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ABSTRACT

rel.ations for the estimation of fl.ood discharges in Bangl.adesh,

shoul.d
I,

be incorporated for any reasonabl.e resul.ts.

Bangl.adash. A l.arge number of fl.ood producing parameters

parameters are not sufficient to describe the fl.ood discharges in

was observed that the drainage area and few other nood producing
•

Davis and Wil.son's formul.a are not appl.icabl.ein Bangl.adesh. It

The anal.ysis al.so shows that the Hort.on formul.a, Lane fOnDul.a and

Rel.ations between discharge and dra~nage area at different return

periods have al.so been devel.oped for Syl.het hil.l.yareas. An envel.ope

curve (straight envel.ope) has been davel.oped for Bangl.adesh.

between discharge per drainage area and drainage area have been

may be used to roughl.y estimate the fl.ood discharges. Rel.ations

in north-western region and Ryve's formul.a in north-eastern region

obtained for south-eastern region and hydrol.ogic area 17 ofS.W.region

by' using the doubl.e exponential. distribution function.

corresponding to different return periods have been cal.cul.ated

at pl.aces where no discharge station is avail.abl.e.Discharge data

to fiDd the possibl.e coefficients and exponents of solDegeneral.

empirical. formul.as with the aim of arriving at some empirical.

The anal.ysis shows coefficients and exponents l.ike Dicken's formnl.a

charge record for a period of more than 10 years, Wich covers

This thesis deal.s with the anal.ysi'sof extreme val.ue discharge
data of Bangl.adesh. Yearl.y maximum discharge data ha~ dis-

abou't 67'1> of al.l.the existing discharge stations have been ana-

l.ysed and tiiscussed in this thesis. Tne anal.ysis has been done
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CHAPTER ONE

INTRODUCTION

.1.1. General

From time immemorial,rivers and flood plains P13yed an

impurtant role in human civilization. The natural faci-

lities viz. adequate quantity of water for drinking and

irrigation purposes; ease of travel, trade etc. through

waterways; and the fertile agricultural land of the

flood plains have attracted people to settle themselves

near rivers and flood plains. These resulted in the imp-

lementation of various structures and projects in the,

areas for modernization of human life.

Once civilization start in such places, man's life fall

in tremendous hazard by occasional flooding of the flood

.plains. The uncontrolled flood discharges erode river

banks, damage flood plains and. various engineering works

therein, and causes loss of life and other natural resou-

rces. Sometimes flood is so much severe that it destroys

civilization. To check these losses man always attempted

to control floods.

For the control of floods, its measurement is very much
,;

important. Of the measurable features, the flood height,
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area inundated, peak discharge, volume of flow are remar-

kable. The peak discharge can be estimated by various

methods and the concepts of flood formula is one of such

methods.

Flood flow formulas are usually used to estimate the peak

flow corresponding to a given basin of small or moderate

size. The formulas usually contain one or more parameters,

the most common being the catchment area. Difficulties in

the application of such relationships arise from the lack,
of knowledge of exact conditions under which they may be

applied. More reliance can be placed, of course, on equa-

tions or relationsllips developed for the region under

study.

Flood in Bangladesh is quite destructive. Millions of

cusecs of flood water are carried in the country every

year by the major three rivers and their numerous tribu-

taries and distributaries. Flood flow varies here from

place to place distinctly. There are about 135 flood mea-

suring stations in the country! But it often become nece-

ssary to estimate the flood discharges to plan, design,

and implement projects at places where no recorded data

are available or a sr.ort duration data'iare available~

It is, therefore, necessary to find means of estimating

flood c;lischarg',in such situations.
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Long-duration flood data for large rivers are usually avai-

lable since the flood damage caused by them have al,.,ays

been of great concern to the public. For small and moderate

size watershed flood data are inadequate. In BaIlffladesh

almost all discharge stations, with a few exceptions, have

recorded flood data for a period of about 5 to 20 years.

In such situations flc.ld frequency method is not al1iays

sutuable since flood record of at least 50 years are needed

to establish reliable result? Difficulties are also encou-

ntered with the method of enveloping, which sometimes give

too highe~ values for discharges and need a wide range of

drainage areas. Empirical method may therefore be used for

estimating flood discharges in Bangladesh for places where

there is no or only a few flood data is available.

1.2. Causes of Floods.

It is evident that rainstorm is the principal cause of
12flood. As per discussion by Head •.'the causes of floods

can be summarized as follows :

1) Floods ocaur on a given drainage area when the

following conditions are satisfied at the same time and

flood intensity and duration increases as the conditions

become more favourable to increased runoff I

(



a. cool weather

:from I

c. long duration.

saturation by pre~ious~rain:falla.

A. When the rain:fall on the drainage area is of :

•a. great intensity

b. wide distribution

4

b. :frozen condition o:f ground

c. high humidity.

b. absence o:fvegetation.

c. normal geological structures.

B. ,lhen the sur:face o:f the drainage area is impervious

c. lfhen retention is at a minimum on the dra~e area :from:

In addition to the above, :floods sometimes reStlt:from or

are augmented by ice and the :failure o:f rese~ir dams.

areas other :factors are important : Topograp!b:y,geology,

II) In the comparison o:f :floods on dif:ferentdrainage

arrangement o:f tributaries, sur:face condition:s.location
"relative to storm paths and sources o:f vapour, climatic

conditions, temperatures, wind velocities et~

~,•.•..• , - """,~---.----.
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The maximum f1aads an all streams are due to.a storm ar a

seri.es of starms that have covered the drainage areas so

as to produce a synchronism in the discharge of the vari-

ous tributaries whereby the maximum flood accumulates at- - -,

the locality under cansideration.

While analyzing the causes af floods in India in the cat-

chments with fluvial geomorphology, Rudra15 stated that

all flood-prone areas are tapographica11y dish-shaped.

So rain falling an high lands naturally flow dolitland the

rivers of the plain being characteristically shallow can-

not accomodate these huge bulk of water and thus f1aod

is caused. The sediment depasition at the river estuary,

tidal in nature, due to.flood protection embankments is

also a cause af floods. The change of courses of rivers

and their tributaries and de:farestation. in the catchments

also increases possibility of floods.

1.;. Design Flood.

The principal extreme ovents in hydrology are floods and
1J •droughts. Roudkivi stated that floods may be character-

ised.by peak flow rate, flood elevation, flood v&lume and
j

flood duration. But in designing a project, the design

flood ara usually considered. The selection of the design
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the most severe f100d producing combinations of

and maximummaximum p~bab1e
. 1/ .

18design f1ood.

exceeded on1y on rare oc'casi'onswhich .corresponc;1s

to 100 year frequency.

Maximum probab1e f100ds which are equa11ed or

or twice in the 1ifetime of the structure.

possib1e f100d is taken as the

and ca1amity the f100d betueen

both caused by the occurance of f100d. For damage the ordi-

nary f160d is taken as the design f1ood. But for both damage

design f100d depend upon the damage or damage and ca1amity

Kuiper8 a1so'defined maximum possib1e f100d in the same

the drainage basin is most susceptib1e wou1d arise.

meteoro1ogica;L: and' hydr61ogica,1' condi tioniacto. which

manner. The se1ection of one of the three c1asses as the

(i:i)

(iii) MaxiDIWD possib1e fioodswhich WDu1d occur on1y when

li) Ordinary f100ds which are equa1ed or exceeded once

first c1assified f100ds into the fo11owing catagories :

to prevent any 10ss with f100ds equa1 to or 1ess than that

of the se1ected fre~uency. To define design f100d Singh18

against the fai1ure of a structure which has been designed

f100d is, in princip1e, an assessment of the risk inv01ved

)i.

\
I I

,r'

!
i
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In view of the facts discussed above, it is fe1t that

Qbjectives of. the Study.

with them.

To examine the applicabi1ity of 'the f100d formu1as

invo1ving frequency re1ations and to fix up the co-

efficients and exponent associated with them.

(ii)

fix up the coefficients and exponents associated

there is a definite need to study the empirica1 f100d f10w

relationships for estimating floods in Bang1adesh.

ships can be applied with reasonab1e confidence in the

region from which the data has been col1ected.

(i) To examine the app1icabi1ity of the genera1 f100d

formu1as5, with drainage areas as parameter, and to

The main objectives of this study were therefore chosen as:

the places of evo1ution. These empirica1 re1ationships are

a1so, in pr~ncip1e, regiona1 methods in that these re1ation-

applied for the estimation of f100ds in the p1aces with

simi1ar meteoro1ogica1and hydrologica1 conditions as in

hydrometeoro1ogica1 observations are avai1ab1e or observa-

tions of short duration are availab1e. The empirica1 methods

and 're1ationships are based on the observed data and are

Usua1 practice is the use of empirica1 methods for the

estimation of f100ds or design f100ds where a few or no
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coe~ficients.

in Bangladesh.
To develope an envelope curve ~or ~lood discharges(iv)

1 • 5.

connected to rain~all intensity and to ~ix up the

(iii) To examine the applicability o~ the ~lood ~ormulas

Applicability o~ the ~lood ~low ~ormulas in Bangladesh are

being examined in this study. In doing so, several ~ormul~s
,

catchment area are not knOliIl(since a portion lies in India).

The stations near the o~~take points o~the rivers have been

common parameter o~ the ~onnulas, are either zero or very

stations with separate catchment areas have been considered.

excluded ~rQm the study since their drainage areas, the most

\.
In the present data based 'study, discharge data o~ about 56

the stations having an available discharge record for a dura-

small in compared to discharges or not well de~ined. There

are some stations near the international boundary wo'se full

data have been analysep and tested on each o~ the ~our hydro_

These stations have also been excluded ~rom the stud,. All

western and south-eastern rigion o~ Bangladesh and also on

)1 hydrologic areas o~ Bangladesh?

tion o~ less than 10 years have not been also considered. The

logical regions namely north-western, north-eastern, south-

,r
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o~ di~~erent catagories have been considered. The scatterings

o~ the p10tted points o~ recorded ~1ood discharge against

di~~erent parameters o~ the ~ormu1as have been examined. In

most o~ the cases the scattering o~ the p10tted points were

too much. When thep10tted points were not wide1y scattered, ,

the coe~~icients and exponents o~ each ~ormu1as have been

~ound out ~rom the average 1ines through the points which were

either straight or curved 1ines as per trend o~ the p10tted
points.

Since the rain~a11 parameter is not readi1y avai1ab1e, the

rain~a11 ~ermu1as have not been used ~or a11 the regions

under study. On1y the north-eastern region o~ Bang1adesh has

been considered to study by the rai~a11 ~ormu1as because the

rain~a11 parameter ~or this area has been readi1y avai1ab1e~1

A11 the data ana1ysed in this study were obtained ~rom Bang1a-

desh Water Deve10pment Board and Master P1an Organization~

It is expected that this study wi11 be o~ great he1p ~or the

Engineers connected with di~~erent water resources projects.



2,.2. The Ratienal Formula

REVIEWOFLITERATURE

where

various

for the es:timation

th 1,14,16,17,o era , ,

•••

been", proposed," by

In the following a brief description is made

Q=Ci~

Numereu8f"rmulas '. have

2.1. Introduction

f 1 S.
omau as ,',.'

authors fer different parts of the world

of flood discharges. VerShney19and some

watersheds in U.S.A. etc.
estimationof peak £ioods from hydrogeologic conditions of

formulas have usually been developed for oertain streams or

CHAPTER TVO

that someof the formulas can be generalised by .ome C8mmGn

lar climatio and other conditions. From table-1 it is seen

commoncharaoteristics. These areas also Deed to be of simi-

for certain areas in which the streams are believed to posseas

collected sOIDeof'these which are liated in table _ 1. The

on the rational formula, the general flood £iow formulas,

chaDlllel. capable .:t cr;t'Ying a certain percentage gf recorded

was made by a greup of Irish engineers during the period

1842 t. 18472• The method, in, brie:t vas for drainage

Probably the :t:lrst logical attempt t. estimate flood flcnr

i i. the rainfall intensity in incb/1wur, C i. a rwaoff

was evolved as the first flood flow formula 2,1)

lIIaximwadaily rainfall. Consefluently the empirical fonsula



the engin.,.
2.

countries. '.

(2.2)

a gmeral ra tiona!

•• "e

in their respe~
,

. developed

•• • •• • •
K~

i =-n
t .

c = C (max

as .given by

si ty of i in inch/hour for.a duration .of t lIil!Bd;eto be

formula like eqn. (2~1) in which

as kuichling fOrHlUlain the United States aImLIoyd-Davis

The rational formula was later recommendedb~Doil Kuichling

iii! 1889 and Lloyd-Davis in 1906 and 'it is atpnsent known

coefficient, and A1 is ~e area of the catc~ in acres.

The foundation of today's so-called rational~od was laid
2'by ThomasJamesMulvaney: in a paper publiiflad in 1851.

bination of circumstances as to fall of rain ad the pecu-

11

liar character of the catchment- maybe requ~.

fo rmula in' the United Kingdomafter the namll'5"of

He suggested that for the maxillJUmdiscllarge\tDoccur Ita COIII-

reached or exceeded, x, n are the exponents~ending on

T is the recurrance interval in years for a 1IBIinf'allinten-

geographic location, and t is the duration,. till rainfall

intensity inmiIUltes. In 1938 Bernard3 gave .• formula for
I

the coefficient C in the general ratioftBl ~a (eqn.2.1)

Where K is a coefficient depending on geogrl!!J!'ii.clocation,. .

eerswho first introduced it

In 1932 Gregory and Arnol~ j



c,

correspon-
'I,"a recurrance interna1 of 100 years. He alao pre-to

where C is a 1imiting runoff coefficient.max

return period, T, of 10 years C has been ca1cu1ated as 0.463.
A1so the value of i has been given by

68.2
i = to•73 ••• (2.4)

While app1ied to Sarai Basin (A, = 27,500 acres) in Rangpur

district, the rationa1 formula ,dth these coefficients gave

pared charts for va1ues of C ,n, K, and x for the humidmax
central and eastern ha1f of the United States. In Bangladesh

the rationa1 formula is sometimes used by the deslgners.

Assuming the areas around the eastern U.S. Gulf Coast to be

circumstanoes, its simplicity has WOD its popu1arity. The

areas and airport. Though the rationa1 formula is sometimes

used to compute discharge for drai118ge areas of many s4uare

a discharge value of 2980 cusecs which is comparable with a
measured peak of3Q65 cusec 4 .• _

formula is ca11ed rationa1 because of numerioal consistency

The rational formula is based on many. assumptions. Although

these assumptions cannot be readily satisfied under actual

of units of various quantities involved~ Later the formula

was found popular for design of drainace systems in urban

approximately comparable to Bangladesh the coefficients of
. 4the rationa1 formu1a have been developed • Assuming a



at most.
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(2.6)

•••

."..
•• •

Q = CAD.
-D

Q = CAmA

Q = CA +dA'(a+b.A.)iD

mi~es, Chow' made a comment that this ~ormu~ashou~d be
~imited to areas o~ ~ess than 100 acres, possib~y 200 acres

2.3. The genera~ F~oodF~ow Formu~as

Where Q is the ~~ood ~~ow rate, It.is the drainage area and
C,a,b,d and n,mare coe~~ioients and exponents respeotively.

~oped by analysis o~ the ~lood data, In the Indo-Pak suboon-
various parts o~ the world. Most o~ the ~ormulas were deve-

etc, the values o~ the coe~~icients being in the FPS unit.
I,

It osn .be observed ~rom tab~e-lthat some~ ~lood ~~ow ~ormu~as
can be genera~ised by the ~o~~owing equations5. :

with coe~~icient 825-2,500 and exponeat 3/4, Ryve's ~ormula
with coe~~icient 450-2,700 aDd exponeDt 2/3; IDglis ~ormula
with coe~~ioient 7,000, 1 aDd 4 and expo~eRt 1/2; Bransby

d

William's ~ormula with ooe~~icient 4,600 and expon_ to. 52

tineat ••any ~ormulas have been used such as Dicken's ~ormula

dif'f'ereatvalues o~ the abovecoe~~iciel1ts and exponeats f'or
Many f'ormu~ashave been developed by various authors with
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area covered by storm centre. The general';runoff formu1a ~ok

the geo1ogic subsurface and on rainfa11 intensity. Ve~etative

(2.8)••••

wa terslieds was made by George J. 'Ha1asi-KuR for New Jersey
6'in U.S.A..', ~, The author 'found from inves~igation in Czechos-

A. detai1ed investigation~o deve10pe empirical runoff formu1a

based on hydrologic conditions and ge010gic forma~ions of

For differen~ va1ues of the coefficien~s and exponents of

equatio~s - (2.5), (2.6) and (2.7) smoo~ lines can be obtained'

2.4. Peak Floods From Hydrogeo10gic Condi~ions of Wa~ersheds

cover and the form of the watershed were the factors causing

the remaining 5"-10~ of the f1ood. Configuration of the ~er-

lovakia and West Germany tha~ in rural areas the l00-year

peak nllloff of sma11er watersheds (in the rauge of 300 km2

or less) has upto a 90~-95~ dependance on permeability of

when ca1cu1a~ed Q is plotted agains~ A. Oil 10g-log paper. Hence

p10~ting of Q against A obtained from fie1d can show whether

any coefficient and expoRen~ of equa~ions-(2.5), (2.6) and

(2.7) is possib1e for Bang1adesh or RO~.

the f01lowing form I
CA.-0•43

ql00 =

rain, e1evation above sea 1eve1, and average year1y rainfa11

va1ue~ has practica1ly noinf1uence on the l00-year f100d

f1ow •.The runoff values gained from research conducted in

Central Europe(as in fig.l) was adjusted for Hew Jersey on

the basis of poin~ rainfa11 intensi~y charactedzation and



mountains. Actual flood data obtained from Beasuring stations

,
.~ t

/

(2.11)

(2.10 )

•••

•••

~A )= 1 + 0.5 (0.5 -

• ••y =

and

value in its cumulative form is defined as I

the total drainage basin). For wooded areas the suggested

Double Exponential DistributioR Function.

The double exponential distribution function of the largest

where F2 = multiplicative correction factor, Aj = wooded

area of the watershed, A= area of the entire watershed.

correction is I

was then applied (Fig.j). Local corrections of the runoff

shape of watersheds, aridurbanization were also made. For
,

lake and swamp a multiplicative factor from 1.75,to 0.25 was

suggested (lake and swamp area varied f~omO.l% to 20% of

formula for the effect o~ lakes and swams, wooded areas,

where, Qloo= 100- year peak flood flow in cusec/sq •.miles,

C= coefficient with a value from 100 to 2000 depending on

geologic subsurface, peak point rainfall intensity, and

average annual rainfall (Fig.2). The va1ue of the exponent

varies from 0.:37 for slightly rolling plains to 0.48 for



(2.12)

•••

• ••

•••

F(X) = exp (-exp( ~ (x-u»). It was intro-
\ ... 21

va1ues by R.A. Fisher and I.H. Tippet.
\ .

'l.r =t1-}ln ( In ( 1:1»)

U = X-

where TN Bl:1d6N are the theoritca1 quantities which are

function of sample size on1y. ~bel p~vide8 a table of

va~ues ( Table - 2) for 'N and 6N as ~nction of samp1e

size N. Therefore the prediction equation for discharge

macnitude (~) Dlay be expressed by the following equa:~ion I

16

bu tion fUnction, it is necessary to .compute the sllllllp1emean

distribution in the f100d frequency ana1ysis.

iN and the standard deviation SN of annual series of sample

of size N. The estimators of .t~ parameters U &opare given by

may be written as

duced for extreme

For the prediction equation of double exponential distri-

This fUnction is sometimes known in Hydrology as Gumbel Di

distribution because of Gumbel's various studies using this

Combining the above two equation, .the distribution fUnction

Where y is the dimensionless reduced variate, x is the ini-

tial variate. The quantity U is the mode or location para-

meter of the distribution,j3 is a scaler parameter which is

analogous to the standard deviation, 6, of norma1 distribu-

tion. The parameters U &)complete1y define the distribution.



CHAPTER TIIREE

fund available.

stations and dif'f'erentseason. The intervals are decided om

Survey Program of' FAO/UNDP

to gauge the major rivers once in a week

COLLECTION AND ANALYSIS
OF DATA

Introduction

brief' description is made on the collection of data f'rom

f'ield, the equipments and techniques used in the collection

vals of time. Different intervals are used f'ordiff'erent

collect discharge data on many rivers of Bangladesh. Offi-

the size and importance of' the catchment and also on the

and the methods used for processing of' the data.

throughout the year and to gauge the other rivers once in a
I,

desh Water Development Board is the only organization which

3.2. Collection of'Data from Stations

cials of the Hydrology Directorate of BWDB collect these

data f'rom field at def'inite intervals. In the f'ollowiDg a

occurance are very much important for the present study,

the Estimation of Flood Discharges in Bangladesh. Bangla-

The availability of flood data and the frequency of its

Data are collected at the gauging stations at regular inter-

3.1.

During early sixties, Hydrological
10recommended
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week during the monsoon season and once ina fortaight durinc

the rest of the year. With. this program 52 measurements were

done for major stations and 39 observations in other stations

in each year. The program was more or 1ess fol.lowed til.l.l.ate

sixties and from then gauging frequency started decreasing

because of Shortage of' fUnd. Presentl.y the major stations are

gauged weekl.y during the monsoon season and fortn~ht1y during

the rest of the year whil.e the other stations are gauged fort-

nightl.y during the monsoon and month1y during the rest of the

year. But gauging frequency has been increased in certain

cases for specia1 requirement. For examp1e at Hardinge Bridge

the river is gauged dai1y fro.; 1st. January to 31st. May and

week1y during the rest of the year, and at Dal.ia the river is

gauged week1y throughout the year.

3.). Processing of Raw data.

The discharges obtained from the gauging stations at interva1s

mentioned ear1ier are processed by the Hydrol.ogy office, Dhaka

to get the Mean dai1y discharges. Presentl.y the processing

work is done partia11y by computer. With the observed discha-

rges obtained from a station in a year, a rating curve is

prepared as shown in figure-4. The mean dail.y discharges are

then obtained from the rating curve against the corresponding

dai1y stage as measured at the disch.aree 'stations. The lDeaR

dai1y discharses, the ten day mean, month1y mean etc. are
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to 20 years and for a few stations upto 50 years. Hence a11

in Water Supp1y Paper-2 of Hydro10gy

The 10cation of these 84 stations are

reported
7.BWDB.:•

Bangladesh had been divided into four hydroloCical regions

accordia«~to hydrometeorological and geological conditions.

the stations were not possible to include in this study for

tion, the study regions, the hygrologic areas and the suita-

dered.A brief discussions are made on these in the followingl

These regions are north-eastern region, north-western region,

a correct representation. To approach an accurate representa-

shown in Fig.5. An upto-date discharge record, i.e. upto Vater

bi1ity of data in respect of duration of records were consi-

able for different duration ranging from 1ess than 10 years

avai1ab1e. Discharge record for different stations are avail-

hydro10gica1 year from 1st. Apri1 to 31st. March.

3.4. Avai1abi1i~y 01' Processed p~ta.

March, 1982 as

There are 155 discharge measuring stations in Bang1adesh 7.,

Discharge measurement were going on at.on1y 84 stationsiR

then produced on an ftindex cardft fro. which data were obtained

for this study. One index card contains discharces for one

Directorate of

year 1982-83 and for some stations upto water year 1983-84 are
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south-eastern region and south-western region. The present

study covers all the regions.

M.P.09, divided the woI.e Bangladesh into 31 small divisions

each of which has been caI.led,a RHydrologic AreaR• Each of

the, hydrologic areas consists of one or more discharge mea-

suring stations and in tern one or more catchment areas with

similar hydrometeorological conditions. The boundaries of

these hydrologic areas with their area number and also the

locations of the stations incI.uded in the present study are

shown in FiC.6.

3.4.2.Inc!usion of Data in the Present Stu4y

Discharge data of 56.stations have been incI.udedin the pre-

sent study. A map with the location of these stations is

shown in fig.7. Also table-3 shows the regionvise index con-

taining the M.P.O.'s hydrologic area number, BwDB number and
,-,

name of stations and correspondiD4t number and name of rivers

alongwith period of 'record used, number of years of record,

catchment area, recorded maximum of mean daily discharges,

the average of annual maximum discharges and recorded maximum

of mean daily discharges per unit catchment area. Stations

havin« available discharge record for a p~riod of less than

10 years have not been included in the preslllltstudy. Tae

anaual maximum discharges of all the 56 stations for aI.I.the
Iyears available and used in the study are presented in tabI.e-4.

o
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3.5. Accuracy ot the Data

In river f~ow gauging, dai~y flows are Computed trom rating

curve and daily water ~eveJ.. Rating curve deve~ped on the

basis of actual measurement depends upon number of gauging

avai~able, but more gauging means increased cost of f~ow COIII-

putations. M.A. Matin, Director, BWDB did a study about the

relation between percentage error of rating end trequency of
10gauging in Bang~adesh • He obtained a relation shown in fig.8

The figure shows that for number of observations from 51 to 34
in a year, the percentage error of rating increases very ~~aw~y

from about 8" to 10". But when number ot observations drops

below 34, the percentage o~ error drastically increases. In

Bang~adesh, 39 observations are made in a year for major sta_

tions whereas 20 observations are usually made for other sta-
tions with a few exceptions.

Analysis of Data- - -.. '. -

Tne analysis of data for the present study includes p~otting

of data on suitab~e type of graph paper in which scattering of

the p~otted points is minimum. In the to~lowing a brief descri_

ption is made on the ana~ysis of data to examine the applicabi-

~i ty ot some formglas for different regions and hydro~ogic
areas of Bang~adesh.

\
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P10tting of' ~ aga~ A f'or parti-

va1ues in tabl.e-6 discharges per drainage ara(ctr) were obta-

ined and pl.otted against drainage areas and >l!2 shownin

To estimate f'l.ood discharges, ~, in cusec/s~ mi1es at
5re turn period T years, Horton f'ound thefltrnml.a_

shed f'or each station using the procedure me~ed in articl.e

For the f'ormul.as l.ik.e equations- (2.5), (2.6) am (2.7) l.oga-

bl.e in Bang1adeshor any new coef'f'icient or ~nent is

cu1ar return period can showwhether this f'ommdais app1ica-

rithmic p10tting of' Q against Ahave been done'lihichare shown

best. Desoharge per drainage area, q, were abDpl.otted agai-

pl.ottings.

in f'ig. 9 to 12. Fromthe trend of' the pl.ottedpoints it may

be decided that whether any f'ormul.aof' the ca'ta&oryof' equa-

tions (2.5), (2.6) and (2.7) f'its the data ad'lihich one f'its

,
nst A on 1og-1.0gpapers. Someof', these whichJ!iJlJ.oweda def'i-

nite trend are shownin f'ig. 13 and 14. A1so,me possibil.ity
of' new coef'f'icientand exponent can be seen ~ a11 these

and 20 years were obtained and are l.isted in~1e-6. From the

discharges of' each station f'or return period;d 2.33, 5, 10

2.5. The equations are l.isted in tab1e- 5. 1"ra, these equations,

f'igs. 15 to 18.

possib1e. The discharges, !Lr' f'or the preseni:mta1ysis were

obtained as f'o11owsI The discharge equatio__ re establ.i-



2.3

n
I '

The authors found the values of the coefficient K 100 for

taken as the parameter P since they consti~ a more uniform

the maximumrainfall over the catchment in 24hours in inches.

ot' 2• .3.3,5, 10 and 20 years .and are shownin Figs. 19 to 2.3.

sed the annual maximumdaily rainfall dataot' the ,north-

For the estimation of'flood discharges, ~(au~c), at return

period T years, Lane19 developed the formulaltr=KA(LogT+ B)

where K and B are the coeffic;1:ents. From this equation it is

-two different return periods give two diff~t coefficients

then K and B can be equated Whichmaybe valid at those two

return periods only. The ~ values obtained ~m table-5 and

6 were plotted against A on log-log paper for return periods

(table-7) to see the variability of this co~icient.

seen that for a particular return period, if the plotting of

Q'.- against A can give a coefficient then it (the coefficient)T .
may equal the quantity K(LogT+ B). If two BIlchplottings at

set than the recorded maximumvalues. The ~eter P is listed
. / 2/

in Table-7. The values of K were calculated fromK=Q/PA3

eastern region of Bangladesh•. Fromhis analysts the annual

undulating cOuntry and 200 for mountainous country. For the

present study the rainfall paramet'er was taken from the avai- \
I

lable raingauge st.ations withi'n the catchment. MatiD11analy- '\

maximumdaily rainfall for a return period 0£'-20 years were

.' 2/
.gavis and Wilson developed the formula Q=KPA.3 where P is
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exponents can be d@termined on the basis of ~ield data. For

drainage areas etc. The modi-table~8 with their discharges,

~ied ~fayer's19 ~ormula Q= C VA
20straight envelope while

An envelope curve ~or the rivers carrying very high dischargesl
,in comparison tothe size of their catchments wa,sprepared ~or )

" I 'Bangladesh. The stations used in the analysis are listed in

the present study the recorded maxi~1UlDdischarges were plotted;,"
~'\r

i
is:usually used to er.Press the!

d \ icreager's3, 18,:19 ~ormula Q=CAyA \
-I' ,

" 20 'Iis used to develope the curved envelope • The eoe~ficient and)
) j

~.!"
;

against drainage areas on log-log paper and is presented in "

~ig.24. The enveloping straight line was then drawn ~rom-where ~

the coe~ficient and exponent were determined.



(4.1) •

:/
••••••

•••••

\

is comparable to Dicken's formula.,eXponent

rate relation is not possible in this situation. This may be

due to the want 'of incorporation of more n.ood producing

CHAPTER FOUR

DISCUSSION OF RESULTS

Any way, a careful observation through fig.9< shows that the

thern part of north-western region, that means hydrologic

Bangladesh shows scatterings of the plotted points. So accu_

against drainage area~ in Fig.9 for north-western region of

(1) Logarithmic plotting of recorded maximum discharge

populations. One population roughly relates data of the nor-

parameters.

areas 1 and 2, by the equation :

part of north-western region, that means hydrologic areas 3,
The other population roughly relates the data of the southern

points are seperated into two rough but more or less distinct

Whose

which is comparable to Dickenis formula with coefficient

825-2500 and 'exponent 3/4 andused in north and contrlL1.India.

4,5,6 and 7 by the equation:



against drainage areas in Fig.l0for north-eastern region also

populations. One population roughly relates the data of wes-

tern part of north-easteb~ region (near the Brahm~putra river)

that means hydrologic areas 8,9 and 10 by the equation,_ •

o

Q

(4.3)

(4.4)

••••

•••••

south - eastern region

Q= 1,548A.°.62

Q = 800 AO.62

also accurate relation is not possible. This may be due to

the lack of incorporation of-flood producing parameters. Any

way, a critical observation through the plotted points of

fig.10 shows that the points are roughly separated into two

26

shows scattering of the plotting positions. So in this case

(2) Logarithmic plotting of recorded maximum discharges

which is comparable to Ryve's formula with coefficient 450

to 2,700 and exponent 2/3 and used in South India.

The other population rough1y relates the data of the eastern

areas of 12,13,14,15 and 16 by the equati8n ,

part of the north-eastern region that means the hydrologic

,;

which is also comparable to the Ryve's formula.

for, south - western and

(3) Logari thmic plo tting of recorded maxim\lllldischarges_

against drainage areas as shown in figure' - it uI(LJ2 ,.\
,



(4.5)

(4.6)• •••• •

••••••q =
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the fact that on1y a p10tting of ~ against A is not sufficient

to describe the coefficient and exponents or Horton formu1a.

shows wide scattering of the p10tted points. Hence no conc1u-'

,lif:'
i\ ~,

-A ( J ..

A number of parameters, which may be variab1e, need to be incor-

porated to find the coefficient and exponents.~ ~

where q'is the recorded maximum discharge per drainage area.

for south-eastern region.

fig. 1) for hydro1ogic area 17 shows the reiationl

for these regions. T1,is maybe due tothe fact that a 1arge

maximum discharges per drainage area against drainage area in

respective1y shows wide scattering of the p1ot-
ted points. Bence, re1ation by such p10tting is not possib1a

Bowever,by another way, a 10garitbmic p10tting of recorded

In a simi1ar way, fig., 14 shows the re1ation I

number of parameters need to be incorporated in these regions.

(4). Logaritlwic p10tting of ~ (cusec/square mi1es) against

drainage area in figs. 15 to 18fpr'different return periods

/ sion cou1d be drawn from these figures. This may be due to



(4.12)

(4.11)

(4.10 )

(4.8)

(4.7)

(4.9)

it; oaulle seen from
.. I
K for mrth-eastern

..;

•••••

••••••

••••••

eo ••• ,10

•••••

•••••=

( 6) For D~vis and Wilson's formula,

table-7 that the calculated values of

(v) Q
SO

= 29.04 A1.1669

(vi) Q100=36.522 A1.1414

which mayhave only a local applicability •

(ii)

28

characterises the region need to be incorpo~ad. However, the

Logari thmic plotting of ~ against A in Fig.Zl for syl.het area

comprising the. hydrologic: areas of 14,15 and16resulted the

following relationships( unlike Lane formula) I

find tIl.' validity of Lane formula and to estallllish the values

or K and B a numberof flood producing param~s which also

regions showwide scattering of the .plotted ~ts. Hence the

(i)

values of K and B cannot be readily obtainedJl'romsuch plott-

ings. Actually B is a constant for the region~. Hence to

(5) Logarithmic plotting of ~ against A htigs. 19 to 22

for return periods of 2.33, 5, 10 and 20 years for different
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(7) Logarithmic p10tting of recorded maximum discharges

against drainage areas in Fig.24 for stations carrying 1arge

discharges in comparison to their catchment areas (tab1e - 8)

gives the f01lowing equation of straight enve10pe I

(4.1)••••••Q = 24,696 Ao.4127

which is not comparab1e to any of the existing formu1a but

on1y near1y coutgane's formu1a, Q=20,OOO~, deve10ped for

Newzea1andrivers. The excessive1y 1arge co-efficient of 24,696

may be due to the f0110wing reasons I (i) the enve10pe

curve represents the .top 1ine be10w whicha11 the p10tted

discharges 1ie, (ii) in Bang1adesh some rivers sometimes

carry unusua1, discharges, may be, due to breaking of dam in

the upstream country, India, or due to f1dshy character of

the river etc.

region of~Bang1adesh varies from 40 to 219. This wide varia-

bility of K is not comparab1e to the va1ues of K;:100 for

undu1at:Lng country and 200 for mountainous counti'y as found

by the authors. This creats ,a doubt about the direct app1ica-

bility of Davis andWi1son's formu1a in the region. The cause

may be the 1ack of incorporation of more parameters.
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(4.1)

(4.2)

(4.4)

••••••

It ••••••

••••••

(i)

(ii) Q a 200 AO.7574

(i1) Q = 800 AO.62

(1) F100d discharges can be rough1y estimated by the
equations I

CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATIONS

5.1. Conc1usions

The' 1'0110wing conc1usions can be drawn from the various ana-

1ysis of f100d discharges data presented in this study I

in hydr010gic areas of 1 and 2 and

in hydro10gic areas of 3,4,5,6 and 7. But for a correct

representation more f100d pr<>ducing parameters shou1d be
incorporated.

(i) Q a 1,548 AO.62 ••••••
in hydro1ogic areas of' 8, 9 and 10 and

(2) F100d discharges can be rough1y estimated by the
equations I

inhydro10gic areas of' 12,13,14,1-5 and 16/ But for a

correct representation more f'10od producing parameters
shou1d be incorporated.



gives the maximum..f100d discharges in sout~ern region

(4.5)

(4.6)...._ ..

.........

Horton formu1a'is not readi1y app1ioalUm Bang1adesh.

(7) Equations I

(i) Q2.33" 3.89 Al.4189 .. 0._- (4.7)

(ii) Q5 •• 8.81 Al•311 • ••••••• (4.8)

(iii) Ql0 •• 14.08 Al.2523 . ... 0-. (4.9)

(iT) Q20 = 20.08 Al.2095 ....,- (4.10)

(v) Q.50= 29.04 Al.1669 ...'-, (4.11)
36.522 Al.1414

1/

(vi) Ql00" ..._, - (4.12)

~
(6) Coefficients of Lane fO:l"lllu1acannot lmfl!lltainedon1y

( 5)

from discharge data.

cubic feet per. second per square mi1es.

(3) Equation I

in cubio feet per second per square llIi1es.

( 4 ) Equation I

q •• 79,918.74 A-l.1945

gives the maximumf100d discharge in hydro1p area 17 in

:
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condi tions of geologic surfaces of water-sheilsand

(4.1)••• • • •Q = 24,696 AO.4127

the estimation of flood discharges in Bangl~ I

tidal areas of Bangladesh •.

envelopes the major discharges ';;fBangladesQ.

suffix represents the return period in years.

,
be incorporated to find the value of coefficUat K.

5.2. Recownendations for Future Study

in north-eastern region:.ofBangladesh. More pammeters should

the stations whose drainage areas lies partlyim India,

may have only a local applicability in the Sphet area compri-

sing the hydrologic areas of 14,15 and 16. The number in the

of Bangladesh including the stations at the ~takes and also

The following recommendations are made for ~e study for

(iii) Study for the estilaation of flood d~'scl1argesfor the

(8) Davis and Wilson's formula is not readily applicable

(i) Similar analysis of discharge data forU1 the stations

(9) Equation I

(ii) .Study for the estimation of'p,\,akf'1oodsfrom hydrologio
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No

1 •

2.

;::::.

Author Author

Dicken
Professional
Paper on Indian
Bngg. Vol. II ,

1865

RyVes

TABLH - 1

liMPIRICAL FORMULAE

FormUla in metric unit

INDIAN FORMULAE

Q •• CK/4
Q in cumec,A in sq.Kms.,
C" 11.42 for areas.with
annual rainfall 600-1250
mm; max value of C •• 35.

Q •• cl/3
C •• 6.8 within 80 km.of
coast; 8.3 for areas bet-
ween 80 and 2400 kms.
from the the coast; 10.0
for limited area near the

hills. Actual observed
values are upto 40.

Formula in f.p.s.unit

Q •• CK/4
Q in cusec.
'A in sq.miles
C ••825

•• 2500 max.

Q •• clf,
C ••450 to 2700

38

Limitations

Generally apPli-
cable for moderate
size basins in
North and Central
India.

Derived froin a
study of river
basins in South
India.
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,

No

3.

4.

Author

Craig
Proo.of Inst.

of C.E. Vol.
L xxx
1884 - 85
pp. 201

L1111e
.Proc. of Inst.
of <J.H.Vo1.
CaxVII-1923-
24pp. 295

Formul a in metrio unit

L2Q = 7.75 Nb1 lo~(4.97~ )
. 1N = 0.12 to 0.18

bl= average width of
strip in kIjI.

L = length of strip in km
. 2or 4.97L

Q = 10 Cn loge C b . )
1where

C = coefficient of discharge
V = velocity in m/sec.
i = rainfall in cms

Q = 0.058 VCaL:(eL)
a = (l.l+log 0.621L)

PC = 2+ u•..

P = annual rainfall in cm
L = length of arm in km
V = velooity of flow in

mf,sec.
e = apioal angle of the

triangles dividing
the oatohment area •.

Formula in f.p.s.unit
. 2-

Q = 440 Nb1 loge (~ )
N = 0.12 to 0.18
b1 & L in miles

or 8L
Q = 440 CVi loge (ffi:' )
V = velocity in ft/sec.
i = rainfall in

inches., .

Q = VCareL
a = (1. 1+log L)
c= 2+ P/15

.P in inohes
L in miles
v= in ft/sec.

Limitations

Area should be
divided into a
number of .triangt
lar strips before
applioationjgives
too low values in
praotice.

The catchment area
has to be divided
into a number of
sectors of ciroles
Formula gives too
high values.

--,:
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tiower values for
south India and
upper values for
North India.

Derived on the basi
of rivers of Maha-
raahtra.

Drived on the basis
of data of some
Indian rivers.
Formula is not of
much practical
utility.

p
Q= as Ra A

L
S = average slope

of river in ft/
mile for 3 miles
above the site.

Ra= greatest average
annual rainfall
in inches.

L = in miles

(0.925-1/l4.log A)
Q=C( A)
C=1700 to 2100;

maximum
value= 3000

Q '"C(0.386
(0.925-1/14 logO.386A)

A)
a '" 49 to 60; max value
= 86

Q =().'O95a ~Rax(0.386 A)p
S = ~~r~8~~~e.inm/kmto.t- 5 Jaii above the

site.
Ra = greatest average

rainfall in ems.
P = index.
L = gteatest length of

the catchment in km.
C = a coefficient whichRavaries as r;-

Inglis
Tech.Paper
No.30,Bombay
P.W.D.1940
Ali N&waz
Jung Author's
original
note

Rhind
Proc.Inst.

of C.B. Vol.
CLIV,1902-3
PP. 292

5.

No--:A.ii'thOr Formula in metric unit Formula in f.p.s. unit Limitations
Q 700Q A -
=J(A+4)

-...-------_._-_._- - -- .-
124 A'.

Q=---
. V~:A-+ -10-.-4

6.

7.

- --
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No Author Formula in metric unit Formula ~p.f.p. s. unit"" Limitations

8. Dredge and Burge
U. 3. G.S. water
supPly paper
No. 771

1/3 1/3' -
Q '" 19.5 W.L or, Cl '" 1300 WL. or Based on Indian= 19.5A/.L~/3 2/3 records but not

. '" 1300 A/L useful.
. W '" average width of Wand L in miles

basin in km.
L = length 'of basin in km.

9.

10.

Hyderabad
formula for
Tunghbhadra

Madras formula
for Tunghbhadra.IV I.C.O.L.D.
1951 .

Cl '" 49.6(0.386x ~ = 1,750x I

11.5°.92-1/14 log 0.386A} 11.(0.92-1/14 log A)

Q '"56.7(0.386x Cl '" 2,000x
A]0.89-1/15 log 0.3864) (0.89-1/15 10gA)

A

Local Application

Local Appl1cabl1it;

11. Bransby William

12. Bourges

,0
¥"

Cl = 80 11.°.52
0.52

Cl = 4,600 A For Western Indian
catchments. A:> 25

2/3 2/3
sq. km.

Cl = 19.6 AIL . Q = 1300 A/L

--

..,
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_r_-.,_. . , ,~-------
110

1 •

",-': •.

.3.

4.

I~----

---I'

Author,

Fanning.Treatise
on Hydraulic sandWater Supply
pp.65 & "Hydrologyand Water Sypply"
by Fanning.

Dr. S. Geological
survey for colum-bia (paper by .
Coutagne)
GhamterrProc.Inat.
C.H.VolOXXWpart IV 1897-78
pp.313

Murphy- U.S.G.O.
Water Supply

.paper 162, 1906.

••

Formula in metric unit

.. OTHER FOHMULAE;

Q = 2.64 A4/3

Q •• 215.2 AO .476

3/4
Q •• 3.5 OR A
R '"in ems/hour
o = 0.25 to 0.65

Q = (1325/(A+831)
+0.164) A

Formula in f.p.s.unit.

4/5
Q = 200 A

,0.476
Q = 1400 A

Q = 640 OR ;/4
R = greatest rain-

fall in inches/
hour.o ••0.25 to 0.65

Q = (46t790~A+320)+l5} A

Lilll1tations

Baaed on data
Qf. !fle~,Hngland.j\,pp~acian

baains in America.

A between 2500 and60,000 5q.km.

Applicable to
small catchments.

Mainly applicable
to North-eastern
U. S.A.and areas
between 15 and
5000sq.km.
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------------------------,-------------------_..:._---_._--
-----------,

rIc Author Formula in metric unit
.,----------_._----_._------------

Formula in f.p.s. unit Lim!tations

5.

6.

.,
: .

;:;..

').

Metcalf and Eddy
Drainage and
flood ControlEngineering
by Picke1s
pp.75.
Burkl1 Ziegler-
Trane •ASCl!1Vol.77,1914 pp.6l6,

Possenti-Trane.
AS.C.H. Vol.n,1914 pp.6l6
Bremner-Drainage
and Flood Control
Engineering by
Pickels pp.75

Gangulliet-
Trans A.S.C.H.
Vol.77, 1914pp.615

Q = 6.22 p.n'

3/4
Q=4.12A

Q = 48.4 -n..

Q = 26.4 AI ( 2.4 2+./A )

Q =25 A/(5 + vA)

Q = 440 AO.72

3/4
Q = 296 A

Q =' 2,856 -vA

Q =3,000 AI 0+ 2.fi.. )

1,421 A
Q = .~-~----

~~1l+v'A

Local application
to water sheds
over 500 sq.km.inarea for Americancondi tions.

Local applicationfor Americanconditions •
Local application
derived in m. s. A.,

For design of water
way openings in C.B.
& Q.R.R. in U. S. A.
Applicable to small
basins.
Applicable to SwissStrems.

'-----------------------_._----_._-----------------------,----_._--------------
I:::;
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No

10.

11 •

1? .

Author

Ital1t\n
Formula
Trans .A. S.C.B.
Vol.77,1914,
pp.6l5

o 'Cornell-
Trans. A. S.C .15.
Vol.77,
1914 pp.6l5

Grame r-Trans.
A. S.C.15.Vol.77
1914 pp.6l6

Formula 1n metric unit

Q = '32 A
O.5+vA

Q ='45.7A/(O.5+VA)

Q = 9.53(A+0.0182)1/2

0.884 A 1/2
Q = 1+0.0985A

Formula in f.p.s. unit

Q = 1,819 A
O. 31+:::11

Q = 2,600A/(0.3ll+~)

Q =V(458(640A+4.58)-45.8)

80.6 AQ = ---_----- 1/31+0.1347 A

Limitations

For streams in Italy

For small brooks in
Italy.

American origin-
Local application

For Monawak river
U. S. A.

13. Lanter Burg-
Trans.A.S.C.ll.
Vol.77 ,1914
pp.6l6.

14. .Cout gane
(New zealand ).

6710_+ 0.085)A
Q = 6000+A

Q = 352.JA

Q =(..--215 + 0.53)A6+0.00259A

Q = 20,000 ..rA

American origin-
local applicability.

For Newzealand rivers
which are usually
small.

_ .._--------_.------,----------------------------------_._---------_._----------_._----------
't:::::?

.'
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No Author Formula in metric unit Formula in f. p.s.1lUnit Limitations
._-----------_.---------------- ..•,------------,-.-,-,----'---------'--------------------------------
15. Kuiching

U. S.G. S.\'Iater
Supply paper-771

16. Cooley
Drainage and
Flood Control
Bngg.by Pickels
pp.75

17~ Fuller W.H.
Trans. A. 3. C .ll.
Vol.77 ,1914
pp.564.

'1=0

_( 1245q ~ A+440 + 0.022)
,
_( 3 590q - -A;950+ 0.061)

q = cumec/sq.km.

Q = 0.015(145A+A2/3)
for return period
I> to 10 years.

Qav=0.013CAO•8=C AO.8
, 1

Q = Qav(l+ 0.8 log T)
Qmax Q(1+2.5 A- 0.3)

Q = yearly average floodav

44,000_+ 20)
q -~(_A+170 '

(1,27~0go I 7.4)-q=f" .•. If

q = peak flood in
CUS6C per sq.
mile

Q = 200 A + A2/3

Q = CAo.8
av

For occasional floods

For rare floods

Areas upto 13,000 sq.
km; mainly derived
for Mohawak river in
U. S. A.

For Mississippi
valley-local appli-
cability.

Constants derived on
recordS of U.S.A.basins.
If at least 10 years
data is available it
it applicable with
sufficient reliability.

-
"~
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No Author Formula in metric unit

Q = maz.24 hr.flood for
frequency once inT years.

Q = maximum inetantan-
maxeous flood disch-

arge

C 'varies from 0.026 to
2'.27

Formula in f.p.e.unit Limitations

Q = Qav(1+0.8 log T)
-0.3Qmax= Q(1+2 A, )

C varies from 2 to 210
18. Grunsky

Trans A.S.C.B.Vol.85,1922 pp66-136
Q _ 13 • 6 a. R. A.

- "72t

R = rainfall in 9JIl~~.'

t = critical time in
minutes

a = 60/(60+Cl~)
°1= 0.5 to 250.

3,200 a.R.A.
Q = ------

t1/2

R = rainfall in inches
at 0.5 to 250

Derived in
California,not
widely used.

--------_._-------------------
I:'" _
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No Author

19. Myer Modified
Trans.A.S.C.~.
Vol.89,1926 pp.985.

20. Horton, Trans.
A. S.C.I.\. Vol.
77, 1914
pp. 665

21. Lane, Trans,
A.S.C.E.
Vol.89,1926 pp.
1048.

•••

Formula in metric unit

Q '" 176p'V'A

p '"a factor, depends
on drainage fac-
tors and frequency
of floods,uaually
unity.

o 25 -0.5
q '" l14.1T' /A
q '"flood discharge in

cumec/sq.km.equall- ,
ed or exceeded in
an average interval
of T years.

Q '"k(log T + B)A
T = return period in

yeara.
B '"a constant for the

region.

Formula in f.p.a.unit
"

Q '" 10,000 p rIA
"

q = 4021.5To.25J\O.5
q '"cusec/sq.mile

Q ""k(log T + B) A

,

Limitations

Based on long data
of U.S.A. rivers.
Wider applicability
for first approxi-
mation.

Constants variable& determinable on
the basis of actual
data.Hence not
readily applicable.

K and B determinable
on the baais of
actual data
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No Author Formula in metric uni t Formula in t.p.s. unit Limitations
._-----_._-----------_._-------,...----------_._-----_._-------.-----------

22.

23.

Pettis Major
n A new theory of
river flood flow"
1927.& The Bngg.
News Record.June
21,1934.

Swit zer and
Miller
Floods Oorne11
Uni v.15ngg.Hxp.
stn.Bulletin 13,
Dec.,15, 1929.

Q= O(pW)1.25
o varies from 0.195 for

desert areas to 1.51
for humid areas.

p = precipitation(lOO
year maximum) 1 day
rainfall in ems.

.•.= average width of the
basin in km.

Q = P.O ••••1.5
P = rainfall in ems.
C = 0.436 usually.

Q = O(pW)1.25
o varies from 310

for humid areas to
40 in desert areas

P in inches and Iiin
miles.

1.5
Q = p.o.'Ir
o = 80(usually)
F = rainfall in

inches.

O~tchment between
2,600 to 26,000 sq.
km•

For Miami Conser-
vancy district
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._-------------------_ .._-----,-----------------------._------_._------
}To Author Formula in metric unit Formula in f.p.a. unit Limitations

._---_._------------.,-------------------------

24. Boston So"ciety.
Journal of the
.Boston Society
of Civil Engi-
neers Septem-
ber, 1930.
Dec.,1952 am
Jan. ,1942 Report
of the Committee
on floods.

Q == (5.54 p/T')A
T'= Base period of

hydro graph in
hours

p == rainfall in cms

Q == (1 290 P IT) A

P = rainfall in
inches.

Wide applicability
if some actual hy-
drograph and rain-
fall data are
available.

Q == 3010A(277+A)0.7825.

26.

J .l'J. Baird &
J •.F. Mc1l1wrait h.
-IV I.C.O.L.D.
world peak.

Australia ~ = 5100A
(277+A') rJ;T)

Q == 131, OOOAI
( 107+A)o.18

22,2000A
Q == 0.9

( 107+A)

Maximumrecorded
flood flows through-
out the world.

Max. recorded worst
cloud bursts in
Australia.

-------------------------------------------------------------

,5



)

TABU; - 1 (Contd.)

BMPIRICAL FORMULAE

No Author Formula in metric unit Formula. in f.p.s.unit
-0.5

27. Coutagne Q = (10 to 70) A
-France

0.5
Q = 150 Aa

0.4
Qm = 200 A

0.4
Qa = 54.•6 A

0.737
Qm = 10.76 A

28. Bransby Q = 37.5 AO.75 ~ = 2700 AO.75
Williams. U.K. m .

\.-- . ,
f>'-/'<:.~

50

Limitations

Mild rain, A between
3,000 ani 160,000.
sq.km.

Violent rain; A bet-
ween 400 and 3,000
sq.km.

A between 30 and
10,000 sq.km.

River Garonne; A
between 300.and
35,000 sq.km.
For dams of Massif
Central France

A <. 25 SIl.kID.
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BMPIRICAL FORMULAll

lilo Author Formula in metri c unit. ", Formula in f.p.s.unit Limitations
",-------_._--------_._-,----------------------_ .•.._----

29. Fridrich
(Germany)

0.516
Q = 24.12 A

Mean flow

. "'.

A from 15 to '200,000
sq. km.

--------------------------------------------

Scimemi (Italy)

pagliaro (Italy)

Whi stler (Italy)

A ~ 1,000 sq.km.

For mountain basin

For mountain basins

A between 1,000 to
12,000 sq.km.
A , 1,000 sq.km.

A ~ 1,000 sq.km.
max. rainfall 400 rom
in 24 hrs.
Max.rainfall 200 mOl
in 24 hours.

Qm= (1538/A(A+259)+0.054)A

Qm = (1175/(A+125) +0.5) A

Qm =( 2900/(~90» A

Qm = (600/~+10)+1)A

Qm = (280/A + 2) A

Qm = (532.5/(A+ 16.2)+5)A

Qm = (1625/(A+125)+1) A(Italy)

(Italy)

Baratta (Italy)

Giandotti(Italy)

Forti

Forti

30.

I~ ('
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-------'-----------.-------------------------------- ....-------------------------------
No A.uthor Formula in metric unit. Formula in f.p.s. unit Limitations

:31. Creager
-

Q
m

=0 1(0.386A~' 894 (0.386A)-0.(H~Q =560.894A-O.048
m ".

32. Hunter & Wilmot
U.K.

Cl = 130 usually

Qm = 38.5 Ao.n

Qm = 80 AO.52

C = 100 usually

I:im= 2,700 Ao.n

~= 4,600 AO.52
A ~ 25 sq.km.
A > 25 sq.km •

., 'k
J.,H

:;P'

Lazarevlc R.H.
( Harocca)
Int.Symp.
Lenlngrad,1967
CentralRif.
Western Rif.
Hast ern' Rif

H.Atlas ;:ahara

Q = 15.55 AO.776

Q = 9.68 AO.793

Q = 7.58 AO.808

Q = 9.38 AO.742

=-<:::)

'Il.ainfall 100 - 130cm

80 - 100

60 - 80

20 - 40
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No Author Formula in metric unit Formula in f.p.s. unit Limitations
,-. "

Middle Atlas Q = 14.94 AO.636 Rainfall 70 - 90
n Q = 13.51 AO.613 50 - 70
II (Karst) Q = 13.41 AO.587 40- 70

34. Besson Qm= (Pm/Pr) Qr Very rational. ApPli-
cable to all places

Qm= max. expected flood where data is
available.

Qr= observed max. flood
P = ~xpected max. rainfallm
P = Rainfall that caused Qr r

35. Jarvis C. S. Q = c-../A. Q=ctJ'i.. For large catchments
Proc •ASCl!;1924 in U. S.A.

C = 17.6 to 176 Q = 1000 to 10,000

.~ ••
~

~ '::'::>
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LimitationsFormul~ in t.p.s. unitFormula in metri c unitAuthorNo
-;0,__ • , , ..;, •••• •__ ..., __ • _

'---------------------,--,-----------------------------_._--------------------------
36. Davis & Wilson

Irrigation Hngg.
Q = k p, A2/3av
P - iav- n ems.

k= 0.6 to 1.2

',- ". Q = k P i/3
" av
k = 100 tor undulating

country
= 200 for mountainous

country
P = Max. rainfall over
av the catchment in

24 hours in inches

)7. Wai tt F. W. F.
Re port of the
Stornmater stan-
dards Committee
of I.O.E.Australia.

Q = 176 A

a .8+1IA

Q = 12~000 A__

a . 5+ ;.;;. .

.,---------------------,--------,---------,----------------_._------------_._------

.c::::::::,.
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.,-----------,--,-----No Author Formula in metric Unit Formula in f.p,B. unit Limitations

38. Iszkowski-zeita-
chl'ift oeaterv
des eichiacher
Ingenieur and
Arcbi tcktonverein'
Vol.XXXVIII
Wien 1886

Q = 3.171 Ch mI.A
Ch= coefficient of annual

runoff-0.017 to 0.8
I = annual rainfall ems.
m = a coefficient relating

max. to average
di&charge - 1 to 10.

,
.,---------_._---------------,-----------.------------ -----'-----------------

Source : VER3lltillY. R. 3•• 1979. "Bnginaering Hydrology". Nem Cham & Bros.
------------



-------------------------------------------------------------------

'rABLE _ 2

1.15380
1.15570'
1.15740'
1.15900
1.160'66
1.16230'
1.16380'
1.16530'
1.16670'
1~1681O'
1.16960'
1,170'80'
1.17210
1~17340
1~17467
1.1770'0'
1.17930
1.18140'
1.18340'
1.18536
1.18730'
1.18900
1.190'60'
1.19230
1.19382
1.19530'
L 19670'
1.19800
1.19940'
1.20'0'73
1.20200'
1,20'320
1.20'440'
1.20550'
1.20649
1.22534
1.23598
1.23292

0'.54680'.
0'.54730'
0'.54770'
0;54810
0.54854
0.54890
0.54930
0.54970
0.55010'
0.55040'
0.55080'
0',55110
0.55150'
O'~55180
0.55208
0.55270'
0.55330'
0.55380
0'.55430'
0.5~477
0.55520
0.55570
0.55610
0'.55650'
0.55688
0.55720
0.55760'
0.558IDID
0.55830'
0.55860'
0.55890'
0.55920'
0.55952
0.55980'
0'.5600'2
0.56461
0'.56715
0'.56878

46
4748
49
50
5152
53
54
55
56
57
58
59
60'
62
64
66
68
70
72
74
76
78
80'
8284
86
88
90'
92
949698

10'0'
150'

.20'0 '
250'

J.90430
0.92880
0.94970'
0.96760
0.98330
0'.99720 '
1.00'950'-
1'.020'50'
1.03160'
1.04110'
1.0'4930'
1.0'5660
1.0'6283
1~O'6960
1.075401.oe 110'
1.08640'
1.091451.09610'
1.10'0'40'
1~1O'470
1.1 !86O'
1.11238
1.11590'
1.11930'
1.12260'
1.12550
1.12847
1.13130
1.13390
1.15630'
1.13880'
1.14132
1.14560'
1.14580'
1.1480'0
1.14990'
1.15185

0.48430
0.49020
0.49520
0.49960
0.50350
0.5070'0
0.51000'
0.51280
0.51570
0.51810
0.52020
0,5220'0
0.52355
0~52520
0'.52680
0.52830
0.52960'
0.530'86
0.53200
0.53320'
0.53430
0.53530
0.53622
0.53710
0.53800'
0.53880'
0.53960'
0.540'34'
0.5410'0'
0.54180'
0.54240
0.54300
0.54362
0.54420
0.54480' ,
0.54530
0'.54580
0'.54630'

VALUES OF YI~ Mill 6n AS A FUITCTIOIiJ"OF SAI.'J'LE SIZE;H.

56

8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
232425
26
27
28
2930
31
32
33
34
3536
37
38
39 '
40
41
42
43
44
45"
---------------------------------------------------------------
Source: RAUDKIVI, A.J~1976,2ydrology; PergQDOn Press~
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TABL15- J-
INDU OF DISCH.AR,GB STATIONS

.U. }l.p•0 'a BWDB No.& BWDB No.& Period of record Catchment Recorded Average of ***)() Hydrolo- Nam of Name of 1J.Prom.to No.of area in max.flood . Annual max. qgic Area . e
in cuaENumber Station river years aq.milea discharges flood disch- per sq.in cusec argea in milecusec.---

North-Western Region--- ---1 • 1 142.'1Bushir 51 .:Karotoa **1964-65 1980-81 14 787 88,604 37,882 112.6Bandar Atrai Gur -Gumani - Hura- sagar
2" " 142 Khanaama •• 67-68 80-81 12 737 161,321 74,436 218.93. II 140 Panchagarh II 64-65 82.,83 17 197 187,798 37,237 953.3
• II 285 Thakurgaon 105 Tangaon 64-65 82-83 15 103 17,968 8,856 174.4
'l'- •

5,. 2 294 Kaunia 104 Tista 59-60 83-84 22 1320 327,584 173,211 248.26. " 81Pateswari 36 Dudh Kumar 68-69 82-83 14 1417 253,807+ 125,065 179.1.'~, 3 16.'1Malonchi 9 Bora! .65-66 82-83 16 87 36,359 20,397 417.9
{.
~).' 4 155 Mohimagomj 59 Kahak 64-65 82-83 18 1204;(- 39,889 19,270 33.1., II 312 Talora Rly. 120 Nagor 64-65 79-80 15 ; 128 7,378 3,170 57.6
~ ' to

Bridge

,;

,
** Water year 1964-65 means 1st April, 1964 to 31st March, 1965.

*** Recorded maximum flood discharges per unit catchment area.
if- Catchment <I1'6n pQrtly in b8nglnd esll.
+ Second highest discharge. The highest(8.15.4JO cusec)is exceptionally higher than the lowest

(9.990 cusec).
j



TABLB-:3 (Contd.)
INDBXOF DISCHARGBSTATIONS
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'gil. M-;-t'.-O t s
No. Hydrolo-

gic Area
Number

BIiDBNo.&
Name of
stati,on

BWDBNo.&
Name of
river

Period
From

of
TO

record
No.of
years

Catchment
area in
sq.miles

Recorded Average of ***
max.flood Annual max. q
dischargea flood diach- in CUB
in cuaec arges in per sq

cusec. mile

, 10.

1I.'

12.

5

It

"

65 Bogra

306 Gabtol1

313 NangooraR.B.

28 Deonai-
Charal-Kata
J amuneswari-
Karotoa
115 Isamati

121 Nangoora

c
19134-65 1382-83 18

64-65 1977-78 12

64-65 79-80 15

220

59

134

9,743

3,954

32,158

3,377

1,538

11,016

44.3

67.'0

240.0

1 3.' "

14. 6

15. 7

66 Ullapara 28 ',eonai-Cha- 64-65 82-83 18
Charal-Kota
Jamunesswari-

, Karotoa

238 ~ohanpur ~9 Punarbhaba 66-67 82-83 16

147 Atrai R.B 57,Karatoa- 60-61 82-83 19
Atrai-Gur-
GumaJri-
Hurasquar

2007.

938

2875*

1,01,664

26,934

28,664

34,782

17,339

18,122

50.'7

28.7

10.0

16. It 149.1 Gumani
Rly.Bridge

It 64-65 80-81 16 984 55,422 23,984 56.3

I

!'

.,- *** Recorded maximumflood discharges per unit catchment area.
, * CQtcJlLlent ~:treQ pQrtly in JJcmgln dash. , ,',
* Wate,~,year 19~~~65rme~~,~h.t Ap~H" ,1;r;~ to 31st. March, 19~~,-',~~ --~,.

r~t1r . ;1:



TABW -:3 (Contd.)

INDllX OF DI::3CHARG.t!l STAXIONS

59
o.

'81: ~f•P• 0 t S
,':0 Hydrolo-

gic J.xea
Number

BWDB-Ho.&
Name of
Station

.BVDB No.&
Nalle of
river

PeriodFrom of record
To No.ot

years

Catchment
,0&rea 1n

sq.m1lea

Recorded Average of ***
max.flood Annual max. q
discharges flood diach- in cw
in cuaeo arges in per s,

cusec. mile

!7.' 7 17.'1Boral Rly. 9 Boral
Bridge

1964-65 1982-83 17 60 16,273 8,580 271.2

37 Fakirni- 65-66
Barna1

25,83,960 17,71,916

"8 •.

: 9.

"

31

83.'1 Naldanga
Rly.bridge
90 Hardinge
Bridge

39 Ganges 34-35

82-83

83-84

15

49

214

*3,50,100
5,401 4,015 25.2

7.4
,--,. , ,----,

- N,orth. -:Eastern Region

228.5 Mymensingh 86 Old Brah- 64-65
maputra

,.,"'l. '"",.

'") l' •

.' 2.

23.
24.

,)5 ''- .

8

"
"
9
II

II

34 Nakuagaon

314 Ghosegaon

263A Durgapur

1344 Bausi R.B

134 Jokerchar

17 Bhogai-
KangllA
122 Nitai

99 sameswari

52 Jhenai

52 Jhenai

64-65
64-65
66-67
64-65
65-66

79-80 15
.82-83 17
80-81 14
77-78 13
80-81 13
82-83 16

187 .•
150"
915 '"

54

98
430

35,653
23,722
64,600
17,085
27,358

1,34,846

15,431
12,137
45,983
10,052
20,860
102,163

190.1
158.1
70.6

316.4
279.2
313.6

14 Mirjapur 8 Bangshi 65-66 81-82 12 552
* Catchment ~ partly in Banglades~*** Recorded max~flood

32,724_13,991 59.3
discharges per unit catchment

area.

26.
27.

----_.J.

"
II

9 Kaoraid 6 Banar 65-66 76-77 10, 75 10,590 6,594 141.2





61
T AJ3Ll!: - 3 (COJltd.)

INDllX OF DISCHARGll' STATIONS

Period of Catchment Recorded Average of ***record q inFrom To No:or Area in max.flood Annual max. cuseoyears. flt. miles discharges flood disoh. per sq
" in eusee. arges in miles.

", cuaec.- ----
1966-67 16 * '

30,65,1431983-84 2,24,000 " 39,88,900 17.8

, * I

65-66 83-84 16 6,03,701 39,18,300 30,72,865 6.5
-r---

South-Western Region

BWDB No.&:
Name of
river.

39 Ganges93.'5L Mawa

91.9L Baruria 39 'Ganges
, Transit

38.' 31

"h.M.p.o's BwD'BNo.&
No Hydrolo- Name of

gic Area Station
Number

39. "

,-
40. 17 101.'5 Ka~r- 42 Gorai-Modhu-62-63 81-82 17 362 2,80,988 1,96,766 776.'2

Khali Tr., mati Baleshwar
.~ ':'.

, ' II 171 Goraganj 65 Kumar 61-62 82-83 19 336 9.637 2,981 28.'7,
(Jesaore)

"",', 205 T{a;~:l.vtt-r 79 Mathabhanga 67-68 82-83 15 59 17,897 8.860 5')3.3

",,» 206 '>.,oalia 79 Nath9.bhanga 67-68 82-83' 19 230 14.861 8.060 ': ,S

, •• "0'" ' .• , ""l ','" Y~"h'.bhan~ 66 67 82 8'" 16 646 14 4"'8 9 "'26 ,," '/,<j. ,t.;. .•.....- -'.~,: •. ;.. --:J ••.l.C'~~J.""" au' - - J , ,.I ~,.J. ..:,••• .,)

18 ?< :""x'.~ ~")Cbltra 65-66 77-78 11 139 1.108 ;;n.~, S,',
;''''«\;,,:,;I;!',C? r;". r-;-,::iJlar(Farid-65-66 76-77 11 229 9.390 ~)"-,~u....~1

.":' ".
" ',t' '(-:,~,:',~;:';;-::""':';':-;C;:i';~ P&tly 1nBangl adesh. -_ .._--, - _.,", ,

"',." :,-;',";," .<' ;~~;'::' l)'},1i1flood diSChal'(;<,j £le'(" unit Catchment area.
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TABLE- .3 (Contd.)

IND.I':X OF DISCHAROO STATIONS

31. M.P.O's--l1W])B No.&: BWlfIlNo.&
No. Hydro1o- Name of Name of

gic Area Station river.
Number

Period
From

of
TO

record
No. of
years

Catchment
Area in
sq. miles

Recorded
max.flood
discharges
in cusec.

***Average of q iD
Annual max. cusec
flood disch-per s
arges in miles
cusec.

47. 21 162 Jhikarga-62 Kobadak
cha

1965-66 1977-78 10 226 4,201 1,142 18.6

South-Eastern Region

51. II

48. 11

53. n

50. 27

23.'9

69.1

29.5

154.7

194.5

91.8

65.3
694.'2

10,582

15,848

10,243

12,035
12,645

14,226

46~a"
41,478

25,769

21,780

24,145

20,580
41,655

28,770

79,778

78,013

911

874

263

315
60
186

69 !is

401

82-83 17

82-83 17

81-82 16

82-83 17
82-83 14

82-83 17

sa-a, 15

.82-83 17

65-66

65-66
65-66

65-66

6El~Ei6

65-66

65-66

19 Bhogai

92 StuiSU

78 Matamuhuri 65-66

43 Gumti-
Burinadi
43 Gumti-
Burinadi
81 Muhuri

40 Ramu

114 Jibanpur
(Gumti branch)
110 Comilla

119 Panchpukuria 44 Halda
124 Thand ac hari 47 I samati

212 Parsuram

:24'1' BAndf.'1xobl\h

203 Lama
"
n

52. 28

:.14.

49. 25

55.

*** Recorded maximum flood discharges per unit catchment area.

i-......



TABLE _ 4

AN1roAL MAXIMUMDISCHARGES IN CUSEC.
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-------------------------------------------
Water Year 81 16~:1 155 312Pates- MaJ.onch! Mohima- Talora

war! gonj R~B.-----------------------------------------------------------
1964-65 19,592 7,378
65-66 13,132 9,566 2,446
66-67 36,359 19,309 2,107
67-68 35,159 12,002 2,676
68-69 8,15,430 23,580 15,779 3,989
69-70 83,308 20,792 17,897 3,145
70-71 1,64,851 18,356 25,981 3~,117
71-72
72-73 1,49,642 13,202 11,790 2,489

73-74 35,053 25,275 39,889 4,766
74-75 57,892 22,274 39,536 4,518
75-76 40,948 24,463 24,887 2,676
76-77 2,53,807 24,675 25,381 3,336
77-78 28',558 14,-473 19,980 3,166
78-79 14,049 26,016 18,391 575
79-80 39",536 11,296 20,121 1,168
80-81 23,263 •• 4,413
81-82 9,990 17,191 5,401
82-83 34,559 102 16,944
83-84
--------_. ---- ________________ I ----------

TABLE-4 (Con1id.)

ANNUAL MAXIMUM DISCHARGE IN CUSEC
64

\
I

" /'1 .
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--------------------------------- ------------
water Year 65 306 313 66Bogra Gabtoli Non",auraR.B. Ullapara
---------------------------------- ----------------
1964-65 2,828 32,158 98,840

65-66 2,898 81'2 17,756 1,01,664
66-67 1,747 -469 15,532 74,130
67-68 1,419 544 4,695 22,486
68-69 4,836 1,338 8,190 25,487
69-70 4,342 1,119 9,178 23,792
70-71 . 4,695 1,899 9,531 37,418
71-72 oJ-

72-T~ 1,949 854 6,389 20,686
73-74 9,743 3,954 12,179 4,589
74-75 4,942 2,499 12,496 52,597
75-76 2'f139 1',977 4',624 15,285
76-77 3;742 1,758 7,590: 25,769
77-78 2,708 1,239 10,590 27,463
78-79 2",916 6,001 15,814
79-80 1,709 8,331 18,709
80-81 4,589 27,816
81-82 1,532 20,827
82-83 2,062 12,708
83-8~ -

II----------------- -----------

TABLE-~4 (Contd.)

ANNUAL MAXIMUM DISCHARGE IN COSEC

65

~. .r .
'j )



----------------------------------_._--

-----------------------------------------------_._--------------
17'.1 83.1

:B6ral R;B. Naldanga R';;':B .
149';1

Gumani R;:a

TABLE - 4 (Contd~

ANNUAL MAXIMUM DISCHARGE IN CIJS'Ji'C

66

238RohanpurWater Year



TABLE - 4 (Contd.)

ANNUAL MAXIMUMDISCHARGE IN CUSEC

67



68

-------------------------------------------------~-------------

16,768

42,714

18,886
31,38~
26,475
33,853

35,265
30,570
38,124
20,968
17,968
23,898
15,391
16,556
35,653

301Kaliakoir

15,885

15,356
13,555
11,084
13,202
15';779

.13,273
8,507
10,872
4,660
12;990

-

4,942
7,166
6;425
5,260

10,590
I

4,41,3
5,083
7,519
5,895
8,649

228.5 9 14Mymensingh Kaoraid Mirjapur

1,34,846
1,08';018
1,13,313
1,25,315
97,781
92,839

1,17,902
.2,686
87,191

99,899
. _.-.".

1,14,019
1,23,197
1,05,900
99,193
91';781

1,14,725

TABLE :- 4 (Contd.)

. ANNUAL MAXIMOM DISCHARGE IN CUSEC

---------_. __ ._------------------_. --,----

1964-65
65-66
66-67
67-68
68-69
69-70
70-71
71-72
72-73
73-74
74-75
75-76
76-77
77-78
78-79
79-80
80-81
81-82
82-83
83-84

water Year
---------------------------------------------------------------



------- --------- ---
Water Year 14~5 230li1 114 ~6Nayerhat Bhalrab Jibanpur JanajangallBazar - (Gumti Bl'i)----------- -------
196+-65 75,895 4'34 190 27'~075, ,. \ .

65-66 69,894 4,27,130 10',378 31,876
66-67 87,544 5,08,320 12,779 .34,771
67.•.68 56,480 4,48,310 9,107 34,876
68-69 95,310 4,69,490 10,166 33,253
69-70 61,422 20,968 11,578
70-71 1,14',726 28,381 6,354 30,182
71-72
72-73 59,657 24,992 5,789 35,653
73-74 84,367 24,392 9,496 26,087
74-75 96,722 42,007 9',002 44,126
75-76 33',464 25,875 12~885 31,558
76-77 34,382 21,780 27,358
77-78 47,302 11,120 31,876

.78-79 38,830 18,886 30',076
79-80 32,935 11,155 36',288
80-81 T~413 29',511
81.;.s2 6'~989 29,334
82-83 5,~13 36~712
83-84, I

-:/ -
------~-------------------------------- -------

TABLE - 4 (Contd.)

ANEUAL MAXIMUM DISCHARGE INllUSEC

69



---~-~~-_._-------------------------------------

--------------------------------------_.-------._-----------

-_._---------. _._----------------------

70

201
Manu R~:B

75",595 18;780

51';504 -
82,839 16,344
71,800 10,767
69'~506 26';687
74,998 14,402
7?,989 23,263

267
Sylhet

-

2,097
. - i

I

505

1,638

192Motiganj

TABLE -" 4 (Contd.)

ANNUAL MAXIMUld DISCHARGE IN OllSEC

64,600 63,399 15,391
32,970 1,370 79,199 22,168
57,186 1,338 74,998 19,592
30,252 621 80,837 17,968
48,361 2,097 87,544- 20"862. ,
39',536 4,095 64,246 21,568
44,125 2,146 20,474
51,397 1',980 16,979
39,571 2,845 17,862

65,658 20,792

44,831 -
40,948
58,951
44,125
44~831

263A
Durgap~

. ,

1964-65
65_66
66-67
67-68
68-69
69-70
70-71
71-72
72-73
73-74
74-75
75-76
76-77
77-78
78-79
79-80
80-81
81-82
82-83
83-84

Water Year



-----------------------------------------------------------



------------------------------------------,-.----.---------------

----------------------------,-----_. ---------

72
TABLE - 4 (Contd.) .

ANNUAL MAxIMUM DISCIl!RGE IN CUSEC

4,130 4,024 4,201 317
7,413 6,813 9,002 547
8,472 8,613 9,249 533
8,825 7,342 8,190 340
10,696 8,-543 11,190 554
1,307 6,954 9,999 907
12,214 11,578 12,179
3',989 4,448 5,577
17,897 11',155 14,438
6,001 4,801 8,507
15,108 14,861 12,320

"•

I

1964-65
65-66
66-67
67-68
68-69
69-70
70-71
71-72
72-73
73-74
74-75
75-76
76-77
77-78
78-79
79-80
80-81
81-82
82-83

---------------------------_._------------205 206 208 54Kazlpur Hatboalia Darsana KaliganjWater Year



73

7,20118,956

22,9. 13,626 .
15,131 8,119
25",'li9 16,167
18,155 6~283
13,62 7,484

16,73Z

9,390
7,095

3,954
5,683
.6',919
7',519

537
1',670
1,077

3,989

3,812 8,5U'l 6,531
f~348-- 6,579 15,003 13~732
2','429 9',390 14~Ql 9',602
1',063 5,789 19,4ll6 5,507•897 5,295 16,m 3,019
1~20~ 15,491 15,285- . 17,m 12,990

13,Gi1 6,954
7,615 7,237
9,98 24,145 .

I--------------r-------------------'------------
"

70-71
71";'72
72-73
73-74
7+-75
75;"76
76-77
77-78
78-79
79-80
80-81
81-82
82-83
83-84

I

"
~

~
,

1964-65
66-67
6'1-,68

68-69
69-70

1 fABLE - 4 (Contd.) •

ANNl3"AL~IAXIMUM DISCHARGE IN CUSEc. .' Iwater-;:~~--------162T----------169-------1~------212------
Jh1kar~acha Muzurdia ComD1a Parsuram--------------------------------------------------------------I

I4,201
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TABLE - 4 (Contd.)

AN1'lUALMAXIMUMDISCHARGE IN CUSilll

--------------------------------------------- -----------
water year 99 90 water 9J 90

Gorai Hardinge year GOllElli HardingeR.l'l. Bridge R~ Bridge, , _ ..•_------------------------------------
1934-35 16,44,980 1959-60 1,95,fti 18"60' 310, .,

35-36 15,53,200 .:,60-61 1~45"mJ 16,94','400
36-37 15',99',090 '61-62 1~29,. 25,83,940
37-38 13,90,820 62-63 1,18,~~ 20,72,110
38':'39 16,87,340 63-64 19,80,330
39-40 12,67,270 63-65 2,05,m 17,29,700
40-41 13,80,230 65.-66 1,68~B 12,99';040
41-42 13,51,990 66-67 2,"06',. 14,79,070
42-43 15,77,910 67-68 2,42';~ 17°93 240, , ,
43-44 15,28,490 68-69 2,92,6SY 15,95,560
44-45 15,28,490 69-70 2,66,. 19,48,560
45-46 14,89,660 70-71 1,78,Sffi 17,19,100
46-47 17,33,230 , 71-72
47-48 1,63,792 18<,07,360 72-73 1,77,.) 13,48,460
48-49 1'~77,9,12 21',56',830 73-74 2,54,.: 17,89,100
49-50 1,70,852 18,56,780 74-75 2,98,ElF, 17,89,710
50-51 1,90,973 18,56,980 75-76 2,10"B 18,03,830
51-52 1,27,080 14,89,660 76-77 2,33,m 23,08,620

1856 780 2,O7,~
\,;52-53 1,51,084 77-78 18,03,830., , .

i53-54 1,75,794 17,96,770 78;..:t-92',45,ifiS 23,96,870
~/

54-55 2,12,859 20't68,580 79-80 1,49~B!!¥, 13,02,570
55-56 21',28,590 80-81 2,31,'m 20 40"340, '1
56-57 1,54,967 21,21,530 . . ,81-82 2,34,'5 16,90',870
57.•.58 1,29,904 16,30,860 82-83 2,40,1tP 21,74,480
58-59 '2;06 ,858', 19'87'390 83-8'4. 21;28,590'", ,-----------------------------------------------------------



--------------------------------------------------._----------; -I

'. , .N6rth,;.West ern Region' , .' ,

77

Bushir QT ?9,84S' 15,i3!ln(ln(
';"1'.::.:,142.1 .~ - T-1 »Bandar.

142 Khansama QT = 52,318 - 41;5ln(ln( x:1»
140 Panchogarh QT 16,849 -, 39,5 In(ll:t( T »= T-1 . ,

Thanrgaon ,6,986 : l,M7: In( lii( . T'''';-285 Q' = - T':"1»l'

294 Kaunia QT 1,44,421 5~~ In(ln( T )~',= - T.:..1
,

81 Pateswari QT 34,792 7'5;55 In(1n'( ,1' n= - T"':'1

16.1 Malonchi QT 15;878 - a,~In(ln( l'
»= 1'-1

1 55 Mohimaganj QT = 14.4.7~ - 9~ln(ln( T
»T-1~''-

312 Talora R.B QT = 2,363 - Mjli In(ln( l' »T-1'.
65. Bogra Q1' 2,206 1,~:ln(ln( l' »= - 1'-1
306 Gabtoli QT = 1,037 ~ln(ln( l'

»- T-1
313 Nungoora R~BQT = 7,523 -

. ," 1";';
6~ In(l1l( T-1 »

, 66 Ullapara QT 20,667 27,,~ In(ln( ,T'""= - T-1 »
, . , •

238 Rohanpur Q1' = 14,920 _.J 4.~ In(ln( Ti» -
T-1 .'

TABLE - 5.:
DISCHARGE - FREQUENCY RELATIONSHIPS FOR

INDIVIDUAL STATIONS

4.
3

2

-----.._----------------------------------------------------

1

6

--------~---------------------_ •..•.,,"'''~''"'_...._-----------~------. ,

M.P.O's BWD13No'~'& Equation by double ~nential :
hydrolo- name ot di~.tribution 1unct_lQ~
gie area- -stati,m-:~ - - ~1ll:!.ee,.Tin years)-,-
No'. ,------------------------------------_.---------------



-----------------------------------------------------------

78

._---_ ... ---------------,---------_.

Equation by double exponential
distribution {unction (QT in
cusec, T in years)

BWDB No;,&
name ot
'station

QT
T .,34 Nakuagaon = 11,510 - 7.446ln(ln(:r~,--»

314 Ghosegaon QT 9,706 - 4,'92 In(ln( T »= T-1
,'., T '.,

»134A Eausi R.B"~ QT = 8,145 - 3,762 In(ln( T-1

134 Jokerehar QT 18,777 - 4,106 In(ln( T »= T-1

M.P.O's
HydrolO:-
gic area
No

17.1 Boral 'l.B. QT = 7,030 - 2,SiC In(ln( T ) )T-1

83.1 Naldanga QT = 3,615 - 779 In(ln( T ) )T-1

31 90 Hardinge QT =1629465 -259899 In(ln( T
»T-1Bridge

North-eastern Region

7 ,147 Atrai R.E'; , QT = 15,514 - 4,987 In(ln(1!:I »
149.1 Gumani R;;B ~ = 19,424 - 8,863 In(ln(T:1 "»

TABLE-5 (Contd)

-------------------------------------------------------------
DISCHARGE- FREQUENCYRELATIONSH~FOR

INDIVIDUALSTATIONS

9

8

-----------------------------------------------------------

.' T
228\;5 Mymensingh QT = 87,432 - 28,564 In(ln(T_1 »

T ,'.
9 Kaoraid . QT =' 5,589 -" 2,030 In(ln( T-1 »

T .
14 Mirjapur QT = 10,548 - 618~ In(ln( ~-1 »

----------------------------------------~----------------'.



I---------------------------------------_.--------------------

-------------------------------------------------._--------------M~P~O's BWDJ'lNo-;& Equation 'by double' ~ential
Hydrolo- name ot distribution function(QT in
gic area station cuaec~ T in years)No---------------------------------------------------------------

»

))

,79

'TT-1

QT = 68,804 - 8,244 lJm (In ( T~1-' »

QT = 17,085 - 3,709 lim (In (':r:;'" »
~ ..~;.f':i":.'-';',i

QT = 6;892 - 1,520 lJm- (In (T-1 »
;-':'!" .,j..::~

QT = 2103, 193-397703i1n{ln( '1'-1 »

TQT = 2849544 -433045 iln{ln( T-1

267 Sylhet

67 Kamalgonj

201 Manu H';:B

46.9L J'lahadu-
rabad

91. 9L~~::~itQr = 2839696 -437168ila(ln(

. 301 Kaliakoir QT= 22,441 - 8,823 In. (In( T ) )T -1
14.5 Nayerhat QT = 52,852 - 25, 50~b(rn( T ) )T-1

302 Mirpur QT = 30,627 - 9,274 In(ln ( T ) )T..;.1

230':;1 Bhairab QT =106,703 - 232,9B :m(ln( T »Bazar T-1

T -. ) )36 Jariajangoil QT= 30,173 - 4,277 . In(ln( T-1

263A Durgapur QT =40~962 - 9,554 In(ln( T ) )T-1
192 n-rotiganj QT = 1,366 - 1,039 :Jln(ln( T »T-1

93:;5L Mawa

TABLE- 5 (Contd)

DISCHARGE - FREQUENCY RELATIONSHIPS FOR

INDIVIDUAL STATIONS- --

14

15

t1

8

12

16

31

10



-------------------------------------------------------------

80

T
T-1 »
T.
T-1; »

Equation by double ~. ent~.'aldistribution functiorlit~ incusec, T in years)

QT = 8,402 - 4,2(J'[!n(ln(T:1 »
QT = 13,500 - 4~5;11n(ln( T:1"»

I':

QT = 7,564 - 5,1941n(ln(

BWDB No'~'&:name ot.station

1of.5 Kamnrkhali QT = 1,74,731 " T ._,0- 42,5321n(1n( T-1 »Transit
1,84l1n(1n( T';171 Ganagonj QT = 2,019 - T-1 »

205 Kazipur QT 6,880 - 3,8611In(ln( T »= T~1

206 Elatboalia QT = 6,~76 2,89lln(1n( T »- T-1
",' ,T"208 Darsana QT = 7,895 - 2,7~ln(1n(T_1' »

Kaligonj 2S!1n(1n( T »54 QT = 543 - T-1
162 Jhikargacha QT 1,169 1,3~In(ln( T »= - T-1
169 Muzt.rdia QT ,5,661 2,Olm In(ln( T »= T-1

114 Jibanpur

110 . Comilla

212 Parsuram

119.1 Panchpukuri~ QT =. 10,143 - 3,652ln(ln(

M.P.O'sHydrolo-gic areaNo

TABLE - 5 (Contd)
DISCHARGE - FREQUENCY RELATIONSHIPS FOR

INDIVIDUAL STATIONS

South - eastern Region

17

-----------------------------------------------------
, .'----------------------------~---~-----------,-----,-------------

:
.:---------------------------------------~-----,-----------------

18

21

19

27

11

25

--------------------------------------------,------~----------

-~---------------------------------------~-------------------



-----------------------------------------------

---------------------------------------------

---------------------------------------------------------------

Equation by double er:ponential
distribution ~ctUm(QT in
cusec, T in years)

'T' i,'"
Qr =10,999 - 6,227lm(ln( T-1 »

I '}-T' _c-,~..:;:
QT=36,353 - 20,480 m(ln( T-1 »
QT =31,450 - 19,4341m(ln(T »T-1

../

TABLE-5 (Contd)

. " ".

BWDB No.&
name ot
station

DISCHARGE - FREQUENCY RELATIONSH:J:B&FOR
INDIVIDUAL STATIONS

40 Ramu

247 Bandarbnn

203 Lama

28 124 Thandachari QT = 7, 23G - 10, GOGl!Il.( In( 'f':1") )

MoP.O's
Hydrolo-
gic area
No



7,035
8,066

17,818

76,636

41,903
41,832

28,855

30,331

45,7150

176,549

133,73~

15,t93

39,5'70

105,407

2,531 j~ZT9 3,997

5,252

53, 4r{.) 6;,2.97

1/

29,020 35,596
28,292 35,203

17,739 ~50 27,753

21,957 .25,478

75,876

32,719

22,999 20,142

61,367 81,130 101,262

115,054

145,075. 2~Z50 253,175

226,392 261~3 306~741

3',489
3,274

17,634

18,404

77,333

9,096
176,041

\
\39,618,

T= 2.33 YrsT= 5 yrs. T=10 yrs T= 20 yrs

.38,962

Khansama

Thakurgaon

Talora R~B

BWDB No';&:
name otstation

Malonchi 20,948
Mohimaganj 19,808

Kaunia

pateswari

panchagarh

Nungoora HE 11,464
Gabtoli 1~615

Atrai R.B

Bogra

Ullapara 36,367

Gumani R.B 24,552

Rohanpur

65

66

142.1 BushirBandar

142

285
294

16.1
155

140

312

313

81

306

147

149.1

238

2

3

4

1

TABLE..;. 6

• _.. '~., ";C,"". ~ ".r '.•.•._.

DISCHARGES IN CUSEC AT DIFFERENT REmrnm PERIODS

North-Western Region

82

5

M.P.O'shydrologicarea No.

6

-----------------------------------------------
-----------------------------------------------------------------

-----------------------------------------------

7

----------------------------------------------- "f



---~---------------------------------------------------------------

83

-----------------------------------------------------------------

1T~1 Boral R'~'B 8,748 11,485 13,714 15,852
83.1 Naldnnga 4,066 4,783 5,368 5,928

R;J3

90 Hardinge 17,79,840 2019,299 2214,334 2401,417Bridge
31 .

TABLE - 6 (Contd)
DISCHARGES IN CUSEC AT DIFFERENT RETURN PERIODS

7

M.P.O's BWDB No.& T-233 Yrs T= 5 Yrs';'T = 10 Yrs.T = 20 Yrshydrologic name ot - • •
area Nd. station

-------------------------------------------------------------------
North-eastern Region-------------------------------------------------------------------

8 34 Nakuagaon 15,934 22,978 28,716 34,219
314 Ghosegaon 12,421 16,744 20,265 23,642

9 134A Bausi R.B 10,322 13,788 16,610 19,318
134 Jokerchar 21,153 24,937 28,019 30,974
228.5 Mymensingh 103,959 130,277 151,712 172,273
9 Kaoraid 6,763 8,634 10,157 11,618
14 Mirjapur 14,504 - 20,804. 25,934 30,856

10 301 Kaliakoir 27,545 35,674 42,294 48,645
14:.5Nayerhat 67,606 91,102 110,239 128,595
302 Mirpur 35,993 44,540 51,497 58,173

11 230;1 Bhairob 241,498 456,148 630,977 798,677Bazar
12 36 Jariajan •. 32,648 36,588 ..'39,798 42,876gaU .I

8 263A Durgapur 46,490 55,292 62';462 69,339
14 192 Mot igan j 1.~967 2';923 3',703 4-;1450

:i----------------------------------------------------------------



------------------------------------------------------

------------------------------------------------------------------

84

South-eastern Region "

.267 Sylhet 73,573 81,169 87,356 93,290
201 Manu R.B ~9,226 22,636 23,413 28,076

67 Kamalganj 7,772 9,172 10,313 11,407
49',;6LBahadu-

rabad 2333-;299 2699,718 2998,170 32,84,448
91'.9LBaruria

Transit 3092,636 3495,421 3823,483 41,38,169
93,;51Mawa 3100,416 3499,086 3824,550 41,35,773

:rABLE - 6 (Contd)
.DISCHARGES in CUSEC AT DIFFERENT RETURN PERIODS

M.P.O's BWDB No.&
hydrologic name ot T= 2.33 yrs. T= 5 yrs. T= 10 yrs. T-20 yrs.area No. station

15

16

------------------------------------------------------------------

31

------------------------------------------------------------------South-Western Region------------------------'----------------------------------------_.
17 10105 Kamarkha- I

11 Tr;; 199,339 238,526 270,443 3,01~058
171 Garaganj 3,085 4,781 6,163 7,489
205 Kazipur 9,114 12,671 15,568 18,348
206 Hatboalia 8,251 10,918 13,090 15,174
208 .Darsana 9,501 12,058 14,140 16,138

18 54 Kaliganj 7!6 965 1,177 1,380
21 1~2 Jhilcargacha 1,955 3,207. 4,226 5,204
19 169 Muzardia 6,835 8,706 10,229 11,691
--------------------------------------------------
11 114 Jibanpur 10,838 14,712 17,870 20,898(Gumti Br.) I,, 25 110 Comilla 16,122 20,297 23,697 26,958.-
27 212 Parsuram 10,569 15,355 19,253 22,992

•
...~~_"._:J',,_~ .._ , ., :,~'''-''-..•.. ..,,,"- ..• "~-"~ -" ...•..•....
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38,738

97,182

29,49625,013

31,104

82,440

75,184

23,145

20, 340

67,071

60,600

j
! TABLE- 6 (Contd)

28

DISCHARGESIN CUSECAT DIFFERENTRETURNPERIODS
i
i----------------------~------------------------------------------' !

M:.P.O's BWDBNo:'~& i

hydrologic name at ,'I T1 2. 33 yrs-~,'T•••5 yrs. T= 10 yrs'o T= 20 yr,s
area No:. ' station

I----------------------r-------------------------------------------
i

1191 Panchpu--j
, kuria J 12,256 15,621 18,362 20,901

, ,

124 Thanda- "i

chari j 13,372
I

40 Ramu 114,603

247 Bandarbanl48,202

203 Lama 142,695
j------ 1 _



TABLE - 7.. - .

DATA FOR DAVIS AND WILSON'S RAINFALL FORMULA

86

!-1.P.O'ii1 No. and Name o:C No. and na.lIEO of Drai-. Recorded Recorded Yearly PA.2I'J K=~lIydro- Discharge Raingauge nage max.Dis- max.dai- max. dailylogic Station station Area charges ly rain- rain:fall(p) PA.
Area in sq. in cusec. :fall in :for 20-yrs~No. miles inches return pe-

rllod in
inches

8 31•Nakuagaon R74 Nali tabari 187 35,6.53 10.64 10.104 330.41 108
314 Ghosegaon R74 Nalitabari '50 23.722 io.64 10.104 285.25 83

263.11.Durgapur R74 Nalitabari 915 61•.•600 10.64 10.104 952.30 68
9 1Yt.<\. Bausic;R.B. 1<(,7Jamalpur 54 17.085 10.50 10.372 148.21 115

134 Jokercbar R13 Gopalpur V8 27.358 10.05 8.860 188.33 14.5
228.5 Mymensingh R73 Mymensingh 430 134,880 8.36 10.807 61.5.67 219

9 Kaoraid RS Bhaluka 75 10.600 10.42 9.997 177.79 60
14 M:l.r.japur R2 Atia 552 32,724 8.32 .7.530 506.70 65

10 301 Kaliakoir R17 Joydebpur 441•. 41,714 7.46 9.150 532 •.53 78
14•.5Nayerhat R31 Sayar 117.5 1,14.726 9.70 9.910 1103.48 104
302 Mirpur R31 Sayar 410 56,481 9.70 9.910 .546.93 103

,:'>
1 '"I ';"
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TABLE ~.1 (Contd.)

DAT.4. FOR DAVIS AND WILSON'S RAINFALL FORMULA

lL 1'.0' 3l tIo.and Name of' No. and name of' Dra~- Recorded Recorded Year1y max
K = : •••2/)HJ.r;::::."o- D~.scharge Ra~gauore na~a max. Dis- max.dai. dai1y.rain- PA~

:Logic Station. S-tation. Area oharges ly ra~- f'a11(p):f'or
Ar~l!l ill sq. in cusec. fall in 20 yrs.
"l'Yo. m:l.l-es inches return per-

iod in incs.
. ---""' ..•...

12:. 36 Jariajangail R 68 Jariajangail 686 44,126 1).41 14.275 1110.34 40

14. 1:)2 Motiganj R126 Srimangal 86 28,452 7.96 8.606 167.67 170

15. 267 Sylhet R128 Syillyet 1080 87,544 14.32 1).170 1)86. )4 6)

16. 201 Hanu R.D. R114 Kamalganj JSO 26,687 7.30 7.516 401.20 67

67 Kama:Lganj R114 Kamalganj 195 11,684 7.30 7.516 252.74 46

..-- ..-----~-----_._.-_._-,.-_._.~._----=~~~~.._.
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-88

Recorded
max.disch-arges in
cusec

3215,830

Drainage
area in
sq.miles

BWDB No.&
name otriver

BWDB No.&,name ot,Station

TABLE - 8
INDEX FOR STATIONS (WITH HIGHER_DISCHARGES)
USED FOR ENVELOPE CURVE

1 140 panchagarh 57 Karotoa- 197 187,798Atrai

2 228.5 Mymensin- 86 Old Brah- 430 134,846
gh maputra

11 230.1 Bhairab 86'Old Brah- 2';993 508,320
\Bazar maputra

17 10105 Kamar- 42 Gorai-Madh';'
khali umati-Bales-Transit war 362 280,988

31 90 Hardinge 39 Gnnge8 ~50,100 2583,960Bridge
9109L Baruria 39 Gnnges 2,24,000 3988,900Transit

93;;51Mawa 39 Gnnges 6.03,701 3918,300

46.9L Bahadura- 22 Brahmapu- 2p6,895bad tra Jamuna,-----------------------------------------------------------

M.P.O'sHydrologicarea Number
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