based on the regional probablity weighted moments "B’ na, % 5 g ;
and nu.

vi) Estimate the regional quantiles XT using the following
relation:

X, =m+alt-(—)° = ¢ [1=(—) "] (51)

a4

vii) Compute the T-year flood for any particular gauging site
after scaling the guantiles XT obtained from step (vi) by at-site

mean.

(11> Wakeby(PWM) method based on regional data

The following sequential steps are followed while carrying

regional flood frequency analysis by this method.

i) Test for regional homogeneity of data of the gauged catchments
using homogeneity test.

ii) Estimate at-site values of probablity weighted moments upto
fourth order for the gauging sites putting r = 0, 1, 2, 3 and 4 in

equation:

(AR

M =—— ©§x  aF ir (52)
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iii1) standardize the at-site values of PWMs obtained from step

(ii) dividing them by the mean flood obtained from the
relatiionship between the catchment area and the mean flood for

the region. Hence,

=

IR R i (53)

100,

iv) Compute the regional values of the standardlized PWMs averaged
across the NS sites in the region 1in the ratio of the record

lengths using the following equation;

M = : m . ovig (54)
From this step, the values of m o, m o, Mo, m_, T are obtained
3

v) Estimate the regional parameters of the Wakeby distribution
using the special algorithm suggested by Landwehr et al.(1979)

based on the regional probablity weighted moments mo, mi, @ ” g .

and m .
4

vi) Estimate the regional quantiles XT using the following
relation:

X, =m+ a[1—(—;1F—)b - C {1—(—%—)~d] (565)

H

vii) Compute the T-year flood for any particular gauging site
after scaling the quantiles XT obtained from step (vi) by the
mean flood obtained by the relationship between catchment area

and mean flood for the region.

6.3 Homogeneity Tests

In regional frequency analysis, available historical
peak flood data of different sites which belong to a

hydrologically homogeneous region are required to be grouped for
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estimating regional parameters. In this study, the hydrologic

homogeneity of the region was tested using (a) U.S.G.S.
homogeneity test and (b) coefficient of variation based hmogeneity

test. The procedures for the above tests are described below:

6.3.1 U.S.G.S. homogeneity test

This test has widely been used for testing homogeneity
of a region. The steps involved in U.S.G.S. Homogeneity Test are:
f7) Compute the EV1 reduced variate corrasponding to 10 year

return period flood using the relation:

1

Y =-1n (-In (1- — )) (56)
T T
for example

1
Y = -In (-In (1 - =) (57)

10 10

=2.25

(ii) Compute the 10 year flood putting Y10 = 2.25 1in the

following equation developed for the different catchments using
least square approach

= u + & Y1 (58)

10

= u + 2.25 & (59)
(iii) Repeat step (i) and (ii) to compute 2.33 year flood, which

is the annual mean flood for EV1 distribution, for the different

catchments.
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(iv) Compute the ratio of 10 year flood to annual mean flood
(Qzaa) at each gauging sites. The ratio is known as the 10 year

frequency ratio.

(v) Average the 10 year frequency ratios of all the gauging
sites to obtain the mean 10 year frequency ratio for the region as

a whole.

(vi) Determine the EVi reduced variate corresponding to the
product of annual mean annual flood and the average 10 year
frequency ratio from the linear regression equations developed for
each catchment . Thus

Y

i

(XT - u )/o (60)

(vii) Plot the EV1 reduced variates obtained from step (vi)
against the effective length of records for that station on a test
graph where upper and lower regional limits of 95 % confidence are

already plotted using the following co-ordinate pairs

Sample size Lower Limit Upper Limit
(n) (y) (Y)
5 -0.59 5.09
10 0.25 4.25
20 0.83 3.67
50 1.35 3.15
100 1.52 2.88
200 1.80 2.70

(viii) If the plotted points for all the gauging sites 1lie
between the 95 % confidence limits , then they are considered to

be homogeneous.

35




F.3.2 Co=- efficient of variation based homogeneity test

The coefficient of variation based homogeneity test is

performed in the following steps:

(i) compute the coefficient of variation,CV ,from sample of
]

annual maximum flood peaks of each gauging site.
(ii1) Compute the sampling variation of CVj using the equation:

U = Vv/n, (61)
J

where U = the sampling variation of CV for each site
J J

V = the regional variance of CV and is taken as 1/12, and

n = the record length at each site
1

(iii) Compute weighted regional average value of CV given by:

ns
L cv/u,
By el (62)
ns
L1/u
1=1 ‘

where, ns = no. of gauging sites.

(iv) Compute S —~Statistic which expresses the total variation in

CV within a region of ns sites using the equation

ns (CV - CV )2
_._,.._'i..___._. (63)
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2 . . :
(v) The statistic S has the form of a ¥ statistic and is
; 2 .
expected to be distributed as ¥» with (ns-1) degrees of freedom.
2
Note down the critical value of ¥ for (ns-1) degrees of freedom

for a particular level of significance from Chi-square table.

(vi) Compare the computed statistic $ with the critical value
of chi-square obtained at step (V). If the value of § exceeds the
critical value of chi-square then the hypothesis of a homogeneous
region must be rejected otherwise if S is less, then the data is
considered to be regionally homogeneous and applicable for

analysis.

6.4 Evaluation Criteria for Selecting a Suitable Frequency

Analysis Method

Evaluation criteria for selecting an appropriate
frequency analysis procedure can be divided in to two

categories:i) Descriptive ability, and ii) Predictive ability
6.4.1 Descriptive ability

Descriptive ability criteria relate to ability of a

chosen model to describe/reproduce chosen aspects of observed

flood peak hydrology. The descriptive ability criteria used in

the study are

a) Average of the relative deviations between
computed and observed values of annual maximum
discharge peak (ADF)

b) Efficiency (EFF)

c) Standard error (SE)
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a) Computation of ADF Values:

For computation of ADF values the following
relationship is used:
n
1
ADF = — T | @ -ac | / (64)
i=d y ; ;
b) Computation of EFF values:
EFF values are computed using the relations :
EFF = (IV - MV)/IV (65)
n 2
- 66
where, IV = T ( Q. - Q) 180
Lt =31
i 2
MV = ¥ ( QOL = (;)C‘L ) (67)
1 =1
Q@ = Mean of the observed peak discharge
series, QOL
QCL: ith values of the computed peak
discharge series
n = sample size
c) Computation of SE values

SE values are computed, in non dimensional

the following relationships:

/ L]
i 2
SE = 1/———n L ( QRO, - QRC )
1=4

Where, QRO = QOLla

L

QRC.

L

Qc / Q

6.4.2 Predictive ability criteria:

Predictive ability criteria relate to

38
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ability of procedure to achieve its assigned task, with minimum

bias and maximum efficiency and robustness. In the study the
following predictive ability criteria are used

a) Bias

b) Root mean square Error (RMSE)

c) Co-efficient of variation (CV)

al Bias (Bias)

It is a meausre which indicates the tendency to
over estimate or under estimate a given event Tevel
corresponding to the population estimate. A positive Bias

indicates the over estimation and a negative bias indicates the

under estimation. Mathematically, it is expressed as

-~

E (xT) - X

T
BIAS = e * 100 (69)
T
~
where, E (XT) = ' mean of the estimates of XT for a given
sample size.
xTz the population estimate of flood corresponding to

T-year recurrence interval.

b) Root mean square error (RMSE)
RMSE is a common statistical measure which combines the
effects of suggested methodology 1in fitting the population

estimates. It 1is measured as:

- 2 ‘2
1.7
[{E (HT~xT)} ]
RMSE = . x 100 (70)

T

¢) Co-efficient of variation (CV)

The co-efficient of variation is a measure of the
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precision of estimation of scatter of the estimate derived from

many samples of the same sample size. It is measured as:

Fay
2 42
[E {xT— E ( xT) ¥ o]
CV = * 100 CT1) .

X
T
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7.0 ANALYSIS

Based on the regional homogeneity tests, the data of annual
maximum peak flood series the ten bridge catchments have been

considered in two groups as mentioned below.

Group-1 : Consideriing the annual maximum peak flood series
of the 8 bridge sites, which passed the USGS

homogeneity test, and

Group-2 : Considering the annual maximum peak fiood series of
the 5 bridge sites, which passed the USGS as well

as CV based homogeneity tests.

Analysis has been carried out with historical as well as
generated datz for both of the groups of catchments as discussed

here under.

7.1 Analysis Using Historical Data

The flood frequency analysis involving use of historical data

has been performed as discussed here under.

(i) Calculate the sampie statistics such as mean, standard
deviation, co-effiecient of variation and skewness from the
available historical records of annual maximuin peak fliow records

for the ten gauging sites.

(ii) Test for homogeneity of data from various gauging

stations using the procedures described in Section 6.3.
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(iii) cCarryout flocd frequency analysis using the eleven
different methods discussed 1in section 6.2 The regional
parameters required for some of the methods are estimated using
the historical data of flood peaks for eight gauging sites
considered for calibration. The relationship between mean annual
flood and catchment area (CA) developed for the region using least

0.625

square method is: Q@ = 12.049 (CA) for which correlation

coefficient is, r = 0.83.

(iv) Estimate the floods for different return periods at the
two independent gauging sites gauging sites not considered for
calibration) using the eleven different methods. At site estimates
for these two gauging sites are derived from the available annual

maximum flood records of respective gauging sites.

(v) Compute ADF, EFF and SE values for each catchment by the
eleven different flood frequency analysis methods using eq.(64) to

(68).

Simulation study was carried out using the data generated
from regional EY1, GEV and WAKE populations through Monte Carlo
experiments. The regional EV1, GEV and WAKE pcrulation parameters
were derived from historical records for tiie two groups of the

catchments.

The steps followed in the analysis are given below :

i) Generate NS = 8 ( no. of gauging sites ) random samples
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of size n(j), where 3 = 1...NS using regional EV1

(Case-1)population parameters, derived from historical records of
eight gauging sites and at site means. Here no. of gauging sites,
NS, is equal to eight for the study and n(j) is the sample size of

the available historical records at the jth gauging sites.

ii) Generate random samples for each independent gauging sites
of the size m(j), where j = 1.. NI, using the regional EV1
population parameters (Case-1) and at site means of each

independent sites respectively. Initially m(j) =1. Here m(j) 1is
. Jth. : ’

the sample size for the j independent gauging site and NI= no. of

independent gauging sites.

iii) Calculate the sample means:

<, =L§1 i/ G) ., .. NS g1
_om(;)
QI = E N / m (;). - . NI (73)

; .th : . .
at site mean for the jJ gauging site considered

E 3
F
®
5
(o]
o
1]

in calibration.

; tho, ]
at site mean for the independent gauging

2
[
1

site,and
th . Ah .
X = observation at j independent gauging
site.
iv) Estimate floods corresponding to T =2, 10, 20, 50, 100G, 200,
500 and 1000-years recurrence intervals at each 1independent
gauging site by:
a) EV1 method (except for sample size m(j)=1)

b) SREV1-I method
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c) REVi-I method wherein the mean annual flood peaks,af ,at
the ‘jwl independent gauging site are obtained from the regicna1
regression model estimate at the required independent site The
regression Mode! generally used is in the following form:

~

—= b
QIj = a (CAJ) exp(z: {74)

where, 2 1is an N(O,Sez) variate where Sez is the regression
mode 1 variance.CAj is the catchment area up tojLh gauging site,
a and b are the coefficients to be estimated from the linear
regression in the log domain. The noise term z is added 1in evary
simulation because 1individual values of Q, rather than mean
values, are being simulated.

d) SREV1-II method

e) REVI-II method using the mean annual flood peaks
obtained form eq.(13) for the the respective independent gauging
sites.

f) GEV Method (except for sample size m(j)=1)

g) SRGEV method

h) RGEV method using the mean annual flood peaks obtained

from eq.(74) for respective irndependent gauging sites.
¥) SRWAKE method
32 RWAK= method using the mean annual flood peaks obtained

from the eq.(74) for the respective independent gauging sites.
~

v) Store Quantiles (QT, T = 2,10,20,50,100,200,500 and 1000
years) for each independent sites ,obtained from the applications
of the eleven methods except for EVi and GEV methods wﬁich are not
applicable when sample size m{j)=1 , for subsequent calculation

of bias, root mean square error and coefficient of variation

estimates.
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vi) Repeat steps

(1) to (v),

1000 times.

vii) Calculate bias and root mean square error and coefficient of

variation

viii) Compute weighted mean values of BIAS,

using the equations (69),

following equations:

m NR
L)
5
= | =74
i IR
1
t=1 =1
m MR

1
)
L
L =1 i=4
m MNP

r N®
Ly b2
r‘ y
L % &
L =k
m MR
L=1 J=1

(70) and (71} respectively,

RMSE and CV using the
F x T
L,] j
______________ (75)
]
* T
bl !
______________ (76)
Foo®x /T
L J
(77)
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th

th
Where,ﬁwis either Bias or RMSE or CV for i sample and ;

return period and m the number of sample size considered.

iX) Repeat step (i) to (viii) using m(j) =5, 10, 13, 20, 30, and

40 respectively for the two independent gauging sites.

X) Repeat step (i) to (ix) twice with generated samples using
regional GEV population parameters (Case-2) and Wekeby population
parameters(Case-3), respectively in place of the generated samples
of the regional EV1 population (Case-1), and at site means for

each gauging site.
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8.0 DISCUSSION OF RESULTS

The sample statistics computed from the historical flood
records of eleven gauging sites located in Sub-Himalyan region are
given in Table-1, along with their catchment area and sample
size. It is seen from the table that Br. No. 213 has coefficient
of variation equal to 1.368, which unusually higher as compared to
other sites. The records available for Br. No. 213 are, therefore
discarded from the analysis. It is observed from the table that
the catchment area for the remaining ten gauging sites vary from 6
to 2072 sq. kms. The sample sizes of the historical flood record

for the ten gauging sites are between 13 to 20 years.

The homogeneity of the region has been tested using U.S.G.S.
homogeneity test and coefficient of variation based homogeneity
test. These tests are performed using the procedures described in
Section 6.3. The USGS homogeneity test graph is shown in Fig. 2.
It is observed from Fig. 2 that all the ten gauging sites are
within the regional c>nfidence band which indicates the data for
all ten gauging sites are regionally homogeneous as per the USGS
homogeneity test, and thus suitable for regional analysis.
However, on the basis of CV based homogeneity tert, performed
using the procedure described in Section 6.3.2, annual peak floods
of only five bridge catchments i.e. Br No. 104, 104(old), 3, 48
and 278 are found to be hydrometeorological homogeneous. Therefore
the regional flood freguency analysis is also carried out using
the data of eight catchments out of the ten (passing the USGS
homogeneity test) catchments and keeping the remaining two
catchment independent for testing the methodology. The results of

this analysis have been presented under Group-1. Regional flood
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[

TABLE PoDAMFLE BTATIBTICS IN REAL SPACE

BR.NMO. | SAMFLE
i SlLIE

!
P Cumes)

=

BE5.0
677.8
2980

i 1.3 145.8
L2 13 5R0.8

1] I
l 1
] ]
1 ]
! t
] i
(] 1
i 1
] ]
1 1
= ] 4 =r L] ~) =
154 i D 264.5

] 1
1 1
1 1
1 i
1) 1
] 1
1 1
1 i
1 1

1

104
104(old?}

65

20
20

20

48 20 &8.4
278 53 20.5
S50 20 17.1
2ER 1= 1606.8
213 ! = 68.6

SEEWMESS | CATCH.AREA
(5g.Em.)
207%
254
170
178
104

47

v STAND.DEV. | COEFF.OF |
H (Cumec) i VAR. 1
0.741 1:.214
0,654 2.4681
0.481 D.5326
6] s 1.150
0.449 =, 075
-0,.819

i il

H o Y : ]

! 442 .9 ! :

; 142 .4 ! '

FEG. 7 { H

238.2 H !

106.0 i 0.401 !
i 0.699 : 0.4173

H 47.89 27
i 15.4 0. 752 0. 255 )

| 11.0 0.645 1.147 29
! 547 .6 0,401 —-0.170 710
| 3.9 1.368 0.896 S

¥ Note

: The records avallable
due to unusually hiah
compared to the other

at Br.No.Z1Z are discarded from the analvysis
value of co-etficient of wvariasion as
gauging sites.
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frequency analysis has also been carriied out using the data of
the five catchments passing the coefficient of variation based
homogeneity test as a second group. Results of analysis carried
out using the data of five catchments passing the coefficient of
variation homogeneity test have been presented under Group-2.
Data of the catchments defined by the bridge number 50 and bridge
numberr 232 have been used to test the results of both groups.
The catchment defined by bridge number 50 is the second smallest
and the catchment defined by the bridge number 232 1is second
largest in area among all the catchments whose data have been

considered in this study.

The flood estimates for different recurrence intervals
obtained by the eleven different methods are given in Table 2 and
Table 3 respectively for the two groups of the test catchments.
The tables indicate wide range of variatios 1in flood estimates
obtained by different methods specially at higher recurrence
intervals. In order to evaluate the descriptive ability of
different methods, ADF, EFF and SE values have been computed for
each test catchment using eqs. (64) to (68) and these values are
given in Table 4 for Group-1 and 1in Table-5 for Group-2. The
larger values of ADF, and SE, and low values of EFF observed from
the table for some of the methods may be attributed to the
assumption regarding the distribution, method of parameter
estimation, inaccurate assessment of the mean flood and the
regional population. as the data of those sites might have come
from some other populations rather than the assumed one. It 1is
observed from Tables 3 and 4 that the regional methods REVI-I,
REV1-I1I, RGEV and RWAKE result unusually higher values of ADF and

RMSE as compared to the other methods for the two test catchments.
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TABLE 2: FLOOD ESTIMATES COMPUTED BY VARIOUS METHODS

EV1

SREV1-1

REVI-1

SREVL-II

REV1-II

BEY

SRGEV

RGEY

WAKE

SRWAKE

REAKE

o o B e

81.0

14.9

15.2

19.9

272.3

58.

o

31.b

.2

306.4

96.7

298.6

63.3

58,90

305.5

66.4

78.2
66.4

350.1

51

2968.8 3558.7

380.4 647.0 1347.8 1615.6

70.2 1445.4 2928.6 3495.4

369.B 656.2 1329.5 15B5.8

82.8 1603.5 2486.0 2717.2

72.9 1424,5 2916, 3301.0

184,37 64b.7 1323.8 1589.4

95.9 1692,3 2251.2 2513.3

72,7 1439.3 2936.6 35534.1

I83.0 A53.5 1333.1 1613.5

3610.5 4191.5 4694.3 5074.3
4322,7 4894.3 D464.4 6216.5 4784.9

1962.2 2221,9 7480.7 2822.1 7080.2

4228.9 4778.6 5326.4 &049.0 6395.1

1919.8 2165.4 2418.0 2746.1 2994.0

W5 7092.5 T201.0 3332.4 3405.4
4270.7 4837,0 5449.3 6243.6 6833.5
1938.8 2205.0 2473.9 2834.4 3111.4
3030,2 3612,7 4436.7 6071,Z 7913.6
4353.0 4944.3 537¢.0 6273.7 6830.9

1976.1 2244,5 2°03.0 2B48.8 3101.1




TABLE 3: FLOOD ESTIMATES COMPUTED BY VARIOUS METHODS

METHOD 2 10 20 30 100 200 500

‘ EV1 15.3 3.6 37,9 460 52,0 581 66O
SREVI-T 15.0  34.0 41,3 50.7 9§17 647 740

REVL-1 54,8 124.4 150.9 i85.3 211.1 236.8 270.7

SREVI-TI 15.1  32.8 39.6 48,3 549 L4 70

REVI-II 5.2 120.0 144.8 176.8 200.9 224.8 20b.4

BEV 14,9 3.6 385 480 5355 3.3 742

‘\. SRGEV 14,5 32,8 40.5 §1.2 59.8 48.8 BL.3

RGEV 53,2 120.0 148,37 187.4 218.7 251.7 1298.1

WAKE 15,3 30.8 38.2 49.1 58,3 468.4 B33

SRWAKE 14,8 32.4 39.7 50.4 99.6 9.7 B4S

296.3

76.b

280.3

82.8

.

335.6

L0 14914

0 1407.9

902.4

1416.3

487.2

9 1692.3

1393.3

497.12

2523.3 2917.4 3428.0 3810.5 4191.5 4694.3 5074.7
7193.8 3876.2 4759.5 5421.4 4080.9 6950.9 7608.3
1139.8 1383.3 1698.5 1934.7 2170.1 2480.6 27i5.3
1081.3 1717.4 4540.8 5157.9 S772.6 6583.7 T196.7
1099.6 1326.6 1626.5 1840.7 2060.1 2349.5 2568.3

J214.0 33,4 3400.4

wn

24B6.0 2717.2 2954.5 3095,

.1 3081.0 3807.9 4813.2 5617.2 b464.2 T636.3 8617.2

1099.5 1358.9 1717.7 2004.6 2306.9 2732.3 20753.2
2251.2 2513.3 3030.2 3612.7 4436.5 &071.2 7913.6
3039.8 3727.2 4737.1 5596.7 6551.1 7977.0 9195.6

1084.8 1330.1 1690.5 1997.3 2337.9 2846.8 3281.6
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TEST CATCHMENT -1 ( BRIDGE wO. -

eVl

SREVI-I

REVI-I

SREVL-1I

REVI-TI

GEV

GREEV

RGEV

WAKE

SRHAKE

RUAKE

TABLE 4 : ADF EFF AND RMSE VALUES FOR TEST CATCHMENTS

0.130

4,309

6.131

4,523

0.128

0.12%

4,494

014

0.117

1.464

0.979
0.979

-66.209

0.979 .

45,279

0.978

-b4. 691

0.979

0.982

-b6.030

0)

1.560
88.102
1,940
87.490
1,589
1.484
87. 101

1,345

53

0.238

0.576

0.206

0.366

0.084

0.209

0.859

0,382

-1.092

0.467

-1,080

0.941

0.431

-1.107

0.971

0.416

-1.082

132,082
486,220
894,319
451.568
BY1.7H

1530.339

897.471
105,161
472.502

892,280




TABLE 5:ADF EFF AND RMSE VALUES FOR TEST CATCHMENTS

e

HETHOD ADF EFF
EV1 0.131 0.979
SREVI-I 0.190 0.941
REV1-I 2,381 ~29.304
SREVI-TI 0.135 0.96b

" REVI-11 2.609 -27.186
GEY 0.128 0.978
SRGEY 0.133 0.958
REEV 2,575 -27.844
HAKE 0.111 0.979
SRWAKE 0.116 0.943
RWAKE 2.556 -27.489
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: TEST CATCHMENT -2 ( BRIDGE NO.- 232}

cw o me
0.150 0.859 232.582
0.336 -0.056 635,388
0.681 -1.876 1048.542
G.286 4,180 339.990
0.674 -1.918 1036.193
9,084 .41 156,339
0.284 0.049 603,112
0.472 -1.938 1059.873
0.064 0.97t 105. 161
0,288 0.103 o85.719
0.67% -1.946 1061.34¢




The values of EFF are extremely low for these regional methods.

It is, therefore, difficult to identify the suitable method
for the region as whole based on the computed values of ADF, EFF
and SE for the two test catchments out of the remaining six
methods. Neverthless, this comparative study may be wuseful for
judging the relative performance of various methods. The flood
frequency analysis is usually carried out with an objective of
estimating the floods in the extrapolation range. Since the
superiority of one method over others could not be established
based on the descriptive ability tests, therefore one may not be
able to decide which method or methods should be used for
computing the floods in extrapolation range, out of the eleven
methods considered in the study. It Jleads to <carrying out the
simulation study using all the methods considered 1in this study
and test their predictive ability in order to choose the most

robust method for the region.

In light of this, the simulation study has been carried out
for both the groups of the catchments using the procedure
described in Section 6. In the simulation study, Monte Carlo
experiments have been performed using the generated data for three
different populations. The generated data have been wutilised to
compute the performance criteria such as Bias, RMSE and CV using
the eqs. (69), (70) and (71) respectively corresponding to
different recurrence intervals for the two test catchments for
sample sizes of 1, 5. 10, 13, 20, 24, 30 and 40 respectively.
Table 6 to 12 provide the estimates of Bias obtained from the
different methods for different sample sizes of Case-1 and Case-2

and Case-3 generated populations for Group-1. Table 13 to 19 give
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TABLE 6 : PERCENTAGE BIAS OF FLOOD ESTIMATES

SAMPLE S17E= 1

CASE-1
CASE-2
CASE-3
SREVI-1
CASE-1
CASE-2
CASE-3
REV1-1
CASE-1
CASE-2
CASE-3
SREVI-11
CASE-1
CASE-2
CASE-3
REVI-11
CASE-1
CASE-2
CASE-3
GEV
CASE-1
CASE-2
CASE-3
SREEY
CASE-1
CASE-2
CASE-3
REEV
CASE-1
CASE-2
CASE-3
HAKE
CASE-1
CASE-2
CASE-3
SRWAKE
CASE-1
CASE-2
CASE-3
RWAKE
CASE-1
CASE-2
CASE-3

-4.0
-4.0
-4.0

0.0
0.0
0.0

737.0
743.0
738.0

—_—
- o O

743.0
150.0
T44.0

0 -25.0

-26.0
=26.0

b
oo o

744.0
748.0
742.0

-99.0
=99.0
=99.0

O -
H
P

743.0
748.0
131.0

736.0
737.0
726.0

— D -
[ = }

745.0
745.0
732.0

-38.0
-38.0
-39.0

751.0
733.0
740.0

-6.0

784.0
132.0
717.0

-34.0
-33.0
-56.0

3.0

777.0
774.0
780.0

=7.0
-11.0
-11,0

787.0
787.0
783.0

-99.0
-99.0
-99.0

78%.0
782.9
807.0

-8.0
-12.0
-11.0

0.0
-4.0
-3.0

731.0
703.0
708,0

1
ad A -
f=J = =}

744.0
714.0
716.0

-67.0
-68.0
-68.0

798.0
196.0
802,90

=09.0
-99.0
=99.0

799.0
789.0
831.0

-3.0

-1.0

=21.0
-26.0
=27.0

-3.0
-2.0
-3.0

-27.9
-26.0
=27.0

43.0
44.0
43.0

-4,0
-4.0
-4.0

-28.0
-27.0
-28.0

-39.0
-99.0
=99.0

'
E ]
[ e i . 3

-27.0
-21.0
-28.9

-8.0
-8.0
-8.0

-4,0
-4.0
-4.0

-28.0
-28.0
-28.0

-3.0
=3.0

-4.0

-27.0
=27:0
-27.0

-29.0
-29.0
~28.9

(=

1
e
[ i o BN =1

=27.0
-21.0
-28.0

-99.0
-99.0
-9%.0

-3.0
-4.0
-4.0

-21.0
=27.0

-9.0 -10.0
-10.0 -11.0
=110 ~13.0

-4.0
-5.0
-5.0

-4.0
=6.0
-7.0

-28.0
-28.0
~29.0

-18.
-29.
=30

o o O

=3.0
4.0
=340

-3.0
=3.0

=6.0

=27.0
-28.0
=280

—

-
&
=2
ry
T4

oo~
a0 O

.
.
.

-31.0
-51.0
-52.0

-40.0
-41.0
-41.0

1
ol
=1
1
L I S R |
L= =]

R

1
B
L=

1

7.0 -26.0
0 -26.0
0 -27.0

=99.0
-99.0
-99.0

I
e
=
1
Ll PO e
Lo

O o

-26.0
=26.0 -26.0

210

-10.0
-13.0
-14.0

-4,0
6.0
=1.0

-28.0
-29.0
-30.0

-25.9
=25.0
-26.0

-11.0 -11.0
-13.0 -15.¢0
-14.0 -15.0

-4,0 5.0
-7.0  -8.0
-7.0  -8.0

-28.0
-30.0
=310

-28.0
-30.0
-31.0

=270
-29.0
-10.0

=b1.0
-62.0
-62.0

-24.0
-24.0
=220

-11.0
-15.0
-15.0

5.0
-8.0
-1.0

-2%.0
-31.0
-3.0

=3:0

-7.0
-1.0

-27.0
-30.0
-30.0

-68.0
-10.0
-69.0

3.0
2.0
4.0

=22.0
=220
-22.0

-99.0

-99.0
-99.0
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TABLE 9 : PERCENTAGE RIAS OF FLOOD ESTINATES

TEST CATCHMENT -1 ( BRIDGE NO. - 50) : TEST CATCHMENT -2 ( BRIDGE NO.- 232)
HETHOD 2 10 20 30 100 200 500 1000 ¢ 2 10 20 30 {00 200 500 1000

EV1
CASE-1 4.0 -1.0 -0 -1.0 -0 <10 -0 -0 0.0 -LO0 -L0 1.0 1.0 -1 -0 -0
CASE-2 0.0 -1.0 -2.0 -3.0 -3.0 40 5.0 -5.0 1.0 -1.0 -2.0 -3.0 -3.0 40 5.0 <50
CASE-I  -1.0 -1,0 -3.0 -4.0 -5.0 -5.0 -5.0 -5.0 0.0 -l =30 -4,0 -4.0 5.0 5.0 6.0
SREVI1-1
CASE-1  -1.0 -2.0 -3.0 -3.0 -3.0 -3.0 ~3.0 -%.0 0.0 -0 -2,0 -2.0 -2.0 -2.0 ~-2.0 -Z.0
CASE-2 0.0 -2,0 ~-3.0 -4.0 -3.0 -3 -6.0 -7.0 1.0 -1.0 -2.0 -3.0 -4.0 -4,0 -5.0 ~-b.0
CASE-3  -1.0 -2.0 -4.0 -5.0 -3.0 - -6,0 -6.0 0.0 -0 -30 -40 -850 -5.0 5.0 5.0

REVI-1

CASE-1 749.0 738.0 736.0 734.0 733.0 7330 732.0 732.0 -27.0 -28.0 -28.0 -28.0 -28.0 -29.0 -29.0 -29.0
CASE-2 761.0 744.0 737.0 729.0 723.0 717.0 710.0 704.0 -26.,0 -28.0 -28.0 -29.0 -29.0 -30.0 -3L.0 =310
CASE-3 752.0 738.0 726.0 715.0 710.0 708.0 707.0 708.0 -27.0 -28.0 -29.0 -30.0 -31.0 -I1.0 -31.0 -31.0

SREVI-II

CASE-1 1.0 -1.0 -1.0 -2.0 -2.0 -2.0 -2.0 -2.0 0.0 0.0 -LO -L0 -1O0 -0 1.0 =10
CASE-2 0.0 -1.0 -2.0 -3.0 -4.0 -4.0 5.0 -6.0 1.0 -1.0 -1.0 -2.0 -3.0 =30 -40 -O.0
CASE-Z  -1.0 -2.0 -3.0 -40 -5.0 5.0 5.0 -5.0 0.0 -1.0 -2.0 -3.0 -40 -A0 40 40

REVI-1I
CASE-1 748.0 745.0 785.0 744.0 744.0 7440 T44.0 TAR0 -27.0 -28.0 -28.0 -28.0 -28.0 -28.0
CASE-2 760.0 750.0 745.0 737.0 732.0 726.0 T719.0 7i3.0 -26.0 -27.0 -28.0 -28.0 -29.0 -29.0 -30.0 -30.0
CASE-3 751.0 743.0 731.0 720.0 717.0 7i5.0 714.0 716.0 -27.0 -28.0 -29.0 -30,0 -30.0 -30.0 -30.0 -10.0

i
~a
-4
[=]

1
rJ
(==
p=]

GEY
CASE-1  -2.0 -3.0 -2.0 1.0 4.0 9.0 17.0 2.0 0.0 3.0 -2,0 L0 40 9.0 18.0 26,0
CASE-2  -1.0 -3.0 -3.0 0.0 3.0 8.0 160 240 0.0 -3.0 -2.0 0.0 3.0 8.0 160 25.0
CASE-1 -2.0 -3.0 -3.0 -1.0 2.0 7.0 160 2.0 -1.0 <30 3.0 -L.00 2.0 7.0 6.0 26,0
SRGEY
CAsE-1  -2.0 -2.0 - 0.0 1.0 2.0 40 5.0 -0 -L0 0.0 10 20 3.0 30 6.0
CASE-2 <20 -2.0 -1.0 0.0 1.0 2.0 3.0 &0 -10 -10 0.0 10 2.0 0 40 5.0
CAs8-3 -2.0 -1.0 -2 4.0 0.0 1.0 40 60 1.0 -0 L0 0.0 L0 2.0 40 7.0
RGEV
CASE-1 740.0 744.0 750.0 7%9.0 767.0 775.0 788.0 799.0 -28.0 -28.0 -27.0 -26.0 -26.0 -25.0 -24.0 -24.0
CASE-7 747.0 748.0 753.0 761.0 768.0 775.0 7B7.0 797.0 -27.0 -27.0 -27.0 -26.0 -26.0 -25.0 -24.0 -24.0
CASE-3 737.0 742.0 740.0 745.0 754.0 7é6.0 7B6.0 803.0 -28.0 -28.0 -28.0 -28.0 -27.0 -26.0 -25.0 -Z3.0
WAKE

CASE-1 -99.0 -99.0 -99.0 -99.0 -99,0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -93.0 -99.0 -99.0 -99.0

CASE-2 -99.0 -99.0 -99.0 -99.% -99.0 -99.0 -99.0 -99.0 -99.0 -99.6 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0

CASE-3 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99,0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0
SRHAKE

CAsE-1  -1.0 -2.0 -L.0 1.0 2.0 3.0 O 50 -0 -1 00 20 2.0 X0 L0 6D
CASE-2 -1,0 -2.0 -0 0.0 00200 2.0 3.0 0.0 -1.0 0 1.0 2.0 2.0 3.0 40
CASE-3  ~2.0 -0 2.0 1.0 1.0 30 60 9.0 -0 -0 -1 00 2.0 40 7.0 100

RWAKE
CASE-1 745.0 744.0 752.0 742.0 T7sB.0 775.0 784,0 793.0 -27.0 -28.0 -27.0 -26.0 -25.0 -25.0 -24.0 -Z%.0
CASE-2 751.0 749.0 756.0 763.0 767.0 771.0 777.0 783.0 -27.0 -27.0 -27.0 -26.0 -25.0 -25.¢ -24.0 -24.0
CASE-3 745.0 738.0 741.0 751.0 763.0 777.0 B01.0 823.0 -27.0 -28.0 -28.0 -27.0 -26,0 -25.0 -22.0 ~-120.0
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TRBLE 8 : PERCENTAGE BIAS OF FLOOD ESTIMATES

EVi
CASE-1 LO Lo L0 1.0 1.0 1.0 1.9 L0 2,0 1.0 1.0 6.0 0.0 0.0 0.0 0.0
CASE-Z 2.0 1.0 0.0 0.0 -1.0 2.0 <300 <300 200 1.0 0.0 -1.0 ] 2.0 =300 -4.0
CREE-3 2.0 1.0 -1.0 -2.0 -2.0 S0 R0 2.0 2.0 1.0 <10 -2.0 3.0 =30 =30 -3l
SREVI-1
CASE-1 2,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.0 0.0 60 0.0 0.0 0,0
CASE-2 2.0 0.0 0.0 -1.0 -2.0 3.0 -840 40 2.0 0.0 0.0 -1.0 2.0 <30 -4.0  -4,0
CASE-3 2.0 0.0 -1.0 -2.0 -3.0 -3.0 =300 <300 200 0.0 -1 -2 S0 -3 -l -3
REVI-1

CASE-1 749.0 739.0 738.0 736.0 735.0 735.0 734.0 734,0 -27.0 -28.0 -28.0 -28.0 -28.0 -18.0 -28.0 -28.0

CASE-2 761.0 745.0 739.0 731.0 725.0 719.0 N2.0 706.0 -26.0 -27.0 -28.0 -29.0 -29.0 =30.00 -30.0 -31.0

CASE-3 751.0 740.0 728.0 717.0 712.0 710.0 7100 7110 -27.0 -28.0 -29.0 ~-30.0 -30.0 -30.0 -30.0 -30.0
SREV1-11

CASE-1 L0 1.0 Lo 1 Lo 10 10 1.0 10 1.0 1.0 L0 1.0 1.0 1.0 f.0

CASE-Z 2,0 1.0 1.0 0.0 -{.0 - O -0 300 200 100 100 0.0 -1.0 cL.0 =20 -3,

CASE-3 2.0 1.0 0.0 -2.0 -2.0 2.0 =20 <20 2.0 1.0 0.0 0.0 -2.0 =240 2.0 2.0
REVI-11

CASE-1 74B.0 746.0 746.0 746.0 745.0 745.9 743.0 743.0 -27.0 -27.0 -27.0 -27.0 -27.0 -27.0 2.0 -4

CASE-2 760.0 751.0 746.0 739.0 733.0 728.0 2.0 715.0 -26.0 -27.0 -27.0 -28.0 -28.0 ~29.0 -30.0 -30.0

CASE-3 751.0 784.0 733.0 722.0 718.0 714.0 6.0 M7.0 -27.0 -27.0 -29.0 -29.0 -30.0 -30.0 -30.0 -30.0
GEV

CASE-l 0.0 0.0 (.0 40 7.0 10.0 7.0 240 0.0 -1.0 1.0 .40 7.0 [1.0 18.0 25.0

CASE-2 1.0 0.0 1.0 3.0 4.0 10.0 16,0 23.0 0.0 -1.0 0.0 3.0 6.0 L0 180 25.0

CASE-3 0.0 -1.0 0.0 2.0 5.0 9.0 170 25,0 0.0 -1.0 0.0 2.0 5.0 10.0 18.0  26.0
SRGEV

CASE-1 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0 8.0

CASE-2Z 1.0 1.0 1.0 2.0 3.0 4.0 o 0 1 L 2.0 3.0 30 40 60 7.0

CASE-3 0.0 1.0 1.0 1.0 2.0 4.0 6.0 B0 .0 10 1.0 1.0 2.0 4.9 6.0 @90
RGEY

CASE-1 739.0 745.0 751.0 761.0 770.0 780.0 793.0 B05.0 -28.0 -27.0 -27.0 ~-26.0 -26.0 -5.0 -24.0 -23.0

CASE-2 T745.0 749.0 755.0 73.0 771.0 780.0 793.0 803.0 -27.0 -27.0 -27.0 -26.0 -26.0 -25.0 -24.0 -24.0

CASE-3 736.0 743.0 742,0 748.0 757.0 770.0 791.0 B09.0 -28.0 -28.0 -28,0 -28.0 -27.0 -%6.0 =240 -23.0

HAKE
CASE-1 -99.0 -99.0 -99,0 -99.0 -99.0 -99.) -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 =99.0 -99.0 -99.0 -99.0
CASE-2 -99.0 -99.0 -99.0 -99.0 -99.0 -99.9 -390 -99.0 -99.0 -99.0 -99.0 -99,0 -99.0 -99.0 -99.0 -99.0
CASE-3 -99.0 -99.0 -99.0 -99.0 -99,0 -99.0 -7.0 -99.0 -99.0 -99.0 -99.0 -99,0 -99.0 -99.0 -99.0 -99.0

SKWAKE
CASE-{ Lo 60 20 3.0 40 5.0 80 7.0 L0 1.0 2.0 3.0 40 50 60 7.0
CASE-2Z 1.0 1.0 2.0 3.0 3.0 4.0 5.0 § LO 10 2.0 30 3.0 40 5.0 5.0
CASE-3 1.0 0.0 1.0 2.0 3.0 5.0 8.0 M0 10 0.0 L 20 300 S50 8.0 1.0
RWAKE
CASE-1 743.0 745.0 754.0 784.0 770.6 777.0 /86,0 793.0 -27.0 -27.0 -27.0 -28.0 -26.0 -25 -25.0 -24.0
CASE-Z 749.0 751.0 758.C 785.0 770.0 773.0 779.0 783.0 -27.0 -27.0 -26.0 -26.0 -76.0 -726.0 =250 -25.0
CASE-D 743.0 740.0 742.0 752.0 764.0 779.0 803.0 826.0 -27.0 -28.0 -28.0 -27.0 -26.0 -75.0 -23.0 -22.0

58



METHOD 2
EV1

CASE-1 1.0

CASE-2 2.0

CASE-3 1.0
SREVI-]

CASE-1 1.0

CAsE-2 2.0

CASE-3 1.0
REV1-1

CASE-1 749.0

CASE-2 761.0

CASE-3 7532.0
SREVL-II

CASE-1 1.0

CASE-2 2.0

CASE-3 1.0
REVI-11

CASE-1 748.0

CASE-2  740.0

CASE-3 751.0
6EY

CASE-1 0.0

CASE-Z 0.0

CASE-3 0.0
SRGEY

CASE-1 0.0

Case-2 0.0

CASE-3  -1.0
RGEY

CASE-1 740.0

CASE-2 746.0

CASE-3 737.0
WAKE

CASE-1 -99.0

CASE-2 -99.0

CASE-3 -99.0
SRNAKE

CASE-1 0.0

CASE-2 1.0

CASE-3 0.0
RWAKE

CASE-1 786.0

CASE-2 751.0

CASE-T 745.0

T43.0
748.0
741,90

-99.0
-99.0
-99.0

fon B == Y =}
= O o

742.0
748.0
736.0

784,0
744.0
731.0

= =
. = .
o o o

749.0
153.0
740.0

“99.0
-99.0
-99.0

O - -
L= — I -

751.0
756.0
740.0

-99.0

TABLE 9

733.0
728.0
3.0

|
= R
@ r3 R

0.0
-2.0

743.0
137.0
720.0

743.0
131.0
716.0

5.0
2, 3.0
4.0

739.0
761.0
745.0

767.0
768.0
754.0
-99.0 -99.0
-99.9

-99.0 -99.0

— g L
LR = B =}

783.0
763.0
152.0

772.0
71,0
766.0

: PERCENTAGE BIAS OF FLOOD ESTIMATES

-1.0
-3.0
-4.0

731.0
716.0
706.0

776.0
776.0
756.0

-99.0
=39.0
-99.0

LN Cd =
- o O

780.0
177.0
783.0

730.0
708.0
705.0

743.0
718.0
713.0

14.0
13.0
14.0

789.0
789.0
787.0

-93.0
=93..0
<950

6.0
£.0
B.0

792.0

785.0
810.0
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O - D
OO O

i 1 1
(2B S
-~ o ~
== i =]

-28.0
#2370
-28.0

0.0
0.0
=10

g
-27.0
-27.0

e e B |
0o o

-99.0
-99.0
-99.0

-1.0
-1.6
-1.0

=27.0
=214
-28.0

-27.0
-26.0
~28.0

-26.0
-26.9
=27.0

=250
-23.0
-26.0

-29.0
-39.0
-99.0

=->

[ S Y]
= >

-25.0
=23.0
-26.0

0.0
=3.0
-4.0

=21.0
-29.0
-30.0

-17.0
-25.0
-30.0

14.0
14,9
14,0

on o= on
Lo T e R o}

=20
-23.0
-24.0

-9%9.0
-99.0
-99.0

1
[ I o ] o L D
O >
[ =T = B =}

—_ o O
[= T o I < ]




CABE-]
CASE-2
CASE-3
SREVI-]
CASE-1
CASE-2
CASE-3
REVL-1
CASE-1
CASE-2
CASE-3
SREVI-11
CASE-{
CASE-2
CASE-2
REVL-II
CRSE-1
CASE-2
CASE-3
GEV

RGEY

SRWAKE
CASE-1
CASE-2
CASE-J

RUAKE
CASE-1
CASE-2
CASE-3

749.0
161.0
752.0

0.0
1.0
1.0

748.0
760.0
731.0

-1.0
=1.0
1.0

=14
-1.0
-1.0

740.0
147.0
31.0

-43:9
-99.0
-99.0

7860
751.0
745.0

1.0
-1.0

737,90
742.0
7370

0.0
-1.0

743.0
748.0
737.0

75140
735.0
740.0

TABLE 10 : PERCENTAGE BIAS 0F FLOOD ESTIMATES

0.0
=20
~3:0

744.0
737.0
721.0

O e e Lol 2 B 2|
=== I ) Las B o B s}

738.0
760.0
745.0

-99.0
-99.0
-99.0

— — K2
D o

762,90
763.0
750.0

-2.0
=50
-4,0

732.9
122.0
708.0

766.0
767.0
733.4

“39.0
-99.0
-9%.0

.

[ I S |
L=t i = I e |

169.0
768.0
763.0

774.0
775,40
765,40
=950
=

-99.0

= B o I S |
L= B o B o 3

776.0
773.0
9.0

43,0
719.0
7140

F
D > D
L)

LN o= on
L= o T

787.90
786.0
783.0

-39.0
=99.0
-99.0

~ e oLn
== R = i < ]

787.0
780.0
B05.0

60

743.0

T{r
713

715.6

14.0
13.0
13.0

~4 LN o~
[=T -]

fo=d

797.0
776.0

g02.0

L=t

9O 0 -8
L

-

196.0
787.0
836.0

0.0
1.0
0.0

-27.40
-26.0
=27.0

0.0
1.0
0.0

=27.0
-26.0
=27.0

0.0

-28.0
=27.0
-28.0

=27.0
=27.0
-28.40

-1.0
-1.0
=18

6.0

0.0
0.0

1.0

-28.0
=21:0

-28.0

-27

-99.0

“9%.6

77
7.

-24,

-26.0
-24.0

-27.0

-99.90
-99.0
=89.0

2.0
1.0
0,0

-28.0
-29.0
<3,

0,

"

“La
-;ll

-

Lo L -3

==

i
~3 a3 a

i Y §
= O

-99.9
=330
=H9:0

~d <4 N

Lo e W1

’

L e
[

]
[

=50

>

=



CASE-1
CASE-2
CASE-3
SREVL-I
CASE-1
CASE-2
CASE-3
REVI-I
CASE-1
CASE-2
CASE-3
SREVI-1I
CASE-1
CASE-2
CASE-3
REVL-TI
CASE-1
CASE-2
CASE-3
GEV
CASE-1
CASE-2
CASE-3
SRGEV
CASE-1
CASE-2
CASE-3
RGEV
CASE-1
CASE-2
CASE-3
WAKE
CASE-1
CASE-2
CASE-3
SRWAKE
CASE-1
CASE-2
CASE-3
RBAKE
CASE-1
CASE-2
CASE-3

743.0
751.0
745.0

TABLE 11 : PERCENTAGE BIAS OF FLOOD ESTINATES

744.0
748.0
742.0

-99.0
-99.0
-99.0

0.0
0.0
=1.0

744.0
750.0
739.0

752.0
756.0
T41.0

761.0
762.0
750.0

733.0
725.0
711.0

0.0
-2.0
-3.0

744.0
732.0
716.0

772.0
172.0
T62.0

-7%.0
-99.0
-99.0

770.0
767.0
773.0

743.0
719.0
714.0

8.0
8.0
8.0

3.0
§.0
3.0

783.0
782.0
781.0

-8%.0
-99.0
-390

~d NN
o S o

777.0
769.0
794.0
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743.0

7113.0
715.0

10.90

10.0
12.0

-27.0
-26.7
-21.0

_— O O
f== e g

—_— D
Los I o i - 3

-28.0
=270
-28.0

-9%.0
-99.0
-99.0

-28.0
-27.90
-28.0

1
B 3 B3

-99.0
-99.0
=99.0

0.0
0.0
-1.0

-17.0
-27.0
-28.0

=27.0
-26.0
-28.0

~3 D P

[, T I & )
- >

P

-28.0
-30.0
~30.0




TABLE 12 : PERCENTAGE BIAS OF FLOOD ESTIMATES

SREVI-1
CASE-1
CASE-2
CASE-3

REV1-]
CASE-1
CASE-2
CASE-3

SREVL-11
CASE-1
CASE-2
CASE-3

REVL-11
CASE-|
CASE-2
CASE-1

GEV
CASE-1
CASE-2
CASE-1

SRBEV
CASE-1
CASE-2
CASE-3

REY
CASE-1
CASE-2
CASE-3

WAKE
CASE-1
CASE-2
CASE-3

SRHAKE
CASE-1
CASE-2
CASE-3

RWAKE

330
0.0
-1.0

740.0
746.0
737.0

-99.0
-99.0
-99.0

0.0
0.0
0.0

745.0
751.0
745.0

740.0
746.0
741.0

0.0
0.9
0.0

786.0
71,0
745.0

2.0
0.0
0.0

0.0
0.0
0.0

745.0
750.0
743.0

-99.0
=§3.0
-99.0

0.0
=140
-1.0

746.0
746.0
733.0

_— O D
(= = =1

e
= OO

751.0
754.0
742,0

-99.0
-99.¢0
-99.0

—d
4= N on
— <4 4 =
- e o o o o

Lo R

O = M3
= O

760.0
767.0
747.0

137.0
727.0
3.0

0.0
=2:0
=30

746.0
134.0
719.0

P=3

—
(= =]

.
= o o

769.0
770.0
756.0

-99.0
-99.0
<490

770.0
769.0
764.0

746.0
728.0
716.0

<>

L= = 3

o O

0

777.0
173.0
780.0

0.0 0.0
-2.0 -4,0
3.0 -3.0
1.0 -1.0

3.0 -5.0
-4,0 -4.0

736.0 735.0
713.0 708.0
1.0 712.0

0. 0.0
-4 -4.0
-4 -3.0

786.0 T46.0

721.0
716.0 718.0
8.0 7.0
5.0 7.0
6.0 7.0
2 | R
5.0 6.0
3.0 7.0
790.0 801.0
790.0 800.0
7688.0 807.0
-99.0 -99.0
-99.0 -99.0
-99.0 -99.0
6.0 7.0
4.0 5.0
8.0 11.0

788.0 798.0
781.0 787.0
806.0 831.0

62

-28.0
-27.0
-28.0

-99.0
-99.0
=390

-28.0
-27.0
-28.0

-99.0
-99.0
-99.0

-28.0
-27.0
-28.0

~Z3.0
-21.0
-28.0

-26.0
~26.0
-27.0

-2.0

-28.0
-29.0
-30.0

-26.0
-26.0
-27.0

-99.0
-99.0
-99.0

[ )
(=T = -

-25.0
-23.0
-26.0

-28.0
-30.0
-31.0

-29.0
=310



the values of Bias for the Group-2 of the catchments. Similar

estimates for root mean square errors were also obtained by each
method for different sample sizes considered and +the same are
given in Tables 20 to 26 for the Group-1 of homogeneous catchments
and in Tables 27 to 33 for the Group-2 of the catchments. The CV
values of the flood estimates are given in Tables 34 to 40 for the
Group—-1 and in Tables 41 to 47 for the Group-2 of the catchments,
respectively. The flood estimates obtained for different sampie
sizes as given in Tables 48 to 54 for the Group-1 and in Tables 55

to 61 for the Group-2 respectively.

The weighted mean values for Bias, RMSE and CV are also
computed using the eqs. (75), (76) (77) and (78), respectively,
adopting four different procedures of averaging for both groups of
the homogeneous catchments. These values are given 1in Tables 62
(Group-1) and 63(Group-2) for Bias, in Tables 64(Group—-1) and
65(Group—2) for RMSE and in Tables 66(Group-1) and 67(Group-2) for
CV for the Group-1 and Group-2 of the catchments, respectively.
The weighted mean of flood estimates were also obtained using
different averaging procedures and the same are given in Table 68
for Group-1 and in Table 69 for Group-2. The averaging method R1
gives more weights to the estimates obtained from Targer sample

sizes for higher return periods. In the averaging method R more

27
weights are given to the estimates which are obtained from smaller
sizes of sample for higher return periods. Thus, RZ represents the
realistic solution which is generally encountered for estimation
of design flood using the field data. The averaging method R3 and
R4 give more weights to the Tlower return period estimates for

larger and smaller sample sizes respectively.

63




TRBLE 13 : PERCENTAGE BIAS OF FLOCD ESTIMATEES

300

1000

SAMPLE SI7E= |

CASE-1
CASE-2
CASE-3
SREVI-I
CASE-1
CASE-2
CASE-3
REV1-1
CASE-1
CASE-2
CASE-3
SREVL-11
CAHSE-1
CASE-Z
CASE-Z
REV1-11
CASE-1
CASE-2
CASE-3
BEY
CASE-1
CASE-Z
CASE-T
SRGEV
CASE-1
CASE-2
CASE-3
REGEV
CASE-1
CASE-2
CASE-3
WAKE
CASE-1
CASE-2Z
CASE-3
SREAKE
CASE-1
CASE-2
CASE-3
RWAKE
CASE-1
CASE-2
CASE-3

424,90
427.0
418.0

426.90
426.0

3%.0

-20.0
-30.0
-29.0

— e -
o O D

425.0
423.0
430.0

-99.0
=99.0
-39.0

0.0
6.0
1.0

419.9
423.9
428.0

¥t

3 O -
"= = -
<> <>

430.0
425.0
436.0

-99.0
=99.0
=09.9

0.0
0.0
0.9

424.0
424,90
4256.0

-14,0
-21.0
-21.0

-1.0
-8.0
-B.0

420.0
381.0

380.0 13

-99.0
-99.0
-99.0

3
L
<

_ O O

40,0
428.0

413.0

449,
431,
409,

]

~13.0
-27.0
-30.0
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472.0
436.0
419.0

-99.0
-99.0
~33.0

482.0
445.0
118.9

-49.9
-49.0
-49.0

8.0
-8.0
=10

1.0
1.0
5.0
-49.0

-49.0
-48.0

[

[== B = =
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-12.0
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-49.0
~30.0
-49.0

-49.0
-49.0
-48.0

-99.0
-99.0
990

(== g =1

o e o |

-49.9
-49.0

TEST CATCHMENT -2 ( BRIDGE NO.- 232}

a0 106 200 500 1000
-12.0 -13.0 -14.0 -14.0 -15.0
=17, -20.0 ~-23,0 ~24.0 -29.0
-15.0 -20.0 -24.0 -29.0 -33.0
1.0 0.0 0.0 . 0.0
-4.0. -7.0 -10.0 -13.0 -16.0
=3.0 =70 =10 =170 <21.0
-4%.0 -49.0 -50.0 -50.0 -50.0
-32.0 -33.0 -35.0 -36.0 -38.0
-31.0 -53,0 -55.0 -58.0 -60.0
2,0 2.0 2.4 2.0 2.0
4.0 -7.0 -9.0 -13.0 -15.0
-2.0  -b6.0 -10.¢ -ib.0 -20.0
-49.0 -49.0 -49.0 -49.0 -49.0
-52.0 -5§3.0 -34.0 -56.0 -57.0
-51.0 -53.0 -55.0 -5B.0 -60.0
=52:0 -8R0 =620 =670 =70.0
-54,0 -b1.0 -6&.0 -71.0 -75.0
-54.0 -61.0 -pb.0 -72.0 -T76.0
4,0 5.0 &0 8.0 10.0
2,0 3.0 40 G0 7.0
4.0 3.0 0 1.0 0.0
-48.0 -47.0 -47.0 -4h.0 -45.0
-49.0 -48.0 -48.0 -47.0 -47.0
-48.0 -48.0 -49.0 -50.0 -50.0
-99.0 -9%.0 -79.0 -99.0 -9%.0
-99.0 -99.0 -99.06 -99.0 -9%.0
-99.0 -99.0 -99.0 -99.0 -99.0
L0050 7.0 10,0 3.0
240 20 0 %0 58
0.0 -0 -0 -1,0 0.0
-48.0 -48.0 -47.0 -45.0 -44.0
-49.0 -49.0 -49.0 -48.0 -48.0
-50.¢ -51.0 -31.0 -51.0 -50.0

-49.0

-49.0



SREV1-1
CASE-{
CASE-2
CASE-3

REVL-1
CASE-1
CASE-2
CASE-3

SREVL-TT
CASE-1
CASE-2
CASE-T

ReVI-11
CASE-Y
CASE-2
CASE-3

GEV
CASE-1
CASE-2
CASE-2

SRGEV
CASE-1
CASE-2
CASE-3

RGEV
CASE-1
CASE-2
CASE-3

WAKE
CASE-1
CASE-2
CASE-T

SRWAKE
CASE-1
CASE-2
CASE-3

RWAKE
CASE-1
CASE-2
CASE-3

426.0
425.0
432.0

-3.0
-3.0
-2.0

TABLE 16 : PERCENTAGE BIAS OF FLCOD ESTIMATES

421.0
412.0
§21.0

[T 0% |

0
.0
0

435.0
424.0
434.0

-99.0
-99.0
~99.0

1.0
-1.0
2.0
429.0

422.0
411.0

419.0
381.0
380.0

440.0
429.0
430.0

-99.0
-73.0
-§9.0

L= = A =]

34,0
§21.0
402.0

446.0
432.0
424.0

-99.0
-99.0
-99.0

4,0
0.0
-5.0

442,0
422.0
396.0

8.0
4.0
-2.0

463.0
444.0
409.0

-99.0
-99.0
-99.0

E e = |
[ o B |

468.0
428.0
396.0

65

I A T . T

0.0

-1.0

-49.0
-49.0
-50.0

-99.0
-99.0
-99.0

-49.0
-49.0
=50.0

-49.0
-49.0
-48.0

—-—O O
o OO

-49.0
-49.0
-48.0

-99.0
=990
-99.0

0.0
0.0
1.0

-49.0
-49.0
-49.0

-49.0
-50.0
-49.0

[ B =
o OO

-48.0
-49.0
-48.0

-79.0
-99.0
-99.0

<>

(=R =]
Lo B oo BN o |

-49.0
-43.0
-49.9

-48.0
-49.0
-48.0

-48.%
-43.0
-30.0

0.0

-49.0
-33.0

=530

e

w4 G4 oLn

= e

[ 25 B |
L= o= Y o)

-47,0
-43.0
-43.0

-99.0
=98.0
-99.0

-48.0
-49.0
-51.0

s 3 Th

-14.0
-17.0

=10
-14.0
-18.0

-49.90
-56.0
-58.0

-14.0
-17.0

-49.0
-96.0
-38.0

TEST CATCHMENT -2 { BRIDGE WO.-

-16.0
=22.0

=1.0
-17.0

nn
il

-49.0
-57.0
-60.0




TABLE 14 : PERCENTAGE BIAS OF FLOOD ESTIMATES

TEST CATCHMENT -2 ( BRIDGE NO.- 232}

HETHOD 2 10 20 30 100 200 500 1000 : 2 10 20 30 100 200 500 1000
SAMPLE SI12E= S
- BVl

CASE-1 2.0 -1.0 -1.0 -0 -2.0 -2.0 -2.0 -2.0 0.0 -4.0 -4.0 5.0 -5.0 -5.0 5.0 -5.0

CASE-2 6.0 0.0 -3.0 -6.0 -9.0 -12.0 -15.0 -18.0 4.0 -4.0 -b,0 -10.0 -13.0 -15.0 -19.0 -21.0

CASE-3 3.0 1.0 -1.0 -5.0 -9.0 -13.0 -1B.0 -23.0 2.0 -2.0 ~-4.0 -9.0 -12.0 -1e.0 -Z22.0 -26.0
SREV1-1

CASE-1 1.0 0.0 0.0 00 -0 -0 -0 -6 0.0 -2.0 -0 -2.0 -2.0 -2.0 -Z.0 -2.0

CASE-2 5.0 1.0 -2.0 -5.0 ~-B.0 -10.0 -14.0 -16.0 3.0 -1.0 -40 -7.0 -10.0 -12.0 -15.0 -18.0

CASE-3 3.0 2.0 0.0 -4,0 -8.0 -12.0 -1B.0 -22.0 1.0 0.0 -2.0 6.0 -10.0 -14.0 -19.0 -23.0
REVI-i

CASE-1 429.0 420.0 #19.0 41B.0 417.0 417.0 416.0 416.0 -48.0 -49.0 --49.0 -49,0 -50.0 -50.0 -50.0 -50.0

CASE-2 449.0 423.0 410.0 392.0 379.0 365.0 348.0 335.0 -47.0 -49.0 -50.0 -52.0 -53.0 -§5.0 -56.0 -58.0

CASE-3 438.0 429.0 420.0 399.0 379.0 338.0 328.0 306.0 -48.0 -48.0 -49.0 -51.0 -53.0 -55.0 -5B.0 ~-40.0
SREVL-11

CASE-1 1.0 t.0 1,0 1.0 f0 00 0.0 0.0 0.0 -1.0 -1.0 -10 -L0 -LO 1.0 -1.0

CASE-2 5.0 1.0 -2.0 -5.0 -8.0 -10.0 -14.0 -16.0 3.0 -1.0 -40 -7.0 -9.0 -12.0 -15.0 -18.0

CASE-3 3.0 2.0 0.0 -4.0 =-7.0 -11,0 -17.0 -21.0 1.0 0.0 -1.0 -5.0 ~-9.0 -13.0 -19.0 -23.0
REVL-IT

CASE-1 429.0 425.0 425.0 424.0 424.0 A24.0 424.0 424.0 -49.0 -49.0 -49.0 -49.0 -49.0 -49.0 -49.0 -49.0

CASE-2 449.0 425,0 412.0 394.0 380.0 367.0 349.0 336.0 -47.0 -49.0 -50.0 -52.0 -53.0 -54.0 -56.0 -37.0

CASE-3 438.0 432.0 423.0 402.0 382.0 3s1.0 331.0 309.0 -48.0 -48.0 -49.0 -51.0 -53.0 -55.0 -G5B.0 -60.0
GEY

CASE-1  -1.0 -3.0 -1.0 3.0 B.0 13.0 240 .0 0.0 -60 -5.0 -3.0 0.0 5.0 130 21,0

CASE-2 2.0 -3.0 -2.0 0.0 3.0 8.0 17.0 25.0 2.0 ~-6.0 -7.0 -6.0 -40 -1.0 5.0 12,0

CASE-3 0,6 -1.0 0,0 2.0 4.0 6.0 12.0 180 0,0 -5.0 -5.0 -5.0 -40 -0 0.0 &0
SREEV

CASE-1 0.0 0.0 1.0 A40300 50 60 B0 L0 -0 00 L0 2.0 300 5.0 6.0

CASE-2 1.0 0.0 0.0 1.0 2.0 2.0 : 50 -1.0 -2.0 -2.0 -1.0 0.0 0.0 2.0 3.0

CASE-3 -1.0 2.0 3.0 2.0 2.0 1.0 -0 -2.0 -0 0.0 L0 L0 0.0 -10 -0 -840
RBEV

CASE-1 423.0 424.0 428.0 434,0 439.0 445.0 454.0 462.0 -49.0 -49.0 -49.0 -48.0 -48.0 -47.0 -46.0 -4b.0

CASE-Z 478.0 422.0 423.0 425.0 428.0 432.0 438.0 444.0 -49.0 -49.0 -49.0 -49.0 -49.0 -48.0 -48.0 -48.0

CASE-3 #17.0 429.0 434.0 433.0 429.0 424.0 415.0 408.0 -50.0 -48.0 -48.0 -48.0 -49.0 -49.0 -50.0 -5i.0
WAKE

CASE-1 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 ~99.0 -99.0 -99.0 -99.0 -99.0

CASE-2 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -9%.0

CASE-3 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0
SRWAKE

CASE-1 1.0 0.0 1.0 2,0 3.0 &0 7.0 9.0 -LO -0 -0 00 L0 30 5.0 .0

CASE-2 1.0 0.0 0.0 0.0 0.0 0.0 0.0 10 -0 -2,0 -2.0 -2.0 -2.0 -2.0 -0 -LOD

CASE-3 -1.0 1.0 1.0 -1.0 -3.0 -4.0 -40 -3.0 -2.0 0.0 -1.0 -3.0 -5.0 6.0 -6.0 5.0
RWAKE

CASE-1 428.0 422.0 425.0 430.0 436.0 443.0 455.0 467.0 -49.0 -49.0 -49.0 -48.0 -48.0 -47.C -46.0 -45.0

CASE-2 428.0 422.0 421.0 420.0 -420.0 420.0 422.0 425.0 -49.0 -49.0 -49.0 -50.0 -50.0 -50.0 -30.0 -50.0

CASE-3 419.0 428.0 423.0 413.0 406.0 401.0 401.0 407.0 -50.0 -49.0 -49.0 -50.0 -51.0 -52.0 -32.0 -5i.0




TABLE 15 : PERCENTAGE BIAS OF FLOOD ESTIMATES

TEST CATCHMENT -1 ( BRIDGE NO. - 50) : TEST CATCHMENT -2 ( BRIDGE NO.- 232}

HETHOD 2 10 20 30 100 200 500 1000 : 2 10 20 30 100 200 500 1000

SAMPLE SIZE= 10

EVl
CASE-! 1.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 -0 -1 L0 -0 -L0 -LO 2.0
CASE-2 5.0 0.0 -2.0 5.0 -8.0 -11.0 -14.0 -16.0 &40 L0 -3.0 7.0 -9.0 -12.0 -15.0 -17.9
CASE-3 3.0 2.0 0.0 ~-4.0 -B.0 -12.0 -17.0 -22.,0 2.0 L0 -LO -5.0 9.0 -13.0 -18.0 -23.0
SREV1-1
SRE-1 1.0 0.0 -0 -1 -0 -0 -ho0 -0 0.0 -L0 -t -Le -t -0 <20 -2.0
CASE-2 5.0 0.0 -2.0 -8.0 -8.0 -11.0 -14.0 -17.0 &0 6.0 -3.0 ~-6.0 -9.0 -11.0 -I5.0 -17.0
CASE-3 3.0 1.0 0.0 -4.0 -B.0 -12.0 -18,0 -22.0 2.0 1.0 -1.0 -5.0 -9.0 -13.0 -18.0 -23.0
REVL-1
CASE-1 429.0 422.0 421.0 420.0 420.0 419.0 #19.0 419.0 -49.0 -49.0 -#9.0 -49.0 -49.0 -50.0 -30.0 -30.0
CASE-2 448.0 424.0 411.0 394.0 380.0 367.0 349.0 3360 -47.0 -49.0 -50.0 -52.0 -53.0 -35.0 -56.0 -GB.0
CASEeT 438.0 430.0 420.0 399.0 380.0 358.0 329.0 307.0 -48.0 -49.0 -49.0 -51.0 -53.0 -55.0 -58.0 -61.0
SREVI-II
CASE-1 t.00 0.0 0.0 00 0.0 00 0.0 . 0.0 0,0 0.0 0.0 0.0 G0 LB -1.0
CASE-2 5.0 0.0 -2,0 -5.0 -8.0 -1E.0 -14.0 - 4.0 0.0 3.0 -60 -9.0 -110 -15.0 -17.0
CASE-T 3.0 2.0 0.0 -4.0 -B.0 -12.0 -17.0 -22,0 2.0 1.0 -40 -5.00 -B.D -12.0 -18.0 -22.0
REVI-T1

CASE-1 428.0 426.0 425.0 475.0 425.0 425.0 425.0 424.0 -49.0 -49.0 -49.0 -49.0 -49.0 -49.0 -49.0 -49.0
CASE-2 449.0 425.0 412.0 394.0 381.0 367.0 350.0 337.0 -47.0 -49.0 -50.0 -52.0 -33.0 -55.0 -36.0 -38.0
CASE-3 438.0 432.0 423.0 402.0 38Z.0 361.0 331.0 309.0 -48.0 -88.0 -49.0 -Gi.0 -53.0 -535.0 -58.0 -40.0

GEV
CASE-1 0.0 -1.0 0.0 3.0 6.0 10.0 160 2.0 -10 2.0 -L.0 2.0 3 0 9.0 160 25,0
CASE-2 1.0 -2.0 -1.0 1.0 40 8.0 150 2.0 0.0 -3.0 -2.0 0.0 3.0 6,0 13,0 21.0
CASE-3 -1.0 0.0 7.0 40 7.0 11,0 5.0 -0 -0 0.0 10 300 5.0 9.0 150
SRGEY
CASE- 0.0 0.0 4.0 2.0 30 40 60 B0 -0 -L0 00 1.0 2.0 40 5.0 T
CASE-2 1.0 0.0 0.0 10 1.0 2.0 3.0 40 00 -1.0 - 0.0 0.0 L0 2,0 40
CASE-3  -1.0 2.0 2,0 2.0 1.0 -0 -0 -G 1O 1.0 1.0 00 -0 SO
RGEV
CASE-1 424.0 425.0 42B.0 433.0 43B.0 4440 453.0 460.0 -49.0 -49.0 -49.0 -36.0 -48.0 -47.0 -46.0 -45.0
CASE-2 428.0 422.0 423.0 425.0 427.0 430.0 436.0 #42.0 -49.0 -49.0 -49.0 -49.0 -49.0 -48.0 -48.0 -47.0
CASE-3 418.0 429.0 433.0 432.0 478.0 423.0 414.0 407.0 -50.0 -49.0 -48.0 -48.0 -49,0 -4%,0 -50.9 -51.0
WAKE

CASE-1 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.¢0 -93.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -9%.0
CASE-2 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.¢0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0
CASE-3 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.% -99.0

SRWAKE
CASE-1 00 00 0.0 L6 30 40 7.0 9.0 0.0 -LO 00 1D 2.0 30 60 3D
CASE-2 1.0 0.0 0.0 0.0 0.0 . {0 2.0 0,0 -1.0 -1.0 -0 -LO0 -L.0 00 L0
CASE-3  -1.0 1.0 0.0 -2.0 3.0 -4 -840 3.0 -L0 0 0.0 0.0 -2.6 -4.0 5.0 -5.0 -A¢0
RWAKE

B.0 -47.0 -4£.0 -45.0
3.0 -43.0 -49.0 -43.0
0 -51.0 -3i.0 <5090

CASE-1 429.0 423.0 425.0 431,0 436.0 #4440 457.0 471.0 -49.0 -49.0 49,0 -48.0 -4
CASE-2 430.0 423.0 422.0 421.0 421.0 421.0 425.0 430.0 -49.0 -43.0 -49.40 -49.0 -4
CASE-3 420.0 428.0 423.0 412.0 404.0 399.0 397.0 402.0 -49.0 -49.0 -4%.0 -50.0 i
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TABLE 17 : PERCENTAGE BIAS OF FLOOD E

-49.0
-47.0
-48.0

0.0

HETHOD 2 10 20 30 100 200 500 1000 :
SAMPLE SIZE= 20

EV!

CAsE-1 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

CASE-2 5.0 1.0 -2.0 -5.0 -8.0 -10.0 -14.0 -14.0

CASE-3 J.0 2.0 1.0 =30 -7.0 -11.0 -17.0 -21.0
SREV1-1

CASE-1 1.0 0.0 -1.0 -1.0 -1.0 -1.0 -1.0 ~-1.0

CASE-2 5.0 0.0 -2.0 ~-6.0 -8.0 -11.90 -14.0 -17.0

CASE-3 3.0 1.0 0.0 -4.0 -B.0 -12.0 -18.0 -22,0
REV1-1

CASE-1 429.0 423.0 422.0 422.0 421.0 421.0 421.0 420.0

CASE-2 448.0 425.0 412.0 393.0 382.0 368.0 351.0 338.0

CASE-3 437.0 431.0 422.0 401.0 381.0 360.0 330.0 308.0
SREV1-11

CASE-1 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

CASE-2 5.0 0.0 -2.0 -4.0 -B.0 -11.0 -14.0 -17.0

CASE-3 3.0 2.0 0.0 -4.0 -8.0 -12.0 -17.0 -22.0
REVI-11

CASE-1 428.0 426.0 426.0 A25.0 425.0 425.0 4250 42700

CASE-2 448.0 425.0 #412.0 395.0 381.0 348.0 350.0 337.¢

CASE-3 437.0 432.0 423.0 403.0 383.0 382.0 332.0 310.0
GEV

CASE-1 0.0 -1.0 0.0 3.0 5.0 8.0 13.0 17.0

CASE-2 0.0 -1.0 0.0 2,0 40 7.0 13.0 18.0

CASE-3 -2.0 1.0 2.0 40 5.0 6.0 B.0 11,0
SRGEV

CASE-1 0.0 0.0 1.0 2.0 3.0 40 60 7.0

CASE-2 O 00 00 0.0 10 2.0 3.0 4.0

CASE-3 -1, .0 2,0 2.0 1.0 0.0 -0 -0
RGEY

CASE-1 422.0 425.0 429.0 436.0 442.0 449.0 439.0 467.0

CASE-2 426.0 423.0 424.0 427.0 431.0 435.0 442.0 449.0

CASE-3 416.0 429.0 435.0 435.0 432.0 428.0 420.0 414.0
HAKE

CASE-1 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0

CASE-2 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.¢

CASE-3 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0
SRNAKE

CASE-1 1.0 0.0 0.0 10 3.0 &0 7.0 1040

CASE-2 1.0 0.0 0.0 0.0 0.0 0.0 1.0 2.0

CASE-3  -1.0 1.0 0.0 -2.0 -40 -40 -5.0 -390
RWAKE

CASE-1 427.0 423.0 427.0 433.0 440.0 448.0 462.0 47b.0

CASE-2 428/0 424.0 424.0 424.0 425.0 426.0 429.0 433.0

CASE-3 41B.0 429.0 425.0 415.0 407.0 401.0 399.0 404.0
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-49.0
-49.0
-49.0

-99.0
-99.0
-99.0

=1;
-1.
0

(= = BN - ]

-49.0
-49.0
-49.0

-49.0
-49.0
-48.0

-99.0
-99.0
-99.0

-49.0
-49.0
-49.¢

3.0

-47.0
-49.0
-52.90



TABLE 18 : PERCENTAGE BIAS OF FLOOD ESTIMATES

CASE-1
CASE-2
CASE-3
SREVI-I
CASE-1
CASE-2
CASE-3
REVi-1
CASE-1
CASE-2
CASE-3
SREVi-11
CASE-1
CASE-2
CASE-3
REVI-11
CASE-{
CASE-2
CASE-3
BEV
CASE-1
CASE-2

RGEY

RWAKE

429.0
448.0
438.0

429.0
449.0
438.0

0.0
0.0
-1.0

=10
0.0
-2.0

23.0
§27.
417.0

-99.0
-99.0
-99.0

422.0
424.0
430.0

TEST CATCHMENT -1 ( BRIDGE NO. - 50) : TEST CATCHMENT -2 ( BRIDGE NO.- 232)

a0 100 200 500 1000 : 2 10 20 50 100 200 500
SAMPLE SIZE= 30

0.0 0.0 0.0 0.0 0.0 0.0 00 -1,0 -0 -0 -L0 -i.0
-6.0 -8.0 -11,0 -14,0 -l6.0 4.0 0 =300 -b0 S50 -1LG 140
-4,0 -8,0 -12.0 -17,0 -22.0 2.0 1.0 0.0 -4.0 -8.0 -12.0 -18.0
-1,0 -1.0 -1.0 -1.0 -2.0 0.0 -0 -0 2.0 -2.0 2.0 2.0
-6.0  -9.0 -11.0 -15.0 -17.0 4.0 1.0 -3.0 -6.0 9.0 -12.0 -15.0
-5.0 -9.0 -13.0 -18,0 -23.0 2.0 1.0 -1.0 -5.0 -9.0 -13.0 -19.0
4200 419.0 419.0 418.0 418.0 -49.0 -49.0 -49.0 -49.0 -49.0 -49.0 -30.0
394.0 380.0 3a7.0 349.0 336.0 -47.0 -49.0 -50.0 -52.0 -53.0 -55.0 -36.0
399.0 379.0 358.0 329.0 306.0 -48.0 -48.0 -49.0 -51.0 -53.0 -55.0 -38.0
0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 -1.0 -1.0

-6.0 -8.0 -11.0 -14,0 -17.0 40 0.0 -3.0 =-6.0 -9.0 -11.0 -13.
-4.0 -8.0 -12.0 -18.0 -22.0 2.0 1.0 -1.0 -5.0 -B.0 -12.6 -1B.0
425.0 425.0 425.0 424.0 424.0 -49.0 -49.0 -49.0 -49.0 -49.0 -49.0 -49.0
394.0 381.0 367.0 350.0 337.0 -47.0 -49.0 -50.0 -52.0 -53.0 -34.0 -5b.0
402,0 383.0 361.0 332.0 309.0 -4B.0 -48.0 -49.0 -51.0 -53.0 -55.0 -5B.0
1.6 30 50 7.0 10.0 0.0 -0 0.0 L0 20 40 7.0
1,0 2.0 &0 7.0 10,0 0.0 -0 -0 0.0 1.0 3.0 60
20 2.0 2.0 3.0 30 2.0 0.0 1.0 2.0 2.0 2.0 2.0
2.0 3.0 40 60 70 -0 -10 0.0 1.0 2.0 40 5.0
0.0 1.0 1.0 30 40 0.0 -0 -LO 0.0 0.0 LG 2.0
2.0 1.0 0.0 -2.0 -30 -2.0 0.0 1.0 10 L0 0.0 2.0
434.0 480.0 845.0 455.0 463.0 -49.0 -49.0 -48.0 -4B.0 -47.0 -A7.0 -46.0
26,0 429.0 433.0 439.0 444.0 -49.0 -49.0 -49.0 -49.0 -48.0 -48.0 -47.0
434.0 430.0 424.0 416.0 409.0 -50.0 -4B.0 -48.0 -48,0 -48.0 -49.0 -50.0
-99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0
-99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0
-99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0
1.0 0 40 60 8.0 0.0 -1,0 00 10 20 3.0 3.0
-t -1,0 -1,0 0.0 1.0 0.0 -0 -1.0 -0 -LO0 -L0 -1.0
-3.0 -4,0 -5.0 -0 5.0 -2.0 0.0 -0 -3.0 -40 5.0 ~-b6.0
£32.0 438.0 446.0 460.0 474,0 -49.0 -49.0 -49.0 -48.0 -48.0 -47.0 -46.0
£23.0 423.0 4240 427.0 432.0 -49.0 -49.0 -49.0 -49.0 -49.0 -49.0 -49.0
411.0 404.0 400.0 400.0 405.0 -50.0 -49.0 -49.0 -50.0 -51.0 -51.0 -52.0
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TABLE 19 : PERCENTAGE BIAS OF FLOOD ESTIMATES

TEST CATCHMENT -1 ( BRIDGE NO. - 50) : TEST CATCHMENT -2 { BRIDGE NG.- 232}
HETHOD 2 10 20 30 100 200 500 1000 : 2 10 20 30 100 200 500 1000
SAMPLE SIIE= 40

EVi

CASE-1 1.0 0.0 00 0.0 0.0 0.0 00 0.0 60 0.8 0.0 00 G0 00 0.0 0.

CASE-2 5.0 1.0 -2.0 ~-5.0 -8.0 -10.0 -14.0 -16.0 4.0 0.0 -2.0 =60 -B.0 -11.0 -14.0 -14.0

CASE-3 3.0 2.0 0.0 -40 -7.0 -tl.0 -17.0 -21.0 2.0 2.0 0.0 -40 8.0 -12.0 -17.0 -22,0
SREVI-1

CASE-t 1.0 0.0 0.0 0.0 -1.0 -1.0 -1.0 -0 6.0 -4 -L.0 =10, -1.90 -1,0 -0 -1.0

CASE-2 3.0 0.0 -2.0 -5.0 ~-8.0 -10.0 -14.0 -1&.0 4.0 0.0 -3.0 -6.0 -9.0 -11.0 -14.0 -17.0

CASE-3 3.0 2.0 9.0 -4,0 -8,0 -12.0 -18.0 -22.0 2.0 t.0 -1.0 -5.0 -9.0 -13.0 -18.0 -22.0
REVL-1

CASE-1 429.0 424,0 423.0 423.0 A22,0 427.0 422.0 422.0 -49,0 -49.0 -48.0 -49.0 -49.0 -49.0 -49.0 -49.0

CASE-2 448.0 427.0 414.0 396.0 383.0 370.0 352.0 339.0 -47.0 -49.0 -30.0 -52.0 -53.0 -54.0 -56.0 -G7.0

CASE-T 437.0 432.0 421.0 403.0 383.0 362.0 332.0 710.0 -48.0 -4B8.0 -45.0 -51.0 -53.0 -55.0 -58.0 -60.0
SREVI-11

CASE-1 .0 Lot 0.0 00 00 0.0 0.0 00 0.0 0.0 00 0.0 0.0 0,0 0.0

CASE-2 5.0 0.0 -2.0 -5.,0 -8.0 -10.0 -14.0 -16.0 4.0 0.0 -3.0 -6.0 ~-9.0 -11.0 -14,0 ~-17.0

CASE-3 3.0 2.0 0.0 -40 -8.0 -12.0 -17.0 -22.0 2.0 1.0 ~-1.0 -5.0 -8.0 -12.0 -18.0 -22.0
REVL-11

CASE-1 428.0 427.0 427.0 427.0 427.0 427.0 427.0 427.0 -43.0 -49.0 -49.0 -49.0 -49.0 -49.0 -49.0 -49.0

CASE-2 448.0 427.0 414.0 396.0 383.0 370.0 352.0 339.0 -47.0 -49.0 -50.0 -52.0 -83.,0 -34.0 -5&.0 -9§7.0

CASE-3 437.0 434,0 425.0 404.0 385.0 363.0 334.0 311.0 -48.0 -4B.0 -49.0 -51.0 -53.0 -55.0 -38.0 -60.0
GEY

CASE-1 0,0 0.0 0.0 &0 2.0 IO 50 7.0 -0 -0 00 10 3O 40 7.0

CASE-2 1.0 0.0 0.0 1.0 2.6 3.0 5.0 00 00 -10 00 1.0 2.0 40 7.0 9.0

CASE-? -1.0 f,0 2.0 2.0 2,0 Lo t,0 0 2.0 10 .0 2.0 2,0 2.0 2.0 2.0
SRGEV

CASE-1 0.0 0.0 1.0 2.0 3.0 5.0 A0 8.0 -10 00 0.0 2.0 30 40 6.0 7.0

CASE-2 1.0 0.0 0.0 1.0 t.0 2.0 3.0 40 0.0 -1.0 L0 0.0 L0 L0 30 40

CASE-3 -1.0 1.0 2.0 2.0 2.0 1.0 -0 -0 -2 L0 200 2.0 Lo 0.0 -2.0 -3
RGEY

CASE-1 422.0 426.0 431.0 438.0 444.0 451.0 462.0 470.0 -49.0 -45.0 -48.0 -4B.0 -47.0 -47.0 -46.0 -45.0

CASE-2 426.0 424.0 426.0 429.0 433.0 438.0 445.0 452.0 -49.0 -49.0 -49.0 -49.0 -48.0 -48.0 -47.0 -47.0

CASE-Z 415.0 431.0 437.0 437.0 434.0 430.0 422.0 416.0 -30.0 -4B.0 -4B,0 -48,0 -48.0 -49.0 -49.0 -50.0
RAKE

CABE-1 -99.0 -99.0 -89.0 -99.0 -99.0 -99.0 -99.0 -99.0 -9%.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0

CASE-2 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0

CASE-3 -99.0 -99.0 ~99.0 -99.0 -9%.0 -99.0 -99.0 -99.0 -99.( -99.0 -95.0 -99.0 -99.0 -99.0 -9%9.0 -99.0
SRWAKE

CASE-1 L0 0.0 L0 2.0 300 40 70 100 00 -0 00 L0 6 40 s R0

CASE-2 1.0 0.0 0.0 0.0 0.0 0.0 L0 2.0 00 -0 10 -0 -1 L6 0.0 I

CASE-Z -1.0 1.0 0.0 2.0 -3.0 -840 -5.0 -40 -2.0 0.0 -L.0 2.0 -40 5.0 5.0 -4
RRAKE

CASE-! 425.0 424.0 428.0 435.0 440.0 44B.0 461.0 2740 -43.0 -45.0 -49.0 -4B.0 -47.0 -47.0 -45.0 -840

CASE-2 427.0 426.0 426.0 426.0 426.0 426.0 429.0 431.0 -49.0 -49.0 -49.0 -45.0 -49.0 -43.0 -49.0 -48.0

CASE-I 416.0 420.0 426.0 417.0 409.0 402.0 399.0 401.0 -50.0 -48.0 -49.0 -30.0 -51.0 -31.0 -51.0 -50.0
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ABLL 20 : FERCENTAGE RMSE OF FLOOD ESTIMATES

SAMPLE SIZE= 1

CASE-1
CASE-2
CASE-3
SREV1-1
CASE-1
CASE-2
CASE-3
REVL-1
CASE-1
CASE-2
CASE-3
SREVI-1I
CASE-1
CASE-2
CASE-3
REVI-11
CASE-1
CASE-2
CASE-3
BEV
CASE-1
CASE-2
CABE-3
SRGEV
CASE-1  61.0 61.0
CASE-2  62.0 62.0
CASE-3  62.0 62.0
RGEV
CASE-1
CASE-2
CASE-3
WAKE
CASE-1
CASE-2
CASE-3
SRWAKE
CASE-1
CASE-2
CASE-3
RWAKE
CASE-1 1278.0 1270.0 1283.0 1299.0 1311.,0 1324.0 1344.0 1363.0
CASE-2 1287.0 1279.0 1290.0 1301.0 1310.0 1318.0 1333.0 1348.0
CASE-3 1277.0 1262.0 1263.0 1282.0 1301.0 1327.0 1372.0 1414.0

38.0
39.0
39.0

371.0
97.0
57.0

57.0
36.0
56.0

a7.0
56,0
36.0

39.0
0.0
39.0

61.0 61.0 1.0 &1.0 61,0
62.0 62.0 &1.0 &1.0 41,0
62,0 1.0 1.0 60.0 50.0

61.0
60.0
60.0

61.0
60.0
0.0

1280.0
1299.0
1284.90

1259.0
1268.0
1260.0

1255.0
1258.0
1240.0

1253.0
1245.0
1222.0

1251.0
1235.0
1214.0

1250.0
1226.0
1210.0

1249.0
1214.0
1209.0

1248.0
1205.0
1211.0

62.0
1.0
61.0

62.0
61.0
60.0

61.0
62.0
62.0

61.0
62.0
61.0

62.0
1.0
60.0

62.0
0.0
50,0

1277.0
1297.0
1283.0

1273.0 1273.0
1281.0 1273.0
1271.0 1252.0

1272.0 1272.0
1262,0 1253.0
1236.0 0

1272.0 12
1244.0 12
1226.0 12

1272.0
1224.0
1227.0

103.0
106.0
1053.0

52.0
32.0
32.0

33.0
54.0
4.0

38.0
38.0
39.0

61.0
62.0
62.0

10.0
71.0
1.0

64.0
65.0
3.0

6B.0
69.0
01,0

62.0
63.0
62.0

65.0
64.0
3.0

64.0
63.0
64.0

63,0

6bs0.
63.0

67.0
68.0
68.0

89.0
69.0
70.0

1268.0
1278.0
1263.0

1272.0
1278.0
1268.0

1279.0
1285.0
1265.0

1293.0
1296.0
1272.0

1305.0
1307.0
1286.0

1320.0
1321.0
1305.0

1342.0
1341.0
1339.0

1361.0
1359.0
1370.0

-99.0
-99.0
-99.0

-99.0
-99.0
-99.0

-99.0
-99.0
-99.0

-99.0
-99.0
-99.0

-99.0
-99.0
-99.0

-99.0
=99.0
-99.0

-99.0
-99.0
-99.0

-99.0
-99.0
-99.0

62.0
42.0
62.0

62.0 &30
63.0
LY

64.0
65.0
b4.0

63.0
63.0
6.0

67.0
67.0
70.0

69.0
6%.0
73.0

7

53.0
56.0
96.0

33.0
33,0
353.0

58.0
38.0
38.0

on W oon
o 00 o
o O o

6.0
§7.0
96.0

~0 0 O
wn o~ o~
o O O

58.0 38
38.0 8.
38.0 5B
97.0

98.0
§7.0

51.0
32,0
32.0

oB8.0
58.0
58.0

-99.0
-99.0
-99.0

-99.0
-99.0
-99.0

39.0
39.0
38.0

8.0
38.0
38.0

47,0
97.0
9.0

78.0
98.0
97.0

-99.0
-99.0
-99.0

.
0.
9

wh o~ n
_ s o

100.0
100.0
99.9

7

102.0
102.0
102.0

104.90
103.0
106.0

105.0
105,90
109.0




TABLE 21 : PERCENTAGE RMSE OF FLOOD ESTIMATEZ

CASE-1

SREVI-II
CASE-1
CASE-2
CASE-

REVI-TI
CASE-1
CASE-2
CASE-3

GEY

SRGEY

RGEY

WAKE
CASE-1
CASE-2
CASE-3

SRWAKE
CASE-1
CASE-Z
CASE-3

RWAKE

Fi 1 20
29.0 30,0 310
29.0 3.0 32,
9.0 3.0 L0
28.0  IB.0 8.0
29.0  29.0 29.0
9.0 29.0  28.9

1279.0 1263.0 (261.0
1298.0 1272.0 1263.0
1283.0 1264.0 1245,0
28.0 28,0 2B.0
29.0 290 29.0
29.0  29.0 28,0
1277.0 1274, 1273.0
1297.0 126,09 1273.0
1283.0 1270.0 1251.0
30,6 N0 %0
30.0 30,0 34,0
0.0 0.0 34,0
28.0 5.0 29.0
2080 23.0  29.0
8.0 A0 9.0
1268.0 1272.0 1279.0
1279.0 1273.0 1284.0
1264.0 1708.0 1264.0
-99.0 -95.0 -99.9
-99.0 -9%.0 -99.0
-99.0 -57.0 -99.0
8.0 8.0 29.0
29.0 9.0 29.0
29.0 9.0 29.0

1259.0
1251.0
228.0

28,0
29.0
28.0

1291.90
1294.0
1270.0

-99.0
-99.0
-79.0

30.0
30.0
30.0

onoenown
o I o |

<

Cd Cd

ezt

— g

"J.C"

[ =R — I =

L I T |

= w4
L= = =

32.0
32.0

2.0

1303.0 131640
1304,0 1316.0
£283.0 1302.0 1334.0 1364.0

-99.0
-99.0
=990

Cd Cd

L.
L
1

L= = =}

=93.0
-73.0
-99.0

e Ld LY
e 3 ra
L= = =Y

CASE-1 1276.0 1474.0 1284.0 1294.0 1302.0 1311.0 1327.0 1343.0
CASE-2 1285.0 1782.0 1290.0 1296.0 13000 13065.0 1316.0 1329.0
CASE-3 1275.0 1263.0 1266.0 1277.0 1293,0 {315.0

300 1000 : 2 10
SAMPLE 51ZE= 5

34,0 340 29.0  30.0
4.0 340 30.0 3.0
34,0 3500 30.00 3.0
28.0 28,0 29.0 29.0
28,0 28.0 29.0 29.0
28,0 29.0 29.0 129.0
1256.0 1256.0 97.0 97.0
1220.0 12120 98.0  97.0

Yilt 0 1218.0  97.0 97,
29.0 29.0 29.0 9.0
28.0 28,0 29.0 29,0
28,0 28.0 29.0 29.0
12720 1272.0  97.0  97.0
1233.0 1224.0 98,0  97.0
1225.0 1227.0 97,0 97.0
86.0 110.0 31,0 29.0
88.0 12,0 3.0 30.0
89.0 1140 310 0.0
.0 IS0 9.0 9.0
34.0 36,0 29.0  29.0
.0 360 29.0 29.0
1337.0 1334.0 97.0  97.0
1333.0 1352.0  97.0 97.0
96.0 96,0
-99.0 -99.0 -99.0 -99.0
-99.0 -99.0 -99.0 -99.0
-9%.0 -99.0 -99.0. -99.0
3.0 37.0 29.0  79.0
4.0 300 2900 29.0
6.0 400 29.0  29.0
7.0 96.0
8.0 97.0
354.0 1393.0  97.0  96.9

72

20 50 100

3.0 32,0 33,0
32.0 330 33.0
32,0 3.0 33,0

290 29.0 29.0
97.0  97.0  97.0
97.0 96,0 96,0
96.0  93.0 95,0

96.0  95.0 94.0
33, 42,0 52,0
4.0 44,0 54,0
3.0 430 540
9.6 30.0 3.0
30,0 30.0 31,0
29.0 0.0 31,0

=990 =99:0 -99.0

-99.0 -99.0 -99.0
-99.0 -99.0 -99.0
29,0 30.0 , 3.0
30,0 30,0 310
29,0 30.0 3o

97.0  98.0 100.0
7.0 99.0 100.0
- 96,0 98,0 9%.0

200 500
3.0 34.0
4.0 340
3.0 3.0
9.0 29.0
9.0 29.0
9.0 29.0
97,0 97.0
9.0  95.0
94.0 94,0
9.0 29.0
9.0 29.0
29.0  29.0
97.0 97.0
95.0  95.0
94.0 94,0
66.0  90.0
68.0 93,0
67,0 93.0
3.0 34.0
3.0 34.0
3.0 3.0
98,0 99.0
99.0 99,0
980 99.0
-99.0 -99,0
-99.0° -99.0
-99,0 -99.0
3.0 35.0
32.0 ' 35.0
3.0 360
1010 103.0

101.0 102.0
101.0 105.0



TABLE 272 : PERCENTAGE RMSE OF FLOOD ESTIMATES

METHOD 2

EVi

CASE-1  Z1.0

CASE-2 22,0

DRSE-I 22,0
SREVL-I

CASE-1  21.0

CasE-2 21,0

CASE-3 21,0
REVL-1

CASE-1 127B.0

CASE-Z 1297.9

CASE-3 1282.0
SREV1-11

CASE-1 21,0

CASE-2  Z21.0

CASE-3  Z1.0
REVI-T1

CASE-1 1277.0

CASE-2 1296.0

CAGE-3 1282.0
GEY

CASE-1  22.0

CASE-2  22.0

CASE-3  22.0
SRGEY

CASE-1  21.0

CASE-2  21.0

CASE-3 21.0
RGEV

CASE-1 1260.0

CASE-2 1271.0

CASE-3 1256.0
WAKE

CASE-1 -99.0

CASE-2 -99.0

CASE-3 -99.0
SRWAKE

CASE-1  21.0

CASE-2 22.0

CASE-3 2.0
RWAKE

1276.0
1283.0
274.0 125

21.0
22.0
22.0

-9%.0
-99.0
-99.0

a9

Lia

nn
Liw

<O O O

nn
Lia

1294,0 1309.0
1300.0" 1311,0
1276.0 12910

1319
131
130

30 100
23,0 28,0
24,0 24.0
24,0 24.0
2.0 el
2.0 21,0
0 20

264.0 1263.0
256.0 1247.0
235.0 1228.0
21,6 21,0
2.0 21,0
21,0 ZL.0
276.0 1276.0
.0 1257.0
40,0 1234.0
H.O 39,0
2.0 40,0
2.0 40.0
22.0 23,0
22.0 230
22,6 23.0
1306.0 1324,

1311.0 1328.0 134
1286.0 130

<93.:0
-99.0
-99.0

3.0
0
.0

[ o L N T 3 |
IL'I ".‘IJ o4

6.0

L o T o |
n cn on

0 1328,
8.0 1323.0
1331.0 1369.0

[ I T ]
cn on &
o= O O

N2
e
[T = I <}

W0 1262.0
1227.0
1224.6

L B R

A
L.
Ll

f)C"C.‘

0 1276.0
1237.0
1230.0

b0
89.0
87.0

'J

PR3 3PS

6.0
1.
7.

Dl.."'

.0 1376.0
1376.0
1371.0

-49.0
-99.0
-99.0

17 ('\I

i

27.0

29.0

0 1343.0
1333.0

73

1262.0
1218.0
1226.0

—
L~ B i =

29.0

1802.0
1400.0
1407.0

-99.0
-99.0
-99.0

O O

ra B3 Ra
PO e e
L= L = QN oo}
L e A
Ca €4 B3
[ e R

—_ 3 -
[T = =]
[ )
o oo

r 3 B3

=4

-3 a0 O

L=

a3 B3
O
<

96.0
9.0
94.0

3.0
7.0
87.0

28.0
28.0
27.0

180.0
100.0
161,90

-99.0
-99.0
-99.0

Lo I - B == ]

LA L I ]
) O =0

95.0
94.0
97.0




TABLE 23 : PERCENTAGE RMSE OF FLOOD ESTIMATES

20

SAMPLE SIIE= 13

CASE-1
CASE-2
CASE-3
SREV1-1
CASE-1 170 18.0
CASE-2  18.0 18.0
CASE-3  18.0  18.0
REVL-I
CASE-1
CASE-2
CASE-3
SREVL-I]
CASE-1
CASE-2
CASE-3
REVI-11
CASE-1 1278.0
CASE-2 1297.0
CASE-3 1283.0
BEV
CASE-1  19.0
CASE-2  19.0
CASE-3  19.0
SRBEV
CASE-1
CASE-2
CASE-3
RGEV
CASE-1
CASE-2
CASE-3
WAKE
CASE-1
CASE-2
CASE-3
SRWAKE
CASE-1
CASE-2
CASE-3
RWAKE

18.0
18.0
18.0

18.0
19.0
19.0

19.0
20.0
20.0

20.0
20.0
20.0

0.
0.
1

(=R = B =)

r ORI B3

18.0
18.0
18.0

18.0
18.0
18.0

38.0
18.0
16.0

1247.0
1231.0
1210.0

1281.0
1300.0
1285.0

1256.0
1265.0
1257.0

1232.0 1248.0
12534.0 1241.0
1236.0 1218.0

18.0
18.0
18.0

18.0
18.0
18.0

17.0
18.0
18.0

18.0
18.0
18.0

18.0
18.0
18,0

1270.0 1269.0
1278.0 1269.0 1257
1268.0 124

1267.0
1249.0
1225.0

13.0
35.0
33.0

18.0
18.0
19.0

7.0
28.0
28.0

1.
1.
2

Lo B o BN

0
0
0
19.0

19.0
19.0

17.0
18.0
18.0

18.0
18.0
18.0

18.0
18.0
18.0

0.
0.
0

(=T = |

Lo o B |

1309.0
1312.0
1289.0

1264.0 1268.0 1278.0 1294.0
1275.0 1275.0 1284.0 1298.0
1260.0 1265.0 1264.0 1274.0

-99.0
-99.0
-99.90

-99.0
-99.0
-99.0

-99.0
-99.0
-99.0

-99.0
-99.0
-99.0

-99.0
-99.0
-99.0

20.0
20.0
20.0

18.0
18.0
18.0

19.0
19.0
19.0

18.0
18.0
18,90

18.0
18.0
18.0

CABE-1 1276.0 1264.0 1282.0 1306.0 1325.0 1344.0 1372.0 1397.
1289.0 1309.0 1324.0 1340.0 1363.0 1384,
1264.0 1289.0 1316.0 1349.0 1404.0 1453.

CASE-2 1285.0 1273.0
CASE-3 1275.0 1255.0

0021
21,0 21,
Q0 21
18.0

18.0 18.0
18.0 18.0

1245.0
1222.0
1206.0

1244.0
1209.0
1205.0

16.0
18.0
18.0

18.0
18.0
18.0

1266.0
1228.0
1221.0

1267.0
1240.0
1221.0

42,0
43.0
43.0

7.0
39.0
39.0

1.0 4.0
2.0 24,0
21,0 24,0

1325.0
1321.0
1311.0

1350.0
1351.0
1347.0

-99.0
-99.0
-9%.0

-99.0
-99.0
-99.0

2.0
2.0
22,0

Lo S I o |
o~ ch L
oo o

0

[ i

"3 3 3

0
0

18.0
18.0
18.0

1243.0
1200.0
1206.0

18.0
18.0
18.0

1266.0
1219.0
1222.0

1.0
15.0
15.0

26.0
26.0
27.0

1371.0
1371.0
1380.0

-39.0
-99.0
-9%.0

28.0
28.0
31.0

0
0
0

74

18.0
18.0
18.0

18.0
18.0
18.0

97.0

18.0
18.¢
18.0

7.0
98.0
97.0

19.0
19.0
19.0

18.0
18.0
18.0

96.0
97.0
96.0

-99.0
-99.0
99,0

18.0
18.0
18.0

8.0
97.0
96.0

19.0
20.0
20.0

18.0
18.0
18.0



TABLE 24 : PERCENTAGE RMSE OF FLOOD ESTIMATES

NG, - 50)

TEST CATCHMENT -2 ( BRIDGE NO.- 2321

CASE-1
CASE-2
CASE-3
SREVI-1
CASE-1
CASE-2
CASE-3
REVL-]
CASE-1
CASE-2
CASE-3
SREVL-11
CASE-1
CASE-2Z
CASE-3
REVI-I1
CASE-1
CASE-2
CASE-3
GEV
CASE-1
CASE-2
CASE-3
SRGEV
CASE-1  15.0
CASE-2 .
CASE-3  15.0
RGEV
CASE-1
CASE-2
CASE-3
WAKE
CASE-1
CASE-2
CASE-3
SRWAKE
CASE-1
CASE-2
CASE-3
RWAKE

15,0 15,0
15.0 16,0 17,0
15.0

15.0
16.0
16.9

15.0
15.0
15.0

15.0
15.0 15.0
15.0

{5.0
15.0
6.0

15.0
16.0
16.0

1253.0
1228.9
1211.0

1260.0
1269.9
1260.0

1257.0
1259.0
1240.0

1253.0
1247.0
1223.0

1254.0
1237.0
1215.0

1280.0
1299.0
1284.0

15.0
15.0
15.0

15.0
15.0
15.0

15.0
15.0
15.0

15.0
15.0
15.0

15.0
15.0
15.0

15.0
15.0
15.0

1273.0
1246.0
1226.0

1277.0
1296.0
1283.0

1274.0
1281.0
1271.0

1274.0
1273.0
1252.0

1273.0
1263.0
1236.0

1273.0
1254.0
1229.0

w0 3
29.0 3
29.0 3

16.0
16.0
16.0

15.0
16.0 .
6.0 18.0

18,0 .0
0

.0

Ll )
4 N N
L= = I =
N oon e

15.0
15.0
15.0

17.0
17.0
17.0

16.0
16.0
16.0

18.0
19.0
18.0

—
on oot oon
[ =N N =3

1264.0
1275.0
1259.0

1272.0
1219.0
1269.0

1282.0
1288.0
1267.0

1299.0
1302.0
1278.0

1314.0
1316.0
1294.0

1330.0
1332.0
1316.0

-92.0
-99.0
-99.0

-79.0
-99.0
-99.0

-99.0
-99.0
-99.0

-99.0
-59.0
-99.0

-99.0
-99.0
-99.0

-99.0
-99.0
-99.0

15,0 15.0 15
f6.0 15.0 15
fo.0 13.0 15

16.0
16.0
16.0

17.0  19.0
17.0
17.0

oo o

CASE-1 1272.0 1273.0 1287.0 1304.0 1316.0 1327.0 1350.0 1369.0
CASE-2 1281.0 1281.0 1293.0 1306.0 1315.0 1325.0 1341.0 1356.0
CASE-3 1271.0 1263.0 1268.0 1286.0 1307.0 1334.0 1382.0 1427.0

18.0
18.0
18.0

16.0
16.0
16.0

1231.0 1
1216.0 1
1210.0 ¢

.0
15.0
0

1273.0 1
1234.0 1
1226.0 )

44,0
6.0
4.0

21.0

1355.0 1
1356.0 1
1354.0 1

-99.0
-99.0
-99.0

22.0

22.0
23.0

75

18.0
i8.0
18.0

14,0
14.0
14.0

16,0 13.0
16.0 14,0
16.0 14,0

251.0
207.0
212.0

15.0
15.0
15.0

273.0
225.0
228.0

4,
LB
7

.

ohonoon
o O O
[+

23.0
23,0
24,0

377.0
317.0
388.0

-99.0
-99.0
-99.0

235.0
23.0
21.0

96.0
97.0
96.0

14,0
14.0
14.0

96.0
97.0
qb‘o

-99.0
-99.0
-9%.0

14.0
14,0
14.0

97.0
97.0
96.0

15.0
16.0
16.0

14.0
14,0
14.0

95.0
§3.0
§5.0

14,0
14.0
14,0

96.0
6.0
95.0

14.0

14,0

7.0
97.0
96.0

-99.0
-99.0
'99.0

14,0
14.0
14.0

97.0
98.0
7.0

16.0
16.0
16.0

14,0
14,0
15.0

96.0
5.0
94.0

27.0
28.0
28.0

16.0
16.0
16.0

99.0
9.0
98]0

-99.0
-99.0
-99.0

16.0
17.0
16.0

99.0
99.0
98.0

17.0
17.0
18.0

15.0
15.0
15.0

5.0
93.0
93.0

14,0
14,0
14.0

96.0
94.0
94.0

43.0
43.0
45,0

20,0
20,0
20,0

102.0
102.0
102.0

-99.0
-99.0
-99.0

100.0
100.0
102.0

17.0
18.0
18.0

15.0
15.0
15.0

95.0
3.0
93.0

14.0
14,0
14.0

96.0
94.0
94.0

33.0
350
36,0

22,0
2.0
23.0

104.0
104.0
104.0

-99.0
-99.0
-99.0

25.0
25.0
27.0

101.0
1000
104.0




TABLE 25 : PERCENTAGE RMSE OF FLOOD ESTIMATES

2
CASE-3
SREVI-1
CASE-1
CASE-2
CASE-3
ReVi-I
CASE-1
CASE-2
CASE-3
SREVI-TI
CASE-1
CASE-2Z
CASE-3
REVL-11
CASE-1
CASE-2
CASE-3
GEY

CASE-1
CASE-2
CASE-3
WAKE
CASE-1
CASE-2
CASE-J
SRRAKE
CASE-1
CASE-2
CASE-3
RWAKE

CASE-1 1274.0 1274.0 1284.0 1293.0 1298.0 1362.0 1311.0 1315.0
CASE-2 1283.0 1282.0 1290.0 1295.0 1297.0 1298.0 1300.0 1303.0
CASE-3 1273.0 1265.0 1267.0 1277

1.0
12.0
12.90

1280.0
1298.0
1284.0

12.9

1278.0
1297.0
1283.0

12.0
12.0
12.0

11,0
12,6
12.0

1268.0
1279.9
1263.0

~4%.0
-99.0
-99.0

12.0
12,9
12,0

1260.0 1238.0
1270.0 1260.0
1262.0 1242.0

1272.0 1271.0
1275.0 1271.0

1269.0 1250.0 ¢

12.9
12.0
12.0

12.0
12.0
12,0

b.; !‘J l\J

14.0
18.0
14,0

12,9
12.0
12.0

1271.0 1278.0
1277.0 1283.0
1267.0 1263.0

-9%.0
-99.0
-99.0

12,
i
12,

OOC’

I‘\JhJ P-J

=09.0

-99.0
-99.0

ra

1253.9 1254.0

1248.0 1

1225.0 1218.0

12.0
12.0
12.9

1270.0 1

1259.0 1251.0
234.0 1227.0

18.0
19.0
19.0

/J

C‘Q‘C

13,
!
13,

Lwl!'.rd

1290.0 1
1293.0 1

1270.0 1282.9

=93.¢
-99.0
=99.0

OOO

WCIJ l.-ul

13,
1
13,

[0 B L N
=1

_— = s

1253.0
1229.0
1214.0

238.0

12.0
12.0
12.0

12,9
12.0
12.0
270.0 1270.0
1242.0
1224.0

A
L
2
]
i

l’.ﬂl(,-lr-:l
\DQO
[ I
~0 3
D

15.0  14.0
! .
{50 16,0

J01.0
302.0

1313.0
1313.0
1299.0 1

-99.0
-99.0
490

-99.0
=990
-99.0

16.0
16,9
15.0 17,0

0 1289.0 1307.0

: TEST CATCHMENT -2 ( BRIDGE NO.- 232)
300 1000 & 2 10 20 a0 100 200 500 1000
SANFLE SIZE= 30

4.0 14,0 12,0 120 130 13.0 (4.0 18,0 140  14.0
14.¢ 14,0 12,0 13.0 13, 4.0 140 14,0 15.0 15.0
4.0  14.0 120 13.0 13, 4.0 140 140 150 5.0
3.0 1.0 120 1 3.0 150 130 130 130
3 13,0 12,0 12,0 (3.0 13,0 13.0 13.0 140 14.0
130 12,0 12,0 130 13 300 13,0 140 14,0
1252.0 1251.0  97.0 96,0 96,0 96.0 96,0 95.0 95.0 95.0
1217.0 1208.0 98,0 96.0 96.0 95.0 95.0 94.0 94.0 93.0
1213.0 1215,0  97.0 96,0 95.0 94.0 94.0 94,0 94.0 94.0
12.0 . 1.0 12,0 12,0 12, 2,0 12,0 12,0 12.0
12,0 13.0 12,0 12,0 12.0 . 2.0 12,0 13,0 13.0
12,0 12,0 12,0 12,0 12,0 12,0 12.0 12.0 13.0 13.0
1269.0 1269.0  97.0 97.0 97.0 96.0 96.0 96.0 96.0 94.0
1231.0 1222.0  98.0 97.0 96.0 96.0 95.0 95.0 94.0 94.0
1223.0 1225.0  97.0 96,0 95.0 95.0 94.0 94.0 94.0 94,0
35,0 420 12,0 12,0 140 19.0 23.0 28.0 360 43.0
7.0 45.0 12,0 13.0 15,0 19.0 24,0 29.0 38.0 45,0
3.0 45,0 12,0 13,0 150 190 240 29.0  38.0 45,0

5.0 26 12,0 10 (2.0 14.0 0 150 1A.0 19.0 :

9.0 20,0 12,0 12,0 12,0 (4.0 15.0 7.0 19.0
9.0 ZZ.0.0 12,0 12.0 12, 3.0 15,0 160 19.0

1330.0 1247.0 98,0 96,0 97.0 96.0 99.0 99.0 101.9 102.0
1330.0 1384.0 97,0 97.0 97.0 98.0 99.0 99.0 101.0 102.0
330.0 1357.0 96.0  96.0 96,0 97.0 97.0 9B.0 100.0 102.0
-99.0 -9%.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0
-99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0
-99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99,0
19,0 22,0 12,0 12,0 120 140 15,0 17.0 20,0 23.0
19.0 22,0 12,0 12.0 13.0 140 15.0 17,0 20.0 23.0
20,0 25,0 12,0 12,0 12,0 140 15.0 18,0 22.0 26.0
F6.0  97.¢  §7.0 8.0 9B.0 9B.0  98.0 99.0
97.0  97.¢ 8.0 98.0 98.0 98.0 98.0 98.0
337.0 1367.0  97.¢  97.0 96,0 9T.0  97.0  98.0 100.0 102.0




METHOD 2 10
EV!

CASE-1  10.0 11,0

CASE-2  10.0 11.0

CASE-3  10.0
SREVL-1

CASE-1  10.0 11.0

CASE-2 10,0 11.0

CASE-3 10.0 11,0
REVL-I

CASE-1 1278.0 1268.0

CASE-2 1297.0 1277.0

CASE-S 1282.0 1269.0
SREVI-11

CASE-1  10.0  10.0

C45E-2 10,0 10.0

CASE-3  10.0 10.0
REVI-TI

CASE-1 1276.0 1278.0

CASE-2 1295.0 1285.0

CASE-J 1282.0 1275.0
GEV

CASE-1 11,0

CASE-2 11.0

CASE-3 . 1.0
SRGEV

CASE-1 10,0 10.0

CASE-2  10.0  10.0

CASE-3  10.0  10.0
RGEV

CASE-1 1268.0 1276.0

CASE-2 1279.0 1283.0

CASE-J 1263.0 1273.0
WAKE

CASE-1 -99.0 -§9.0

CASE-Z -99.0 -99.0

CASE-3 -97.0 -99.0
SRWAKE

CASE-L

CASE-2 . 11.0

CASE-3 . .
RWAKE

TABLE 26 : PERCENTAGE RMSE OF FLOOD ESTIMATES

20 30
11,0 12,0
120 120
1240 450
1.0 1.0
11,0 11.0
1.6 1.0
1266.0 1265.0
1268.0 1257.0
1250.0 1234.0
10.0 11,0
1000 1l
1.0 11,
1278.0 1279.0
1278.0 1268.0
1257.0 1242.0
13.¢ 160
13.0  17.0
130 17.0
11.0 2.0
11.0 0
11,0
1284.0 1298.0
1289.0 1301.0
1269.0 1277.0
-79.0 -99.0
-99.0 -99.0
-99.0 -99.0
11,0 12,0
# 12.0
11.0 12,0

12.0
12.0
iz.0

1.0
11.0
12,0

1263.0
1248.0
1227.0

1279.0
1260.0
1233.9

[SE RN
_——
« = =
=~

——
e dm
P i

1310.¢
1312.0
1291.0

-99.0
-99.0
-99.0

14,0
14.0
14,0

12.0
12.0
13.0

11,0
12.0
12,0

1264.0
1240.0
1224.0

1.0
1.0
1.0

1324.0
1325.90
1311.0

-99.0
-99.0
-93.0

16,0
16.0
16,0

CASE-1 1279.0 1274.0 1284.0 1298.0 1310.0 1325.0
CASE-2 1283.0 1283.0 1290.0 1300.0 1308.0 1315.0
CASE-3 1277.0 1265.0 1265.0 1280.0 1301.0 1331.0

300 1000 ¢ 2 10
SAMPLE SIZE= 40
12. 12.0 10,0 11.0
13 13.0 11,0 11.0
3 13,0 11,0 11,0
12,0 12,0 10,0 1.0
12,0 12,0 1.0 1lL.0
12,0 12,0 10,0 11,0
1264.0 1263.0  97.0  97.0
1228.0 1219.0 98.0 98.0
1224.0 1226.0 97.0 97.0
1.0 10 10,0
1.0 11.0  10.0
1.0 10 1040
1279.0 1280.0 97.0 97.0
1240.,0 1232.0 98.0 97.0
12320 1235.0  97.0  97.0
.00 30 1.0 1040
3.0 39.0 110 1.0
33.0 40,0 110 11,0
18.0 21,0 10.0  10.0
18.0 21,0 11,0 11.0
19,0 21,0 1,0 1190
1346.0 1365.0 96,0 97.0
1345.0 1364.0 96,0 97.0
1345.0 1377.0  975.0  97.0
A% =190 -9%:0 490
1.0 -99.0 ~99.0° ~99.0
=990 ~99.0 -99.0 9940
19,0 230 1.0 1.9
19.0 23, 1.0 110
21.0 26,0 110 1.0
1351.0 1376.0  96.0 97.0
1339.0 1359.0 96,0 97.0
1384.0 1435.0 96,0 97.0

77

7.0
7.0
96.0

12.9
13.0
13.0

1.0
1.0
1.0

s U

78.0
78.0
97.0

=99.0
-99.0
-99.0

1.0
1.0
1,0

98.0
98.0
97.0

ra 3 ra
o o O

9.0
100.0
78.0

-99.0
-9%.0
-99.0

99.0
100.0
79.0

97.0
76.0
93.0

[ I S T |

P
- e =
[T = I <]

14.0
14.0

14,0

101.0
101.0
100.0

-99.0
-390
-99.0

14.0
14,0
14.0

101.90
101.0
100.0

§7.0
96.0
5.0

e I T S ]
(S N S =
[ = = B =

— . e
e o~ oLn
=

102,90
103.0
102.0

-99.0
-99.0
-99.9
i6.0
16.0
102.0

103.0
103.0




CASE-1
CASE-2
CASE-3
SREV1-1
CASE-1
CASE-2
CASE-3
REV1-1
CASE-1
CASE-2
CASE-3
SREVI-11
CASE-1
CASE-2
CAGE-3
REVI-I1
CASE-1
CASE-2
CASE-3
GEY
CASE-1
CASE-2
CASE-3
SRGEV
CASE-1
CASE-2
CASE-3
RGEV
CASE-1
CASE-2
CASE-3
WAKE
CASE-1
CASE-2
CASE-3
SRWAKE
. CASE-1
CASE-2
CASE-3
RWAKE
CASE-!
CASE-2
CASE-3

082.0
687.0
694.0

68.0
11.0
73.0

686.0
686.0
696.0

6.
g.
8.

L= = i

LN oCnoen

68.0
1.0
72,0

584.0
881.0
691.0

-99.0
-99.0
-99.0

~d ~d O~
o4 R oo
o O o

675.0
683.0
692.0

680.9
644.0
32,0

68.0
68.0
69.0

6846.0
643.0
635.0

61,90
64.0
63.9

~4

o~
I
oo oo

709.0

710,0, 7

-99.0
-99.0
-99.0

70.0
72.0
72.9

704.4
§97.0
b69.0

60.0
39.0
39.0

68.0
63.0
63.0

680.0
607.0
594.0

6.0
£3.0
64.0

5b6.0
606.0
597.0

39.0
58.0
8.0

68.0
63.0
62.0

580.0
582.0

353,

78

74.0
80.0
78.0

63.0 64,0
67.0  65.0
6.0

n oonoon

~0 -0 m
= a &

-~ =4 =4 - ~d ~g

LS T o B S ) LN P -

=T — 2 -} [ = T <
~d

=3 3 e (&

L=l = =3

=390 =3%.0
=990 =99.0
95,0 =990

7.0
74.0
75.0

80.0
a3.0
80.¢




CASE-1
CASE-2
CASE-3
SREV1-1
CASE-1
CASE-2
CASE-3
REVI-1
CASE-1
CASE-2
CASE-3
SREVI-I1
CASE-!
CASE-2
CASE-J
REVI-II
CASE-1
CASE-2
CASE-3
GEV
CASE-1
CASE-2
CASE-3
SRGEV
CASE-1
CASE-2
CASE-3
RGEV
CASE-1
CASE-2
CASE-3
WAKE
CASE-1
CASE-2
CASE-3
SRWAKE
CRSE-1
CASE-2
CASE-3
RWAKE
CAGE-1
CASE-2
CASE-3

684.0
683.0
694.0

32
353.0
38.0

4 €4 A
- LA B3
. = -

[ = N = }

6B3.0
679.0
690.0

~91.40
-99.0
-39.0

2,
4.
3

L LA

L= = ==}

6B1.0
$82.0
691.0

688.0
681.0
698.0

~39.0
-99.0
-§9.0

LN A
Ln =
o O O

5B86.0

682.0°

484.0

4.0
35.0

k4
dda

658.0
687.0
699.0

-99.0.

-99.0
-39.0

Lhn on e
(=1 =

Cd A fd

b94.0
682.0
72,0

Cd Gd LA

~O o0 o~
- -

o D O

33.0
33.0
33.0

670.0
574.0

947.0 I

32,0
32,0
33.0

683.0
377.0

392.0

738.0
695.0
677.0

79

732.0
131.6
582.0

-99.0
-39.0
-99.0

45.0
4.0

47,0

To1.0
707.0
700.0

73.0
73.0
73.0

d L
~3 )
Lo I = N & ]

—1

- g
N R B3
o o o
~
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TEST CATCHMENT -2 ( BRIDGE NO.- 232)

........ T o o 8 e B 3 e o e e 8 e B B R e e o o o

METHOD

CASE-1
CASE-2
CASE-3
SREVI-I
CASE-1
CASE-2
CASE-3
REVE-]
CASE-1
CASE-2
CASE-3
SREVI-TI
CASE-1
CASE-2
CASE-3
REVI-11
CASE-1
CASE-2
CASE-3
BEV
CASE-1
CASE-2
CASE-3
SRBEV
CASE-1
CASE-2
CAGE-3
RGEY
CASE-1
CASE-2
CASE-3
WAKE

SRMAKE
CASE-1
CASE-2
CASE-3

RWAKE
CASE-1
CASE-2
CASE-3

2

687.0
693.0
678.0

-99.0
-99.0
-99.0

23.0
24.0
25.0

6950
698.0
683.0

TABLE 29 : PERCENTAGE RMSE OF FLODD ESTIMATES

TEST CATCHMENT -1 ( BRIDGE NO. - 50!}
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TABLE 30 : PERCENTAGE RMSE OF FLOOD ESTIMATES

CASE-1

CASE-2

CASE-3
SREVL-1

SREVI-II
CASE-1
CASE-2
CASE-3

REVI-11
CASE-1
CASE-2
CASE-J

GEY
CASE-1
CASE-2
CASE-3

SRGEY

SRWAKE
CASE-1
CASE-2
CASE-2

RWAKE
CASE-!
CAGE-2
CASE-I
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L.
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86,0
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678.0
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TABLE 371 : PERCENTAGE AMSE OF FLOOD ESTIMATES

CASE-1 16,0 b0 17,0 17.0 (B

CASE-2 18.0 19.0 1%.0 20.0 24,

CASE-3  17.0 19,0 20.0 20.0 2
SREVL-1

18
20,0 250 4.0 7.0 180 1800
22

[

- ~J
L=

LABE-1 16,0 6.0 7.0 ITL0 17,0 17,0 17.00 47.0 15.0 (6.0  14.0

CASE-2 18,0 17.0 17.0 1B.0 18.0 19.0 2(.0 23.0 17.6 140 17.0

CASE-3  17.¢ 18.0 17.0 15.0 1B.0 20.0 23.0 26,0 16,0 17.0 17.0
REVI-1

CASE-1 &88.0 6B6.0 8B6.0 4B6.0 6B6.0 6B6.0 4B8.0 ABE.0 72.0 T72.0 7

CASE-2 T7153.0 689.0 671.0 &47.0 629.0 610.0 S85.0 567.0 72.0 72.0

CASE-3 700.0 &97.0 &B4.0 636.0 628.0 59B.0 556.0 524.0 72.0 72.0
SREVL-11

CASE-1  le.0 16,0 16,0 16,0 160 17.0 17.0 17.0 15.0 16,0 14,0

CASE-Z 18,0 i7.0 17.0 17.0 18,0 19.0 20.0 22.0 17.0 140 16.0

CASE-3 17.0 17,0 17.0 17.0 1B.0 19.0 23.0 26.0 15,0 16.0 16,0

REVL-11

CASE-1 06BB.G 487.0 oB7.0C 6B87.0 6B7.0 687.0 &B7.0 &B7.0 72.0 72.0 7

CASE-2 717.0 4Bb.0 468.0 643.0 624.0 605.0 580.0 562.0 72,0 72.0 7

CASE-3 701.0 696.0 4B4.0 435.0 627.0 597.0 9555.0 523.0 72.0 72.0 7
GEV

CASE-1 17.¢ 1e.0 19,0 25.0 30.0 37.0 49.0 40,0 17.0 150 1

CASE-Z 17.0 18.0 21.0 29.0 360 45.0 60.0 75.0 17.0 (7.0 2

CASE-3 17.0 18.0 22.0 30.0 38.0 47.0 462.0 77.0 17.0 7.0 2

SRGEV

CASE-1 16,6 160 17.0 1B.0 19.0 20.0 24.0 27.0 180 !5.0
CASE-2  17.0 17.0 17.0 19.0 20.0 22.0 26,0 29.0 17.0 160 17,0
CASE-3  17.0 17.0 1B8.0 19.0 21,0 22.0 25.0 2B.0 17.0 140

RGEV
CASE-1 676.0 685.0 694.0 709.0 723.0 738,0 762.0 782.0 73.0 72,0
CASE-Z 483.0 681.0 686.0 497.0 707.0 720.0 742.0 762.0 2.6 12,0
CASE-3 668.0 691.0 703.0 709.0 7iL.0 712.0 713.0 715.0 73.0 72.0

RAKE
CASE-1 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.¢ -99.0 -99.¢ -99.0 -99.0
CASE-2 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0

CASE-3 -99.0 -99.0 -99.0 -99.0 -99.0 -99.
SRRAKE

<>
£
-0
-0
<
1
~0
-0
=

CASE-1 17,0 17.0 17.0 180 20.0 22.0 28.0 340 (b0 14.0

CASE-2 18,0 17,0 17.0 18.0 20.0 23.0 27,0 32.0 7.0 160 17.0

CASE-3  19.0  19.0 L0 20000 22,0 2500 30,0 3700 B0 180 19
RWAKE h

CASE-1 82,0 4BS.0 692.0 704.0 715.6 730.0 757.0 785.0 73.0 72,0

CASE-2 683.0 686.0 6B8.0 691.0 695.0 .701.0 7i4.0 730.0 730 72,0

CASE-3 671.0 £97.0 694.0 682.0 674.0 470.0 &77.0 &97.0 73.0 730 72,0
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CASE-3
SREVI-I
CASE-1
CASE-2
CASE-3
REV1-]
CASE-1
CASE-2
CASE-3
SREVL-11
CASE-1
CASE-2
CASE-J
REVL-11
CASE-1
CASE-2
CASE-3
GEV
CASE-1
CASE-2
CASE-3
SRBEV
CASE-1
CASE-2
CASE-3

CASE-]
CASE-2
CASE-3
WAKE
CASE-1
CASE-2
CASE-3
SRWAKE
CASE-1
CASE-2
CASE-3
RHAKE
CASE-1
CASE-2
CASE-3

14,90
153.0
15.0

679.0
683.0
689.0

14,0
14.0
18.0

684.0
683.0
£94.0

682.0
679.0
690.0

=09.40
-99.0
-99.0

14.90
14.0
7.0

679.0
681.0
687.0

14.0
15.0
15.0

678.90
b64.0
b676.0

14.9
14.0
14,0

683.0
663.0
6B81.0

15.0
17.0
7.9

—— -
onocn e
[ o B =

b89.0
682.0
697.0

-99.0
-99.0
-99.0

14,0
15.0
17.0

684.0
681.0
682.0

TABLE 32 : FERCENTAGE RMSE OF FLOOD ESTIMATE

699.0
688.0
699.0

-99.0
=99.0
-99.0

16.0
16,0
19.0

693.0
634.0
672.0

676.0
620,0
619.0

14,9
16.0
14.0

709.0
695.0
697.0

-99.0
-99.0
-99.0
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693.0
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509.0
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72,0 710
72,0 73.0
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14,0 13.0
4.0 14,0
15.0 14,0
14,0 13.0
15.0 14,0
14,0 14.0
72.0
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-9%.0 -99.0
14.0 140
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TABLE 33 : PERCENTAGE RMSE OF FLOOD ESTIMATES

KETHOD 2 10
£V
CASE-1  11.0  11.0
CASE-2  13.0  13.0
CASE-3 12,0 13,0
SREV-!
CASE-1  11.6 12.0
CASE-2  12.0 12,0
CASE-3 12,0 13.0
REVI-]
[ASE-1 5BB.0 5B6.9
CASE-2 7i5.0 689.0
CASE-3 700.0 698.0
SREVI-II
CASE-1 1.0 12.0
CASE-2  13.0 12.0
CASE-3 12,0 12,0
REY1-11
CASE-1 687.0 690.0
CASE-2 716.0 689.0
CASE-3 700.0 £99.0
GEY
CASE-1 12,0 11,0
CASE-2 12,0 12
CASE-3  12.0 12,
SRBEY
CASE-1  11.6 1.0
CASE-2  12.0 12.0
CASE-3 12,0 12.0
RGEY
CASE-{ &76.0 688.0
CASE-2Z 482.0 685.0
CASE-3 668.0 694.0
WAKE
CASE-1 -99.0 -99.0
CASE-2 -99.0 -99.0
CASE-3 -97.0 -99.0
SRUAKE
cASE~l 17,0 12.0
CASE-2 14,0 13,0
CASE-3 5.0 5.0
RWAKE
CASE-1 482.0 488.0
CASE-2 685.0 &89.0
CASE-3 71,0 499.0

497.0
630.0
705.0

-99.0
-99.0
-99.90

12,0
14.0
14.0

3.0
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720 73.0
73.0 730
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19.0 4.0
22,0 25,0
3.0 21.¢
230 26.0
73.0 730
73, 73.0
73.0 7.0
-99.¢ -99.0
-99.0 -99.0
-99.0 -99.0
25.0 3.0
25,0 30.0
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75.0 770
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CASE-2
CASE-3
SREV1-11
CASE-1
CASE-2
CASE-3
REVI-TI
CASE-!
CASE-2
CASE-T

CAGE-1
CASE-2
CASE-3
WAKE
CASE-1
CASE-2
CASE-3
SRWAKE
CASE-1
CASE-2
CASE-S
RWAKE

raoe_ ¢
wHAC™ 4

o~ o~ o~
el Cd a3
Cd ~d

o o~ o
Lo I % T
+ 0o £

3 k3

TES

1052.6 1027.3
1041.4 1021.0

1.5
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1035.6 1032.4
1050.5 1038.2
1039.7 1020.2
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L= SN I =)
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CASE-2 1044.1 1037.5
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TABLE 35 : PERCENTAGE CV OF FLOCD ESTIMATES

TEST CATCHMENT -1 { BRIDGE NC. TEST CATCHMENT -2 { BRIDGE NO.- 232t
HETHOD 2 10 20 30 100 200 500 1000 ¢ 2 10 20 30 100 200 500 1006
———————————————————————————— - .-.--—-.-.__..f—-_.---_-—-———--.-----..._————--__--————..---.—-__._——-——----——-—
SRHPLE SILE= &
EV!
CASE-1 28,7 29.9 39.9 32.0 324 33,2 358 M 294 30.01 3.1 320 327 B3I W2
CASE-Z  29.1 30.8 31.8 32.6 33.1 334 3%L.7 339 218.9 3 32,0 3.9 333 357 3.9 34
CASE-3  28.9 3i.1 M. 3.5 330 335 4D 345 9.6 3.2 LB 3T W IS 4.1 3G
SREVI-]
CASE-t  28B.2 28. 8.1 28.2 28.2 8.2 28.3 8.3 28,7 28.8 26.9 29.0 29.0 29.1 29,1 29,7
CASE-Z 28.8 28. 28.4 28.2 28.! 28.0 27.8 27.6 29.4 29.2 29.7 29.0 28.9 28.8 8.6 2.4
CASE-3  Z8.7 28,5 28.2 8.0 27.9 27.9 27.9 28.0 29.2 29.2 28,9 28.b 2B.5 78.5 72B.6 728.7
REVI-1
CASE-1 1036.8 1025.2 1023.7 1022.4 1021.7 1021.2 1020.7 1020.4 93.0 92,5 92.4 92.4 92.1 92.3 92.3 92.3
CASE-Z 1051.3 1032.1 1025.0 1015.8 1008.9 1002,0 992,9 986.0 94.3 93.2 92.7 91,9 91.4 90.8 90.0 89.4
CASE-3 1040.1 1025.9 1310.9 998.0 992.6 989.9 989.5 990.9 93.4 92.4 91,1 90,0 89,5 89.3 B9.37 89.4
SREVI-T11
CASE-1 28.1 28,3 28,3 128.4 28.4 20.5 28.5 26.5 28,7 28.8 28.9 28.9 29.0 29.0 29.0 29.0
CASE-2 28,7 28.6 28.5 28.4 28,2 I8, .8 7.7 9.4 29,2 2%.0 289 2B.8 28.6 28.4 78.2
CASE-Y 28.6 26.6 28.3 28.0 27,9 27.9 27.9 28.0 29.2 29.! 78.8 28.5 28.4 78.3 2B.%4 28.4
REVI-I1
CASE-1 1035.5 1032.9 1032.6 1032.4 10323 1032,3 1032.2 {032.2 93.0 92.7 92.7 92.7 92.7 92.7 92.6 92.6
CASE-2 1030.4 1038.4 1032.2 1023.8 1017.2 1010.4 1001.7 995.0 94,4 93,2 92,7 91.9 9i.3 90.7 89.3
CASE-3 1039.8 1029.9 1015.4 1002, 997.6 995.1 994.9 9964 93.4 92,5 91,2 90.% 89.6 89, B9.4 B89.5
BEV
CASE-1  29.8 28.9 32.9 41,5 50,7 2.9 84,6 1067 0.9 28.9 330 42,1 521 5.2 8B.6 1.6
CASE-2  30.0 29.6 33.8 42,7 52,2 4.6 868 109.4 3Ll 29.6 340 43,5 538 47.4  91.7 1iA.7
CASE-3  29.7 79.9 4.0 42,7 52,2 4.8 87.5 1109 30.8 29.8 33,9 43.3 5.5 47.0  91.5 116.9
SRGEV
CASE-1 27.8 28,2 28,7 29.7 30.6 31,7 335 350 286 288 29,2 29.9 0.7 3.7 12 3T
CASE-2 28.2 28.6 29.1 30.0 30,9 321 33.9 35.6 29.0 29.2 29.5 30.3 3.0 320 336 35
CABE-3  28.1 28.6 28.8 29.7 3.6 319 341 6.0 288 29,0 29,2 29.9 0.7 3.8 3T 5.5
RBEV
CASE-1 1030.4 1031.7 1036.4 1045.1 1053.5 1063.5 1079,5 1093.8 92.5 92,7 93.1 93.8 94.4 95.2 26,3 97.2
CASE-2 1038.8 {036.9 1040.2 1047.2 1054.4 1043.4 1076.2 1091.9 93.2 93.2 93.5 94.0 94.6 95.2 962 97.!
CASE-3 1026.5 1028.5 1024,% 1028.8 1038.4 1052.7 1078.1 {102.1 92.1 92.4 92.1 92.4 9 94,3 96.3 98.1

CASE-l -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0
CASE-2 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.¢ -99.0 -99.0 -99.0
CASE-3 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.¢ -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0

SRWAKE
CASE-1 28,1 28,7 28.9 129.7 30.6 31.8 340 6.4 28,9 28,8 29.3 30.0 30.B 320 4.3 3.7
CASE-2 28.§ 28,7 29.2 30.0 30.9 32,01 343 365 293 29.3 29.6  30.3 3L.b 323 3.9 36.8
CASE-3 28,5 28.6 Z8.9 Z9.8 0.9 32.4 35.4 3B 29.2 9.0 29.2 300 3.0 326 35.6 3B.9
RWAKE
CASE-1 1035.9 1034.1 1040.3 1045.7 1051.0 1057.2 1069.8 1084.5 93,6 92.0 93,2 95.0 96,3 97.8 100.0 101.9
CASE-2 1043.1 104C.7 1045.0 1047.6 1049.5 1052.7 10A1.7 1073.7 94,2 92,6 93,7 95.1 9.2 97.4 99.2 100.8
CASE-3 1035.2 1027.2 1026.7 1033.2 1044.0 1060,2 109!.3 1123.2 93,5 91.4 92.0 93,8 95.8 98.7 102,73 106.1
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TABLE 36 : PERCENTAGE CV OF FLOOD ESTIMATES

CASE-3 1023.6 1033.4 1036.1 1049.3 1061.9 1078,

METHOD 2 20 50 500

EVi

TASE-1 21,3 21,8 224 238 239 233

CASE-2  21.6 22.5 23.1 237 28,2 24.4

CASE-3 2.6 22.7 23,2 123.7 24,3 4.7
SREVL-1

CASE-1 20,9 210 2t 21.2 2.4 21,4

CASE-2 21,4 213 21,3 2.2 2.0 21.0

CASE-I 21,3 2.3 2.2 21,0 2.0 214
REV1-1

CASE-11035.9 B 1028.0 1027.4 1026.7

CASE-2 1050.3 2 1029.9 1021.4 999.4

CASE-3 1038.9 1 1017.1 1005.0 997.8
SREV1-11

CASE-1  20.9 21,1 2.2 v, 21.4

CASE-2 2.3 213 242 2 20.

CASE-Z  21.3 2.1 20,0 z 21,0
REVL-1I

CASE-1 1034.9 1035.4 1035.7 1036.1

CASE-2 1049.8 1035.2 1027.2 1005.7

CASE-3 1038.9 1019.8 1007.9 1000.8
GEY

CASE-1  21.7 24,4 31,2 I8 b4.2

CASE-2  21.9 5.4 32,37 0% 7.0

CASE-T  21.6 32.4 39 6.9
SRGEY

CASE-1 21,0 244 2.1 22,9 5.7

CASE-2  71.3 .6 22,3 231 26,0

CASE-3  71.3 2.5 224 2390 26.2
RBEY

CASE-1 1021.0 1033,7 1045.3 1063.8 1079.9 1097.9 1124.7

CASE-2 1029.2 1049.2 1064.2 1124.4

CASE-3 1018.2 1033.8 1046.6 19.7
WAKE

CABE-1 -99.0 -39.0 -99.¢ -99.0

CASE-2 -99.0 -99.0 -99.0 -95.0

CASE-3 -99.0 -99.0 -59.0 -99.0
SRWAKE

CASE-1  21.3 22.1 76.5

CASE-2  21.b JOans 26.6

CASE-T  21.b 1.5 2.4 7.6
RKAKE

CASE-1 1023.7 1039.4 1051.4 (063.0 1070.1 1077.3 1088.9 1100.7

CASE-2 1030.6 1046,2 1056,4 1064.9 1069.4 1073.7 1081.3 1089.9

7 110
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TABLE 37 : PERCENTAGE CV OF FLOOD ESTINATES

METHOD 2 10 20 a0 160 200 560 1000 ; 2 10 20 30 100 200 500 1004

SAMPLE SITE= 12

EVi

CASE-1  17.7 A 0190 197 2000 20,5 209 2.0 180 (9.0 19.9  20.8 21 A8 A8 T2

CASE-2 18,0 ' 19.6 20,2 20,5 20,7 20,9 2.0 8.2 19.8 20,4 2.1 2.4 2.7 208 22.4

CASE-3  17.9 19.1 i9.6 20,1 20.4 20.8 21,1 204 (8.2 19.9 20,4 21.0 2.4 21,7 2.4 22.4
SREV1-1

CASE-l  17.4 17.6 17.5 17.9 18.0 8.1 18.2 8.2 17.7 1B.0 iB.2 1B 30184 18,5 18.6  1B.7

CASE-2  17.7 17.8 17.9 (7.9 17.9 (7.9 (7.8 7.7 18.1 8.3 18.3 18.3 18.3 18,7 18.2 8.2

CASE-3 17.7 17.9 17.8 7.8 17.8 17.8 7.9 18.0 18.0 8.3 1B.2 1B.2 18.2 18.7 1B.3 18.4
REVI-]

CASE-1 1038.9 1016.9 1013.7 1011.0 1009.5 1008.4 1007.2 1006.5 93.0 92.5 92.4 92.4 92.4  92.4 92,4 92,4

CASE-2 1053.4 1024.2 1015.6 1005.1 997.5 990.1 980.5 973.3 94.3 93.2 92.6 91.9 9.3 80.7  90.0  89.4

CASE-3 1042.2 1016.1 1001,7 9B7.6 981.5 978,3 %77.3 978.3 93.3 9.7 9.5 A4 90,0 B9.B B89.8  90.0
SREVI-11

CASE-1 17.3 17.5 7.6 17.7 17.8 17.8 17.9 17.9 17.7 7.9 1B.0 1 18,2 18,7 18,3 1.4

CASE-Z 17,7 17.7 17,7 17,7 7.6 175 17.4 17.4 18 18.2 18.2 18.1 (8. 1B.0 17.9 17.8

CASE-3  17.7 17.8 7.6 I1.5 17.4 {7.4 17.5 i3 . 18,2 18.0 A0 1.9 1.9 179 (8.0
REVI-11

CASE-1 1036.5 1026.9 1027.9 1027.0 1026.6 1026.2 1025.8 1025.6 92.8 93.7 93.9 94.1 94.2 9.2 AT 9444

CASE-2 1051.4 1034.9 1028.0 1019.0 1012.1 1005.3 996.2 989.3 94.1 94.3 93.9 93.3 92.8 g9 9L

CASE-3 1040.5 1027.1 1012.0 999.0 9935 §90.8 990.3 991.7 93.1 9%.6 9.5 .6 91,2 940 911 91.3
GEY

CASE-1 18.8 1B.0 20.8 26.7 33.0 1.0 549 6B.9 1B.9 8.7 21.7 18.0 34.4 5 96,2 b9.5

CASE-2 18,9 18,5 20,4 27.6 342 42.6 ST.4 725 19.0 19.2 224 29.0 35.8 < 388 T

CASE-  1B.6 187 206 27.8 343 426 572 TL9 1B.7  19.4 2.6 791 5.7 4.1 58,5 727
SRGEV

CASE-1 7.4 17.5 17.9 1B.8 19.8 20.9 22.9 24.6 17.6 (7.9 18.4 19.4 0.4 206 Wb 25.3

CASE-Z  17.6 177 18,1 19.0 20,0 20,2 23.2 25.0 17.9 18  i3.a  19.6 0.6 219 8.9 25,7

CASE-Z 176 17.7 1B.0 18.8 19,8 20.2 23.4 25.4 7.8 8.1 18.5 19.4 20,5 U8 4. 2.
RGEY

CASE-1 1025.7 1027.8 1035.5 1046.8 1060.9 1074.7 1095.6 1113.6 92.1 93.7 94.4 55.5 F6.4  97.4 98.9 100.2

CASE-2 1033.6 1033.2 1040.0 1052.0 1063.3 1076.4 1096.6 1114.2 92.8 94.2 94.8 95.7 96.6 97.2  98.9 100.1

CASE-3 1022.4 1025.4 1024.2 1032.6 10455 1063.3 1093,7 1120.7 917 93.5 O93.5 94.2 95.3 9.8 99.2 101.5
HAKE

CASE-1 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -39.0 -99.0 -99.0 -99.0 -99.0

CASE-2 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0

CASE-3 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 =99.0 -99.0 -99.0 -99.0
SRNAKE

CASE-1 17,7 17.6 18.1 19.0 20.0 21,5 24.2 26,9 17.9 18.1 8.6 19.5 2 G220 8T 7.4

CASE-2  17.9 17.8 1B.3 19.0 20.2 20,7 2.4 27.0 181 18.3 18.8 19.7 20,7 22,2 .9 27

CASE-Z 17,9 177 181 1%.0 20.2 21,9 253 28.7 18.1 18.7 18.6 19.5 20.7 2.4 5.8 29.2
RWAKE

CASE-1 1035.5 1023.4 1038.3 76.7 1094.6 1121, 52 4.4 B 4.8 9 4.6 94.9

0
n
=
-
s
G Ry Ay

6 7 11441 . 8
76,6 1092.0 1114,7 11346 92,1  95.0 95.3
69.9 1099.2 1146.8 1190.2

1055,
CASE-2 1044. 1030.1 1043,7 1062.3
CASE-I 1 1018.2 1024.4 1045,




TABLE 38 : PERCENTAEE CV OF FLOUD ESTIMATEZ

TEST CATCHMENT -1 ( BRIDGE NG. - 50! ] TEST CATCHMENT -2 { BRIDGE NO.- 232

METHOD 2 10 20 30 1060 200 900 1000 : 2 10 20 30 100 200 500 100¢

EV!

CASE-1 15.2 15.5 160 166 16,9 17,2 17,5 7.7 13.6 14,5 15.2 5.8 &2 165 6B 17.1

CASE-2 15.4 160 16,5 17.0 7.2 17.4 17.5 17.6 138 15,0 15.6 l&.1 Q6.4 166 16,8 169

CASE-3  15.7 162 165 169 7.2 17.5 7.8 8.0 13.7 15,2 i5.6 a0 le.d 167 471 173
SREVI-I

CASE-1  14.9 9150 15,2 15.3 153 154 155 1.4 (3.8 140 14,2 (AT A4 14D t4

CASE-2 15.2 15.1 15.4 15.2 150 1501 (5.0 150 136 140 14 162 142 142 142 W42

CASE-3  15.2 15.1 15,0 15,1 15,1 15.2 153 3.6 140 140 141 140 20 183 1804
REV1-1

CASE-1 1037.4 1022.5 1020.5 1018.8 1017.8 1017.1 1016.4 1015.9 93,3 9.4 9i.1 90.8 0.7 0.6 90.5 90.4

CASE-2 1052.0 1029.6 1022.0 1012.4 1005,2 998.1 988.8 98L.8 94.6 92.0¢ 91,2 90.3 89.&6 68.9 8B.0 #87.4

CASE-3 1041.1 1022.4 1006,7 993.2 987.5 984.5 983.8 9B5.1 93.6 91.4 89.9 B8.7 @88.1 -67.8 87.7 B87.8
SREV-11

CASE-1 . 15.0 15,1 15.2 15.2 153 15,3 133 3.6 138 139 140 140 141 140

CASE-2 15.1 01500 150 1500 15,0 14,9 14,8 136 (3.8 13,8 139 138 13B 138 13T

CASE-3  §5.1 15.1 15,0 14,9 14,9 149 149 5.0 1.6 138 3.8 137 (37 1T i3.B 0 159
REVI-11

CASE-1 1035.4 1033.5 1033.4 1033.3 1033.3 1033.3 1032.3 1033.3 73,1 92,3 92.2 92.0 92,0 °%%.0 91,9 9L.%

CASE-2 1050.2 1039.3 1033.4 1025.1 1018.4 1012.0 1003.2 996.5 94.5 92,8 92.2 °9i.4 90.7 901 895 887

CASE-3 1039.5 1031.1 1016.8 1004.4 999.1 996.8 996.7 998.3 93.5 92.2 90.9 89.7 89.2 88.9 88.9 89.0
GEV

CASE-1 16,0 15,3 17.6 22.4 27.3 33.3 42,9 5.7 145 144 169 219 268 32,7 4.3 L2

CASE-2 16,1 15.7 18,2 23,7 28,5 34.8 45.1 54,7 (4.5 148 17 22,7 271.8 3.0 44,2 557

CASE-3 15.8 15.8 1B.3 23.4 2B.64 34.9 45.2 35.0 4.2 149 (7.6 22,8 27.9 341 M43 GAD
SREEV

CASE-1  15.1 149 15.2 16t 17,0 202000 .9 138 13 140 15,0 160 173 194 213

CASE-2 15.3 15.1 5.4 2 172 402005 22,3 13,7 13.8 14,2 1S 162 176 19.8 21,8

CASE-3 15.2 15,1 15.3 161 17.0 18,3 20,5 22.6 13,7 138 141 150 16 17.5 199 2241

RGEV

CASE-1 1025.1 1032.2 1040.6 1054.6 1067.2 10B1.7 1103.7 1122.7 91.9 92.2 93.0 945 95.8 97.3 9%.0 101.5
CASE-2 1033.1 1037.5 1044.9 1057.6 1069.4 1083.1 104.5 1123.3 92.6 927 93.4 94.8 96,0 97.5 99.6 10L.5
CASE-3 1021.2 1029.3 1029.1 1038.6 1052.5 1071.3 1103.1 1132.0 91,7 92.0 92.1 93.0 743 961 99.0 101.7

WAKE
CASE-1 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0
CASE-2 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0
CASE-3 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0
SRWAKE

CASE-1 15.3 15.1 15,3 160 16,9 18,3 201 241 (3.9 13.7 t40 154 162 U7.9 20,9 2440
CASE-2 15,5 15.3 15,5 161 17,0 18,3 21,3 243 14,1 13.9 g0 152 164 180 2.2 A2
CASE-3 15.5 15.2 15.4 14,0 17.0 1B.6 21.9 25.6 14,1 13.8 14,2 13,1 led 18,2 218 5.6

RWAKE
CASE-1 1030.6 1033.6 1044.7 1058.0 1067.9 1078.7 1096.4 1113.8 92.1 92,5 93.7 94,9 95.7 96.4 97.4 9B.1
CASE-2 1037.4 1040.3 1049.9 1060.4 1047.8 1076.1 1090.1 1104.5 92.8 931 94.2 95.2 95.7 96.2 96.9 97.5
CASE-J 1029.4 1025.9 1029.8 1043.9 1060.7 1083.4 1122.9 1161.5 92.1 92.0 92.6 93.8 G§3.0 6.0 99.2 101.6
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TABLE 39 : PERCENTASE CV OF FLOOD ESTIMATES

TEST CATCHMENT -1 ( BRIDGE WO.

CASE-3
SREVL-1
CASE-1
CASE-2
CASE-3
REVI-I
CASE-t
CASE-2
CASE-3
SREVI-11
CASE-1
CASE-2
CASE-3
REV1- [I

SRGEY
CASE-1
CASE-2
CASE-3

RGEY
CASE-1
CASE-2
CASE-T

HAKE
CASE-]
CASE-2
CASE-3

SRWAKE
CASE-1
CASE-2
CASE-3

RWAKE

1037.9
1052.3
1041.0

‘-4‘-]!_'1.

11

11,
i1,
1029.1

1037.6
1025.4

-99.0
-99.0
-99.0

Fa e
r":-ncn

L.
11.
12,

.

ew

1021.1
1028.7
1022.8

1030.8
1036.5
1028.8

1.
12.
12,

D3R e
Pl o

.6
4.7

1030.1
1035.4
1027.6

=09.0
-99.0
-99.0

11.9
12.0
12.0

1018.8
1021.1
1007.2

1.7
1.8
11,7

163

0.
1030.0
1014.1

n
Fa

13,8

12,
12,
12,

h.‘l h) l’_'l

4.3

l——rq.._.

1016.9
1011.4
993.9

11.9
1.8
11.7

1029.7
1021.3
1001.4

18.0
18.8
18.8

13.2
13.4
13,2

10353.4 1044.5
1039.3 1046.8
1024.2 1028,9

-99.0
-99.0
9946

12,
12,
1

MM!\J

‘.ﬂl-bt-d

-9%.0
-99.0
-99.0

13
{
&

I.o'u‘(f‘l(_l

o
3
o2

1015,
1004,

9
2

988.2

]

11

12,0

.8

11.8

1029,
1014,
995.

14

14,
4.

Lo I S T §
L LM k2

4
b

N
v

—_ ) -

Ll o~ e

i e

o B I |

4 e £n

i

- 50)

12,
12.
12,

12,
1
2

1015.1 1014.3 1011.8

2974

987.8

980.8

983.3 9B4.7 9B.0

102%.2 1025.0 1028.9
1007.8 998.9 992.1

993.9

3 P R
o oo o~

L T Y ]

n
- 0

993.1

od

tr-a-.h
-=-Ll1w

3
36,
18.1
18.4
18.5

994.7

10532.8 1062.4 1076.8 1089.1
1062.2 1075.2 1086.4
1032.1 1076.0 1097.8

10\.0

1038,

=19,
=39

=99

3

0
0
.0

14.2
14.4
14.4

-99.0
-99.0
9.0

15.8
16.0
16.1

-99.0
=953.0
-99.0

18.6
18.8
19.5

-99.0
-%9.0
-99.0

22.9

CASE-1 1033.6 1033.5 1040.2 1045.8 1048.4 1051.4 1056.5 1062.6
CASE-Z 1040.7 1040.4 1045.2 1047.3 1047.1 1046.7 1047.3 1049.8
CASE-3 1032.5 1027.4 1027,5 1033.2 1041.8 1054.0 1076.4 1098.7

90

TEST CATCHHENT

—

92.2
93.0
92.0

-99.0
-99.0
-99.0

12.0
12.2
12.2

2.4
93.1
92.5

92.6
93.1
92.4

e
LS RN I . )
-
~ o~ PI

—
o

92.5
93.0
92,3

-99.0
-99.0
=99.0

11.9
12.0
11.9

93.0
93.6
92.4

-99.0
=990
-99.0

12.4
12.4
12.4

93.7
94.1
92.4

[ B S}
on o~ o~

w -0 -a
e —
[ I = = T

p.,.h.
—pa R3
i — .

92.5
9.1
90.0

18.86
19.4
19.4

13.4
13.6
13.5

74,2
94.4
52.4

-99.0
-99.0
-§9.0

- s
Ld 4

b
o7
b

94.2
94.3
93.0

=2 % BRIDGE NU - 232)

14.4
14.8
14.7

95.2
95,3
93.6

-99.0
-99.0
-99.0

14,9
15.1
15.0

94.5
94.4
93.8

-99.0 -99.0
-99.0 -99.0
-99.0 -99.0

16,7 19.8
16,9 20.1
17.1  20.8

94.8  95.4
9.4 94,7

95.1  97.4

99.3
99.3
99.7

-99.0
=99.0
-99.0

22.7
23.0
24.4

96,2
95.2
99.7




TABLE 40 : PERCENTAGE CV OF FLOOE ESTINATES

TEST CATCHMENT -1 ( BRIDGE NO. - 50! ! TEST CATCHMENT -2 ( BRIDGE NC.- 232}

EV1

CASE-1 10,1 10,8 il fLS 1B 120 12,2 10,5 10,6 110 4 1} 12,0 12.2

CASE-2 10,2t 1S 18 12,00 12 314 10,6 11.0 R ST R 2.4 1.1

CASE-3 10,3 11,2 L5 ite 12,6 121 1l 2 1.6 1.1 11,3 1.6 1L.B ¢ 12,2 124
SREV1-1

CASE-1 10.0 10,5 107 110 162 1030 14 15 103 0.7 10,9 iL2 113 L4 1.6 1.7

CASE-2 10,2 10,6 10,8 1L0 Lt 162 L2 12 105 e ke .2 2 13 ol dL3

CASE-T 0.2 10.7 16,8 110 i 102 (L3 14 104 107 1L0 1L 2 1.3 11.5
REVI-1

CASE-1 1035.7 1079.3 1028.7 1028.1 1027.8.1027.6 1027.4 1027.3 92,9 92.8 92.8 92.9 92.9 92.9. 9.8 9.8

CASE-2 1050.2 1036.5 1030.2 1021.7 1615.1 1008.5 999.7 992.9 94.2 93.6 93,1 92.4 919 91.3  90.&  90.0

CASE-3 1039.1 1030,7 1015.9 1003.7 998.6 996.2 996.1 997.8 93.2 9%.2 92,0 L0 90.6 30.4 90.5 90.7
SREVI-1I

CASE-1 10.0 10.3 10,4 10.6 10,7 10.7 10,8 10,9 10,2 0.5 10,6 10.8 10,9 10,9 11,0 1L

CASE-? 10,2 10.4 10.5 19,5 10.6 10,6 106 10,5 104 106 107 107 §0.8 0.8 10,7 107

CASE-3 10,2 (0.5 10,5 16,5 10,5 10.6 10,6 107 10.4 10,6 10,6 10.6 10.7 10,7 10.8 10.9
REVI-1I

CASE-1 1034.4 1037.4 1038.0 1038.5 1039.0 1039.3 1039.6 1039.8 92,9 931 91 9.l 931 932 9.2 92

CASE-2 1049.3 1043.0 1037.7 1030.0 1023.9 1017.6 1009.0 1002.4 943 93.6 93.2 925 91.9 91,3 906 90D

CASE-3 1038.5 1035.4 1021.5 1009.7 1004.9 1002.8 1002.9 10047 93,3 9%.1 91.8 90,8  90.4 90.2 0.2 904
GEV

CASE-1 10,7 16.6 12,5 16,3 19.9 241 0.6 362 1L 12.3 160 19.5 237 .1 35T

-2 10,8 10,9 13.¢ 17.0 20,9 5.4 32.4 38 1.3 (2.7 6.6 20,5 249 3.8 3.9

CASE-3 10,6 1.0 3.1 17,0 20.8 253 3.3 3B 1L 12.8 166 20,4 248 3.6 INT
SRGEY

CASE-1 10,2 10,2 10.8 12,1 134 149 17,4 195 105 105 U 123 135 454 178 199

CASE-2  10.4 10.4 109 12.2 13.6 15,2 17.8 .0 10,6 106 12.4 o 183 1.9 201

CASE-3  10.4 10.4 10.9 12,1 13,5 15.2 17.8 20.2 10.6 10.6 12,3 136 153 180 203
RGEV

CASE-1 1079.9 1035.9 1041.5 1051,3 1060.7 1071.9 1089.6 1105.3 3.5 92,9 941 95.9 7.6 99,3 102.0 104.2

CASE-2 1038.2 1041.2 1045.5 1053.8 1062,1 1072.4 1089.1 1104.4 92.1 93.4 946 964 98.0 99,7 102.4 1047

CASE-Z 1025.9 1033.2 1030.2 1035.8 1046.6 1062.4 1090.3 1it6.4 91.2 92,9 93.2 94.b 96.2 98,3 101.7 1047
HAKE

CASE-1 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99,0 -99.0 -99.0 -99.0

CASE-2 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99,0 -99.0 -99.0 -99.0

CASE-3 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99,0 -99.0 -99.0 -99.0 -99.0
SRWAKE

CASE-1  10.5 10,6 1.1 12,1 13,4 15.2 8.6 121.B 10, 1.2 124 134 1 8.6 21.9

CASE-2 10,7 10,7 11.2 12.2 3.5 15.4 18.8 22.1 10.9 1.3 12,3 136 154 18,8 22,1

CASE-3 10,7 107 114 124 135 184 195 /S 10 11,2 12,2 135 156 19.5 3.4
RWAKE

CASE-1 1039.2 1034.1 1040.0 1050.0 1060,0 1073.1 1097.0 1121.6 92.0 92,8 939 957 974 99.5 103.4 107.3

CASE-2 1046.2 1041.0 1045.1°1051.8 1058.8 1068.7 1087.8 1108.2 92.6 93.3 94.5 9.1 9i.b 99.5 103.1 10s.8

CASE-3 1038.0 1026.7 1025.6 1036.7 1053.8 1078.6 1124.4 1170.5 92,0 92.4 9.0 94,7 96.9 99.8 103.2 110.b
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SREVI-1
CASE-1
CASE-2
CASE-3

REVI-I
CASE-1
CASE-2
CASE-3

SREVL-11
CASE-1
CASE-2
CASE-3

REVI-11
CASE-1
CASE-2
CASE-3

GEV
CASE-1
CASE-2
CASE-3

SRGEV
CASE-1
CASE-2
CASE-3

RGEV
CASE-1
CASE-2
CASE-3

WAKE
CAGE-1
CASE-2
CASE-3

SRWAKE
CASE-1
CASE-2
CASE-3

RRAKE
CASE-1
CASE-2
CASE-3

544.2
340.0
35L.b

-99.0
-99.0
-99.0

8.9
7
23

342.7
342.0
747.2

3.6
13.6
74.9

584.7
377.8
9.7

-99.0
-99.0
-99.0

d g
3 oL
[ e |

582.3
9654
552.8

TABLE 41 : PERCENTAGE CV OF FLOGD ESTIMATES

76.3
78.4
75.7

=990
-99.0
-99.0

78.0
17.7

That

606.2
587.3
568.4
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1000
29.8
3.4
26.8
23.2

300

3
3t
21,6
26.3

200

32.8
28.6
28.3

3.0 3

100
48.1

50
0.1
11,0

20
52.2
30.9

o}

: PERCENTAGE CV OF FLOOD ESTIMATES

TEST CATCHMENT -2 ( BRIDGE NO.- 232)
10
341

o2
30.8

E
53

2,

3
33.5
4.6
30.7

1000 :
443.1
414.7

28.1

SAMPLE SIIE

0)
500
436.3
437.5
29.0

200
30.0

TEST CATCHMENT -1 ( BRIDGE NO. -

100
188.9 4b7.2

TABLE 42

30
501.2 437.6 474.1

508.8

20
530.0
Il

10

532.6 519.2
39.4

32.0

il

2
a60.2
34.9

a

CASE-2
CASE-1
CASE-

METHOD
SREVI-II
REVL-11

SREVI-1

52.9

o4

§3.0 53.0 53.0 S52.9

33

44.0
4.0
110.3

81.0 102.7

5.3
3.7
87.6
87.9 109.6

47.1
46.3
60.0
65.6
6.5

48.4
8.6
53.4
4.5

50.4
40.1
1.4
§5.3

52.5
32,1
361
36.7

53.5
32.4
12,7

4.5
4.2
4.3

120.0
116.2

95.8
95.9

by & 4

471.8 4419 419.0
12,

W

490,9 477.3 439.6 446.37
4 493

9.1

0.7

504.5

513,
49.1
50,6

4,4
9.7
40.7

522.4

14
3.
35.6

547,

cIE €
535.9
2

599.7
548.2
34,5
14,4

)

CASE-2
ASE

CASE-2

E-3

~
-

BEV
SRGEY

35.0 3.5 39.8

33.5

Lo ]
o

. 38.5 40.7 30.7 307 3.2

4.6

-
El

u

L]

2.0 2.4

™
&

32.0

CASE-1

41.6
39.9
4.3
32,3
49,1
-99.0
-99.0
-99.0
41.8

8.0
53.8
32.0
9.9
-99.0
-99.0
-99.9
9.1

8.9

15.9
35.9
9.8
-99.0
-99.0
-99.0
35.6

34,3
4.7
a1.9
-99.0
-99.0
-99.0

52.0
-99.0
-99.0
-99.0

a2.4
-99.0
-99.0
-99.0

52.8
33.4
-99.0

“9%.0 ~99.0

4.2
R
-99.0
-99.0 -99.0
32.9

581.0
i46.8
-99.0
-99.0
-99.0

43,2

567.3
546.3
-99.9
-99.0
-99.0

353.4
G47.4
-99.0
-99.0
-99.90

545.7
548.4
-99.0
-99.0
-99.0

14,7

339.3
548.8
-99.90
-99.0
-99.0

T

-99.0
-99.0
~99.9

33.8
-99.0
-99.0
=994

A4

o

528.9 540.4 546.5

-99.0
-99.0
=990
4.7
541

-
o

CASE-T
CASE-2 9539.5 532.6 334,

RGEY
CASE-3
WAKE
CASE-1
CASE-2
CASC-3
SRWAKE
CASE-2
RWAKE
CASE-1
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41,1

20,1

3.3

23.0

46,3

bl

4.7
4.1
17,4

24.4
24,0
30.4

+J

23.8
a2

TEST CATCHMENT -2 ( BRIDGE NO.- 232)
20

16

26.6
53.1
a3l
334
24.3

L
25.0
33,5
353
4.3

1000 :
SAMPLE SI1E= f¢
329.1
413.4

EV!

500
534.8 534.8

529.2

200
6.1

487.5 463.9 436.1
334.9

100
329.7 529.5

TRBLE 43 : PERCENTAGE CV OF FLOOD ESTIMATES
535.0

20 50
330.1
J28.8 507.5

23.7
26,8

TEST CATCHMENT -1 ( BRIDGE NO. - 50)

10
335.7 9354 535.1

331.6 530.B

25.0
2b.4
27.1
538.3

3.1
24,5
4.1
540.2
549.3
9.3

CASE-2 §59.8 533.9 520.7 502.8 489.2 475.7 458.0 444.7
3

CASE-1
CASE-2
CASE-3
CASE-{
CAGE-3
CASE-1

HETHOD

REVL-1
REVI-11

n
[

44
4.1

45.5
43.6

8.6 47.3
4B.7  4b.4

30.0
50.7

85,6
5]

415.7

489.4 475.8 43B.0 444.7
468.4 43B.5

490.1

!
.

03,
10

ul Ly

97.3

80.4
81.4 103.5

k4.1
76.3

48.0
36.4

18.9
43.2

F1)
36.7

GEY

9.9

ua

8.5 47.8

29.6

r

- .

(]

.r.zu

[ ]

103.1

S

8

60.6

32.6
58.8
4.2
-99.0
=9%.0

7.4
.1
-99.0
-99.0
-99.0 -99.0

6.0
-99.0
-99.0
-99.0

-99.0
-39.0
-39.0

-99.0
-99.0
-99.0

=85.90
-99.0
-99.0

-79.0
-99.0

=970 -99.90

-99.0
=990

34.4
=130
-99.0

-99.0 -99.0

351.9
=090
-99.9

=599
-99.0

44,4 550.8

-79.0 -99.0

-99.0
-99.0

e

339.6
-9%.0
=99.0
-93.0

=99.90
-99.0
-99.0

34,5 535.6

-99.0
-99.0
-99.0
22.8
240

CASE-1 540.1
CASE-1 -99.0
CASE-2 -99.0
CASE-3 -99.0

SRMNAKE
CASE-1 23,0

'CASE-2 4.5

SRGEY
RGEV
NAKE

38,0

[ ]
L aed

2%.3

27.4

3
El

A
&

25.8

e = )

u3
(3]

24,7 251

CASE-3

33.6

582.9 410.6

598,85

T
e

331,7 538.0 546,
3 978.6 528.3 530.9

330.3

CASE-1 3547.3

RWAKE

Lol =~ |

U ul

36,7

519.8 514.7

|
39.8 531.5

43
a3

2 930.0
3 5319.0
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TABLE 44 : PERCENTAGE CV OF FLOGD ESTIMATES

2

CASE-1
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CASE-3
SREV1-1
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CASE-3
REVI-I
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CASE-2
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SREVI-II
CASE-1
CASE-2
CASE-3
REVI-11
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CASE-3
GEV
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CASE-3
SRBEY
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CASE-2
CASE-3
RBEV
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CASE-3
HAKE
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CASE-3
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CASE-3
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CASE-1
CASE-2
CASE-3

19.8
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20.4

(ST ]
L= = B ]
rY O <>
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3363
303.5
510.7

26.8
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~ M
[ o
)
el = g
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THBLE 45 : PERCENTAGE CV OF FLOGD ESTIMATES

_____________________________________________________________________________________________________________________________

18.0
18.2
17.8

= = LN
~3 00 o4

. .
L= = = I & )

L Ld B
= r
S 3
= o —

[ o I o B

wn
- e W
d o O~
L I |
~O - =
(== I - = I



1 1 | ]
" ! g “ “ P F~ Cre Foe = L L= il ] —s LT (=T o4 oo 4 U3 O = =
| (=] 1 “t = ) L el ) = Cd o | =t L7 = 0 U — <P o o o~ o
! “ < “ " et e e [P s — et Uy = =t = L3 A7 4 e -a -0 u o~ o o c4
- | 1
| 1 | i J
1 1 | [
“ “ e “ “ [Ee TS = ~0 04 [ e | < o= O ] e U o o -0 O3 - - o o o~
I = 1 -t = =T -t b P -0 =t = el e =t -0 =t -0 Y P — B3P - 00 o o~ O~ L]
" “.n “ u " “ ] e e U = = et e Ul = et 3 = e L I ul U u o o o (]
L % : ! 1 1 [
1 ' 1 1 1
" e " i “ “ -4 P T (M B r— U - cr- €O -0 e P~ L3 P [T I o ~ o~ ul = - (]
A oy " e - - - . - = e m . - - -
1= 1o | 1 =t =t <t =t PO e L ] = CO r— ) =r -0 ca e ~ -a -0 o o~ o~ o~
“ = " c~ " __ et - vt ot — [Te = — e L = =t (S I o ] —t - T w1 w3 o o~ O~ —_
1 [
[ L= 1 1
Poe ! !
_— = ” s “ 1 o~ o~ o [ == T F~ €O b2 [ o < -0 0o e = P o O ua P o L= = o~
— | 2 = a - - . P - P - =
oo S 1 B3 o= U7 = b3 7 [ =l = [ e o e = o o Q- £ U3 -0 o o o~ -
" =" “ — e e L = = - e U = = [T —_— — = i U ud o o~ O~ —
| | i [ U
I 1 | 1
[ | 1 1
_- ' “ “ " e = — T e ~0 == N L = | < o -0 [ S T T - [ e WV o = O ]
o= 1 [ T T ] LA - 3 e - R R - e (= I e U w0 Ul = ud o~ o~ o ul
“ m “ U “ 1 . — — Ul oI o e U u ou — T O . — — U3 L3 Uy o o~ o~ -
1 1 1 1
L= | ! i
X ] I
e ] " L R Y - 1 o g4 =r ~ P~ Y T B S o~ -0 ~0 [ = T | £ -+ o~ < D D D (=]
== ' - . = . - - -« = -
1 < |1 <> 3 | PO WY [l oCd [T S L I e = - P~ L = = 3 Ul o o o =+
__ 3 1 o “ i - et — —— T T T ] . e e uTlow w - et e — e Ul LI L o o~ o =4
] i | [
1ok= i |
(18] [ < /] I
Ll “ m “ i 1 — T = O Cd =r [T I = ] = o~ = 0O O =+ £ =T = 00 < = ul o (=2 = =g r~
— i 1 - - = - = = - - = - - - -
<L ] [ =~ | 1 L I P I T} P omi e Ll o B o (S TR of 3P = Cd = =t Lt e Lt ot e o o~ o~ O L
. 1 [t ] n -y w—a — U U e R U U3 LU - — e e Ul W Ul o o~ o~ -—
— i 1 1 I 1 '
b 1 ] ] |
[2r] 1 ] | 1
o] i i 1 “ [P B~ [ =+ F P — B e ] [ T -0 U . ~~ < o~ (=B — i=1
1 [ (== - - = oA - = oa - = - = -
= 1 [ - T T = T | [l o P e =t (el = P = = e e B = = = (S ] TP - o~ o~ o~ -
m i 1 1 1 —t et = — e— = uwI LI wI — b1 w1 U — —t o U3 W3 u o O~ —
1 1 oo [ [
=3 ] (I B 'Y |
w 1 1 1o~
" 1 m 1 m ] =+ < e B3O P (= = Ul = O Cr- = < o -~ a3 ~“a o~ N ~0 o~ = = oo o —
w 1 I | - . - . - = = = - = . - I -
=] } T =T ] i = =+ r3 [ e o -0 =t = 4 e L e I == | - O O = -0 -0 =t = o~ o~ o~ O~ =3
i [T TS | i — et e o = — Py o= — = U3 [ I S o~ O e o o O o
= | 1 [T Ul =t e U = e [Te BT e ] " [
5 4 4 e
1 t
% " 1 m.U “ M ] o B o B -~ ] c~N W o L = ~ 4 <= r~ O~ LS I T ) <> w3 -0 L= L= = B = 4 e~
i > i - - e = - . P - . - s o= P - = = -
<T o= 1 w1 1 - « P73 uI rooN < O~ P = Cd O = o < Uy b o= [ LA — < o o o~ o =+
= [ =} 1 ] —_— - — e [ T I e ot P LT = r o= =t [ e A S oo e~ =t o~ o~ o (]
= Iowa o 1 ] U o e U = = Uy LI 1 [ 1
= P i i
()
rnn 1 1 % " “ ~— =0 u3 < o~ -0 N4 O o D = O~ - U o uY o L= ~ -0 < L = m
] ' = 1 - - - . = - - - = . . = . - . -
= [ = [ = = =r [T B S ] < ~0 -0 = r2 O = -0 < - r =T o o 1w oo o o~ o~ o=
I = 1 1 ] e -t e e ) M~ -0 -t Y~ P o e - o -0 Ul = o o~ o~ -—
- [} ] 1 (] LY = =t Ul = m Ul W3 W i 1 1
[ TV 1 1
w (= 1 ]
s e 1o | 1 o~ o O o - =t =+ -0 €N = =t €4 — U7 — 2~ L - - I o] = o~ =N = L
1 — 1 = 1 1 - - - - - - - - - - - - - - - - -~ - - -
(B~ =B B | 1 el T ] = = =T < < I o] = [ el r~ r—~ o -0 -0 o o~ o~ —~
[B%) (== I 1 . — — > O~ O e oo~ O~ [ I Y I 2] - — [T o o~ o —
—J ] | ] 1 [T " s Uy = = [T T I T ] i [
% [ | i 1
] ] 1 i
— [ I | ' n ~ < e~ P = r~ o- ul ~— r~ o = P~ =t <> 4 T r- — -0 [ T o oo o -a
1 =] - . - - = o= - - = o= - - - = = . =
1 [ " B | I Y W u = = =t = = ] = =3 D = o o o5 2 v -0 -0 ~ < o~ o~ o~ igd
1 — 1 1 1 — ot e —— [ S B == ] — e e [ B = v T4 ot - - =g o o~ O ~—
1T = 1 ! 1 Uz uwa w2 Uy w3 u [T B T B T } [} 1 i
= i i
1
1 X |1 1 _“ M) O = L I T 2 0~ - < 3 c -a W o o = L B - B < P3O <o > D
5 T = T - - [ - - - a - = = . = 2 = - e = -
o= 1 o~ 1 el e e =& =r =t - — O o e = — - -0 r~ = =t o~ = o o~ o -
(] < | 1 i —_— o -t et e B s B | —— — [ = B ] — e ot — e [ I e B o o~ O —
LI &= R | I 1 U w2 u [N B e i P } [Tl T B P } I 1 ]
o= ; i
(I e B | ‘ 1 < oo N < w3l -0 -~ =0 4 T~ 4 B2 T O~ P o o4 Y ~ -~ cd4 O -0 = O O o
PR I T~ | - = - - a = = - = o= - - * = = - e = -
o= 1 = 1 Mo u = =t = o4 = O~ F2 o= = Uy = Y 4 = = Y = e = N O~ o~ o~ o M
| 1 ] 1 — — - — e 2 MM — MY 3 ot B g — ot el s el o~ o~ o -
I [} I 1 v U W D uy ul L w ul i 1 1
1 1 ] 1
1 ' ' 1
1 1 t 1 (=B Lol S B ] — P~ oM O ) oo = ~a -g o~ e ] o o4 = - (o]
1 T = T i a = = - = - = = - + = + = = - - = = a s e
] I ] i M o= = P = = < o~ O~ [Ze - - o o- o~ L e ) o= =t Y 00 o- o~ o~ -
1 1 ] ] — — — et - -t U] = — e MU = — i e — et = M M o o~ O -—
1 ] ] 1 [V I T B e ] [T I T B e } U3 W3 ud 1 1 1
1 ] 1) 1
] ] [ 1
i i i i Shuing  FRESEY SRl ld SHEd R SRR SRENan SRR gy aprenr I
| ] 1 1 1 L | 1 1 i 1 ] [ 1
1 1] ] 1 L Lt L Y L Lt ol Lt L Ly oL L (ST v ¥ ) L g Lot L L Ll L L) L Ll
1 ' ] 1 0 o Ll ) [T T T wl o oo o O o) Ll L U 3 £ w3 w
1 ] 1) 1 <L <L <L <L < <L <L «X <L <L < <L <L <L =<k <L <L <k <« <L =< =L < =X <L < < <r
" 1 1) 1 [ By Sy & ) [ 956 Sy 35 oy % | L 8% I &5 B & ) [SE T SE R A | LS5 I A5 B & ) Ly (5% B S B . ) [ SN 5 A ) Lo ca
] (] 1
| ] i 1
] ] ] I
| ' ] 1
| ] [ 1
' [ 1 1

17.1 181

16.8
3.1

14.8
16.8
33.0
3z.1

9854
97

536.4 536.3

337.2 3429 551.8 5e9.9 589.6
331.3

531,37 535.0
3334

540.2

33.6

39,7
CASE-? 541,35 3531.7

CAsE-1
CASE-3




TABLE 47 : PERCENTAGE CV OF FLOOD ESTIMATES

METHOD Z 16 20 36 100 200 500 1000 : 2 10 20 30 100 200 500 1000

EV1

CASE-1 11,2 1.2 1.3 H 12,0 12.2 L 1259 114 MG e 120 12,2 .5 12

CASE-2 11.9 12.8 3.0 12.8 12,7 12,4 12,2 12,0 13.0 13,1 131 {3 12.6 123

CASE-3 117 134 133 133 (3.0 12,6 12,0 1.5 118 13.2 135 13.4 i . .1 14
SREVL-1

CASE-1 11,0 1.9 123 12,6 12,9 (3.0 13,2 134 12,0 12.4 12,3 13.0 13 13,3 158

CASE-2 1.9 12,4 12,5 12,5 12,7 12,2 119 L6 i2.6 : 2 1 12,1 11.8

CASE-3 11,8 12,6 12,8 12.6 123 1.9 1.3 10.8 12.8 12, G 121 115 10
REVi-1

CASE-1 537.% 539.5 G540.0 G540.6 3540.9 541.1 ©S41.4 5415 53.4 33.6 93,7 5.8 G53.B S3.B 539 G639

CASE-2 337.6 G41.5 529.4 G12.4 499.1 485.7 448.1 454.8 55.2 94,2 53.1 G1.4 350.1 4B.B 47.1 45.8

CASE-3 546,05 548,73 3540.3 520.0 500.3 478.7 448,46 425.6 54.2 54,7 53,9 G519 S0.0 47.8 44.8 42.6
SREV1-11

CABE-1. &40 1.6 11.B 1244 12,2 123 2% 125 .1 W.e 139 2.3 152 128 12,3 125

CAsE-Z2 119 12,0 119 1.7 M3 L3 10.7 12,0 12,1 12,0 i1.8  1t.6 114 11,0 10.8

CRSE-3 11,7 12.2 12.2 119 S S 1.0 1.8 12.3 12,3 12,0 1.6 1.2 1.6 1041
REVI-11

CASE-1 ©G537.7 54l.0 542.3 542.9 543,31 543.6 543.9 o44.1 53,4 535 530 8.5 3.6 Gi.6 B.6 5.6

CASE-2 §38.1 3540.7 928.3 511,00 497.6 484.2 46,4 453.1 35.5 534 52.27 50.4 49,1 47.8 460 M4T

CASE-3 546.9 548.0 539.7 519.1 499.4 477.7 M47.6 4245 544 541 335 5L.2 M52 47.1 M40 418
GEV

CASE-1 J 0 1L0 12, b 20,1 24,2 30.4 358 12,1 1.2 130 166 20.0 281 3.4 4.

CASE-2 12,1 12.2 14 19.4  24.0 29.4 37.8 45.4 121 12.4 148 19.5 4.0 29.3 31.6 45,0

CASE-3 12.3 12.3 2 20,5 254 3.0 3%.5 469 12,4 12,5 15,3 20,6 25.4  30.8  3B.9  45.9
SRGEV

CASE-1 11,5 11,8 12,3 140 5.7 17.8 21,0 238 11.5 1.6 12,4 142 15,9 17.9 . 23.9

CASE-2 12,2 11.9 12,6 14.5 16,5 18,9 22.8 26,1 (2.1 12.0 12.8 147 167 19.1 230 26.3

CASE-3 2.1 12.0 13.0 15.0 17.0 1%.4 22,8 25.6 12,0 12,1 13.2 153 173 197 W 259
RBEV

CASE-1 529.0 S540.5 348.2 540,27 570.8 S5BZ.7 400.8 616.3 §3.1 53.4 53.8 544 4.9 30.b J BT

CASE-2 533.2 937.5 542,95 S51.4 S60.1 S570.6 587.7 403.3 635 83,2 533 837 A1 46 G55 Gb.4

CAGE-I 522.9 S44.6 554.0 560.3 5h2.6 544.2 Shb.6 S69.3 52.4 539 945 940 WG 540 530 5.2
WAKE

CASE-1 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0

CASE-2 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -95.0

CASE-3 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0
SRWAKE

CASE-1 12,4 12,4 12,9 14.4 162 19.0 24,2 29.7 12,4 124 130 146 165 19.2 242 29.6

CASE-2 13.6 (3.1 13.7 5.2 7.3 20.1 25.1 30.0 13,3 (3.2 139 155 17.% 20,3 25.2 30.0

CASE-3 14,9 15.1 15.5 16.8 18.8 21.8 28.0 35.0 4.6 149 15.3 7.0 18,9 220 283 353
RHAKE

CASE-1 533.7 S41.1 947.2 556.4 5k5.8 S577.8 600.0 ¢624.2 53.8 G301 G534 540 55.1 6.8 803 b4.b

CASE-2 535.1 0542.0 544.8 3548.1 3551.6 3§ 569.3 583.8 540 33.2 5§32 SR 53.B 549 519 60.7.

CASE-3 926.2 551,95 '551.2 G544.4 1539.1 536.6 5417 35 £3.2 S53.7 53.4 S52.8 52,7 9§3.9 Gb.3 L3




"ABLE 48 : FLOOD ESTIMATES

TEST CATCHMENT -1 ( BRIDGE ND.

)

H TEST CATCHMENT -2 { BRIDGGE ND.- 232)

CASE-1
CASE-2
CASE-3
SREVL-1
CASE-1

CASE-2

CASE-3
REVE-]
CASE-1
CASE-2
CASE-3
SREV1-11
CASE-1
CASE-2
CASE-3
REV1-11
CASE-1
CASE-2
CASE-3
GEV
CASE-]
CASE-2
CASE-3
SRGEV
CASE-{
CASE-2
CASE-3
RGEV
CASE-1
CASE-2
CASE-3
WAKE
CASE-1
CASE-2
CASE-3
SRWAKE
CASE-!
CAGE-2
CASE-3
RWAKE
CASE-1
CASE-2
CASE-3

130.6
130.3
130.3

13.6
153.9
153.6

130.4
130.4
130.4

[ o I O |
Lo I o P
-0 0O o

5.4
15.2
1543

129.2
128.4
128.3

=99:0
-99.0
=99.0

130.2
129.2

129.6 2

29.9
29.7
29.9

36,0
317.8
317.8

-99.0
-99.0
-99.0

31.%
37.9
38.0

316.6
318.6
317.6

42.3
42.0
42.3

44,9
44.8
45,1

375.3
376.7
377.3

15.4
45.2
45.4

380.0
380.7
380.5

23.2
23.1
23.2

4.2
45.5
44.8

387.8
392.3
394.0

442,12
449.0
454.3

39.7
39.3
39.6

972.2
583.8
603.5

99

1418,7 2691.4 3177.7 3807.2 4279.0 4749.0 5349.1 5837.7
1408.4 2672.0 3154.8 3779.7 4248.1 4714.7 5330.3 §795.3
1817.4 2689.0 1174.9 3803.9 4275.2 4744.7 5364.3 5832.3

64.9
4.3
b4.8

[&

1402.4 2811.0 3349.2 4045.8 4567.9 5088.0 5774.2 5292.9
1391.4 2798.0 3335.5 4031.3 4552.6 9072.1 57537.4 £275.4
1399.9 2B1B.6 3360.7 40462.4 4588.2 5112.1 5803.3 6315,

69.9
69.8
70.3

1053.9 2108.5 2511.4 3033.0 3423.8 3813.3 4327.0 4715.3
1053.2 2114.0 2519.3 3044.0 3437.1 3828.8 4345.6 4735.2
1053.0 2115.8 2522.0 3047.6 3441.6 3834.0 4331.8 4743.2

383.3
386.0
587.1

2. 592.2

1400.8 2833.4
1390.2 2816.4
1399.2 2833.2

70.8
70.5
70.9

1052.2 2129.0
1051.9 2131.8
1032.0 2131.0

3933
393.1

3380.8 4089.3
3361.4 4066.8
3381.2 40%0.4

2340,4 3072.9
2544.1 3078.1
2543.2 3076.9

7.3 6374.8
6.9 6342.0
0.1 6378.1

4620.3
4595.4

3149
9122,
4621.9 5151

£ —
(ST, ]
o oo o
£ — 2=

3B69.6 4394.2 4790.6
3877.0 4403.0 4800.6
3875.2 4400.9 4798.2

3472.0
3478.3
3476.8

2089.0
2073.9
2087.2

2089.0 2089.0 2089.0 2089.0 2089.0
2073.9 2073.9 2073.9 2073.9 2073.9
2087.2 2087.2 2087.2 2087.2 2087.2

2065.9 2089.0
2051.0 2073.9
2064.1 2087.1

23.2
231

23.2

66811.3
7016.8
2 7087.8

1400.6 4160,7 4747.6 5348
3394.8 4181.9 4797.3 3434,
J416.9 4212.4 4835.4 5481,

75.6
78.0
78.7

1387.3 2829.1 .3 b16B.4
1368.0 2810.9 7 b3l6. 4
1375.7 2827.6 4 6376.

2556.46 3129.2 3571.0 4023.0 4639.4
70.8 3167.9 3634.6 4117.6 4785.1
3170.6 3639,7 4125.8 4798.2

1041.5 2126.2
1034.5 2127.8 25
1033.8 2127.2 2571.2

630.2
433.8
b56.1

M-F'l-—
l—-&-ﬂ

R3lrd
9314,
533

~99.0
=390
-99.0

-99.0 -99.9
-99.0 -99.0
=990 =990

-99.0
-99.0
=994

=99.0
-99.0
=9%.0

-99.0
=790
-59.0

-99.0

-99.0
-99.0

-99.0
-99.0
=990

=99.0
-99.0
-9%.0

75.4 1396.1 2827.1 3408.6 4175.1 4759.1 5351.4 6155.1 b
77.0 1375.0 2812.9 3405.9 4193.4 4797.8 5414.6 6256.9 &
80,9 1388.3 2813.6 3416.4 4237.3 48B3.7 553B.4 6305.3 7
$30.9 1048.2 2125.0 2563.3 3140.5 3579.4 4023.5 4623.5 5091.2
648.1 1040.0 2129.7 2579.8 3177.1 3634.8 4100.7 4734.6 5232.1
b77.0 1043.5 2116.7 2571.6 3190.6 3677.1 4183.6 4891.2 5461.9




TABLE 49 : FLOOD ESTIMATES

TEST CATCHMENT -1 ( BRIDGE NO. - 30) ! TEST CATCHMENT -2 ( BRIDGE NO.- 232)

HETHOD ? 10 20 30 100 200 500 1000 : 2 10 20 50 100 200 500 1000

SAMPLE SILE= §

CASE-1  15.2 30.B 36,7 444 50.1 55.9 63.5 69.2 1444.3 2900.4 3456.8 4177.0 4716.6 5254,3 5963.7 6499.9

CASE-2  15.1 30.6 36,5 44.2 50,0 55.7 3.2 &8.9 1435.3 2880.0 3443.1 41a1.6 4700.0 5236.5 5944.2 6479.1

CASE-3  15.2 30.8 36,8 44,5 50,2 56.0 3.6  49.3 1444.3 2903.9 3461.7 4183.6 4724.4 5263.6 5974.8 £512.3
SREVI-1

CASE-1  15.2 30.4 363 43.8 49.4 S5.0 42,5 6B.1 1444.4 2890.2 3442.6 4157.b 4693.5 5227.4 5931.7 bdb4.1

CASE-2  15.1 30.4 36,2 437 49.4 55.0 2.4 68.0 1435.0 2881.3 3434.0 4149.4 4685.4 5219.5 5924.2 6456.8

CASE-3  15.2 30.6 36.5 44.0 49.7 55.4 62.9 6.5 1443.3 2901.9 3459.2 4180.b 4721.2 5259.8 5970.4 6507.5
REVL-I

CASE-1 130.6 261.1 311.0 375.5 423.9 472.1 535.6 583.7 1054.3 2105.9 2507.7 3027.8 3417.5 3805.9 4318.3 4705.5

CASE-2 130.5 261.8 312.0 376.9 425.6 474.1 538.0 586.4 1053.5 2112.0 2516.5 3040.1 3432.4 3823.3 4339.0 4728.8

CASE-D 130.5 262.1 312.4 377.5 426.3 474.9 539.0 567.5 1053.3 2113.6 2516.8 3043.2 3436.2 3827.7 4384.3 4734.7

SREVI-11
CASE-1  15.2  30.7 36,6 44,3 50,1 55.8 634 b9.1 1442.6 2914.4 3476.8 4204.8 4750.3 5295.8 £010.9 6552.9
CASE-2 15,1 30.6 36.5 44,1 49.9 55.&6 3.1  68.8 1433.7 2901.1 3461.8 4187.5 4731.4 5273.3 5988.2 6528.5
CASE-3  15.2 30.8 3.7 44,4 50,2 55.9 63.5 9.2 1442.5 2917.7 J481.4 4211.0 4757.8 5302.5 6021.2 6564.4
REVI-11

CASE-1 130.4 Zb3.4 7314.2 3B0.0 429.3 478.4 ©543.1 592.1 1052.9 2123.8B 2533.0 3062.6 3459.5 3834.9 4376.7 4771.0

CASE-2 130.4 263.7 314.7 380.6 430.0 479.3 544.2 593.3 1052.6 2126.4 2536.7 3067.8 3465.8 3862.4 4385.6 4781.0

CASE-3 130.4 263.6 314.5 380.4 429.7 478.9 543.8 592.9 1052.7 2125.4 2535.4 3063.9 3463.5 3859.7 4382.3 4771.3
BEV

CASE-1  15.! 30.2 364 45.4 53.0 1B 75.6 BB.4 1438.2 2042.6 3426.9 4267.3 4987.1 3810.5 7118.7 8332.4

CASE-2 15.0 30.0 36.3 45.5 53.4 62.4 76,9 90.4 1423.6 2827.4 3419.2 4278.3 5021.0 5977.8 7252.2 8341.1

CASE-3  15.1 30.2 3b.6 45.8 53.8 62,9 77.6 91.3 1431.6 2842.8 3438.8 4304.9 5054.4 5919.4 7307.3 6609.2
SRGEY

CASE-1  15.1 30.7 369 45.1 .51.5 58.0 k.8 73.8 1428.5 2910.6 3497.8 4278.2 4879.7 S494.B 6332.7 £987.9

CASE-2  14.9 30.5 36,9 45.4 52,1 59.0 8.5 7h.1 1410.7 2894.0 3496.8 4305.9 4937.7 5591.1 6493.0 7207.8

CASE-3  14.9 30,7 37.1 45,7 52,5 59.5 49.2 7h.B 141B.2 2912.b 351B.6 4336.1 4975.3 5637.2 6551.8 7277.4

RGEV
CASE-1 129.2 263.1 316.1 3B6.5 440.7 496.2 S71.7 630.7 1044,1 2121.4 2546.1 3108.7 3540.8 3981.2 4578.8 5044.2
CASE-2 128.3 263.3 317.8 391.2 448.3 507.7 589.5 454.2 1037.2 2123.2 2560.3 3147.1 3603.b 4074.2 4721.2 5231.7
CASE-3 128.2 263.1 317.8 391.6 #449.2 508.9 591.4 £56.8 1036.3 2122.2 2560.6 3150.0 3609.3 4083.4 4736.2 5251.9

WAKE
CASE-1 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -9%.0 -99.0 -99.0 -99.0
CASE-2 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0
CASE-3 -99.0 -99.0 -99.0 -99.0 -99,0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0

SRWAKE
CASE-1 15.2 30.6 37.0 45
CASE-2 14.9 30.5 37.0 45.
CASE-3  15.1 30.5 37.0 &

RHAKE
CASE-] 130.0 263.0 316.9 387.8 441.6 496.0 S69.4 626.7 1052,1 2116.2 2551.0 3125.7 3564.4 4009.7 4b14.0 5087.2

CASE-2 129.0 263.5 319.0 392.3 448.4 505.4 583.0 44,0 1043.9 2120.9 2567.4 3161.9 3619.0 4085.7 4723.1 5225.3
CASE-3 129.4 262.0 318.1 394.2 453.9 515.8 602.0 671.3 1047.2 2107.8 2559.4 3176,0 3662.3 4169.9 4881.5 54%6.9

351,758,101 kb9 73.7 1438.2 2907.0 3505.4 4295.0 4897.2 5508.2 6337.2 6986.9
& 52.1 58.9 48.1 75.3 1418.5 2896.4 3507.4 4319.8 4943.9 5381.0 6431.2 7137.5
0 531 0.4 70,7 79.1 1431.8 289%.7 3518.4 4365.8 5033.0 5728.B £703.2 7491.1




TABLE 50 :

FLOOD ESTIMATER

CASE-1
CASE-2
CASE-3
SREV!L-1
CASE-!
CASE-2
CASE-3
REV1-1
CASE-1
CASE-2
CASE-3
SREV1-11
CABE-1
CASE-2
CASE-3
REV1-I1
CASE-1

SRWAKE
CASE-1
CASE-2
CASE-3

RRAKE
CASE-{
CASE-2
CASE-1

. = .
e L

13
15,

L e

129.9
128.2
120.1

-99.0
-99.0
-99.0

on 4 o~

3
4

3 [
= oLh

20 e 200 500 ;2 10 20 a6 100 200 500 1006
SAMPLE SIZE= 10
37.3 51,7 §7.1  oh.B 1467.7 2949.3 3515.5 4248.3 4797.4 S344.6 606b.4 6612.0
37.4 5.1 56,9 647 1458,1 2937.7 3503.0 4234.8 4787.1 5329.5 &0%0.3 6393.1
37.6 1.4 57.7 64! 1867.4 2956.2 3525.0 4261.3 4813.1 5362.8 60BB.2 4636.3
31.2 0.8 56D 642 1467,8 2938.2 3500.0 4227.7 4772.2 S315.2 6031.5 6572.9
37.1 50.7  Gb.4 641 1458.1 2928.4 3490.2 4217.4 4762.4 5305.3 6021.7 b343.1
37.4 .1 G6.9 b4, 1446.9 2950.6 3517.5 4251.3 4801.2 5349.1 6072.0 6618.3
e 37 428.9 473.2 537.0 585.3 1053.7 2110.4 2514.2 3036.8 3428.5 1818.7 4333.5 4722.6
2.6 377.7 426.6 475.2 539.4 587.9 1053.0 2015.9 2522.0 3047.7 3441.7 3834.2 4352.0 4743.4
31 378.5 427.4 476.2 340.b6 D 1052.6 2115.4 2527.0 1054.7 3450.1 7B44.0 4363.8 4706.b
7.8 5i.4 57.3 &5.1 1455,8 2963.9 3536.3 4277.3 4832.5 S3B5.7 b115.6 6667.2
1.5 51.2  97.1  64.8 145,64 2949.9 3520.4 4259.0 4812.4 5303.8 6091.4 bh41.2
37T 51.5 57.4 65.2 {866.0 2967.5 7541.7 4203.9 4B40.4 5794.9 126.4 £679.3
314, 430.0 479.2 S544.1 593,2 1052.4 2127.7 2578.0 3069.7 J468.0 3865.0 438d.6 4784.4
31 430.7 480.1 545.2 594.4 1052.1 2129.8 2941.6 3074.6 3474.0 3872.0 4397.0 4793.8
314 430.5 479.8 544.9 594.0 1052.2 2129.1 2840.5 3073.1 J472.7 3869.9 4394.5 47911
7.5 466 4.2 b2.6 T34 1447.4 2909.7 3521.Z 4388.0 5112.B 5919.5 7152.5 8230.12
37.5 4.9 54.8 1.7 774 1429.9 2894.5 35(8.4 4413.8 5171.9 6025.0 7346.3 8338.2
3T 20 95,3 643 78.2 1437.5 2913.0 3543.1 4448.3 5213,1 6077.9 T4L3.0 Bel%.%
37.9 ] 2.7 59.4  &B.4 1451.9 2960.0 3557.2 4350.4 4961.6 53B6.3 £43T.0 T101.9
37.8 46,5 53.4 60,4 T0.1 1433.4 2944,7 3555.5 4377.8 5017.6 2683.1 6398.7 7321.8
3B.1 5T.8 60.9  T70.7 {441,7 2962.3 3578.5 4409.4 5058.9 5731.2 6h60.0 7396.5
36.7 £42.5 49 375.2 635.1 1044.1 2124.7 2550,3 3113.9 I546.6 3987.8 4586.5 5052.9
318.4 4504 510.3 593.1 658.8 1037.3 2126.4 2964.2 3151.6 3608.6 4079.7 4727.4 5233.7
318.5 451.0 511,37 594.7 b61.0 1036.5 2125.6 2564.6 3154.7 3614.5 40B9.0 4742.% 5259.1
-99.0 -99.0 -99.¢ -95.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0
-99.0 00 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.¢ -99.0 -99.0 -99.0
-99.0 -99.0 -99.0 -99,0 -99,0 -99.0 -99.0 -§9.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0
7.9 464 5.9 59.%4 683 .2 1441.8 7957, 3555.0 4265.1 4973.7 5589.4 6422.2 T071.8
37.9 4.7 §i1.4 60,2 89.3 8 1441.6 2946.3 3566.5 4389.7 5020.5 5642.7 4336.9 7223.2
18.0 543 ol.@ 72,3 7 1455, 2946,7 3577.3 4435.7 S111.0 5B14.8 6B00.0 7396.5
N7 B 442,7 497.0 S570.2 427.0 1050.5 2125.3 2557.0 T121.0 3546.4 3974.0 4547.4 4991.4
319.7 J3O449.5 506.6 583.9 444,37 1042.4 2130.0 2573.7 3196.8 3600.7 4048.4 4653.4 5124,
318.6 .9 4546 Sie.7 603.3 1045.7 2117.1 2565.4 3170.4 J64Z.C 4131.2 4B10.5 5356.5
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TABLE 52 : FLOOD ESTIMATES

TEST CATCHMENT -1 ( BRIDGE NO. - 30! : TEST CATCHMENT -2 ( BRIDGE NO.- 22!

EVi
PASE-D 15.4 31.0 3.2 44,9 5.3 Se.b 64,3 T0.1 1486.7 2915.8 J474.4 47200.0-4747.8 5285.5 6000.3 4580.5
CASE-2 15,3 3.0 3.0 4 50.6 Sh.h bh.L 9.9 1437.0 2900.8 34a0.2 4184.2 4726.7 5267.3 3980.4 b517.4
CASE-3  15.4 1.2 37.2 45.0 50.9 568 4.5 70.3 [445.8 2918.8 7481,4 4210.1 4756.1 5300.0 6017.6 6360.0
SREVI-T

ot 7 5235.2 3940.3
L0 4489,2 §223.4 3928.3 bdbl.C
B .5 5263.1 5973.8 6310.9

33 53,2 48,9 1447.8 2895.3 3448.3 41k
55,6  63.1 8.8 1437.9 2884.4 3437.4 4153
5.1 b3.6  b9.4 1845,3 2905.0 3462.4 418

TASE-Y 15,4 30,8 %67 4RS00

CASE-2 15.3 30,7 366 44,2 49.9

CASE-Z  15.4 3.0 26,9 846 503
REVE-I

CASE-1 130.7 260.8 310.5 374.8 423.0 471.1 534.5 582.4 1054.3 2106.0 2507.9 3028.0 3417.8 3804.2 4318.b 4705.9

CASE-2 130.6 261.4 311.4 376.2 4247 473.0 536.7 984.9 1033.6 2111.4 2515.5 3038.8 3430.8 382(.4 4336,8 4726.7

CASE-3 130.5 261.6 311.7 376.5 425.1 473.5 537.4 1585.6 1053.3 2113.3 2518,3.3042.6 3435.5 3B26.9 4343.3 4733.6
SREVL-11

CASE-1  15.4 3.1 374 50.7 56,5 4.2 T0.0 {445.7 2921.5 3485.4 4215.4 4762.3 5307, 3 60263 6569.7

CASE-2  16.3 310 37.0 50.5 56,3 63.9  49.7 1436.3 2907.0 3468.9 4196.4 4741.5 5284.6 60011 6542.6

CASE-3 15.4 31,2 37.2 & 50,8 Sh.b 64,3 70.1 1445.1 2923.6 3468.6 4219.8 4767.8 5313.8 6034.1 6578.5
REVI-TI

CASE-1 130.4 263.3 314.1 379.8 429.0 47B.1 G42.B %591.8 1032.7 2125,7 2535.7 306b.4 3464.1 3860.4 4383.2 4778.3

CASE-2 130.4 263.6 314,46 380.5 429.9 479.1 S544,0 593.0 1052.3 2128.% 2539.6 3071.9 3470.7 3868.1 4392.4 4788.7

CASE-3 130.4 263.5 34,4 380.2 429.3 478.7 547.5 597.6 1052.4 2127.8 2538.8 3070.7 3469.3 J866.4 4390.4 4786.4
GEV

CASE-1 15.3 0.9 37.2 45.8 S2.8 6D 798 T9.7 1436.7 2891.1 3476.4 4276.5 4918.0 5603.0 6595.3 7428.8

CASE-2 15.1 30.8 37.2 4.2 839 eL.4 729 .8 1817.7 2875.7 3475.2 4306.5 49825 5713.3 6787.7 7703.5

CASE-3  15.0 30.% 37,5 4b.6 540 b1.9 TR B3.7 18248 7894.0 3499.6 4339.9 5023.2 5761.7 6B46.0 7768.6
SRBEY

CASE-1  15.3 3l.1 37,3 45.6 52,0 SB.a 67.5 744 14320 2917.7 3505.6 4286.5 4887.9 5502.6 £339.7 6993.9

CASE-Z  15.1 30,9 37.3 45,9 52,7 59.6 9.2 76.8 1413.8 2901.9 3503.12 5 4944,2 5597,2 6498.1 T211.7

CASE-3  15.2 3.1 37.6 463 93 50,1  89.8  77.5 1471.4 2918.5 3525.0 4342.4 4981.3 5642.3 6355.7 7279.9
RGEY

CASE-1 129.2 763.0 315.9 386.2 440,37 495.6 570.9 429.7 1041.4 2122.9 2552.8 3125.4 3567.7 4020.b 4638.9 5123.3

CASE-2 128.4 263.2 317.7 391.0 448.2 507.3 588.9 633.4 1034.4 2124.6 2567.1 3164.2 3631.4 4115,4 4784.8 5316.0

CASE-3 128.7 263.1 317.7 391.3 448.9 508.5 590.B 6%6.1 1033.8 2124.0 2567.2 3166.0 3635.0 4121.1 4793.9 5328.3
WAKE

CASE-1 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0

CASE-2 -99.0 -92.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -9%.0 -99.0 -99.0

CASE-3 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 95,0 -99.0 -99.0 -99.0 -99.0 -9%.0 -99.0 -9%.0
SRWAKE

CASE-1  15.4  3i.1 3.4 45.8 52,2 58.6  67.4 TALZ 14419 2914.8 3514.2 4303.9 4904.6 3512.b 6334.7 6976.7

CASE-2  15.2  30.9 IT.4 A 52,7 59.4  bB.6 75.8 1421.6 2903.0 3514.9 4327.2 4949,7 5583.5 b44b.4 T124.4

CASE-3 15,3 30.9 37.6 53.6 61,0 T71.3  79.6 1475.0 2902.6 3524.8 4371.9 5038.9 5731.9 702.5 748b.8
RWAKE

CASE-1 130.1 262.7 3lb.6 3087.7 4459 4967 S71.0 629.2 1047.4 2122.9 2561.0 3137.2 3574.4 4015.5 4609.! 5069.7

CASE-2 129.1 263.3 318.7 392.3 443.8 506.3 564.8 b4b.6 1039.2 2127.6 2577.6 3174.1 3630.1 4073.1 4720,5 5210.6

CASE-I 129.5 261.6- 317.6 393.9 453.9 Sib.b 603.5 475.8 1042.8 2114.6 I569.5 3187.6 3 72.4 4175.9 4876.4 SA3B.6
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TABLE 53 : FLOOD ESTIMATEZ

EVL

CASE-1 : 3374 452 5L 5700 64,7 70.6 1451.4 2917.9 3505.9 4241.1 4792.1 5341.0 6065.2 6612.4

CASE-Z 15,3 312 37,2 45.1 50.9 56.8 64.5  70.4 1442.0 2925.9 3497.9 4726.8 4776.8 5324,8 6047.8 6594.1

CASE-3 15.4 314 37.5 45.3 51,2 57.1 4.9 B 1451.0 2943.6 3514.0 4252.2 4805.4 5356.6 6083.8 5633.4
SREVI-I

SASE-1 15,5 20,9 36,9 M5 50,2 56.0 3.5 9.2 1453.9 2908.9 3464.9 4184.5 4723.8 5240.1 3970.0 6303.7

CASE-2 15.4 30.8 346.8 #4.4 50,1 55 63.4  69.1 1444.1.2899.3 3435.3 4175.0 4714.3 5251.6 5960.5 549s.3

CASE-3 15,5 311 37.0 44,7 50,5 Sé. 63.9  69.6 1432.8 2919.8 3480.4 4206.0 4749.7 5291.4 5006.1 A546.3
REVI-I

CRSE-1 130.6 261.4 31L.4 376.1 424, 472.9 536.6 S5B4.8 1054.0 2108.3 2501.2 3032.7 3423.5 1812.3 4326.5 4714.8

CASE-2 130.5 262.2 312.5 377.6 426.4 475.0 539.2 587.7 1053.2 2514 1 2519.4 3044.1 3437.3 3829.0 4345.9 4736.5

CASE-3 130.5 262.4 312.8 378.1 427.0 475.7 540.0 58B.6 1053.0 2116.2 2522.5 3048.3 J442.4 3835.0 4353.0 4744.5
SREVI-11

CASE-1  15.5 312 37.2 45,0 50.9 56.7 68,3 70.1 1452.1 2932.9 7498.7 4231.1 4780.0 532. B 6048,3 4393.5

CASE-2 15,4 311 37.1 44.8 50.6 S56.4 64,1  49.9 1442.9 2918.8 3482.8 4212.8 4759.8 5304.8 6023.9 6567.3

CABE-3 233 451 §0.9 56,8 644 70.3 1452.0 2935.8 1502.8 4236.7 4786.4 5I34.5 40S7.4 5403.8
REVI-I1

CASE-1 130.4 263.3 314.1 379.8 429.1 478.2 542.9 S591.8 1052.& 2126.0 2536.2 3067.1 3464.9 3861.3 438 4.3 4779.5

CASE-2 130.4 263.7 314.6 380.5 429.9 479.1 544.0 593.0 1052.7 2128.6 2539.9 3072.2 3471.7 388.6 4393.0 4789.3

CASE-3 130.4 263.5 3i4.4 3B0.2 429.5 478.7 543.5 592.5 1052.4 2127.9 2538.9 3070.8 3449.5 3866.5 4390.5 4786.7
GEY

[ASE-1 15,3 311 37.4 45,9 52,5 S9.5 9.3 77.3 1443.6 2921.8 3508.9 4300.2 4923.4 5576.9 6500.5 1255.0

CASE-2  15.1 3.0 37.4 463 53.3 40,8 71.5  80.4 1424,0 2907.6 3510.8 4336.4 4995.9 5698.8 &707.1 7544.4

CASE-3 15.2 3.2 37.7 4.6 538 1.3 72,2 B1.2 1831.0 2925.9 3535.6 4371.0 5039.5 5749.9 6769.7 7614.1
SRGEV

CRSE-1 15,3 312 37.4 45.8 52.7 58.B  67.7 74.7 1438.3 2925.1 I519.3 4303.3 4907.2 5524.4 6364.7 7021.4

CASE-Z  15.1 31.0 37.4 4.1 528 59.8 9.4 77.0 1420.2 2913.8 3517.5 4329.9 4964.0 5619.4 6323.4 7239.2

CASE-3  15.2 3.2 37,7 464 53,2 60,3 70.0  77.8 1428.0 2930.7 3539.6 4360.3 5001.8 5665.7 4582.7 7309.7
RGEY

CASE-1 129.3 263.0 315.8 385.7 439.5 494.2 G568.5 626.4 1041.3 2123.2 2552.5 3123.6 3564.2 4015.1 4629.8 5110.9

CASE-2 128.5 263.3 317.6 390.5 447.2 T G86.1 b49.6 1034.9 2124.9 2566.5 3161.9 3627.2 4108.7 4773.8 5301.1

CASE-3 128.3 263.1 317.6 390.9 448.0 507.1 S58B.4 452.7 1034.2 2128.1 2566.8 3164.2 3631.8 4116.2 4786.2 5317.9

WAKE
CASE-1 -99.0 -99.0 -99.0 -99.0 -99.0 -§9.0 -99.0 -99.0 -99.0 -99.0 -95.0 -99.0 -99.0 -99.0 -99.0 -99,0
CASE-2 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 =-99.0 -99.0 -99.0
CASE-3 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -98.0 -99.0 -99.0 -99.0 -99.0 -99.(

SRMAKE
CASE-1 15,4 312 37.6 46,0 52,3 9B.7 67,3 74.0 1447.2 2928.5 3530.2 4320.4 4919.1 5522.6 6338.7 6963.6
CASE-2 15,2 31,0 37.6 4.2 52,8 59.5 68.5 75.5 1427.3 2917.1 3531.4 4344.2 4964.7 5594.1 6446.3 T111.4
CASE-3 15.2 U 317 4.7 530 611 TLZ 0 79.3 1441.0 2917.2 3542.0 4390.1 S054.4 5743.8 6703.1 7473.2
RWAKE
CASE-1 130.0 263.1 317.0 3B7.3 440.3 493.4 Sed.4 15.0 1047.4 2125.7 2561.7 3132.7 3564.4 3998.1 4579.7 5028.2
CASE-Z 129.0 263.7 319.0 391.8 447.0 502.7 S577.6 &35.6 1039.3 2129.7 2577.9 3149.4 3619.5 4074.8 4689.4 5167.4
CASE-3 129.4 262.1 318.1 393.6 452.4 513.0 596.8 463.5 1042.8 2116.9 2570.3 3183.4 3662.0 4157.1 4843.5 5392.7




TABLE 54 : FLOOD ESTIMATES

V1
CASE-1 15.4 3.3 3.3 85.0 51,0 56.8 64,5 70,3 1445.4 2932.4 3900.b 4236.0 4787.1 5336, 2 6060.7 6508.2
CASE-2  15.3 311 3.2 45.0 50.8  S5b.6 64,3 70.1 1436.1 2920.3 3487.5 4221.6 4771.7 5319.8 6042.9 6589.4
CASE-3  15.4 31.3 37.4 45,2 51,1 57.0 4.7 70.5 14450 2938.2 3508.7 4247.2 4800.6 3352 0 6079.5 6b29.3

SREVI-I

CASE-1  15.5 31,0 36,9 44,5 50,3 56.0 63.5 9.2 1448.5 2898.3 J452.3 4169.3 4706.6 5242.0 5948.3 5482.1
CASE-2 15.4 30.8 36.8 44,4 50.2 55.9 43.4 69.1 1433.8 2888.9 3442.9 4160.1 §697.5 5233.0 5939.4 6473.3
CASE-3  15.5 3.1 37.0 44.8 50.6 56,3 63.9 9.7 1447.3 2910.2 3469.1 4192.6 4734.8 5275.0 5987.7 6526.3

REVI-1

CASE-1 130.5 261.B 312.0 376.9 425.5 474.0 538.0 586.3 1054.0 2108.3 2511.1 3032.5 3423.3 3812.6 4326.2 4714.4

CASE-2 130.4 262.3 313.0 378.3 §27.7 476.0 540.4 S589.0 1053.2 2114.3 2519.7 3044.5 3437.8 3829.6 4346.6 4737.3

CASE-3 130.4 262.B 313.4 379.0 428.0 476.9 S541.5 590.2 1052.9 2117.0 2523.6 3049.9 3484.5 3837.3 4355.7 4747.5
SREVL-TI

CASE-1 15.4 30.2 37.2 45.0 50.9 56.7 64,3 70.1 14468 2921.9 3485.5 4215.1°4761.9 5306.6 £025.7 63568.4

CASE-2  15.4 31,1 37.1 44.8 50.6 56.4 641 69,9 1437.6 2908.0 3469.8 4197.0 4742.0 5284.9 5001.3 6342.7

CASE-3  15.4 3.2 3T.3 45.0 50,9 56.7 644 70.2 1446.7 2924.5 1489.3 4220.3 4768.0 5313.8 6033.8 £578.0
REVL-TI

CASE-1 130.4 263.B 314.8 380.B 430.2 479.5 544.5 593.6 1052.7 2125.0 2334.7 3065.1 3462.3 3838.3 4380.9 4775.7

CASE-7 130.3 264.1 315.7 381.4 431.0 480.4 S545.5 594.8 1052.4 2127.8 2538.7 3070.5 3469.1 38b6.2 4390.1 4786.1

CASE-3 130.4 264.0 315.1 381.2 430.7 4B0.0 SA5.1 594.4 1052.5 2127.1 2337.8 3069.3 3467.6 3864.5 4388.0 4783.8
GEY

CASE-1  15.4 3.1 37,3 45.5 52,0 5B.6  67.9  75.3 1437.8 2919.7 3505.4 4289.8 4902.7 5540.0 6430.4 7148.5

CASE-2  15.2 31.0 37.3 459 52.8 39.9 70.1 L4 1418,0 7905.7 3508.0 4327.3 4977.7 3663.2 bb36.7 T434.7

CASE-3  15.3 31.2 3.6 463 53.2 0.5 70.7  79.1 1424.9 2924.1 3333.0 A362.4 5021.! 5715.4 6700.8 7507.3
SRGEV

CASE-i  15.3 3.2 37.4 45,8 52,2 8.8 7.8 74.6 1432.8 2918.0 3506.4 4288.6 4B91.5 5a08.1 6348.3 7005.3

CASE-2  15.1 31.0 37.4 461 52,8 S9.B  69.5 77.2 1414,7 2902.8 3504.7 4315.5 4948.6 3603.6 £507.8 7224.5

CASE-3  15.2 3.2 377 464 533 60,3 70,0 77.9 1422.3 2919.4 352b.6 4345.9 4986.8 9630.5 6568.2 7296.5
RGEV

CASE-1 J2263.4 3lb.b 387.2 4417 497.4 573.2 1042.9 2122,7 2549.4 3116.6 3553.6 4000.1 4608.0 5083.1

129.2 632.6
CASE-2 128.3 263.6 318.4 392.0 449.5 509.0 591.1 656.2 1036.0 2124.1 2563.7 3135.5 3617.3 4094.7 4753.4 9275.1
CASE-3 128.2 263.5 318.4 392.4 450.3 510.3 593.3 659.1 1035.3 2123.4 2564.1 3157.9 1622.0 4102.1 4765.1 5290.6
WAKE
CASE-1 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -959.0 -99.0
CASE-? -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -95.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0
CASE-3 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -9%.0 -99.0 -99.0 -99.0

SRWAKE
CASE-1 (5.4 311 37.5 4k 5.5 59.0 6B.0 75.0 1443.0 2913.3 3513.0 4305.9 49117 5527.5 6364.7 7022.1
CASE-2  15.2 310 37.5 46,2 530 . 2 7.6 1823.1 2902.1 3514.3 4330.0 4957.8 5599.7 6478.3 T172.5
CASE-3 15.3 310 3.6 467 539 6l.4 71,9 B0.5 143b.6 2901.9 3524.6 4375.3 3047.1 5749.4 b73b.2 T7536.6
RWAKE
CASE-1 130.0 263.7 317.27 386.1 442.2 497.1 S57i.6 630.1 1050.8 2117.4 2531.5 3127.0 I568.4 4018.9 4635.2 5122.7
CASE-2 129.0 263.8 319.2 392.7 449.0 506.5 S585.1 b47.2 1042.5 2122.1 2568.2 3164.0 3624.1 A096.6 4746.8 5264.0
CASE-3 129.4 262.2 318.2 3I94.4 4545 517.2 605.2 b76.6 1045.9 2109.4 2560.3 3177.5 I6b6.3 4179.2 4903.2 5494.0
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TRELE 55 : FLOGD ESTIRATES
HETHOD 2 10 20 30 106 200 500 1000 : 2 10 20 a0 1o 200 500 1000

EVi

CASE-1 15.7 29.8 35.2 42,1 47.3 52,5 59.4  &4.6 1487.9 2822.7 3332.8 3993.0 4487.8 4980.7 5631.0 6122.5

CASE-2 15,7 29.7 35.0 42,0 47.1 5.4 59.3 4.5 1489.0 2824.8 3335.3 3996.0 449i.1 4984.4 3633.2 6127.1

CASE-3  15.7 29.7 35.0 421 473 5.5 59.3 4.5 1492.2 2830.9 3342.5 4004.6 4500.8 4995.2 5h47.4 5140.3
SREY1-1

CASE-l  15.3 32.8 9.5 4B.1 54.6  61.1  69.6  76.0 1450.4 3109.7 3743.7 4564.4 5179.4 5792.1 6600.6 7211.5

CASE-Z 15,2 32,9 39.6 48.4 54.9 61.4  T0.0 76.5 1449.6 3126.6 3767.4 459%.9 5218.4 5837.7 b654.8 7272.3

CASE-3 15.3 32,8 39.5 4B.2 547 612 69.7 76,2 1454.0 3123.6 3761.6 4567.5.5206.3 5822.9 6636.3 7251.1
REV1-1

CASE-1  79.8 171.2 206.1 251.3 2B5.2 318.9 3b3.5 297.1 729.4 1564.5 1883.5 2296.6 2606.1 2914.4 3321.3 3628.7

CASE-2  79.6 172.1 207.4 253.1 287.4 321.5 36b.6 400.6 728.4 1572.1 1894.8 2312.7 2625.0 2936.6 3347.8 3458.5

CASE-3  79.7 171.5 206.6 252.0 286.1 320.0 3¢4.7 398,5 729.1 1566.4 18B6.3 2300.3 2610.6 2919.8 3327.7 3635.9
SREVI-1]

CASE-1 15,3 331 39.8 4B.6 55.2 618 70.5  77.0 1448.3 3137.2 3782.b 4617.9 5243.9 5867.5 6690.4 7312.3

CASE-Z  15.3 33,0 39.7 46.5 55.0 &b.6  70.2  76.7 1449.8 3135.7 3779.9 4413.8 5238.6 5861.2 4682.4 7303.3

CASE-3 15.7 B.0 39.7 48,5 55.1 6l.6 70.2 7b.B 1453.2 3140.9 3785.8 $420.5 5246.1 5869.3 6691.5 7313.0
REVI-T1

CASE-1  79.7 172.6 1208.1 294.0 28B.S 322.8 368.0 402.7 728.5 1576.9 1901.1 2320.7 2635.2 2948.4 3361.8 3474.2

CASE-2  79.7 172.4 207.8 1253.7 288.1 322.3 367.5 401.6 728.7 1575.2 1898.5 2317.3 2631.0 2943.5 3355.9 3667.6

CASE-3  79.7 172,37 207.8 203.6 287.9 322.1 367.3 401.4 728.8 1574.3 1897.4 Z315.5 2628.9 2941.1 3353.0 3664.3
GEV

CASE-1 22,9 231 23 3.0 0 a0 3.0 2300 2166.7 2190.9 2091.0 2191.0 2191.0 2191.0 2191.0 2191.0

CASE-2 22.8 23.1 23.1 25.1 23,1 23.0 23,0 73.1 2148.3 2192.5 2192.6 2192.6 2192.6 2192.6 2192.6 2192.b

CABE-3 22.8 23.1 23 3.1 3. 251 23,0 3.0 U730 2197.3 2197.3 2097.3 2197.3 2197.F 2197.3 2197.3
SRGEV

CASE-1  15.1  33.0 40.1 49.6 57.0 707501 BI.4 1431.7 3130.7 IB06.4 4709.6 S410.1 6131.2 7122.4 7905.4

CASE-2 14.6 32.8 40.5h G§L.7 40.8 70.6 84.8 1391,3 3118.1 3865.7 4919.1 3781.7 4712.0 8042.7 9149.8

CASE-3 14,7 32.8 40.6 51.7 0.8 70.5 847 1395.0 3122.9 3870.1 4923.7 5786.3 £716.9 B06B.9 9198.2
RGEV

CASE-1  78.6 172.1 209.5 259.6 298.5 338.7 394.2 43B.1 720.2 1573.4 1912.8 2365,5 2714.2 3076.9 I571.9 3962.5

CASE-2Z  76.4 171.4 212.6 271.0 318.9 370.8 446.3 509.6 699.7 15bb.6 1941.0 2468.3 2899.3 3363.4 4035.9 459.1

CASE-3  76.4 17013 212,53 270.4 318.4 370.0 445.3 S08.3 700.3 1585.6 1678.8 2464.1 2893.5 3355.9 4026.4 4585.4
HAKE

CASE-1 -99.0 -99.0 -99.0 -99.0 -59.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0

CASE-2 -99.0 -99.0 -9%.0 -99.0 -99.0 -99.0 -99.¢ -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.¢

CASE-3 -99.0 -99.0 -95.0 -99. -99.0 -99.0 -9%.0 -99.0 -99.0 -9%.0 -99.0 -99.0 -99.0 -99.0 -99.0
SRWAKE

[ ==
1
-~
-
<

CASE-1  15.2 12,7 197 49.2 S6.6 645 75.3  B9.D 1444.2 3111.6 3784.5 2490.8 5403.3 6151.9 7220.4 Bi11.5

CASE-2 14,7 32.8 40.6 GL.4 40,2 9.6 83.4  95.3 1397.3 3120.2 3863.3 4895.8 5730.3 6625.6 7929.9 3034.5

CASE-T 147 12,7 39.8 49.B 5B.2 7.6 B2.6 4.8 1399.7 1108.0 3790.6 4747.4 5549.7 4454.7 7885.4 9225.4
RWAKE

CASE-L  78.9 170.3 207.2 207.0 296.3 337.5 I96.4 445,35 725.2 1564.7 1B98.7 2346.7 2498,3 3067.8 3597.1 4041.6

CASE-2  76.6 171.3 212.7 269.4 Z15.7 365.5 438.2 499.9 702.2 1569.7 1939.3 2450.5 2862.9 3305.2 3951.3 4501.3

CASE-3 76,8 170.9 Z0B.5 21,2 305.2 355.0 423.6 507.3 703.a 1964.7 1903.3 2372.3 2762.4 3201.7 3B9B.0 4556.4
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CASE-1 15
CASE-2 IS,
CASE-3 15
SREVI-I
CASE-1
CASE-2
CASE-3
REVL-I
CASE-1 7
CASE-2
CAGE-3
SREVL-T1
CASE-1
CASE-2
CASE-3
REVL-II
CASE-1
CASE-2  79.7
CASE-3
BEV
CASE-1
CASE-2  14.8
CASE-3  14.8
SRGEV
CASE-1  15.1
CASE-2  14.7
CASE-Z  14.7
RGEV
CASE-1
CASE-2  76.7
CASE-3
WAKE
CAGE-1
CASE-2
CASE-3
SRHAKE
CASE-1  15.2
CASE-2 147
CASE-3
RWAKE
CASE-1
CASE-2
CASE-]

171.4
170.8

19.4
39.8
39.7

209.4
206.7
206.2

Ld 4ot
~Oo -0 -0
o o2

o~ =
[ =

[}

[ N I o ]

208.7
211.8
241.7

-99.0
-99.0
-99.0

~0 o~ -0

4 B

9
0.
9.

207.7
211.3
207.5

256.4
266.5
258.6

TABLE 56 :

334.8 T
365.7
365.0

=930
=99.0
-99.0

FLOOD ESTIMATES

.9 367.0
3 J6b.2
3 J6b.3

94.9

S THT

107

1420.8 2971.7
1817.9
1419.8 2971.7

1412.1
1407.3
9 1410.5

1410.3
1408.4
1410.4

1415.8
1390.4
1394.3

139
133
135

1408.1 3037.4 JoB7.6
1356.3 3031.0 3744.9
1360,2 3025.2 3b79.8

TEST CATCHMENT

1964.3 43314
2968.6 3361.1 4328.0
J564.7 4332.3

3030.2 3648.4
J040.6 Jhh4.6 G471,
3035.0 3655.7 44539.1

729.5
728.4
125.0

1563.6 1882.3 2294.9
15722
1567,

I\_‘IEJO“'

1BB7.4 2302.0 2612.6 2922
3053.9
3044.2
3086.6 3471.8 44B1.1 5087.5 5691
728.4 1577.5
728.8 1374.9
728.9 1573.b

1901.9
1898.2
1896.4

2910.8 3530.1
2896.2 3350.3
2898.4 3550.0

4418.4 5177.7 6045

3047.2 3702.4
3027.7 3749.1
1029.9 3730.1

Jub |
3.5
b.3
722.0 1374.5 1910.8
701.7 1367.3 1938.1
702.2 1566.0 1935.6
=990 =§9.0

-99.0 -99.0
-99.0 -99.0

=99.0
=99.0
-99.0

-99.0
-99.0
-99.0

-99.0
-99.0
-99.0

-99

-99

4554.1

727.9 1568.7 1902.5 2346.1 2689.0 3043,
700.7 1562.7 1928.9 2429.7 2827.8 3248.
703.6 1561.4 1896,4 2359.6 2743.3 3172.7

2604,0 2912,
1894.6 2311.9 2624.6 2936.

3681.9 4494,7 5103.8 G710,
Ibh9.3 4478.3 5084.6 5688,
.7 o488,9 7091.3

2321.8 2636.5 2950.
2316.7 2630.3 2942,
2314.2 2627.2 2919,

4573.9 5252.3 3947.
4764.2 5593.1 4483,
4762.9 9589.8 6479,

e«d a0~

0 -99.0
-99.0
00 -99.0

5227.4 592e.
4726.9 S51%.1 4346,
4587.6 G5341.6 5186.

-2 { BRIDGE NO.- 232!

34.2 7030.0
6.2 7077.3
2.4 7050.6

c::l:r-.a
o o~ o~
o
Ln =~ o

0 3318.
1 3347,

3330,

§ 3625.5
2 3K37.9
4 363%.0
7 6511.4 7116.5
7 6485.7 7088.0

0 3263.6 3676.2
7 3355.0 36b6.5
2 3350.7 l6e61.7

.4 7423.5 B704.6
4319.4 5374.6 6379,
4514.6 5366.0 6367,

6 B026.8 9611.8
7 BO15.6 9603.3

4 £901.5 7454,
3 7777.9 8854,
B 7769.5 BBA4.

(SO I ]

3933.6 2910.5
3981.2 4519.2
3971.4 4307.9

-99.0
-99.0
-99.0

-99.0

9 6911.4 7720.5
3 T7347.7 B533.4
& 7510.1 BTI7.6

4 3536.7 1942.0
| 3848.7 4346.9
3843.6 446d.8




SREVI-1
CASE-1
CASE-2
CASE-3

REVI-!
CASE-1
CASE-2

. CABE-J

SREVI-II
CASE-1
CASE-2
CASE-3

REVi-11
CASE-|
{ase-2
CASE-3

GEV
CASE-1
CASE-2
CASE-3

SRGEY

RGEV

on N e
. . -
[ =T == T

wnoen i

S Sy
~d ~0 =

Lo ool

<d

"3
[s=)
o

Lo B |
o oo
N~
~f

h on oL
o O O

ol on oon

NN g
- o .0

LA on L

TRBLE 57 : FLOOD ESTIMATES

333.9
358.6
4.6

TEST CATCHMENT -2 ( BRIDGE NO.- 232)

76.3 1421.7 3053.2 3676.7 4483.6 508B.3 5690.8 4485.7 708b.4
76.6 1422,3 3061.1 3687.3 4497.8 5105.2 5710.4 6508.8 7112.2
76.7 1423.9 3065.7 3693.0 4305.0 5113.5 5719.8 6519.6 7124.1

73.8 1420.5 3052.0 3675.4 4482.4 5087.1 56B9.5 4484.4 7085.2
1419.9 3068.7 3698.7 4514.2 5125.3 5734.1 6537.4 7144.5

3062.4 3688.9 4499.8 5107.4 5712.8 4511.6 T115.2

1564.1 1883.0 2295.8 2605.1 2913.3 3319.9 3627.2
1570.8 1892.6 2309.2 2621.7 2932.3 3342.7 3852.8
1365.7 18B4.8 2298.3 2608.2 2916.9 3324.3 3632.1

5072.5 3704.2 4321.8 5134.6 5745.1 $550.5 7159.2
3070.9 3701.3 4317.3 5128.8 5738.1 £541.9 7149.4
3073.0 3703.5 4519.6 S131.1 5740.4 6544.3 7151.9

1575.9 1899.7 2318.7 2632.8 2945.6 3358.4 34670.4
1573.7 1896.5 2314.3 2627.4 2939.4 3351.0 34662.0
1572.7 1895.1 2312.4 2625.1 2936.6 3347.7 3638.3

5008.1 3676.6 4623.5 5415.9 6299.3 7454.4 8866.5
2993.8 3725.1 4810.9 S766.4 6BB0.4 8683,510386.4
2997.9 3725.1 480B.1 5763.0 6880.4 B700.310433.6

3065.7 3724.5 4602.5 5282.0 5980.3 £938.4 7694.1
3054.3 3781.5 4804.4 5639.4 6538.0 7839.3 8922.4
3056.3 3782.2 4B02.7 5635.5 4531.5 7829.3 8910.2

1572.5 1909.7 2359.0 2704.5 3043.4 3552.9 3938.8
1565.3 1937.2 2459.8 2886.3 3344.9 4008.7 4541.0
1364.2 1934.8 2435.4 2880.1 3336.8 3998.1 4548.8

-99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0
-99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0
-99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0

5253.7 39653.4 6973.3 7818.2
3362.9 6413.2 7649.0 Bb95.9
3380.0 6231.5 7571.6 8822.9

3053.9 3707.4 4377.0
3038.6 3776.8 4767.3
3052.8 3710.6 4622.2

1568.9 1903.2 2347.8 2693.2 3052.4 3559.5 3978.3
1969.4 1937.5 2443.3 2847.9 3278.2 3899.7 4420.9
1565.0° 1903.2 2371.3 2798.9 3192.4 3869.9 4498.0




METHOD 2
EVi
ChSE-1 15,1
CASE-2 153.1
CASE-3  153.1
SREVI-1
TASE-1  15.1
CASE-2 ‘
CASE-3  15.1
REVE-1

CASE-t  79.8
CASE-2 T79.6

CASE-3  79.7

SREVI-TI
LRSE-1 15.1
CASE-2  15.1
CASE-3  15.1
REV1-II
CASE-1  79.7
CASE-2  79.7
CASE-3  79.7
GEV
CASE-1  15.0
CASE-2
CASE-T
SRGEY
CASE-1 14,9

CASE-2 14.0

CASE-T 14,5
RGEV

CASE-1  78.8

CASE-2  Tb.s

CASE-3 Yo7

Cask-1 -99.0
CASE-2Z -99.0
£RGE-3 ~-39.0

SRWAKE
CASE-1  15.0
CASE-2  14.5
CASE-3 183
RWAKE

CASE-1 79.2
CASE-2  74.9
CASE-3  T7h.7

TABLE 58 :

FLOOD ESTIMATES

2%6.5
31641
315.6

-89,
-99,0
-39,

e B I -
L=

69.9

[

Ld L Gt
o=
LN o~ oA

a-

L) I v T S |

el L

Cd LA

ob.1  6B.4
60.1  68.9
60,2 48.5
80,3 09.0 7
61,6 b69.0
0.8 69.3 7
J1B.B J43.3 3
321,86 366.7 R00.7
320,0 3047 3
1.2 69.8 7
9.6 7
69.6 7

322.7 36B.0 #02.2
3219 367.0 461t
321.7 36,7 400.8

B 77.5
.8 8a.1
b B7.8
64,0 74.3
83.9 95.b
69.8  8l.5
3 389.0 43l.1
2 438.7 498.9
b 478,645

[, I e ]
ra
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74,7 1427.8 3084.7
B 1428.5 3
7 1430.7

4 1428.4 3
G 1427.9 3087.3
1431.1 3 -

123.2
7273
728.0

.3 14264 3092,

8.6 1411.9
3.9 1373.8 3
103.7 1376.9 303

1410.3

1372.0

1374.8 2077,

3t
3169, 9 J7B4 7 6393,
353

1885.7 2299.4 2

2320.? 2635.4
5 2319.9 2634.1

4639,4 5328.0
48435.9 5692.8
5 4845.0 5689.7

9 3091.1 3593.9 3991.1
3379.6 4082.7 4632.8
2 1367.% 4046.0 46146

3.8 6371.,2 7181.5

8 7208.8

5 5765.0 .B 7208.5
5712.8 6510.5 7113.4
576%.9 6378.4 7169.4
3749.0 4553.0 T160.8
2918.7 3326.4 3634.5
2947.0 3340.2 3672.5
2332.1 3382.4 3652.5

2953.4 3367.7 3680.8
2948,7 3362.1 J674.6

2947.2 3360.4 3472.6

6236.2 7509.0 8399.4
6878.2 8391.510177.1
6872.4 8604.810225.9

6036.4 T009.6 7778.0
5605.1 7928.0 9030.4
£599.4 7718.5 9018.0

-9%.0 -99.0 -9%.¢0
-99.0 -99.0 -99.0
-99.5 -99.0 -99.0

? 513,53 7025.2 7860.5
§ 6471.5 7706.5 8742.3

6267.9 TH01.9 BE4L.4

3063.7 3573.0 3991.0
3300.0 3928.7 44307
J193.8 I867.9 4490.2



TABLE 59 : FLOOD ESTIMATES

EVI

CASE-1  15.2 32.9 39.6 4B.4 549 61,4 70.0  76.5 1417.B 3068.7 3698.8 4515.1 5126.8 5736.2 £540.,3 7147.9

CASE-2 15,2 33.0 39.8 4B.6 55.2 1.8 70.4  77.0 L1417.6 3072.1 3764.3 4522.6 S130.8 5746.7 £552.8 7161.9

CASE-3  15.2  33.1 39.9 48.7 55.3 6L.9 70.6  77.1 1419.2 3073.4 3705.5 432%.6 5136.7 ST47.6 £553.5 7162.6
SREVI-T

CASE-1 15.2 32,7 39.3 4B.0 545 60.9  69.4  75.8 1419.2 3086.9 3568.9 4474.0 5077.3 5878.4 £471.5 7070.8

CASE-Z 15,2 32.9 39.6 48.4 549 61.4  70.0 7.5 1417.5 3042.6 3491.7 4504.9 SL14.7 5722.2 £523.7 7129.5

CASE-J  15.3 32.8 3%.5 4B.2 547 £1.2 69.8  76.2 1420.1 3055.0 3579.7 4486.3 5094.2 5698.0 6494.5 70%6.4
REVI-I

CASE-1  79.7 171.5 206.6 252.1 2B6.1 320.0 3447 398.6 729.5 1563.7 1987.4 2295.0 2604.2 2512.3 1318.7 1625.8

CASE-2  79.6 172.3 207.7 253.5 267.9 322.1 367.2 401.3 728.4 1571.9 1894.2 2311.4 2628.0 2935.4 3346.4 3657.0

CASE-3  79.7 1707 206.9 252.4 2B6.5 320.5 365.7 399.7 729.2 15K6.7 16B6.1 2300.1 2610.4 2919.5 3227.3 3635.5
SREVI-11

CASE-1  15.2 32,9 19.7 48.4 35.0 615 70.01  76.6 1817.9 3067.9 3498.4 20,0 6339.2 T146.8

CASE-2  15.2 32.9 39.6 48.4 549 615 70,1 7h.6 1418.6 3064.2 3692.9 724.7 6326.0 7131.9

CASE-3  15.3  32.9 39.7 48.4 55.0 615 0.1 Tb.5 1420.1 3065.7 3694.% & §327.5 T133.4
REVI-II

CASE-1  79.7 172.5 20B.0 253.9 288.3 322.6 367.9_ 402.0 728.7 1575.2 1898.7 2317.7 Z431.1 29434 3356.0 3667.7

CASE-2  79.7 172.3 207.6 233.4 287.7 321.9 367.0 401.1 729.0 1S73.7 1896.0 2313.6 2626.5 7938.7 33497 660,68

CASE-3  79.7 172,2 07.6 253.4 1287.7 321.8 366.9 401.0 729.0 1572.B 1895.2 2312.5 2625.2 2935.7 3347.8 3058.35
GEV

CRSE-1 150 3.6 39.8 49.7 57.7 66,3 79.0 B9.7 1407.7 3042.1 3698.5 4595.4 5314.7 £083.3 7198.5 B137.1

CASE-Z  14.6 32.5 40.5 52.2 62.4 73.9 91.9 108.2 1345.5 3029.3 I757.4 481(.7 5708.1 6717.7 8276.0 9b674.8

CASE-3 14,6 32.5 40.5 52.2 62.3 7.9 92.0 108.6 1349.2 3029.1 3753.1 4800.8 5692.7 5699.1 8261.5 9674.1
SRGEY

CASE-1 15,0 32.8 39.9 49.3 565 4.0 741 B2.2 1403.0 3061.7 3I719.7 4595.0 5272.0 5966.9 6918.6 T6b7.6

CASE-Z 1.6 327 40.5 G§L.4 60.4 9.9 83.8 95.2 1363.5 3048.3 3773.8 4793.3 5624.5 6517.7 7808.7 8880.9

CASE-3 147 32.8 40.5 514 60,3 49.9 B3.7 95.2 1365.9 3049.7 3773.7 4790.5 5619.5 4510.7 7799.0 BOAG.3
RGEV

CASE-1  78.7 172.1 209.3 259.0 297.5 337.0 1I91.5 434.4 721.9 1571.9 1908.0 2354.9 2700.7 3054.2 3538.9 3920.4

CASE-2 76,5 171.3 2123 270.1 317.3 368.2 441.9 503.3 701.4 1565.2 1936.1 2456.9 2881.1 3336.8 3995.2 4542.1

CASE-3 76,5 171.3 212.2 269.8 3 367.8 441.5 503.1 702.1 1564.5 1934.3 Z453.0 2875.4 3329.1 3984.9 4530.0

WAKE
CASE-1 -99.0 -99.0 -99.
CASE-2 -99.0 -99.0 -99,

-99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0° -99.0 -99.9 -99.0 -99.0
-99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -95.0 -99.0 -99.0 -99.0

- oo
[ 1
~0 -0
-0 -0

- -
(=T = ]

CASE-3 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.¢ -99.0 -99.0 -99.0 -99.0 -99.0
SREAKE

CASE-1  15.2 32,7 39.7 45.0 b4 b4.1 75.0 84,1 1415.3 3086.6 3699.2 4573.8 5258.2 5974.7°4990.2 7831.2

CASE-2 14,7 32.8 40.% 51.2 959.8 8.9 82.2 1369.9 3035.6 3775.6 4749.8 3368.2 £419.7 7650.4 B483.2

CASE-3 147 32,6 39.6 49.3 57.% bbb 8L 4.6 1268.3 3034.4 36B9.2 4597.8 5354.2 5205.8 7552.4 8319.9
RWEKE

8 2%5.3 33n.b
b 31306 381.6
b

302.0 349.4 4717

CASE-1 79,4 171.6 20B.5. 257
CASE-Z 76,8 71,9 212.5 268.
CASE-3  76.7 171.1 208.4 259

3.7 440.8 77B.6 1564.8 1B9B.7 2344.5 2692.9 3056.4 3570.3 3993.8
0.9 489.0 704.8 1569.2 1937.2 2484.4 I 12834 394 28
3.7 493.0 T00.7 1549.9 18B3.0 2345.%
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TABLE 60 : FLOGD ESTIMATES

54.8  b1.3  69.8 76,3 1419.1 J067.7 3697.6 4513.0 5124.0 5732.8 6335.9 T142.9
54.9 61,5 70.1 T6.b 1418.8 3073.4 3705.6 45240 5137.2 5748.2 £354.3 T163.
4.9 1.5 70.1 7b.b 1420.3 3076.3 3709.0 4528.1 S144.8 S753.3 6360.1 7169.8

CASE-1  13.2 32,
CASE-2  15.2 32,
CASE-3 15.2 32
SREVL-I
CASE-1  153.2 79.2 47,7 54.2  &0.6  69.0  75.4 1420.7 3044.6 3663.1 4468.2 5070.1 5h69.7 6460.9 7038.8
CASE-2  15.2 32,7 39.4 4.1 54,6 6.1 69,7 Te.! 1418.9 3061.8 3689.5 4502.1 5111.0 5717.7 6518.1 7123.0
CASE-3 15.2 3 48,0 S4.4  b0.9 9.4 75.8 1421.6 3055.2 3679.4 4487.4 5092.9 5496.1 6492.0 7093.3
REVL-] '
CASE-1  79.8 171.0 2053.9 7251
CASE-2  79.7 72,0 207.2 292.
CASE-3  79.7 1713 Z06.3 20!
SREVI-T1
CASE-1  15.1  32.8  39.b
CASE-2 15.2 32.8 19.5 48.2 G4,
CASE-3 15.2 32.8 39.3
REV1-11
CASE-L  79.7
CASE-2  T79.7
CASE-3  79.7

o

1565.0 1B84.3 2297.4 2607.3 2915.8 3323.0 3630.6
1573.5 1894.5 2314.5 2627.8 2939.9 3351.7 3662.9
{567.0 1BB7.7 2301.6 2612.2 2921.6 3329.9 3638.4

| 284.9 31B.6 341 3967
9 287.1 321.2
b

285.6 319.4

4 Cd L
-
<>
L)
—

~1 o~ =~

[ o I o ]

o o ~o

e e |

1.4 70.0 76,5 1818.7 3071.5 3703.1 4520.6 5133, 2 5743.6 6548.9 T7157.5

81,3 9.8 76.3 1419.b 3067.7 3697.5 4512.7 5123.6 §732.2 6535.2 Ti42.1
61,3 59.9  76.3 1421.2 3069.5 7699.4 4514.6 5125.5 5734.2 6337.3 T144.2
26480.6 2954.9 3369.4 3682.8

2
I 2635.6 2948.9 3362.4 3674.8
4 2632.4 2945.2 3357.9 3669.9

322.3 367.4 401.6 728,2 1579.2 1904.3 2325
321.6 3bb.7 400.7 728.5 1577.1 1901.3 2321,
321.6 3kb.6 400.6 728.7 1575.8 1899.5 2318

207.8
207.5
207.5

— -
~4 ==d =4
3 3 b3
_— rJ

GEV

~4

84.4 1410.1 3049.1 3700.6 4580.0 5274.0 6003.5 7038.2 7887,
1364.6 3039.7 3770.1 4818.7 5698.1 6674.2 8150.7 9443.9
100.9 1368.5 3041.5 3768.0 4B09.4 5483.B 6653.4 B130.4 7429.4

CASE-1 15,0
CASE-2
CASE-3

SRGEYV
CASE-1  15.0
CASE-2  14.6
CASE-3 14,6

. b
61.0 7
.

A LA L
M R3 RD
cn cn o
=
L =3
A 4 O
wn LN >
— e o
Wt o~ o
1 -1 o
Ol
L= JCY i 2 |
—
=1
—
—

45.2 -.Sb.é 1.9 74.0 B82.1 1403.5 3065.5 3724.6 4602.4 5281.1 5977.7 £931.8 7682.7
5.3 80,2 9.7 §3.6 95.0 1364.2 3052.0 3778.8 4800.2 5632.9 6527.6 7820.7 8894.5
51,3 40.1 9.7 B3.4 94,9 1366.8 3053.6 3778.9 4797.5 5627.7 6519. 7 7809.2 8880.9

Ld G4 Cd
~3 B 3
o O~ ~
-
(=]
=

& 1576.1 1915.2 2%66.6 2715.5 3073.4 3563.5 39
.1 1569.1 1943.1 2468.6 2896.8 3356.7 4020.9 437
b 1567.7 1940.5 2464.0 2890.7 3349.1 4011.5 4561

78.8 1

CASE-1 172
CASE-Z  Tb.6 171,
CASE-3 76,7 171

335.4 388.9 431.0 7 '
3b6.4 839.0 499.3
365.5 437.6 497.9

9.0
12, l

WAKE
CASE-1 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0
CASE-2 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0
CASE-3 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0
SRWAKE
CASE-1
CASE-2
CASE-3
RWAKE
CASE-1  79.6 1714 20
CASE-2  76.9 1717 212,
I 76,3 1657 20

1.6 74.2  983.0 18157 3058.9 3711.2 457B.6 5252.2 5952.7 6941.2 7756.7
3.4 81,3 92.7 1369.3 3043.b 3782.9 4770.4 5559.3 6397.6 7606.0 8619.5
6.1 B0.2  93.3 1366.8 3038.5 3695.4 4b04.1 5356.6 6199.2 T514.5 8736.9

_— — e
4= N
o~ O~ -~

15,4 192.3 439.6 726.3 1574.1 1909.7 2354.2 2698.0 J054.0 3553.7 1963.3
0.4 429.6 487.8 702.3 1576.2 1946.2 2452.8 2856.3 3283.6 3896.8 4408.3
6.5 424.7 454.6 700.6 1561.7 1900.2 2368.6 2756.3 3189.3 3864.7 4488.8

m




TABLE ©1 : FLOOD ESTIMATES

TEST CATCHMENT -1 { BRIDGE NO. - 50) : TEST CATCHAMENT -2 { BRIDGE NO.- 232)
HETHCD Z 10 20 50 106 200 300 1000 : 2 10 20 a0 100 200 500 1000
MPLE SIIE= 40
Evi
CASE-1  15.2 32,9 39.6 4B.4 545 bl.4 70,0 76.5 181B.3 3074.9 3707.9 4527.7 5141.2 S752.9 £560.0 7170.0
CASE-Z 15,2 33.0 39.7 48.5 55.1 L7 70.3 76.8 1418.5 3082.8 3718.8 4541.9 5158.8 S773.4 £584.7 7197.40
CASE-3 15,2 35.0 39.8 4B.6  95.2 AL 704 75.9 1419.9 3086.2 3722.9 4547.0 S164.6 5779.5 6591.7 7205.3
SREV1-1
CASE-1 15,2 3.7 39.4 48.1 546 1.0 89.6  76.0 1319.7 3053.1 3677.2 4485.0 5090.4 5693.5 6489.4 7090.8
CASE-2 15,2 32,9 39.7 48.5 55.0' &L.6  70.2 76,7 1418.5 3072.2 3704.0 4522.0 5134.9 S745.6 £55(.2 7160.1
CASE-3  15.2 32.9 139.4 5 548 6L 69.9 T4 1420.1 3066.1 3494.7 4508.4 5118.1 5725.5 £527.0 7132.7
REVI-1
CASE-1  79.7 171.8 207.0 252.5 286.7 320.7 365.5 399.4 728.3 1573.1 189.0 2313.8 2627.0 2939.0 3350.5 36b1.6
CASE-2Z  79.6 172.7 208.7 254.3 288.8 323.2 36B.6 402.9 727.1 1582.6 1909.6 2332.7 2649.8 2965.8 3382.5 3697.6
CASE-3 79.6 172.2 207.6 253.4 287.7 321.9 367.0 401.1 727.7 1577.6 1902.4 2322.7 2637.7 2951.5 I345.5 3478.5
SREVI-II
CASE-f  15.2 31.0 39.B 4B.6 55.1 41,7 70 76.9 1418,2 30753.6 3708.9 5142.9 5734.9 6562.4 7172.7
CASE-2  15.2 32,9 39.7 4B.5 55.0 bi.b  70.2  76.7 1419.7 3072.9 3704.6 S135.0 5745.5 6350.9 7159.6
CASE-3 15.2 32.9 39.7 48.5 55.0 6l.6 70.7 76.7 1421.4 J074.3 5136.0 5746.4 6551.7 7180.3

REVI-11

CASE-1  79.6 173.0 20B.6 254.8 289.4 323.9 369.3 403.7 727.8 1582.7 1909.3 .2 2649.0 2964.7 3181.2 3696.0

CASE-2  79.6 172.7 208.3 1254.3 288.8 323.2 348.5 402.B 728.1 1580.3 1905.9 23 2643.2 2937.9 3373.1 36Bb.8

CASE-3  79.6 172.6 20B.1 1254.1 Z88.p 322.9 188.2 402.5 728.3 1579.0 1904.0 2640.1 2954.3 3368.7 3682.0
GEV

CASE-1  153.1 32.7 39.7 48.9 56,1 63.5 73.9 B2.2 1407.1 3061.1 3717.9 4599.5 5289.6 6008.1 7013.0 7823.8

CASE-2 14,6 32,7 40.5 5i.6 60,8 70.9 B5.9 98.8 1360.1 3054.3 3794.8 4854.1 S737.8 6710.2 B162.5 9414.4

CASE-3 14,7 32,7 0.5 515 60.6 70.6 BS.6  9B.% 1363.8 3056.5 3793.9 4848.0 5727.7 6697.2 B149.6 9407.0
SRGEV

CASE-1  15.0  32.9 40.0 49,5 56.8 4.3 74,6  B2.7 1402.5 3069.4 3731.3 4613.5 5296.3 5997.4 6958.5 7715.4

CASE-2 14,6 32.8 40.6 51.6 606 70.2 84,2 95.8 1363.4 3054.9 UYBT.Q 4814.0 5652.1 8533.2 7856.5 8939.4

CASE-3  14.6 32.B 40.6 515 60,5 T0.1  B4.0  95.6 1366.1 2098.1 37B6.B 4811.3 5647.2 4545.9 7846.0 8927.0
RGEV

CASE-!  7B.6 172.6 210.0 260.0 1298.8 338.7 393.5 436.8 719.7 1579.7 1920.9 2375.6 2727.1 3087.8 3581.8 3970.4

CASE-2 Te.4 171.8 213.0 271.2 31B.8 370.1 444.4 506.2 699.1 1572.2 1948.4 2477.8 2909.4 I373.1 4043.2 4599.5

CASE-3  76.4 171.7 212.8 270.8 318.2 369.3 443.4 S505.2 699.7 1570.8 1945.9 2473.3 2903.4 3365.7 4034.2 4589.7
WAKE

CASE-1 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99,0 -99.0 -99.0 -99.0
CASE-Z -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -95.0 -99.0 -99.0 -99.0 -9%.0 -99.0 -99.0 -99.0 -99.0 -99.0
CASE-3 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0 -93.0 -99.0 -99.0 -99.0 -99.0

SRHAKE
CAsE-t 15,2 32.8 39.8 49.2 56,5 4.1 75.0 B4l 1414.0 I0TA.E ITILLE R5RA,S 5270.4 5985.3 7000.4 7843.7
CASE-2  14.6 32.8 40,5 §1.2 59.7 48.8 82.0 93.2 1364.9 3059.8 3781.3 4776.3 5575.1 6327.4 7662.2 8703,2
CASE-3 14,6 22,6 39.7 49 37.6  bb.7  BO.S 94,2 1346.8 3046.2 3706.5 4620.5 5379.0 £229.7 7566.% 8815.4
RWAKE

CASE-1 79,27 172.0 209.0 258.3 29¢
CASE-2  76.6 172,73 7Zi3.1 269.3 314,
CASE-3 76,5 171.4 20B.8 260.5 1303

0 439.7 7253.2 1572.4 1909.7 2358.7 2709.3 3075.8 3596.8 4030.4
7 488.4 701.2 1574.4 [945.6 2437.1 2847.4 3306.0 3943.0 44822
3 490.4 701.5 1567.7 1907.4 2377.5 276B.0 3207.1 3900.9 4553.4
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CAGE-3
REVI-II
CASE-1
CASE-2
(ASE-3
GEV
CASE-1
CASE-2
CASE-3
SRGEY
CASE-1
CASE-2
CASE-3
RGRY
CAGE-1
CASE-2
CASE-3
WAKE
CASE-1
CASE-2
CASE-3
ORWAKE
CASE-1
CASE-2
CASE-3
RWARE
CASE-1
(ASE-2
CASE-3

133.3
110.6
109.8

o Lo o=
[ =R R

T44.2
119.0
116.2

= O o
= = oo

N e E
o OO WP

789.5
788.9
789.6

-99.0
-98.0
-39.0

oo ca e

786.4
178.1
807.9

TEST CATCH.
§O.: 2

= o D
—_ a3 e

€O e

=23.5
-23.6
-23.8

-89.0
-89.8
-93.0

-3 ca en
oo —a 2

-84
-21.9

TEST CATCH.
NO.: 1

'
[ — ]
[= S

142.9
748.4
739.1

-93.0
-98.0
-99.0

[ —]
= €3 L3

146.7
151.9
T44.6

= o o
= a3 o

o
3 05 3
— o —3
e e e

TEST CATCH.
§O.: 1

' 1 [
3 = =
o - O

731.9
708.8
708.5

o
—_ o

1440
718.8
6.1

-31.4
-38.d
-38.2

o on o3
o o —

769.6
768.7
788.0

-99.0
-39.0
-99.9

OO - O
= on o

789.4
182.0
§10.6

[P X}
[

(3 T ]
P Em b

s ' [
-5 03 0D
— e LD
—3 € —3

TABLE 62 : AVERAGE PERCENTAGE BIAS OF FLOOD ESTIMATES COMPOTED BY DIFFERENT AVERAGING PROCEDURES

TEST CATCH.
NO.: 1

TEST CATCH.
§0.: 1

-

T45.5
154.1
T45.8

o o o3

747.1
756.0
T46.8

18.5
9.1

1
(= <
— s

142.6
T48.%
138.9

-99.0
-89.0
-390

- co oo

146.9
152.3
T44.3

] i r
e — S

' | 1
[ O )

" ' '
[
e =]

1 1 1
=3 03 0D
—3 o —
e ==



TABLE 63 : AVERAGE PERCENTAGE BIAS OF FLOOD ESTIMATES COMPUTED BY DIFFERENT AVERAGING PROCEDURES

HETHOD TEST CATCH.  TEST CATCH.  TEST CATCH.  TEST CATCR.  TEST CATCR.  TEST CATCH.  TEST CATCH.  TEST CATCH.
NO.: 1 0. 2 NO.: 1 §O.: 2 N0.: 1 NO.: 2 §0.: 1 §0.: 2
(1) (2} (3) (4) {8) (6) (7) (8) (9)
£Vt
CASE-1 -0.4 -0.9 0.6 0.0 10.6 “10.5 0.3 0.5
CASE-2 -14.3 14.6 2.9 2.3 23.3 -23.1 P | 2.9
CASE-3 -18.0 18.5 1.8 1.3 26.% -26.3 1.4 1.8
SREV:-I
CAGE-1 =1 =1 g.5 0.2 5L -0.% 0.6 1.
CASE-2 -14.4 -14.8 2.8 0.2 -14.4 -14.0 3.0 3.4
CASE-3 -18.5 -18.9 1.1 1.1 =18.3 -17.9 1.9 2.3
REV1-I
CASE-1 419.9 -49.5 427.1 -49.0 418.4 -49.8 426.8 -48.9
CASE-2 349.4 -56.2 438.6 -47.8 348.6 -56.5 438.5 -47.8
ChSE-3 3.1 -58.2 432 .4 -48.3 326.8 -58.2 432.5 -48.3
oREVL-1I
CAzE-1 0.0 . & 0.6 0.1 0.7 1.1 0.9 13
(&5E-2 -14.3 -14.7 2.8 2.3 13.9 =135 1 3.6
CaIL-3 -18.1 ~18.3 1.7 1.2 17.9 1.1 2.0 2.4
REVI-11
Caif-1 425 .4 -49.0 21.7 -49.0 424.9 -49.0 427.5 -4§.0
GLOE-2 349.5 -56.1 438.9 -47.8 349.5 -56.0 438.8 -47.8
Cudk-3 329.8 -58.1 433.0 -48.3 328.1 -58.1 432.8 -48.3
GEY
CiaE-1 9.6 %:3 0.2 0.3 -38.7 -40.2 18.2 18.7
ChER-2 §.9 8.2 6.6 0.2 -41.1 -44.5 20.8 21.8
CASE-3 .0 3.2 0.3 0.9 -45.3 -46.8 19.2 2.1
ORGEY
CASE-1 -6.3 5.8 0.0 0.6 1.1 1.5 0.3 0.8
CASE-2 3. .8 0.5 0.2 §.0 §.7 0.7 i
CAZE-3 LA 1.9 -0.6 1.2 0.5 -0.2 -0.4 0.1
RGEV
CASE-1 459.1 45.8 §24.5 -48.9 461.6 -§5.8 424.3 -4.9
CASE-2 442.6 -47.3 426.1 -43.0 446.4 -47.4 426.1 -43.0
CA5E-3 417.3 49.8 420.4 -49.5 420.4 -49.8 420.1 -49.5
-99.0 -99.0 -99.0 -99.0
-99.0 -99.0 -99.0 -93.0
-99.0 -99.0 -93.0 -99.0
8.2 9.2 0.8 1.2
2.2 2.1 0.7 1.0
-2.4 -1.8 -0.7 0.2
466.5 -45.2 425.1 -48.9
435.3 -48.6 426.5 -49.0

410.9 -50.7 419.8 -49.3




&

NETHOD

REV1-I1
CASE-1
CASE-2
CASE-3

GRV

en o D

o3 €N -

en —a o

.
=

€3 T3 ©-a
o - =]
e

o3 o oo

oo co oo

,_.,_-._.
3 a3 3
QO €3 e
e
’-
—s o

L I I ]
o
-

1278,
1290.
1276.1

16.1
16.
16,

14.
.

1270,
1280.

1264

Pk s
e WEm €03
S 3 X

— s
(S B U o]
o oo o

e P

en =

TEST CATCE.

¥0.: 1

(2]
en —a
L = —a -3 2

-
=]
= =1

12721
1232.2
1221.5

TABLE 64: AVERAGE PERCENTAGE RMSE OF FLOOD ESTIMATES COMPOTED BY DIFFERENT AVERAGING PROCEDURES

TEST CATCH,
§O.: 1

TEST CATCH.
NO.: 2

102.
102.
101,

-99.
-58.
-93.

Fa
&

)
i

o3

PR ey
=iy o3
]

cn

S .

[E TS 0

oo ca on

-3 -3 a3

~3

b e



TABLE 65 : AVERAGE PERCENTAGE RMSE OF FLOOD RSTIKATES COMPOTED BY DIFFERENT AVERAGING PROCEDURES

TEST CATCH.  TEST CATCH.  TEST CATCH.

NO.: 2

TEST CATCH.
§0.: 1

TEST CATCH.
NG.: 2

TEST CATCH.
HO.: ¢

0. :

2

=3

CASE-3
SREVI-IT
CASE-1
(ASE-2
CASE-3
REVL-I1
CASE-1
CASE-2
CASE-3
GEY
CASE-1
CASE-2
CASE-J
SRGEV
CASE-1
CASE-2
CASE-3
RGEV
CASE-1
CASE-2
CASE-3
HAKE
CASE-1
CASE-2
CASE-3
SRWAKE

€3 €23 €2

ASE-
ASE-
ASE-

Ca3 £e3 —

RHAKE
CASE-1
CASE-2

[ L

o T

pem pem 2D

D D O
o on o
D o

13.7
13.9
73.9
-99.0

-99.0
-39.0

28.0
28.7
3T

687.1
T03.3
694.4

687.7
703.6
695.1

s e
oo oo -3
e o —3

682.9
685.6
677.9

'
o o

1
=]

[F=T ==
o o o=

116

12.

12
3

3 oo en

[~3 em o3

K0.: HO.: 2
(8) (9)
5.1 56.0
5.1 59.8
57.7 58.9
5¢.2 5.1
58.2 59.9
57.2 590

£66.8 72.1
703.4 2.2
£94.4 2.0
5.1 56.2

881 59.8

5.3 Rt

687.5 72.0
703.8 7.7
§95.0 72.4
78 8 7.7

83.7

81.7

5 55.9

5.2

57.9

682.5 72.2
684.8 72.2
677.3 12.2
99.0 -99.0

-99.¢0 -99.0
99.0 -99.0

5.8 6.5

511 8.9

5.9 587

£84.4 72.3
687.3 T2.4
TE.2 724



SREVL-I
CASE-1
CASE-2
CASE-3

REV1-I
CASE-1
CASE-2
CASE-3

SREV1-11
CASE-1
CASE-2
CASE-3

REV1-11
CASE-1
CASE-2
CASE-3

GEV
CASE-1
CASE-2
CASE-3

SRGEV
CASE-1
CASE-2
CASE-3

OAGE-1
CASE-2
CASE-3

SRHAKE
CASE-1
CASE-2
CASE-3

ANAKR
CASE-1
CASE-2
CASE-3

TABLE 66: AVERAGE PERCENTAGE CV OF FLOOD ESTIKATES CONPUTRD BY DIFFERENT AVERAGING PROCEDURES

1019.6
991.7
990.5

1033.7
1002.8
999.1

1094.8
1094.5
1097.0

-99.0

-4%.0
-95.0

[ = S ]

3.
2.
3.

P

1091.5
1082.1
1120.7

' 1 '

O O D O O O [SCI ]
[F=RR =S~ 0 O WD — -
o D — o oo I

0O Y S
[T S oS-
e o

98.7
98.1
101.0

1031.0
1038.2
1026.4

-99.0
-99.4
-93.0

1036.2
1042.6
1033.2

0 D O
0D €3 D
= = o=

-99.0
-99.0
-99.0

17

TEST CATCH.
KO.: 1

TEST CATCH.
§O.: 2

TEST CATCH.
NO.: 1

TEST CATCH.
NO.: 2




TABLE 67: AVERAGE PERCENTAGE CV OF FLOOD ESTIMATES COMPUTED BY DIFFERENT AVERAGING PROCEDURES

HETHOD TEST CATCH.  TEST CATCH.  TEST CATCH.  TEST CATCH.  TEST CATCH.  TEST CATCH.  TEST CATCH.  TEST CATCH.
§O.: 1 N0.: 2 ¥0.: 1 ¥0.: 2 5.0 1 §0.: 2 §O.: 1 §0.: 2
(1) (2) (3) {4) (8} (6) (1) (8) (%)
£V:
CASE-1 ! | 16.1 1.1 §8.8 53.8 3
CASE-2 17.1 17 17.2 e 44.4 57.% 5.2
CASE-3 16.5 b 17.1 17.2 42.4 57 58.4
SREV1-1
CASE-1 ! 1.2 15.9 15.9 53.9 55.7 4.1 55.3
CASE-2 15.5 16.9 5.9 50.2 57.8 59.5
CASE-3 14.7 16.8 b 47.6 57.4 58.7
REVL-I
CASE-! §35.2 53.4 538.1 3.4 531.1 52.§ 537.8 §3.4
CASE-2 462.2 46.4 349.8 B t62.1 45.9 549.8 4.5
CASE-3 440.0 4.0 543.5 439.% 43.4 §43.5 53.
SREVI-IT
CASE-! 6.5 16.5 15.7 15.8 .1 56.2 54.1 55.9
CASE-2 14.7 16.8 16.8 48.4 50.0 57.8 53.5
CASE-3 14.0 16.7 16.7 46.% 47.6 7.4
REVL-II
CASE-1 3387 53.6 b38.6 534 537.5 8.2 §38.5 §3.4
CASE-2 460.8 5.9 549.9 0.8 460.8 45.5 548.9 54.6
CASE-3 440.7 43.8 543.8 54.0 440.8 43.5 343.8 53.9
GEV
CASE-1 4.2 44.2 17.4 7.5 38.5 38.2 £6.6 68.9
CASE-2 531 53.9 18.2 18.2 40.4 3 1.4
CASE-3 §5.6 56.2 18.5 18.5 40.¢ 40.1 0.8
ORGEV
CASE-1 4.9 24.8 16.2 6.2 62.1 64.4 53
CASE-2 26.7 26.6 17.0 1.0 64.2 §6.9 56.6
CASE-3 26.4 26.3 17.0 17.0 61.9 64.4 96.3 ]
RGEV
CASE-1 592.9 5T.8 §35.2 33,3 601.5 57.3 534.5 53.2
CASE-2 579.9 5.7 537.2 33.5 594.2 85.9 536.3 bd.5
CASE-3 556.4 b4.4 8317 52.8 568.0 53.4 530.9 2.4
WAKE
CASE-1 -93.4 -99.0 -39.0 -938.0 -99.0 -88.0 -95.0 89.9
CASE-2 -99.0 -99.0 -99.0 99.0 -98.0 -90.0 -99.0 99.0
CASE-3 -99.0 -99.0 -99.0 -99.19 -98.0 -99.8 -99.0 89.0
SRWAKE
CASE-1 237 28.1 16.8 16.8 63.0 67.7 LN 5.5
GASE-I .2 obk 1.8 1.7 B4 8 .8 573 8.9
CASE-D 363 3.k 1.3 N2 §4.9 88,2 b 5.4
RWAKE
CASE-! B0L.5 3.2 538.2 §3.6 604.8 56.9 538.6 §3.4
CASE-2 569.5 3.4 5382 LR 981§ b3 .6 §3&.6 53.5
CASE-3 553.4 55.7 §33.8 §3. 3691 52.4 533:1 b.0




TEST CATCH.

SREVI-I
CASE-1
CASE-2
CASE-3

REV1-I
CASE-1
CASE-2
CASE-3

SREV1-II
CASE-1
CASE-2
CASE-3

REV1-11
CGASE-1
CASE-2
CASE-3

GEY
CASE-1
CASE-2
CASE-3

SRGEY
GASE-1
CASE-2
CASE-3

RGEY
CASE-1
CASE-2
CASE-3

WAXE
CASE-1
CASE-2
CASE-3

SRWAKE
CASE-1
CASE-2
CASE-3

RWAKE
CASE-1
CASE-2
(ASE-3

TABLE 68: AVERAGE FLOOD ESTINATES COMPOUTED BY DIFFERENT AVERAGING PROCEDURES

TEST CATCH.
NO.: 1

b47.9
549.0
548.6

TEST CATCH.
NO.: 2

TEST CATCH.
NO.: 1

178.5
178.7
178.7

= o o
—_ o

179.1
179.2
179.2

2!
2

£ — D

> D O
— — —
0o = 3

179.0
178.9
178.9

-99.0
-99.0
-33.0

21.3
2.1
21.3

179.6
179.5
179.8

TEST CATCH.
NO.: 2

139

TEST CATCH.
NO.: 1

539.3
b42.1
543.2

65.2
64.9
65.3

47,6
548.8
548.4

40.4
41.0
1.3

o
=)
pac
[ L S

TEST CATCH.

NO.:

= 3 o

oo £ =3

2

TEST CATCH.
KO.: 1

(3%
—
(3]

—
a3 e

—
-3
<o

—3 O e

—
[SE =t

178.1

r——
—a
w0

D D b

NG.:

n
&L




TABLE 69 : AVERAGR FLOOD ESTIMATES CONPOTED BY DIFFERENT AVERAGING PROCEDURES

¥ETHOD TBST CATCH.  TBST CATCH.  TEST CATCH.  TEST CATCH.  TEST CATCH.  TEST CATCH.  TEST CATCH.  TEST CATCH.
NO.: 1 N0.: 2 NO.: ! NO.: 2 H0.: 1 N0.: 2 ¥0.: 1 ¥0.: 2
(1) (2) (3 () (5) (6) (1) (8) (9)
Y
C43E-1 7.2 6578.4 2.4 2022.4 63.1 5930.1 2.1 1987.4
CASE-2 0.5 6597.9 2.7 2024.7 63.1 5938.5 21.1 1988.5
CASE-3 8603.3 2.7 2026.7 63.2 5948.6 21.1 19922
SREV1-1
CASE-1 9.9 6533.5 2.8 20115 70.1 6610.7 21, 20433
CASE-2 10.5 6592.2 2.6 2023.1 70.4 6664.6 21, 2048.5
CASE-3 0.3 65661 21.5 2022.5 70.3 6643.7 2 2049.5
RBV1-
CASE-1 367.2 3350.1 113.3 1036.0 366.3 3349.0 113.2 1035.1
CASE-2 370.2 3389.1 113.5 1038. 5 369.4 3376.5 13.5 1037.4
CASE-3 368.4 33704 113.4 1036.9 367.6 3356.9 13.3 1035.8
SREVL-11
CASE-1 70.1 6611 2.1 2025.2 7.0 6696.9 21.8 2051.7
CASE-2 0.8 §599 % 2.1 2024.8 70.8 6686.2 21.1 2051.4
0ASE-3 0.8 6601.1 2.1 2026.5 7.4 6693.2 2.1 20547
REV1-TI _
CASE-! M3 3397.8 13.7 1039.8 370.9 3390.4 113.1 1039.2
CASE-2 30,4 3390.5 113.6 1039.2 3103 3383.9 113.6 1038.6
CASE-3 30,2 3386, 113.6 1038.9 3.1 3380.8 113.6 1038..4
6By
CASE-1 7.8 7276. 4 21.6 2023.4 13.2 3957.2 2.5 2119.9
CASE-2 9.8 B468.8 2.6 2018.2 1.9 4292.0 2.4 2119.1
CASE-3 90.§ B465.5 2.8 2020.4 4.0 4296.6 2.5 2123.0
SRGRY
CASE-1 7.3 7936. 4 2.5 2022.9 75.9 1152.3 21.1 2049.3
CASE- 5.7 3007.5 2.8 2016.0 3.4 B154.7 21.6 2042.3
CASE-3 5.6 1997.0 21.8 2017.9 86.3 8156. 4 21.6 2045.8
2GEY
CASK-1 265.8 36119 113.8 1038.7 397.6 3611.1 113.5 1038.0
CASE-2 4502 4100.5 1131 1034.7 1534 4110.8 113.1 1034.1
CASE-3 149.5 4039.4 13.1 1034.4 452.5 4100.9 113.1 1033.9
WAKE
CASE-1 99,0 -99.9 -99.0 -99.0 -99.0 -99.9 -99.0
CASE-" -99.9 -39.0 9.0 99, ( -99.0 -99.0 -99.0
CASE-2 -93.0 -99.0 -99.0 -99.0 -99.0 -99.0 -99.0
SRRAXE
ChSE-1 76.0 7100, 2.1 2027.8 76.8 7261.5 2.7 2054.5
LhsE-2 83,4 88, 4 2.8 2016.2 B4.8 79951 2.6 2043.3
[438-: 8.5 7808 o 19987 850 3042.8 21.5 2030.0
RRAKE
CASE-! 3989 1632.0 113.8 1040.8 1014 3647.3 113.4 1639.1
CASE-? 1285 3988 .7 1.2 1034.7 T 40147 113.1 1033.7
CASE-3 £36.9 4005.5 112.5 1924.8 45.1 1019.4 112.3 1026.7
$
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Eor the four different procedures of averaging, first three

best methods have been identified for Case-1, Case-2 and Case-3
populations based on Bias, RMSE and CV and flood estimates for the
test catchments of Group-1 and Group-2. Tables-70(Group-1) and
71(Group-2) provide a comparison of average Bias, Tables 72, 73
give a comparison of average RMSE, Tables 74(Group-1) and
75(Group-2) provide a comparison of average CV and Tables
76 (Group-1) and 77(Group-2) provide a comparison of average flood
estimates for the first three best methods for the Group-1 and

Group-2 respectively.

It is also observed that the methods REVi-I, REV1-II, RGEV
and RWAKE have generally larger Bias, RMSE and CV as compared to
the other methods. Whenever small generated samples are used to
estimate higher recurrence interval floods, the computed Bias
values are quite high using the at site methods. It indicates that
at site flood frequency methods are not capable of providing the
reliable estimates of floods in the extrapolation range from the
samples of the size generally available for the historical flood
records in our country. The regional methods without using at site
data are rejected as the computed Bias as well as RMSE and CV
values are unusually high even for the larger sample sizes. Thus
the regional methods together with at site data may be preferred
for flood frequency analysis. Out of four regional and at site
methods(SREV1-I, SREV1-II, SRGEV, and SRWAKE) , SREV1-1 and
SREV1-II SRGEV and SRWAKE methods estimate floods with relatively
lJess bias as well as RMSE and CV using generated samples for the
different populations particularly for the samples of smaller

sizes at higher recurrence intervals. The computed values of Bias




TRBLE 70 : COMPARISION OF AVERAGE BIAS VALUES FIRST THREE BEST METHODS
Rl Rz R3 R4
CATCHHENT-1

CASE-1

SREVI-IT 0.0 SREVI-II 0.3 SREVI-II SRGEY 0.1

EV1 0.3 SREVI-I  -0.4 EV1 SREVI-I 0.4

SREVI-I -1, EVi =340 GEV EVI.SREVI-II 0.p

CASE-2

EV1 -5l BREVE-TT -3.1 SRGEY SRBEY 0.1

SREVI-I1 -3.¢ SREVI-1 -4.1 GEY Ev1 0.6

SRWAKE 1.8 SRWAKE 4.6 SRWAKE SRWAKE 0.8

CASE-3

BVt -3.0 SREVI-TI -3.1 SRWAKE SRGEY 0.1

SHEVI-II -3.a SREVI-1  -3.5 6EY EV! 0.4

SREVI-1 -4, SRBEY g.0 SREVI-1 SRWAKE 0.4

CATCHMENT -2

CASE-1

SREVI-1T 0.0 SREVI-I1 -2.1 EV1 SRWAKE -1.9

Evt -0.4 SRGEV 3.1 SREVI-1 SREVI-TI =2.0

SREVI-T  -1.b SRHAKE 3.1 SREV1-T1 SREV1-1 2.7

CASE-2

EV1 =37 SRWAKE .4 BEY SREYI-i1 1.4

SRHAKE 3.7 SRGEV 2.3 SRWAKE SREVL-1 Lsf

SREVI-1T -3.9 SREVI-II -5.7 SREVI-1 EVi 2.0
SRGEV SRWAKE 2.0

CASE-3

V1 -3.4 SRGEV 5ed ()1 SREVI-i1 2.3

SREVI-II -3.5 SRWAKE 3.4 SREVI-I SREVI-1 2.4

SREVI-1  -4.3 SREVI-I1 -53.B SRWAKE SRHAKE 7

122




TABLE 71 : COMPARISION OF AVERAGE BIAS VALUES FOR FIRST THREE BEST METHOR:

SREV1-1I
EV1 0.
SREVI-I

—_ s O
) e O

SRWAKE
SRGEV
BEY

= B
0 M

SRBEY =
GEV
SRWAKE -4,

[
[ =

SREVI-IT -0.5
vl -0.9
SREVI-1  -1.5

SRWAKE 0
SRGEV 2
GEV 8

2.0
BEY 3.2
4.5

SREVI-IT 0.7 SREEV 0.0
SREVI-I  -1.0 Gev 0.2
SREEV 7.0 SREVI-T 0.3

SRUAKE 2.2 SRBEV 0.5
SRGEY 4,0 BEV 0.4
SREVI~11 -13.9 SRWAKE 0.6
SREEV -0.5 BEY -0.3

SREAKE ~ -2.4 SRGEV -0.6
SREVI-II -17.9 SRUAKE  -1.1

CATCHMENT -2

............

SREVI-T  -0.3 EV1,SRRAKE 0.0
SREVI-IT 1.1 SREVI-IT 0.1
SRGEV 7.3 SREVI-1  -0.2
SRWAKE 2.7 GEV 0.2
SRGEV 4.7 SRGEV -0.2
SREVL-IT ~13.5 SRWAKE ~ -0.2

SREVI-1 2.2

SRBEY -0.2 BEV 0.9
SRWAKE  -1.8 SREVI-1 1.l
SREVI-IT -17.1 SREVI-IT 1.2

SRGEV -1.2

R4
EV1.SRBEY 0.1
SREVI-1 0.8
SRWAKE 0.8
SRGEV,SRWAKE 0.7
EV1 2.7
SREV-1 3.0
SRGEY -0.4
SRWAKE -0.7
EVi 1.4
EV1 0.6
SRGEY 0.8
SREVI-1 139
SRWAKE 1.0
SRGEY 1.1
EVi 2.9
SREEY 0.1
SRWAKE -0.2
EVI 1.8
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TABLE

72

5 -1
SREV1 - -1
I\(‘)>‘h

SREVL T
EVi

CAbk-1

SREVI-TI
SREV1L-I
BN

CASE-
SREV1-T11
SREV1~1
EV1

.j”I“]I
SREV L -
BN

COMFARTS

fr4

1

0 &
-l
N N

e
A
a

14,
15
1 il

14.7
153.4
L# .

14.4
11-

e
o)

« a

14.6
15.5
17.8

108 OF

=
o -

N
GBREV -
SREMT 1 1

‘EVL
SREV1=-11
GREV1 -1

EVI
SRENVL-TI
BREV] -1

BREVL -1

EV1
SREV1-1
SREV1-11

EN
BREVL-TT
SREVI-T

AVER

A

CATCHMERNT -1

46,8
48.7%
48,9

SREVYLI-TT 14,

14.

o] 2 (Jf Y

s
47 . 6
A7 .7

SREM LT
BREVI-I
SRGEV

14,
14.
i4.

14,
14,
14,

46 .3
47.5
47.7

SREV1I-II
BREV1-I
SREEV

LHTCHMFNT =2

a4, e
6.2
Ak .0

SREY1-1

SREEY 14

14.
14,
14.
14.

SREV1-11
BREV1~T
SREGEY
SRWAKE

44,5

e
v m ot

435 . b

SREV1~11
SREV1-1

45,0
45.58

45 . &

14.
14.
14.

’"hwﬁt E
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14.0

BREVI-II 17,8
13.9

14.

VAl UES FOR FIRST THREE BEST

a2

F-d

[

i

G0 7 =

<

NN N S

4 b

[ ek

EV1 . B8REEY
SREVI~1I
SREYV]

HREEY
SRWAKE
SREV1~1I
SREVI-TI

SREV] -1
BREV1~T1
EV1,SRGEV

HREV L~
SREV1-11
EV1.,BRGEY

SRGEV
SRWAKE
SRESM L=
SREV1I-II

SRGEY
SRWAKE
EV1

METHODE

4.5
4. &
4. &

49,0
49,2
49,4
49,4

48.8
48.8
49,0

4601
46.1
44,2

4é& .4
445 .4
46 .6
bés . b

4.3
44073
46,5




TABLE 73

Rl

CASBE-1

hFVi”lI
LVl
SREV1-I

CQQE“?
JhtVl II
SREVI-1

VL

ASE -7
SREV L - II
SREV1-
EV1

SREVL-TI
EV1
SREVI-I

CQ“E"“
SREV
thVl I
W1

PQSE—ﬁ
SREV1I-IIT
SREVLI-I
EV1

CDMFARIBIDN aF

16.7
17 .9
S

ey
et W

24,

- ey
2 o T

'rv-J o~

e

16.
17.

-7
£

4= ) O

R

EV1
SREV1-11
SREV1-1

EVi
SREV1-11
SREV1 -1

EV1
SREV1-1
SREV1-T1

BVl
SREV1I-II
SREV1I-1

EV1
SREVL-11
SREV1-1

48

e

49

Sl

AVERAGE RM&E

Fﬁ]LHHkmlmi

&
5.8

M.W

« 4
1

51.4

49 .7

pal

51

e

2l .

.9
i

VALUES FOR

BREV1I-I

g

SREVL-TT
\.:hr'v'i -1

SREV1-T

PR

o CF”

EVL

-

1357

15.8
16.8

1é.9
17 .4
17 .64

164.8
165.7
16H.9

172
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THRER BEST METHODD

o ’ 7
HREVIL - 'i 1LEVL D401
BREVL-- L2

SRGEY ST =
BRWARE B57 1
SREVI-TT.EVL S8.1

e &
6.9

wa B2 i




TABLE 74 : CONPARISIDN OF AVERABE CV VALUES FOR FIRST THREE BEST METHODS

SREVI-II
SREVI-1
EVi

SREV1-11
SREVL-I
EVi

SREVI-II
SREVI-1
EV!

SREVI-TI
SREVL-1
EVi

SREVI-TI
SREVI-1
EV1

ZREVI-T1
SREVI-T
EV1

[
O~ LN e
~d = ey

14.4
14.8
16.7

14,4
14.9
16.9

14,
5.1

lo.

o

(==}

4,
14,
18,

X3 = P

14,3
14,8
i7.0

GEV
EVi
SREVi-1

GEY

vt
SREVI-1
SREVI-I1

BEV
EVi
SREVI-II

BEV
EVI
SREV1-1

GEY
1351
SREVI-1

BEV

eVt
SREVI-1
SREVL-11

LA L4 ©n

F .
=+ I = ]

3B.0
45.4
47.5
47.3

3.2
43.35
47.6

SREVI-II
SREVI-I
SRBEV

SREVI-I1
SREVI-1
SREEV

SREV1-11
SREVI-1
SRBEV

CATCHMENT -2

T
s

44.1
46.0

SREVI-11
SREVI-1
SRBEV

SREVI-II
SREVL-1
SRGEY

SREVI-1!
SREVI-1
SRGEY

14,1
14.2
14,4

14,4
14.4
14.6

14.4
14.4
14.6

13.9*

14,0
4,2

14.1
14,2
14.3

SRBEV
EVI.GREVE-]
SREVI-TI

SRBEY
SRHAKE,EV!
SREV1-1
SREVI-T1

SRBEY
EV1,SREVI-1
SREVI-I1

SREV1-1
SREV1-11
SRGEV
EVY

SRGEV
EV1
SREVI-I

SRGEV
EVI
SREVL-1
SREVI-II

9.9
49.3
49.3
49.3

48.7
49.0
49,0

43.9
43.9
43.9
46,0

46.3
44,3
46,5

45,1
4.4
46.4
46,4




TABLE 76 COMPARISION OF AVERAGE CV VALUES FOR FIRST THREE BEST METHODS

Rt R2 K3
CATCHMENT-1

CASE-1

SREVI-IT 1h.6 BEV 38.0 SREVI-IT 15.7
EV1 17.1 EV! 47.4 SREVI-I  13.9
SREVI-T  17.3 SREY1-I  33.9 EV1 16,1
CASE-2

SREVI-II 14, GEY 40.4 SREVI-I1 (6.8
SREVI-I 15, EVI A3.4 SREVI-I  16.9
£Vl 7. SREVI-IT 4B.4 SRBEV 17.0
CASE-3

SREVI-IT 14.1 bEV 40.4 SREVI-II 16.7
SREVI-I  14.8 EV! 41.7 SREVI-] 1b.8
EV1 16.3 SREVI-IT 46.5 SRBEV 17.0

CATCHMENT -2

CASE-1

SREVI-II 16.% BEV 8.2 SREVI-11 135.8
EVi 17.1 EVi 48.8 SREVI-1  13.9
SREVI-T  17.2 REVI-I  52.9 EVL 16.1
CASE-Z

SREVI-II 14.7 BEY 9.9 SREVI-TI 16.8
SREVI-1  15.35 EVi 44,4 SREVI-1  16.9%
EV] 17.0 REVI-TI  45.5 SRBEV 17.0
CASE-]

SREVI-IT 14.0 5EV 6.1 SREVI-IT la.
SREVI-T  14.7 EV1 42.4 SREVI-1 18
EVl 16,5 REVI-I  43.4 SRBEY 17.

EVi
SRGEY
SREVI-T1
SREVI-1

SRGEYV
SRWAKE
EVL

SREEV
SRWAKE
Evi

RGEY
REVL-IT
REV1-1.RWAKE

REEV  RWAKE
REVI-1
REV1-11

KGEV
RWAKE
REVI-1
REVI-11

whoCnoen oo

n

cnoon

~i ~ O~
- - .
o < o

56.3
37.0
57.1

33.2
33.4
3.4
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TABLE 76

R1

CASE~1
By FOF .
SREV1=-11
EV1
SREV1~1

CASE-2
AV FOF .
EV1
SREV1-11
SRWAKE

AV.FOF.
EV1
SREVI-II
SRGEV

CASE~-1
AV.FOF .
SREV1-I1
EV1
SREV1-1

AV.FOF.
SRWAKE
EV1
SREVL~II

AY . FOF.
EV1
SREV1-11I
SREV1-I

s e s it e it s e e

COMPA

RISION OF

AVERAGE

R

64.
&4 .
65.
b4

x.ﬂ ‘4.1

&7 .
&4.
&4
69.

N e

&7.
S

b5,
71.1

I o8 B N

bOY7.9
H085.0
&HOBL.D
HOOI.7

LI035 .2
6547, 2
6064.2
LOED.T

63171
6100.8
609%5.9
6041.4

AV L O,
SREV1-I1
BSREV1~-1
EV1

AY..FOF.
SREV1-11
SREV1-I
SRWAKE

AV LOFROF .

SREV1I-11
SREV1-I

SRGEV

AV LFOF .
SREV1I-II
SRWAKE
SRGEV

AYV.FOF.
SRWAKE
SRGEV
SREV1I-II

AV .FOF.
SRGEV
SREV1-11
SFWAKE

64.9
&5.2
&9 .. 5

BT
64 .
64 .
70.

I Y I

&7,
65.
&4 .
b5

n~Jid r2

FLLOOD ESTIMATES FOR

E -

R3

CATCHMEMNT -1

AV, F" i |$' o
EVi.
BEY.E
SREMT -
SHRWAEE

Aav.FOF.
EVLI,5REVLI-TI
GEV.SRBEV
SRWAEE

AV.FOF.
EV1, SRWAKE

I

e B
B0 T
ik B
ik

2l
21
el
21.

21
21

SREV1-1,8RBEV Z1.

BREV1-IT,GEY

CATCHMENT -2

HOYT .9
o987
6298 .2

&304.8

6I05. 2
L4047
6449 .6
5929.2

ST S
&531.2
a4 B
6H6B1.6

128

AV FOF.
SRGEY
EV1
SREV1-11

av L RO,
SREEV
EEN
SREVL-IT

AV.FOF,
SRWAKE
EV1
SREV1-11

21

19868,
1987.
1989,
1989.

1576 .
1R75.
1978.
1978

1998.C

1297.
199,
1990,

B

Fof = B}

[ R T

8 I S
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using SRGEV and SRWAKE methods are much lower than those of the

other methods for the generated data of all the three cases, even
when the samples of size one have been considered. Similar
conclusions are also drawn by analysing other samples of different
sizes fcr the two test catchments, except that the minor decrease
in the computed values of Bias are evident with increase in sample
size. Further, it is also observed that the computed values of
RMSE and CV by different methods have been considerably reduced
with increase in sample sizes except for the regional methods

without using at site data, wherein such patterns are missing.

Figs. 3 to 5 show flood estimates for SRGEV and SRWAKE
methods for both the groups of the catchments viz. Group 1 and
Group-2 for all the three cases (Case-1, Case-2 and Case-3) of the
generated data for a sample size of 30. It is observed from these
figs. that, in general, the flood estimates obtained by analyzing
the data of the Group-1 are lower than those obtained for the
Group-2, for both the methods. For example, the flood estimates
of the Group-1 are lower by 6.9%, 10.7% and 10.0% than those of
the Group-2 for Case-1, Case-2 and Case-3 respectiively for the
return period of 50 years for SRGEV method and sample size 30.
For a return period of 100 years the SRGEV method for the Group-t1,
as compared to Group-2 provides flocd estimates lesser by 7.6%,
13.5% and 12.5% for the three cases respectively for the sample
size of 20. For the return period of 1000 years the flood
estimates for the Group-1, as compared to Group-2 are Tlower by

9.4%,.22.9% and 21.5% for the three cases respectively.

In case of the SRWAKE method for a sample size of 30 the
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following observations are made regarding the flood estimates

obtained for the two groups of the catchments. The flood
estimates of Group—-1 are lower than those of the Grloup-2 by 5.9%,
9.9% and 4.9% for the return period of 50 year for the three cases
respectively. For the return period of 100 years the flood
estimates are lower by 6.7%, 11.9% and 5.9% for the three cases.
Whereas, for the return period of 1000 years the flood estimates
of the Group-1 are lower by 11.4%, 21.2% and 16.9% than those of

the Group-2 for the three cases respectively.
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9.0 CONCLUSIONS

The regional flood frequency analysis has been carried out
for Sub-Himalayan region using the eleven different methods
considering (i) at site data, (ii) at site and regional data
together, and (iii) regional data alone without using at site

data. From the study the following conclusions are drawn.

(a) The superiority of one method over others could not be

established based on the computed values of ADF, EFF and SE,

(b) At-site EV1(PWM), GEV(PWM) and WAKE(PWM) methods are not
applicable for analysing the samples of size one. WAKE(PWM) method

has not been used to analyse the at site data.

(c) A11 regional methods without considering at site data
(REV1-I, REV1-II, RGEV and RWAKE) estimate the floods with Tlarger
Bias, RMSE and CV for both the gauging sites. It indicates the
unreliability associated with the regional methods without
considering the at site data while estimating the floods for
different recurrence intervals. Efforts, therefore, should be made
to collect the historical flood records even from indirect sources
in order to obtain some at site data for regional frequency

analysis.

(d) At-site methods generally estimate the floods for higher
recurrence intervals with larger Bias from the samples of the size
of the historical records i.e. sample size less than 20, which are
generally available in India. Thus at-site methods may not always
be able to provide reliable and consistent flood estimates in the

extrapolation range which are usually needed for design of medium
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and major water resources structures.

(e) PWM based at-site and regional SRGEV and SRWAKE methods 1in
general estimate the floods with less bias, and comparable root
mean square error and coefficient of variation for the two test
catchments. Thus, out of the studied eleven methods, SRGEV and
SRWAKE methods may be considered suitable methods for this region,

particularly when dealing with limited data situations.

(f) For 50 or 100 years return period floods the percent
difference obtained from the flood frequency relationships
developed based on the consideration of the two groups of the
catchments (sample size 30) are observed to be Jless than 14%.
However, the percentage difference for a flood of 1000 vyears

return period is maximum of the order of 23%.

(g) It is also observed that the percentage difference between
flood estimates obtained for the two groups for the Case-1 series
i.e. the generated series using EV1 population is relatively lower
than the Case-2 and Case—-3 series which are generated series of
GEV and Wakeby populations respectively. It indicates that the
effect of regional homogeneity on the flood estimates is 1less
significant for the EV1 population as compared to the GEV and
wakeby popd]ations. However, further studies are required to be
carried out to examine effect of regional homogeneity on the flood
frequency estimates for various regions having annual maximum peak

flood series data for a large number of catchments.
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