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ABSTRACT

DEVELOPMENT OF UNIT HYDRO GRAPH FOR THE HALDA RIVER BASIN

An extensive study in developing unit hydrographs at
Narayan Hat, South Sunderpur and Panch Pukuria stations in
the Halda river, in the districts of Chittagong and Chittagong
Hill Trac ts ,was cOnducted and finally drawn. In doing so,fund--
amental principles, basic knowledge, practical data have been-
utilised.

The exact information of rainfall intensity, as well as, its
duration of a storm is compUlsory for drawing a unit hydro,Q"raph.
This particular information was taken from auto rain ~age ~harts
maintained by the Ban~ladesh Meteorological Department, which
installed an automatic rain gage at Patenga, near Chittagong.
Hundreds of storms have been vigorously studied, verified, in the
region for no less than fifteen rainfall stations, (Whose daily
rainfall records are maintained by the Bangladesh \"ater Develop--
Ment Board), scattered in the whole basin area. Only few storms

/ ,have been isolated and identified whose intensities were equal
or very nearly equal to those recorded at Patanga. The rainfall
periods for those selected storms have been taken from the actual
rainfall charts of the Patanga Meteorological station.
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Rainfall reliability test for some stations have been
justified in Double Mass Curve Analysis.

Several unit hydrographs, for each station, have been
developed at Narayan Hat, South Sunderpur and Panch Pukuria
and one average unit hydro graph for each statio'nhas been drawn
for which some'S' Curves had also to be developed.

The validity of the unit hydrographs have been justified in
finding final hydro graphs (synthesized) and thus comparing
them with the actual ones, by using effective rainfall runoff
relation curves(developed in this study). These were done
for South Sundorpur and Narayan Hat Stations.

Following the unit hydrographs, synthetic unit hydrographs
.at South Sunderpur and Narayan Hat, by. Snyder's mpthod, have
be en developed.

One formula for peak flood discharge at South Sunderpur has
.been developed and verified with success and some physical basin
characteristics like Ct,Cp and a physical constant have been
found out in this study ;,hich are important results.

..r..lli
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CHAPTER I
. '.

INTRODUCTION

in Bangladesh

Bangladesh consists of the flood plains of the Ganges,

the Brahmaputra, the Meghna, their tributaries and distri-

butaries. These river systems have'their catchment area

approximately 6,00,000 S1. miles of which only 7.5 per cent

lies in Bangladesh. A senerate system of comparatively small

rivec-s namely, the Karn,"fuli, the Halda, the'Sangu, the Mata-

muhuri drain, generally, the hilly and forest areas in the

districts of Chittagong ~nd Chittagong Hill Tracts. Most of

the rivers of Bangladesh are characteris'ed by limited depths,

fleet slopes, fine sandy bottom, substantic.l meandering, ero ...

di(,l" banks and shifting channels. All the ri.vers are tic."l

near the sea with a maximumtide range of 22' feet.r------.__ c~_."_ .-.~o _

Flood invariably occurs during the monsoonor rairy- secc-,

son. The rivers begin to rise steadily at the onset of the

monsoonand reach their peak levels in August or September

wh,m flooded area covers about 9800 sq. miles, ,,!ith a flood,...

ing depth of 3',-0" to 12I -0", in normal years. Flash flooo.s

occu~ in the small rivers of steep gradient in high intensit.:r

. ra:in:~'all areas. Th~ maximumflooded area may rise to 19,500
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sq. miles as occured in the.year 1955 due to synchronisation

of flood peaks of several rivers with simultaneous heavy rain-

fall in their catchment areas.

In this 'country, the "flood vulnerable areas" that which

has been flooded in one year or another comes to nearly 26,000

sq. miles, out of which about 21,900 sq. miles are cultivated.

Although the annual flood affected area varies between about

9200 sq. miles to 15,000 sq. miles the area subjected to fJ.oo'~,

ovsr a period of years is muchlarger.

Bangladesh Water DevG.lopmentBoard has shown in a study

thE't durin'g the 10 years, 1954 to 1956 and 1962 to 1968 the

an'a flooded had ranged from 9.9 thousand to 15.0 thousand SCi,

miles. Direct annual losses, as estimated by the InternatioD."l

Bank of Reconstruction and Development, from an extensive stnjy

from 1962 to 1970 in Banc;ladesh, claimed to be between 600 an.d

700 million rupees (1969 prices).

RiTer Halda

The river Halda originates in the hilly r3.nges of Ramgnrf".~

in the district of ChittagongHill Tracts. DmrungKhal,Sart ..:.

Khal, Talpari Khal, Sua Kilal, are its principal tributaries. It

fallE; into the Karnafuli river at Enayet Hat, one mile upstr':.::

of Kalurghat railway bridge. Its total le~gth is about 50 milE~
and total catchment are,: is about 645 square miles. It is a
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flashy river and remains perennial and navigable throughout

the year. This river frequently crosses the danger lavel alm'ost

each year in the monsoonperiod causing wide spread regional

flooding due to high intensity of rainfall in the hilly catch.-

ment'area.

The head waters of all the tributary streams of the Hald':.

rise in the adjacent hill areas. The hills, west of the river,

knmm as the Sitakund Range, are nO i; very high, reaching elev:.:.-

tion of 150 to 500 feet. This escarpment is the western rampe,,+

of the Chittagong Hills in this locality and ifs western front

faces the Bay of Bengal. The westward drainage from this ridrc

consists of numerous small short streams ,.•hich debauch from

west east oriented ravines and flow eastward to the Halda. To

,the east of the Halda tl'e ridges a:re muchhigher,reac'hing.elevctj<:

of 1000 to 1800 feet and the terrain is more rugged and bro!G]".,.

The tributary streams are larger and longer and flow in a,

ge;:lerally,southwesterly direction to the Halda. The three rna],'"

tribv.taries, Sarta Khal, Talpari Khal, and DhurungKha] all

arise in the eastern hills .
•

, The main branch of the Halda emarges from the hills near

.Narayan Hat and the valley floor then becomes quite flat, gen";ly

sloping from about elevation 50 in the north to elevation 8 ~r<

the south, but there are several hilly areas as low as el"vaticn

5.
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i.
Tne Halda is a mean~ering stream where it flows through

the valley with a number of ox-bowbends, at several of these

cutoffs have been made by excavations. The river has a very

fJ.at gradient. and the v0lley is subject to flooding by over ..

floe,s from the Halda and from poor drainage of surface wateT

during the monsoons.

Geology of the Basin Area

The Chittagong and Chittagong Hill Tracts distric ts ,how--

ever,are sharply differentiated topographically from the reK

of the country as the terrain in these districts is hilly and

mountainous. The hill slopes are forested or bear cutover

scrub, while the lower stream valleys are generally cul tiva--

ted. On the perimeter of the basin the Chittagong Hills fer;':

th," south eastern barrioI'. The Chittagong Hills comprise a

serie s of' steeply folded }Erallel ridges baving a; generally,

. no:"th south axis. The formation consists of shales and firm

gr'J-ined sandstones of early tertiary (probably Eocen) age.

The sand stones are poorly consolidated, weak and friabJe.

Both shales and sandstones weather radially upon exposure.

As a result, the hills erode easily, forming deeply eroded

tr'insverse ravines and the weathered debris, and is carried tc

the lower valleys. The valley floor is built up of recently

dopaai.ted sediments. Tho present floor of the lower valleys :,.,::

proJ:ably composedof mixed deposits of marino 2-ndalluvial
. I

oricin from the adjacent hills. Along the noandering strool'c



5 times with a remarkable peak in late July, 1975. Th8 high-
est peak attained was ~,1.18feet on the 28th July, 1975, ae&"~"ct
the danger level of 27.00 feet at South Sunderpur. From the

r/:/ .!~.~;~>;"

-" ~. J .;;:; :'"

. .Water Development Board in 1975, it showed that the rlver

The following comparative statement of flood level of

flood banks have been built up.

~loods in thenroposed region
In the annual reports on flood, published by Bangladesh

.
and fall in stage. The river crossed the danger level for
Halda at South Sunderpur is flasly in nature with sharp rise

stuge duration curve of this station, it could be seen thc.t
high stage of the l'iverabove the danger level was for a
period of more than 7.1% per cent of the total time (data
computed from January to October, 1975) •

J- :.~, .•

gi.vento show the n:ravity of situation for flood forecast or
flood control in the resion.

South Sunderpur station in the river Hal.da from 1970 to 1975
anddaoages caused by flood in the district of Chi ttagong is



TABLEI

6

1975 Re::OL.rku .19741973,1972

3,17,65,500

1971

PPD

1970

36.40 33.05 30.20 27'.50 36.45 41.18 Ste-c.',u'
iIJ. it.

468 43,273 364

TABLEII

"Annual Reports on Flood" in Bangladesh: Ban,gladesh
Water Development Board PUblioation in 1975

Highest Flood
Level ft.

41.18

1207

27.00

The above reports are undoubtedly alarming and happen o.l,,,cr;":

regton.

every year. Efficient flood forecasting and successful evacut.-

ion 'md relief operation by responsible authority can be beLc>

Sources: Relief and Agriculture Dep2.rtment of the then
East Pakistan

Darna((esCaused By Flood In the District of Chittagong In 1966
Submerged HumanLive Darnage, Crop Value 'prjyate Houges Est:L'~a...:
Ar(;l1s sq. Lives! Stock Crop Rs . J ted
miles Lost Dead Area sq. (1966 price) COI:lple-~- Vol'.c'

m:Lles tely 2.~ly HE' ( , c,:.)
DamagedDarnag- p;j~C~~'

ed
34,600 99,564 '472,56//(;.'

ved to minimise the havoc of danages and destruction in the

Flood Level of South Sunderpur Station in the River Halda
From 1970 to 1975

Dfmger
Leval
ft.

Sources: ,

-+
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construction of important structures etc. in which the river

may be thought for implementation- the respective river,

F
- ... -~ ,...

every river

Flood control encompasses many possible meaSl).res,The CO:1-

monly accepted ones are (a) Reduction of peak flow by const~"c-
tin@:reservoirs, (b) confinement of flow within a predete:"ILined
cha;lne],(c) channel improvement ,(d) diversion of flood water,-
through by passes or flo00.ways ,(e) flood fore casting,warninc:
and evacution ,(f) flood plain zoning ,(go) flood proofing ,(h) 1":,,,6

The main tool of any river and its basin study is its

Besides floods, we are entan~led with many other problens'
or projects like irri~ation, communication, land reclamation,

management atc. Structural or non-structural, whatever measures

economic1al, environmental, geological and political life.

its hydrologic behaviour, its basin characteristics must be
known.

system,here,plays aVit'.,lrole. In reality, the ri'.'ersystGl""
has become the part and parcel of our traditional, 5~cial,

of this country is essential.

m',ch extensivo is the utility in applying the respective unit
hydrograph in the problems and projects of a related river,

hydrograph in general, and unit hydrograph in particular. How

kum.'sno bounds. To knO'lthe unit hydrograph of

A.
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Objectives
The principal objectives of this research work were

1) To develop average unit hydrogrcoph at Narayan Hat, ","
South Sunderpur, and Panch Pukuria on the river Halda

2) To develop synthetic unit hydrographs at Narayan Hat
and South Sunderpur on the Halda river

3) To find tDe values of some physical characteristics
like Ct,Cp of the basin area

4) To develop a flood formula by which approximate peak
discharge at South Sunderpur can be ascertained.

.
• •



GHP,PTER II

BASIC CONSIDERf.TIONS

Defj_nation of Unit H.ydrograph

Detail discussion on,hydrographs lead to the hypothesis

that identical storms with the same antecedent conditions

produce identical hydro[;raphs. This principle was expressed

by Sherman, L.K. He pointed out that all hydrographs resnl t-.

ing from rainfalls of a given duration have ~he same time basc.

"The unit hydrqgraph (originally named unit-graph) of a

drainage basin is defined as a hydrograph of direct run-off

resulting from 1 in. of effective rainfall generated uniformJy
J

oval' the basin area at ". unit rate during a specified period

0-0 time or duration".

If the theory is sound, the hydrograph for any other

sj_;lilar storm of the same duration will be established by

ronltiplying the ordinates of the unit gr8,ph by the storm

Assuqptions

Hal' the unit hydrograph theory the following basic assUi::p--

tion:'.; are necessary.



1. The effective rainfal.l is distributed within its duration:
For this assUJ!lption,th? storm in question should-'be such
that it should be in~enee, and nearly effective rainfall
over a short duration.

2•.The effective rainfall is distributed uniformly throughout
the ,.hole basin area: This assumption requires the drainage
are[lto be of limited aize to be covered by the effective
stor~ uniformly. The Halda river basin. is neither too big
nor too small for tts a:'plication.

3. The base of the hydro~raph of direct runoff due to an
effective rainfall of unit duration is constant. The base of
the hydrograph of direot runoff usually depends upon the

method of base flow S8p,:ration. Theoretically, the recession
l.imbof a hydrograph docre2-ses exponentially with time. Hero'
this assumption does not hold good always.

4. The ordinates of a direot runoff hydrograph of a common
buse time are directly proportional to the total amount of
direct runoff represented by each hydrograph. Since the ordj_~,'
tee of the direct runoff hydrographs are also mutually pro.-
portional and thus can be added or superimposed numerically
in proportion to the total amount of direct runoff.

5. The hydrograph of a runoff duo to a given period of storm
reflocts all the combinud physioal characteristics of the
given drainage basin.
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Under natural conditions, the above assumptions cannot
be satisfied perfectly. Ideal storms are very rare in nature.
For this researoh work care has been taken .to select storms
so that they meet the a':Joveassumptions as close as possible.

Keen observations have been taken in regards of total
daily rainfall in all the rain gage stations of the basin
area individually, as well as, their daily averages. These
records were'compared with those of the Patenga Meteorologic"l
Department office. Patenga is very near to the Halda,river
basin and hereau auto r2in gauge instrument was installed by
that department which has been maintaining records. The co~-

parison was made to tako storm duration from the Patenga offici;.
Average rainfalls in the basin for the Selected storms were
taken as the nOlalintensity for the development of unit.hydro--
graphs.

Derivation of Unit Hydrograph
Uni t H,ydrographs from Isolated Starns The unit hydrogra-c})cc

were most easily derived from the hydrographs of isolated st,")",r-,'
I

The steps in the derivation were as follows.

1. Base flow was seperated and the volume of direct runoff
froD the storm was measured.

2. The ordinates of the direct runoff were divided by the
runeff volume (expressed in inches over the drainage area).

.• . ..,~
..• .' ;~:~';,

. '. {I .
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ThG resulting hydrogrnph was a unit hydrograph for the b8.si.n.

3. The effective duration of runoff producing rain for which

the unit hydrograph was applicable was determined by a study

of the rainfall records.

4. Unit hydrographs for severo.l suitable storms were determined

Cl.ndaveraged to obtain a mean unit hydrogrc.ph for the basin.

The mean unit hydrogro.l)hs have areas equal to 1 in. of runo:'f

each and resembled the individual unit grQlJhs as much as

possible.

Unit Hydrographs from Complex Storms

Whenever ideal starns were not available, unit hydrogrc'.}c',S

\HJre developed from the records of complex storms. CGre 1'/2c5

t:.•.ken to see the seperr.tion of storms ie.neldistinct peClks o'P

the hydrographs. The cOI'lplex storm hydrographs were seperc',tec1,
into individual ones by mGans of respective composite recess-

ion curves. The unit hydrographs were then c'.eveloped from e:.ch

seporated storm using the procedure outlinod before for isole'!::./:

storms.

Usefulness and Limitations of a Unit Hydrograph

The unit hydrograph is a technique ,of determining time

distribution of flow from sr;nll nnd 1'1.ocleratenreas. The unit

hyc',rogrnph he.s proved t:) be a hi.ghly effective and simple tee].

for hydrologic work. Within the limitation of a fixedduraticJY!

..
.} .1 :"(~: J. - ':>.(

,:",/"j. '
I .
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ments and dRm for nul tipurpose projects.

be used for flood forecasting where flush of floods occur

. \applled to ftdTly

bydrographs of various storms will be substantially s~~ilar
in shape with ordinates approximately proportional to the
runoff volumes.: This simple but very important tool may be
easily applied to differsnt problems with success.

This country is frequently visited by floo0.s. In the
structural design works, in the CB-seof a standard project
flood .01' a design flood for a flood control proj£~ unit
hydrograph can essily be applied. To find flood volumes,flood

and similar rate and areal distribution of rainfall, the

routing and forecasting of flood a unit bydrograph is extrenel:;-
used. An early forecast of flood will allow evacuation of
residents and removal of goods fr06 a flood threatened area.
In the field of this research work the unit hydrographs can

regularly and in the proposed flood control measures, eDbin);:..

about 2000 sq. miles although they have been

There are li!'litations to the use of unit hydrographs whiclJ
Must be recognised. Unit graphs are best suited to area~ under

those which are long and narrow, cOmPlonlyhave very uneven
la.rgeareas with varying success. Oddshaped basin, particl.11p.rly

rainfall distribution and hence unit hydrographs are not '.mll

adopted to such'basins. In mountuinous areas, subject to orogr;-
phic rainfall the areal distribution of rainfall is very Une,T<2n,
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but the pattern tends to remain the same from storm to storm
and unit hydrographs may successfully be applied.

Synthetic Unit Hydrographs
Development of some hydrc~ogic reletions become, in many

design problems, very necessary where inadequecy of data do
not permit them. Development of such a technique, i.e., the
synthesis of a unit hydrograph requires the determination of
equations for the unit peak-flow and time to peak curves in

terms of the physical features of the basin under study. With
the available data, in this case, the unit hydro graphs were
drawn. It was then desirable to find some coefficients rela-
ting to the Halda river basin characteristics. To find these,
Snyder's method of analysing and his developed emperical
equations were used. This method is a correlation between
three unit hydro graph parameters (peak discharge, t:iI!lelag ..
from beginning of rain to peak flow and total base time) and
three .basin characteristics namely, size of the basin area,
slope of the basin area elevation curve, and number of major
streams in the basin.



~ ..,

where,
tp = time Jai'~from midpoint of 8ffective rainfall

duration tr to peak of a unit hydrograph, hr.
tr = duration of effective rainfall equal to 1ip/5•5
tR = duration of effective rainfall other than standard

duration tr,adopted in specific study, hr.
tpR= time lag fro~ midpoint of duration tR to peak of

unit hydrograph, hr.
qp = peak discharge per unit drainage area of unit

hydrograph for standard duration tr, cfs/sq.mile
qPR= peak discharge per unit drainage area of unit

hydrograph for duration tR, cfs/sq.mile
Lc = river milage from station to centre of gravity of

the drainage area
Ct & Cp = Coefficients depending upon units and basin

characteristics.
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In th~s research work Cp' Ct and base time T were found
for the South Sunder~lr and Narayan Hat basins in the Halda
river basin. Values were used from developed corresponding
average unit hydrographs. The calculation in finding the
physical characteristics and constant, using the Snyder's
method is shown in Appendix - B.



CHAPTER III

DATA COLLECTION

In developing unit hydrographs in the Halda river basin
the following maps, informations, data become necessary
which were collected, studied and applied in this work.

aydrological and Geological Maps: The main source of collec-
tion is Bangladesh Water Development Board. These are shown
in Figure 27 and Figure 28. From these maps the.position of
the Halda river, its tributaries, location of necessary rain
gages, discharge stations were found out. Drainage ?reas for
different discharge stations, Narayan Hat, South Sunderpur and
Panch Pukuria on the Halda river and also those for different
tributaries were traced out.

Rainfall and Evaporation: Bangladesh Water Development Board
maintains the rainfall, eveporation and discharge records for
various places and rivers of this country and publishes them
in the HYdrological Year Books for Bangladesh every year.
In these publications there are details of stations, their,

10ca:l1ioIlB,bench marks, eleva.tions, apperatus used, date of
installa tion, a,vailbility of records, extrel'lerecords, danger
levels, drainage areas, maximum channel width etc.

=~
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The figures and quafitities shown in data sheets are
normally those actually recorded, measured or computed.

Both rainfall and everporation quantities are recorded
in inches at 0900 hours each day and entered against the
day on which they are read. The Board claims that the

figures entered in data sheets are the figures as received
from the record observers.

The rain gage, in use, is the standard 5" diameter manual
gage and is so placed that its rim is one foot above the
ground level.

Daily precipitation data in and around the basin area
of this river are available. for 15 ~ocations. They were
collected from this Bangladesh Water Development Board's
Publications, compiled and compared with each station, as
well as, with that of Patenga automatic. rain gage station.
These are shown in Table IV and Table V.

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



The stations are noted ,below:

~. ,

stations
Amtali
Chanderkhll
Dolu
Fatikchari
Hia Khun
Manik Chari

Mirza Hat
Marayan Hat
Nazir Hat
Rajbari Tilla
Ranga Pani
Sikder Hat
Tenturi
Chittagong

Period of Records Available From
,1961
1961
1961

1961
1961
1960(daily)and monthly

since 1902
1961
1961
1961
1961
1961
1961
1961
1961(daily) and monthly

since 1902

Records from Meteorological Department of Bangladesh: Thi.s
department installed one automatic rainfall recordin~ instru-
ment at Patenga, near Chitta~ong. It records continuously tho
rainfall intensity for each day over a period of 24 hours.,

Rainch:or,tsfor the years 1970; 1972, 1973 and 1974 were
collected from the aforesaid department and counted to hourly
rainfall and shown in Ta.bleV.,

..'*'.\

•
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Records of all rainfall stations for 1969-70, 1972-73,
1973-74 were taken for hydrograph annlys:isisand from 1962-1976
for rainfall study and Double Mass Curve Analysis.

Records which were used for the development of unit
hydrographs, only are shown in data sheets. The others are
omitted.

Discharge Records
Bangladesh Water Development Board maintains observed

stage-discharge records of various stations of different
rivers of Bangladesh. From daily stage records the Board
computes discharge data frorlbest fit stage-discharge curves
and publishes them in Hydrologic Year Books for Bangladesh.

The station qescriptions furnished in those published
volumes include the location of the stations, Bangladesh
Water Development Board Bench mark no. and their elevption
above FWD datum, are recorded as well as annual extremes of
-both observed ,and computed discharge and, of course, availabi-
lity of records, drainage areas etc.

Both Wa~s Bucket Type and Ott's propellor type water
current meters are used in measuring river discharge, Generally
velocities are observed at 0.2 and 0.8 of the total depth
of flow (Le. tvro point method). On big rivers especially
equipped launch, catamarans, are used as gaging crafts which
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include depth sounding equipment like echo-sounder 81so.
On smaller streams, however, observ['.tionswere taken from
bridges, from boats or by Wading rods or lines.

The discharges are shown along side the corresponding
waterstage observed from where stage discharge curves (rating
curve) are developed and published in the Hydrological Year
Books) •

The principal stations for determining discharge in the
Halda are (al Narayan Hat (b) South Sunderpur (Fatikchari)

, ~
(c) Panch Pukuria. Th~e are no other reliable discharge

. \

records on the Halda or'it's tributaries.

Daily discharge data of the Halda at Narayan Hat, South
Sunderpur and Panch Pukuria were collected and compiled for
the years 1970-71, ,1972-73 an",1973-74 in this study. These
are shown in Tanle VI. The discharge hydrographs were drawn for
analysis, for the above stations and years.

From the discharge hydrographs, sometimes it is seen that
peak floods of the Halda river at Narayan Hat and at Fatikchari
are not closely related because of the difference in drainage
area characteristics. The high short duration peaks at Narayan
HatsometiBes exceed those at Fatikchari because of channel
storage between the two stations.



CHAPTER IV

PROCEDURE

Hydrographic Analysis
A graph which shows the relationship of discharge,

stage, velocity, or other properties of water flow with
respect to time is known as a hydrograph of a section
ofa river. The phisiographic and climatic characterist-
ics of any particular drainage b"lsinusually govern the
rainfall and runoff relationship of that basin. The hydro-
graph expresses the characteristics of that basin with
its ownlangunge. A single peaked hydrograph is produced
due to a concentrated storm while a multiple peaked hydro-
graph indicates, generally, abrupt variation in rainfall
intensity, a succession of storms, abnormal ground water
recession, non-synchronisation of flow in different tri-
butaxies in the upstream or other causes.

•

The daily rainfall records of different rain gauge
stations of the proposed basin have been collected for
the years 1970-71, 1972-73 Ernd1973-74 and also the daily
computed discharge records of Narayan Hat, South Sunder-
pur, and Panch Pukuria were collected for the same period.
The discharge hydrographs for those discharge stations

.,-
>
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were drawn for those three years. FroEl these hydrographs
it is seen that the hydrof':raphachieves its peak only with-
in a couple of hours after the rain fall ceases. Some times
if the storm prolongs for hours, the hydragraph shows its
peak flow within the duration of the storm.

In developing unit hydrographs, these hydrographs 1ecame
useful in selecting the unique pe".ksof the hydrogrnphs
developed by isolated or complex storms •

To seperate the complex hydror,raJlhsinto a number of
• single peeked hydrographs, it required to devel0I- a com-

posite recession curve for each station of.Narayan Hat,
South Sunderpur and Panch Pukuria. This became possible
after the availabili.ty of a good number of smooth, reliable
recession limbs from the hydrographs. The selected hydro-
graphs were then analysed with the help of these composite
recession curves, Figure 1,2 and 3, for the development
of unit hydrographs. The analysis of hydrographs are
shown in seperate figures, Figure 4 to Figure 15.

Base Flow Seperation
This is a commen practice to divide a hydrograph into

direct and groundwater runoff for developing a unit hydro-
graph. There are several methods to seperate the base flow
from the observed hydrograph. Base flow seperation should

''',' "

... '
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be such that the time base of direct runoff remains rela-
tively const2.nt from storm to storm. This is one of the
assumptions as previously noted keeping in mind that the
total time base ahould'not be excessively long and the
rise of the ground water should not be too great. The most
practical method for the seperation of base flow from 'bhe
hydrograph the following thumb rule, as given by Linsley,
Kohler, and Paulhus in their "Hydrology for Engineers",
has been utilised here.

The rule is
N = AO.2

where,= N = Number of days after the peak of the hydrograph
to the point of termination of the direct flow. A = Drainage
area in square mil.es. •

Complex Hydrograph Seperation by Composite Reoession Curves
Analysis of complex hydrographs resulting from ~ro or

more closely spaced bursts of rainfall often cannot be
avoided. In those cases it is necessary to seperate theo
runoff caused by individual bursts of rainfall. The divi-
sion between bllrsts of rain'is usually accomplished by
projecting the small segment of recession between peaks
using a total flow recession curve for the basin. The base
flow recession curve is most frequently used, and the method

.~.,

adopted here, for developing such a curve is to piece to-
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gether sections of recessions from various storms until
a composite curve is obtained which covers the necessary
flow rates.

Three composite recession curves, each for Narayan Hat
South Sunderpur, Panch Pukuria have been developed and
shown in the Figures 1,2 and 3. These recession curves
were used in seperating the complex hydrographs into sin-
gle hydrographs which again were analysed for the develop-
ment of unit hydrographs.

Unit Rydrograph: Calculation
The selected storm hydrographs were plotted elabq:t:1i:;..,

tely to find the ordinates at an interval of 6 hours. The
complex hydrographs were seperated as discussed before.
After this step, the hydrographs were taken for base flow
seperation. The method adopted was also discussed before.
The ordinates of the direct runoff hydrographs equal to
the ordinate of the observed hydrographs mli1us base flow.
Total volumes of the direct runoff hydrographs were com-
puted to inches of runoff. The unit hydrographs ordinates
were obtained by dividing the ordinates of the direct
runoff hydrographs by the runoff in inches as found from
the total volumes of flow.

The duration of the effective rainfall was found in
the following way:
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A ~etograph of Pateng2. al1~o,rain gage statian for
each selected hydrograph was drawn. In the lj.yot'o'gl!'aph"
horizontal lines were drawn such that the portion above
the horizontal line equals the total runoff volume or
in inches. The portion below the horizontal line repre.-

•sents the abstractions. The corresponding unit hydropra-
, ,

ph became 'the unit hydrograph for that effective rain-
fall period.

Next, the centroid of the mass of effective rainfall
was found for further calculation to find basin lag and
soine physical characteristics of the area.

The sample calculation for developing 1 hour unit
hydrograph, Halda river at Narayan Hat is shown in Table

VII.

Average Unit Hydrographs
To minim~se errors in the ~it hydro,Q'raphs, unit hydro-

graphs for similar storms are determined and averaged to
obtain a mean unit hydrograph for the b2.sin. As because
similar storms were not available, unit hydrographs for
different effective storm period~ were drawn 3 unit hydro-
graphs for Narayan Hat,6for South Sunderpur, and 3 for

,Panch Pukuria were obtained, for different storms. Unit
hydro graphs for uncommon period were then transformed to
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one fOL.a ,",ommonduration by means of summation curve, or
simply'S' curve method. One sample'S' cur,s calculation,
3 hour. and 6 hour un:..thYlirolSraphordinates from 1 hour
unit hydrograph ordinates for Narayan Hat, is shown in
Table VIII.

After achieving the unit hydrographs for one com~on
hour period the unit hydrographs were then averaged to
find a mean unit hydrograph for each station. The average
unit hydrographs for different station were obtained by
locating the average peak height and time. The mean unit
hydrographs, found, have areas equal to 1 in. of runoff
each and resemble to individual graphs as close as
possible, Figclres 16,17 and 18.

Next, the mean unit .hydrographs of Narayan Hat and
South Sunderpur were transformed for different hours by
the same'S' curve method to utilise them in real storms
and thus to prove the validity of the unit hydrographs,
in finding total and real hydrographs, calculations are
given in Table XIV and table xv which are shown in Figures
19 and 20 respectively.

Validity of the Unit Hydrographs Developed
To prove the validity of the unit hydrographs, deve-

loped for different stations, it is necessary to utilise
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the un;~ hydrographs to some rea: storms and "0 synthe-
size the storms hydrographs and finally coIilp2.rinrr,them
with real hydrographs.

To perform this objective, rainfall runoff relation
is required and for this, three import"mt curves, one for
Narayan Hat, the other for South Sunderpur and another
for Panch Pukuria stations were developed. These,are
shown in Figures 23, 24 and 25 respectively.

Rainfall Runoff Relation
The runoff of a basin is dependent on independent

variables like amount, intensity and duration of rain-
fall, initial moistUre condition of the basin or ante-
cedent precepitation, date or week of the year, evapot--ranspiration etc. The correlation between one dependent
and three or J!loreindependent variables can be adequately
represented by coaxial method of graphical correlation.
This type of correlation could not bo possible to achieve
for w-ant of necessary data.

The simplest rainfall runoff correlatiOn two variable
plotting of average rainfall versus resulting runoff, .
have been drawn for each station of Narayan Hat, South

.Sunderpur and Panch Pukuria.
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Fc~ iJlustration, about 3') ,torms were S3::' }cted
from _"hich average total rainfall and resul t.in@:runoff
from each storm was found cut from aV9.:iIE!.blerainfall
records and plotted hydrogr8.phs. The rainfall runoff

..correlations are shown in Figures 23, 24 and 25 as dis-
oqsged before. Few points, in the developed rainfall
runoff relation curves, are observed to be markedly away
from the average lines (Figures 23, 24 and 25). Scruiti-
zation about these points reveal that storms ."hich were
within long dry spell periods contributed much low runoff.
ThE) points which were much above the average curves, it
was found that the storms were in the wet spell periods
producing more runoff.

Only a.moderate degree of correlation can be expec-
ted from these grphs are seen to be typically curved,
indicating an increasing percentage of runoff with in-
creasing rainfall. In sketching the curves two point
averages have been taken first and then four point
averages. The curves pass throUl,,:hthe four -,'.point
average points and also the mean of all t.he coordinat-'
ing points.

Taking the runoff coefficients from these curves,
effective rainfall have been found out for utilizing
them ih the unit hydrographs in synthesizing runoff

mailto:t.in@:
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hydrographs for South Sunderpur and Narayan Hat statinns,
calculation sheets are given in Table XIV and Table A~.
As Panch Pukuria is veTY c:ose to South Sunderpur (less
than two miles), test for this station is omitted. Base
flow is ostimated and used in ~al~ulating tables.

The synthesized hydrographs and the actual hydrog-
raphs are also compared and ShOv,'Il and the resnlt is quite
satisfactory. This proves the validity of the developed~

unit hydrographs.
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CHAPTER V

RESULTS AND DISCUSSIONS
\

This study relates to the development of unit hydro-
graphs of the Halda River basin. In this study fundamen-
tal principles,basic knowledge and assumption?, availab-
le practical data have been utilised which are given in
respective chapters.

Discharge hydrographs were drawn for Narayan Hat,
South Sunderpur and Panch Pukuria stations on the Halda
river for the years 1970-71, 1972-73 and 1973-74 to
study the hydrographs,shape and behaviour. This study
ShOWB that the time lag to att2in peak value of the
hydrographs in the bp.sinat Narayan Hat-ranges from 12

to 15 hours, 18 to 20 hours at South Sunderpur and 20

to 24 hours at Panch Pukuria, generally. This means that
time lag increases from upper to downstreams sides of
-the river.

In this study, it is observed that peak heights in
the hydrographs at Narayan Hat and Sout!::Sunderpur are
not identical. This happens because of the differences
in the characteristics of the drainage areas for the



32

individ'l3.1gaging station. The high short durs.i;ionpeaks
at Narayan Hat sometimes exceed those at Smlth Sunderpur
because of channel storage between the two stations.

The collected. rainfall re00rds for 1" stat.ionR in
ana around the basin area were compiled, comrared and
their arithmatic mean values were found and compared with
that of the Patenga auto raingage station. The duration
and intansity of the storms were taken from the Patenga
Automatic Rain Gage station which is maintained by the
Bangladesh Meteorological Department. This station is
located very near to the basin area. There is no auto
raingage in the basin. For rainfall recording,automatic
rainage, instead of manual gage, should be instalJ.ed in
the basin. This would serve the purpose in a better way.
With the daily mean records of rainfall of the basin, the
Patenga daily rainfall records were carefully studied
and compared, vfuenever equal or nearly equal values were
found --.-intense, isolated or suitable complex storms
were selected and assumed to be distributed over the basin
area for equal time as that of Patenga station with the
average rainfall intensity of the basin which was one of
the assumptions for the development of unit hydrographs.
The selected storms are shown in hydrographs analysis and
in calculation sheets. The Patenga raincharts were coll-
ected for the years 1970-71, 1972-73 and 1973-74. For the

•
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study of ccnsistency of raini'"allrecords for different
stations in and around the basin area,Double Mass Curves
were developed and studied. Two Double Mass Curves, one
for Chittagong station and another for Dolu Station, are
shown in Figures 21 and 22.

Rainfall records from 1962 to 1975 were used in 14
different stations in the basin. This test of consistency
of the record of rainfall results very good for most of
the stations. A few stations like Amtali, Fatikchsri,
have shown slight che.nge of slopes in the mean lines.The
causes mey be attributed to faulty record keeping, non
recording for a couple of days due to instrumental def-
ects, change of location of.stations etc. Some of the
stations were marked not recorded for a few months in
the liberation year of 1971-72. The figures of these
disturbed stations for the missing months were adjusted
by taking the rest of 13 years average rainfall of the
respective stations for the respective months and fina-
lly \"ere justified by the developed Double Mass Curves.

In seperating the complex hydrographs three composite
recession curves were developed each one for Narayan Hat,
~outh Sunderpur and Panch Pukuria and utilised in proper
places. Some individual storm recessions have been marked
to be (Figures 1, 2 and 3) more inclined vertically than
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•the respective composite recession curves indicating
the previous small base flow and responsible storms to be of
intense type and durable for sqort period, aftermath
the storm discontinued.

For base fow seperatioh, the formula N = AO.2 in
days from the peak value to the receesion limb of the
hydrogr2c}Jhswas used, where A is the drainage area in
sq. miles. In the ~~alysis of hydrographs, (Figures 10
and 15) the base flow seperation lines joining the point
below the peak point and the recession part of the hydro-
graphs may seem to be 'slightly'away from normal ones as
in the other caSGs. But it vTaSdone'necessarj.ly to main-
tain the assumption of keeping base time constant. And
the base flows were small enough to cause any serious
harm to the analyses of hydrographs.

Finally 3 unit hydrographs for Narayan Hat, 6 for
South Sunderpur and 3 for Panch PuKliriawere developed.
SUmmation curves had to be developed for unit hydrographs
for common periods and then one average unit hydrograph
for each station was achieved. The average unit hydrogra-
phs reveal that Narayan Hat, South Sunderpur and Panch
Pukuria have 13,20 and 22 hours time lag from rise to
peak time of the hydrographs respectively.
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The relative average unit,hydrographs were then
utilised at Narayan Hat and South Sunderpur in real
storms to synthesize hydrographs which were finally
compared with the actual hydrographs.Figure 19 shows
two distinct peaks produced by two intense storms. The
first peak of the actual hydrographis seen to be sligh-
tly higher and also lagging than the synthesized hydro-
graph. The reason may be attributed to the facts that
the discharge records used are those of computed from
the best fit rating curves claimed by the Bangladesh Water
Development BoC',rdand not actual ones. Hence the possib-
ility of discripency in regards of time and amount of
discharge are not dislikely. Moreover the effective unoff,
used in the synthesis of total hydrograph are not also
suppbsed to be most accurate, because it was narrated ear-
lier that in developing rainfall runoff correlation curves,
the independent factors like antecedent precepitation con-

••ditions, evepotr,'J.llspir2ctionof the basin area, week of the
year etc, wero not t~{en into account for want of necessary
informations. A comparative study of these synthesized and
actual hydrographs of the Halda river at south Sunderpur,
gives the percentage of accuracy to be 88 and hence is
reliable. As regard to figure 20, the comparative study
of the actual and synthesized hydrograph of the Halda
river at Narayan Hat gives the value of percentage .of
accuracy to be 96%. The results are quite satisfactory and
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thus proves the validity of the developed unit hydrogra-
phs.

Taking the values of time lag to peak discharge and
peak discharge per unit area from the developed average unit
hydrographs of Narayan Hat and South Sunilerpur:and
utiJizing SIlYder's equc.tions~ coefficients of Ct and

upon units and basin character-

Narayan Hat are found to be 3.30 and 0.47

Cp which are dependent
istics have been found out. The values of Ct and Cp

and those
for
for

South Sunderpur 3.94 cmd 0.478 respectively. The values.
of these coofficients can be used to derive synthetic
unit hydrographs for different tributaries of the river
Halda like Dhurung Khal, Sua Khal,Talpari Khal etc. in
the region where no record of discharge i.smaintained or
in the ungagec1 basins of similar characteri.stics as for
example, in the other 2.re2Sof Chittagong 2nd Chittagong
Hill Tracts in Bangladesh.

When the amount of rainfall of the basin area is
kno,m the hydrograph pattern can be evaluated utilizing
the developed unit hydro~raphs. Most often the informa-
tion about peak discharge becomes import8.nt. Many formu-
las have been developed for computing peak discharges
but most of them are considered inadequate. The so called
rational formula, Q = C 1 A,lVhere Q = Peak discharge in cfs,
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C = Runoff coefficient, A = Drainage area in acres, _
I = Uniform rate of rainfall intensity in/hr for a dura-
tion equal to the time of concentration. Although the
simplici ty of the formula has won its popularity tpe,
assumptions, which cannot be satisfied readily under
actual Circumstances, in fact, called attentions of
ffiClnyhydrologists the inadequacy of this metpod •.Tpe:pe
are many empirical, semi-empirical methods developed
from experience and ju~gemcnt, statisticQl analysis of
flood records on regional basis. Several methods for
dete,rmination of peak discharge from small rural draina-
ge basins like the U.S. Bureau of public Roads method
(BPR method), the California method, the Cook method,
the Chow method etc., which require correl8.tion e,nalysis
for deve+opin« formulas or charts showing the effect on
peak discharge by various hydroloc,ic factors and basin
dimensions, limit their application in this basin of the
Halda river. For this reason a formula has been develop-
ed mathematically to know the approximate peak discharge
when the amount of rainfall in the region is known. This
formula is valid for South Sunderpur, station. To use
effective rainfall in this formula the developed rainfall
runoff relation curve of South Sunderpur Station would be
used.

! , r.
-' " .~..
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The equation is

qp '"
KAQ
T
P

where, qp '" Peak discharge in cfs.
A '" Drainage area in sq. miles.
Q '" Total runoff in inch.
'l' = Basin lag in hours.'p
K '" 374, a constant, found from this study

df9prmdent on the shape of 'hydrographs.

This equation and the value of K '"374 should be usJd
only ,for rough estimgting of peak flo" from rainfall data.

The validity of this equation has been judged by
comparing the values of 11 different actual cases which
are shown in Table III and Fi~re 26. The result is quite
satisfactory.

of the line is made equal to unity a modified value of
K '"350 is found. Thus the modified vp~ue, K. '" 350 can be .

greater than unity. For theoretical interest, if the slope

formula qp '"
450 line. The

by the
dotted

In Figure 26 the coordinating points (actual qp ~
374T Ag ) should pass

p
average line joining the.

points is satisfactory and it has a slope of 1.07 slightly

computed qp
through the

used in the above equation.

"
1,.\'



CHAPTER VI

CONCLUSIONS

The following conclusions can be drawn from this study
of deriving uni.thyc1rographs for '~;leHalda river basin.

1) The time lag to attain the peak value of discharge in
the upper rsach of the river gradually increases in

•the downstream. Observation on hydrographs show that
this time lag ranges from 12 to 15 hours at Narayan
Hat, 18 to 20 hours at South Sunderpur and 20 to 24
hours at Panch Pukuria.

2) The typical upward curvature of the ranfall-runoff
relation cu~es.for Narayan Hat, South Sunderpur and
Panch Pukuria indicate an increasing percentage of
runoff with increasing rainfall.

3) The values of physical basin characteristics of the
area namely, Ct' Cp which are used in Snyder's equat-

ions for synthetic unit hydrograph are found to be Ct =

3.30, C = 0.47 for Narayan Hat and Ct = 3.94, C = 0.478p.. p

for South Sunderpur catchment areas.

, --~-.

•
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Synthetic unit hydrographs
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Cp may be utilised in finding
for the catchment areas of the

tributaries of the Halds. river, namely, Dhurung Khal,
Talpari Khal, Sua Khal, Sarta Khal etc., where nO.dis-
charge record is maintained. and also in the;ungaged area

whose'chY1O'o;llll.~&it.6J.;'characteristics are same as this study
basin area. In observing the discharge hydrograph .som~
times it is seen that peak floods of the Halda river in
the upstream at Narayan Hat and that at South Sunderpur
are not closely related because of the difference in dra-
inage area characteristics. The high short duration peaks
at Narayan Hat Sometimes exceeds those at South Sunder~"r
because of channel storage between the two stations and
uneven r9.infall.

4) The straight lines in the Double Mass Curves .l\nalysis
reveal th9.tthere is a ~oon coherence among the rain-
fall records in the basin area. The straight line of
the Doubl e ]VJassCurve . Analysj.s for the station
Chittagong approved to a good extent for the assumpt-
ion of taking the duration of storms from this station
for the development of unit hydrof-Srs.phs.

5) To find an approximate peak value of flood discharge at
South Sunderpur from the storms a formula has been
developed, justified and can be used, which is



where,
qp = Peak discharge in cfs.
A = Area in sq. miles.
Q = Total runoff in inches.

41

'"~p

and K
= Basin lag in hours.
= A constant equal to 350 found from this
study, dependent on the shape of
hydrographs.

,
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Rainfall data
1970-'71, 1972-'73, 1973-;74.
Precipi tation data for the follovling rain-gage stations
were used in this paper.

SL.No. Name of the Stations
1. Amtali....•-

2. Chander Khil
3. Dolu
4. Fatikchari
5. Gui .mara *
6. Hia Khun
7. Hanikchari
8 . Hirza H at

./ 9. Jl'IarayanHat
10. • Nazir Hat *

-~- 11. Raj Bari Tilla
12. Ram Garh *
13. Ranga Pani
14. Sikder Hat
15. Tenturi
16. Patenga Auto Rain Gage *
17. Average Rainfall of the basin **

* These stations are situated
beyond but adjacent the Halda
River Basin Area.

....l..



-J...

73

** fhe average is arit~ematic
average of tI,est~~ticnswhich
are only wi thin the }:JOundary
of the basin.

Sources:
1) Bangladesh Water Development Board
2) Bangladesh Meteorological Department

... ~.J



TABLE IV

74

0.03

1.72 1.35

1.96 2.14 0.58

1.03 . 0.22

2.24 1.56 2.08

0.07 0.04

0.32 0.31 0.09

0.15 0.04

0.23

0.12 0.59 0.81

1.25 0.26 1.65

0.71 0.213

0.99

0.90

2.10

0.99

1.80

0.09

0.23

1.60

1 .97

1 .39

Chander- Dolu Fatik- Gui- Hia- Manik-
Khil chari mara Khun chari

2.12

0.45

L49

0.08

0.52
0.57

0.75

0.37

0.62
0.78

.AmtaliDate

16.4.70

17.4.70 2.44

18.4.70 2.20

18.5.70 2.90

19.5.70 .0.65

9.9.70

10.9.70 0.46

11.9.70 0.15

12.9.70

13.9.70 0~76

22.9.72 1.20

23.9.72

Daily rainfall data (in inche s) for 16 rainfall gauge
stations in and around the palda river basin; sui table
storms used for Analysis of Hydrographs only are given.
Indicates 0.00" of rainfall;Sources: Bangladesh Vlater

Development Board.

5.10.72 1.32 3.20 1.30 0.15 1.09 1.51 1.35

,

'-- ",,, .J
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TABLEIV (Contd.)

Patenga Auto'
1'ain gage

"j" •

Average
Rainfall
of the
basin

dri e

Remarks'

e. r

'• .- ".' r.o
."

! •• 'rd« . If. .: .

• !

0.02

1.36 1.55

2.61 0.50

1.85 1.75

. 0.80 0.72

3.76 1,56

0.01 0.05

0.05 0,14

0.31 0.08

0.02 0.05

0.,7$ 0.57

0.98 0.76

0~04 0.23

0',,5;4 0.96

Antecedent storm oil 12.4.70.
and next storin on 1.5.'70,
complex storm

Antecedent storm on 1.5.70 &
next storm oil 24.5.70,complex
storm

Antecedent storm em 2.9.70
next stOrni Oil 1).9.70

-...•.

Antecedent storm on 5..9.72;
next storm 29.9.72'; complex
:rtorm.

AilteceJ{dent stom oil 2909.72 &
next storm on 1.1'0./72'.



TABLE V

Hourly rainfall data (in inches) for Patenga automatic
rain gauge station; suitable sturms used for Analysis of
Hydrographs only are given; Indicates 0.00" of
rainfall:Bangladesh standard Time from 0.00 hours to

2,LOO hours.

77

--

Date/Hours
16.4.70

18.5.'pO

19.5.70
20.5.70

8.9.70
9.9.70

21.9.72
22.9.72

5.10.72
6.10.72

1

0.03

0.86

2

0.03

0.07

3

1 .00

0.20

4

0.20

5

0.80

5

1 .05

0.05

0.06

7

0.08

0.27

, .
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1615

0.94 0.42

14

0.18

13

-

12

0.01

TABLE V (Contd.)

1 1,0s8

~.

0.60 O.:iO

-

0.16

0.02 0.02

o.o~

, ..•
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TABLE v (Contd.)

17 18 19 20 21 22 23 24 Remarks
- Antecedent

storm on
0.01 0.01 20.2.70 and

next storm On
6.5.70
Antecedent
storm on
j'7.4.70 and
next storm on

~.J;... 23.5.70

0.24 Antecedent
storm on 1;9.

0.01 70 & next storm
On 1tJ.9.,O

0.10 0.03 0.67 0.16 0.02 Antecedent
storm on 31.8.
7,2 & next stors
on 29.9.72

Antecedent
storm on 30.9.0.01 0.01 72& next
storm on...•.. 7.10.72
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DAILY COMPUTED DISCHARGE RECORDS
OF THE HALDA RIVER AT

NARAYAN HAT, SOUTH SUNDERPUR AND PANCH Ft1CURIA DISCHARGE
STATIONS FOR THE 'lEARS

1970-'71, 1972-'73 and 1973-'74

SOURCES: BANGLADESH WATER DEVELOPM.ENT BOARD
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TABLE VI

River Halda, Station: Narayan Hat, Average daily dischargefor the year 1970- '7L

Date Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar.'70 '70 '70 '70 '70 '70 .'70 "70 '70 '71 '71 '71
1 .20 31 44 .112 580 955 284 502 195 84 44 12
2 31 31 112 98 454 580 338 276 195 84 44 12
3 31 31 84 71 408 438 502 250 195 84 31 12

31 ..

31 12~. 4 31 98' 352 325 1900 219 183 84 31
5 ...31 31 . 57 57 338 284 1550 208 183 71 31 12", .:'6. 31 ..31 44 23o,~'305. .250 830 195 183 71 31 12

• ~ ••.•>. '.; ••

7 20 31 170 236~';27'6. 230 454 195 183 71 31 7
8 ..20 .31 122 133 408 1200 338 195 170 71 31 3
9 20 31 184 146 408 665 295 183 157 71 31 3
10 20 31 .57. 770 378 408 267 183 157 71 12
11 57 57 44 4640 378 .352 240 170 157 71 31
12 146 Not31 57 44 9940 520 284 230 230 71 31 Recor-13 31 40 44 8820 770 395 219 8820 146 71 31 ded
14 31 20 44 6680 438 335 208 7200 146 57 31
15 31 20 44 5380 325 284 183 2780 146 57 31
16 31 20 57 1400 990 250 183 1030 146 57 31
17 84 20 84 3510 640 230 170 580 146 57 20
18 71 122 98 5380 580 219 133 490 146 57 20
19 44 84 502 2860 325 208 157 408 146 57 20
20 44 17 770 990 228 208 157 378 133 57 20
21 44 84 420 690 1030 195 146 365 122 57 20
22 31 112 250 2860 740 183 146 338 122 57 20
23 31 . 98 170 7330 665 1350 395 315 112 57. 20
24 31 15 183 8240 1450 540 640 284 112 57 12
25 31 15 1't66940 920 ,770 338 258 112 44 12
26 31 84 84 4540, 502 560 284 240 98 44 12
27 31 84 57 1970 378 408 240 230 98 44 12
28 31 71 57 860 378 267 208 219 98 44 12
29 31 57 71 1070 1250 240 183 208 98 44 12
30 31 57 84 1260 2050 230 258 208 81+ 44 12
31 4'1. - 800 1840 7",0 84 44 12
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TABLE VI (Contd.)

River Halda, Station: Narayan Hat, Average daily dischargefor the year 1973-'74

Date. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar.'73 '73 '73 '73 '73 '73 '73 '73 '73 '74 '74 '74
1 26 495 213 299 1200 263 1040 174 142 89 495 445
2 26 35 236 230 616 214 1110 166 142 83 495 395
3 305 35 201 194 410 192 432 192 136 83 495 395
4 305 39 188 186 337 289 317 244 130 83 495 35
5 305 475 377 161 292 186 261 232 130 77 495 35, 6 305 89 739 218 286 .224 234 878 134 77 495 30.5~~-

7 26 866 375 185 1590 398 220 4410 142 77 445 395
8 26 768 246 164 636 342 197 2620 166 77 44.5 35
9 26 1900 319 147 508 204 188 1160 220 71 44.5 35
10 26 1080 796 120 1270 383 216 720 341 71 445 35
11 26 1430 394 990 871 185 188 436 278 71 445 35
12 26 866 291 870 480 177 168 376 196 71 395 35
13 26 439 246 870 356 161 164 330 148 71 395 305
14 26 292 918 150 289 173 154 278 142 71 39.5 3Q5 ,15 26 196 796 146 284 192 154 244 140 655 395 305
16 26 154 397 108 393 228 146 292 130 655 39.5 305
17 26 135 1330 890 342 216 142 355 130 60 395 305
18 26 182 1850 870 460 204 136 442 127 60 395 305
19 26 142 970 321 426 196 130 390 125 60 39.5 30.5
20 26 122 658 196 331 173 130 341 130 60 39.5 172 .
21 26 99 530 182 285 320 126 299 127 60 39.5 12.2
22 26 99 459 189 226 309 130 238 125 60 35.0 83.0
23 29 87 271 849 278 309 156 208 111 60 35.0 71.0
24 60 306 225 369 424 240 200 190 107 60 35.0 49.5
25 95 520 198 415 359 195 1150 184 107 60 35.0 65.5
26 107 425 ~,14 422 281 253 1190 17tt 101 54.5 30.571.027 . 77 320 317 946 275 209 520 166 95 54.5 30.571.0
28 130 292 309 3230 323 368 390 162 95 54.5 ~c4.5 65.5
29 119 214 634 1940 272 516 286 154 95 54.5 - 47.5
30 95 166 'W3 1140. .341 331 236 . 142 89 54.5 - 44.5 . ,

31 446 833 306 200 89 49.5 - 12.7 I
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TABLE VI (Contd.)

River Halda, Station: Panch ~ukuria, Average dailydischarge, for the year 1972-'73
Date Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. Jan. Feb. r.Tar.'72 '72 '72 '72 '72 '72 '72 '72 '72 '73 '73 '731 85 85 146 306 2900 1300 570 275 163 100 66 3452 68 68 124 370 2430 1170 530 275 163 100 52 7703 220 85 104 370 3220 1170 380 275 163 82 52 5304 85 85 85 277 2620 1080 380 275 140 120 J,O 2155 124 68 j04 192 2430 1350 1300 275 140 189 40 1636 84 68 146 169 3620 1260 1210 245 1J,O 140 40 1207 192 53 124 124 3860 770 940 245 140 120 40 1008 169 40 104 146 3700 690 1030 245 140 120 40 829 124 40 104 146 2901' 650 1850 215 120 100 40 5210 85 29 85 124 2130 610 2250 215 140 100 40 4011 85 29 85 104. 1950 530 1390 215 140 100 40 2912 68 29 744 104 1600 850 1750 215 140 100 29 2913 104 19 1250 85 1600 570 1390 189 140 82 29 4014 85 29 1eto 85 1830 490 1030 189 140 100 29 52
15 68 29 3380 85 1770 4.50 850 189 140 100 29 4016 53 40 2760 124 3380 415 730 189 120 100 29 .2917 40 40 5800 586 4260 380 650 163 120 82 52 2018 85 40 8260 4420 3420 380 570 163 120 82 40 20.+-
19 440 85 6800 6000 2350 3t,5 530 189 120 82 52 2020 306 53 4340 9220 2050 345 490 189 120 82 40 1321 104 306 2830 9940 1260 380 450 189 120 82 40 1322 104 23101300 7800 1530 1350 415 189 140 100 40 1323 85 920 1400 5400 1300 850 380 163 140 82 40 1324 68 405 1400 35<W 1850 650 380 189 120 100 29 725 53 248 1060 2130 2790 490 3.').5189 120 100 29 1326 40 192 966 1350 2790 450 345 215 120 82 29 1327 40 169 788 1').501950 650 345 215 120 82 29 1328 192 744 586 2310 1570 530 310 245 120 82 20 1329 169 510 510 5600 1620 850 310 189 120 66 1330 85 248 335 4740 1440 650 310 163 100 66 731 220 - 3460 1480 275 - 100 66 7
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kPPENDIX - B

Sample Calculation Sheet for the DevelOpment of Unit
Hydrograph for Ne.rayan Hat Discharge Station.

Sample Calculation Sheet for the Application of S-Curve
~1ethod

Oalculation Sheets for the development of Aver:~.geUnit
Hydrographs for Narayan Hat, South Sunderpur and
Panch Pukuria Discharge Station.

Celoulation Sheet for rainfall and runoff relntion for
Narayan Hnt, South Sunderpur and PO.nch Pukuria
discharge Stations.

Calculation Sheet for the test of consistency of rainfall
.records for Fatikchari, Chittagong, Arntali,Dolu &
Mirza Hat Stations bY' Double MnssCurye,Ana~Y:i;!1.s.

Oalculation Sheet for 'synthesized hydrographs at Narayan
Hat and South Sunderpur discharge stations.

91



92

TABLE VII

Calculation Sheet for Unit HydroGraph; :Halda river
at Narayan Hat discharge station, 1 hour unit hydrograph(From Figure 4)

o
o
6

12 Drainage Area
== 73 sq.miles

18 Effective Dura-
tion == 1 hour.

24 Av. Basin rain-
fall == 0.76 "

30 Total Volume in
inches.

o
o
149

1022
1850
1570

1210

o
o
56
386
696
590

455

450 64
760. 64
660 70

530 75

Total Base Direct Unit Hours
Flow Flow Runoff Hydro- after

Hour graph start
Ordi-
nates

Date

2400

Sept. 21,'72 1200 64 64
1800 64 64
2400 120 64

Sept. 22,'72 0600
1200
1800

Sept. 24,'72 0600 150

Sept. 23,'72 0600 400

1200
1800
2400

1200
1800
2400

263
215
175

134
128
125

80

85
92
100

105

110
11 5
125
Total

320

178
123
75

45
24
13
o

2961

850

478
326
199

120

64
35
o

cfs,

36 == 2961 x 6
73 x 26.9 x 24

== 0.377 inches.
42
48 Storm on 21,9,'72
54 Patenga Rain chart

(Effective Period)
60 Started at 2000 hrs.
& Ended at 2100 hrs.

66
72 on 21,9,1972
78



Application of 'S.Curve method (a sample caloulation sheet)
~ hour and 6 hour unit hydrograph from 1 hour unit hydrograph
:for HalCla :t'iver at Nar8.yan Hat Disoharge station. (From Figure4 & Table VIr)

Tille 11 hr. is..Curve Is-curv~curv1COl. (4~ 6 hr, IS-CUN 91. (4 :3 hr: .
hour! U.G. ,'additi- !C01.(2)l-laggedJ -(5) ,u .•G.Co:Ijlagged.,-(8) ",.,G. 1.

I :ons '1+(3) Iby 6 hT' f(6)-i-13 hr. I . r°l,(9)X ~

I, " I "(1) I (2) ! (3 ) I (4) ! (5)! (6) : en ! (8) ! ~) I 60 )

TABLE VIIr

o 0
1 10
2 30
:3 50
4 80
5 115
6 149
7 200
8 260
9 330

10 420
11 540
12 1020
13 1320
14 1460
15 1580
16 1680
17 1780
18 1850
19 1820
20 1780
21 1740
22 .1700
23 1640
24 1570
25 1520
26 1480

o
o

10

40
90

170
285
434
634
894

1224
1644
2184
3204
4524
5984
7564
9244

11024
12874
14694
16474
18214
19914
21554
23124
24644

o
10
40
90

170
285
434
634
894

1224
1644
2184
3204
4524
5984
7564
9244

11024
12874
14694
16474
18214
19914
21554
23124
24644
26124

o
o
o
o
o
o
o

10

40
90

170
285
434
634
894
1224
1644
2184
3204
4524
5984
7564
9244

11024
12874
14694
16474

o
10

40
90
170
285

434
624
~5'(5 +

1134
1474
1899
2770
3890
5090
6340
7600
8840
9670

10170
10490
10650
10670
10530
10250
9950
9650

o
2
7

1 5
28
48
72

104
142
189
246
317
462
648
448

1057
1267
1307
1612
1695
1718
1775
1778
175"5
1708
1658
1608

o
o
o
o

10
40
90

170
285
434
634
894

1224
1644
2184
3204
452'f
5984
7564
9244

11024
12874
14694
16474
18214
19914
21554

o
10
40
90
160 .
245
344
46'f
609
940

1210
1290
1980
3500
3800
4360
4720
5040
5310
5450
5450
5340
5220
5080
4910
4730
1$570

93

o
. 3
13
30
53
82

11 5

155
203
313
403
430
660

1166
1266
1453
1573
1680

1710
1817
1817
174'7
1740
1693
1637
1577
1523

.' "





TABLE VIII 95

Application of 'S'- Curve method (Contd.)

1473
1420
1360
1290
1220
1153
1097
1040
980
917
842
762
689
623
570
523
483
449
423

397
370
379
322
299
273
250
230
213

199

4420
4260
4080
3870
53660
3460
3290
312'0
2940
2750
2526
2286
2056
1870
1710
1568
1448
1348
1270
1190
1110
1036
966
896
820
750
690
639
589

23124
24644
26124
27544
28904
30204
31414
32564
33664
34704
35684
36604
37454
38210
38890
39510
40080
40600
41078
41528
41948
42348
42718
43058
43384
43684
43954
44204
44434

1555
1498
1442
1382
1320
1257
1193
1230
1067
1007
941
871
801
733
666
604
553
510
473
440
410
384
359
334
309
286
259
243
223

9930
8990
8650
8290
7920
7540
7160
6780
6400
6040
5646
5226
4806
4396
3996c
3624
3318
3058
2838
2638
2458
2306
2156
2006
1856
1716
1586
1459
1339

18214
19914
21554
23124
24644
26124
27544
28904 .
30204
31414
32564
33664
34704
35684
36604
37454
38210
38890
39510
40080
40600
41078
41528
11948
42348
42718
43058
43384
43684

27544
28904
30204
31414
32564
33664
34704
35684
36604
37454
38210
38890
39510
40080
40600
41078
41528
41948
42348
42718
43058
43384
43684
43954
~r4204

44434
44644
4'1-843
45023

26124
27544
28904
30204
31414
32564
33664
34704
35684
36604
37454
38210
38890
39510
40080
40600
41078
41528
41948
42348
42718
43058
43384
[13684
43954
44203
4~,434
4464/1-
44843

1420
1360
1300
1210
1150
1100
1040
980
920
850
760
680
620
570
520
478
450
420
400
370
340
326
;00
270
250
230
210
199
180

Time: 1 hr.;S-Curve I S-CurvEj S-Curve ;001.(4): 6 hr.:S-CurvE{Coi.(4); 3 hr.
hour I U"G. ladditi-: Col. (2): lagged : -(5) f U.G. flagged :-(8) f U.G.

I \ ons f + (3) I 'by 6 hr.1 : Col. : 3 hr I .: Col. (9)
: , : !' : i (61: : : x 1
: I: : ,x""':, I ',3I , I I , ,0 ,
, r I , , I , t , _

(1) : (2) : (3) : (4); (5) : (6) : (7) : (-8) : (9) : (10)
27
28

29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

55
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Calculation Sheet for Average Unit Hydrograph (U.G.); Halda
river at Narayan Hat discharge station; 3 hours average unithydrograph. '

TABLE IX

Average . Average
3 Hrs. U.G.3 Hrs. U.G.
ordinates ordinates
1st Appro- 2nd Appro-
ximation ximation

3 Hours 3 Hours
U.G.No.2 U.G.No.3
ordinates ordinates
(From Fig.(From Fig.

5) 4)

0 0 0
2230 115 1006 800
1790 660 1404 1600
1385 ' 1770 1506 1606
944 1637 1273 1273
574 1290 943 943,
362 917 657 657
239 523 399 399
171 379 298 260
103 213 175 175
55 140 106 106
0 71 48 48
0 37 12 12
0 3 0 0
0 0 Total: 7827 7879

Total Vol. = 7879 x 6
73 x 24 x 26~9

= 0.996 inches,
Drainage Area = 73 sq.miles

Base Time Peak discharge 'Peak T:ime(hours ) (cfs ) (homsL

o
,574

1762
1365
1238
965
692
436
345
209
124
73
o
o
o

,3 Hours
U.G.No.1
ordinates
(FroijlFig.
6 )

Hours
after
start

U.G.No.

o
6

12
18
24
30
36
42
48
54
60
66
72
78
80

1 72 1762 12
2 66 2230 6
3 80 1817 20Total: 218 5809 38Average: 73 1936 13 'J t .

. ,:',; ,

". tJl, • .'

.:'~.. ,



97TABLE X

Calculation Shnet for 1 hour average unit hydrograph W.G.)Halda river at South Sunderpur Discharge station
Hours 1 hour 1 hour 1 hour 1 hour Average Averageafter U.G.No.1 U.G.No.2 U.G.No.3 U.G.No.4 1 hr.U.G. 1 hr.U.G.start (From (From (From (From 1st Approx. 2nd Approx.Fig. 8) Fig. 9) Fig. 12) Fig. 10)
0 0 0 0 G 0 06 179 640 737 750 709 70912 971 1999 3138 2550 2562 256218 1708 3582 3476 3435 3498 349824 2004 3358 3381 3555 3431 343130 1987 2878 3165 2700 2914 291436 1969 2559 2935 2400 2631 24501-2 1942 2159 2367 2100 2209 195048 1804 1839 1447 1995 1760 156054 1663 1519 1163 1314 1332 130060 1518 1439 906 1140 1162 102566 1393 959 629 . 909 832 83272 1239 720 419 708 616 61678 1098 480 311 480 424 42684 978 240 135 210 195 19590 868 0 0 114 38 3896 759 0 0 36 0 0

24313 23513102 64j 0 0 0 Total Vol.= 23513 x 6
24 x 225 x 26.9108 525

= 0.994 in.114 406 Drainage !lI'ea= 225 sq.miles120 297 Unit Base Peak Peak126 190 Gr-aph Time dis- timeNo. hour charge hour132 71 cfs.138 0 2 90 3582 18
3 90 3476 18

I4 96 3555 24Total: 276 10613 60
Average: 92 3538 20---

,
'. >.,



Calculation sheet for 1 hour average unit hydrograph (U.G.)'HaldR river at Panch Pukuria discharge station.

0 0 0 0 0 06 1410 1633 1676 1573 157312 3622 2569 3389 3193 319318 5557 2984 4646 4396 439624 4893 3234 4494 4207 440730 4064 3400 4265 3910 391036 33'i5 3304 3961 3537 345042 2571 3180 3389 3047 304748 2184 3034 2818 2679 264054 1852 2847 1638 2112 217560 1465 2556 1219 1747 174766 1244 1912 876 .1344 125072 746 1143 628 839 83978 525 769 438 577 57784 304 582 286 . 391 '1'9190 111 395 171 226 22696 0 229 . 0 76 76102 0 .125 0 0 0 at 100 hrs.108 0 0 0 Total valume33897U.Graph Base Peak PeAk discharge
~3897 1t 6 '.' .. ~No. time time

'" 0.9988 in.. hr. nF;" cfs. 15 X 26.9 X 24 -
<= 1 inch' .1 96 18 5557 Drainage Area 315 sq.miles.'"2 108 30 3400

3 ..2.L ,18 ,4646.--Total: . 300 66 13603AV,CfX':ff,,,e',Value
100 hr. 22hr. 4534 efs.

98

Average1 hour
U .G. 2ndApprox.

AVerage I1 hourtJ.G.1stApprox.

Hours 1 huur 1 hOur 1 hour
after U.G.No.1 U.G.No.2 tJ.G.Frb.3start

(Fig.15) (Fig.13) (Fig.14)

;.~.'



Pukuria
Direct
runoff
(in. )

0.0543
0.070
0.359
0.28g

0.506

99

0.480
8.432
0.183
1.321
:5.317
'0.807

.,'.
.r,..

460
593

3046
2445
4286

i~

4070
71450
1550

11190
28105
6840

36925 4.358
230 0.027
925 0.109
3800 0.4,18
891 0.105
1715 0.202

12085'1.426
2117 0.250
225 0.027

1,W53 1.658
9321 1.100
2350 0.277

33476 3.951
2800 0.330

Hat:7?sq.miles'

..;)

0.031
0.017
0.043
0.083
0.200

•..

0.204
23.428
0.142
1.400
2.805
0.934

0.025
0.092
0.395
0.1 55
0.5H
0.713
0.2[5

3-

:}-,

Narayan

TABLE XII

100 0.017 60
450 0.074 34
968 0.160 84
983 0.162 163
2017 0.333 392
4420 0.730 _.
450 0.074 ~.
659 0.109 •..

3570 0.590 4D'!
69570 11.493 460(-,
615 0.102 27G

8210 1.3% 2742
15258 2.521 5508
4927 0.814 1834
4596 0.759 ",'

29384 4.854 _
70 0.012 50
188 0.031 180

5000 0.826 775
1149 0.190 304
2913 0.4811009
7785 1.286 1400
1307 0.216 560
149 0.025 v-

4089 0.676 c.•..
4477 0.740 ~_
2487 0.411 ~

23030 3.805 ;~
1767 0.292 \._

South Sunderpur:225 sq.miles;
Panch Pukuria: 315_sq.miles.

Rainfall& runoff relation for Narayan Hat, South Sunderpurand~lnch Pukuria discharge,station.
Rainfall records are average rainfall;,directrunoff readingstaken from actualhydrographs.

Date of Total South Sunderpur I:1t~tp.Narayan Hat I:lte..'P.n. Panch
storm rain Direct run Direct run Direct Direct Direct

inches off (cfs.) off.(in.) runoff runoff runoff
(cfs.) (in) (cfs.)

1.4.70 0.766
10.4.70 1.399
16.7.70 2.418
18.5.70 2.721
22.5.70 3.013
12.6.70 7.122
22.6.70 2.338
30.6.70 1.606
6.7.70 2.071
9.7.70 25.713
13.9.70 0.915
23.9.70 3.795
1.10.70 4.745
22.10.70 4.116
29.10.703.479
11.11.707.714
5.4.72 0.886
18.4.72 1.838
19.5.72 3.966
27.5.72 0.920
22.9.72 0.992
5•10•72 4•988
1.3.73 3.222
1,~.7.73 0:728
15.8.73 2.075
23.10.73 3.720
17.11.73 1.252
2.11.73 8.480'
7.12.73 1.630
11ID:fitl£lge(e Area:

,.•

'~



TrIBLE XIn

-~

119
b20

t~6
662
b20

100

1970-71

135.27
126.49
120.Lf1+

120. 7~
128.68
132.69+
105.09
129.6't
130.05
112.15
146.31
152.42
112.74+
80.59

1733.29
123.<'31
644
620
700
620

1971-7<?

97.00*
99.39*
117.56*
93.72
122.65
120.92*
93.56
114.59*
95d2
128.44
143.79

*122.54
*111.85
*72.38
*1';'1 .91

. '.",*109.5 I

ill
49b
580
49b

m
W

*'

,..
1972••73

94.21+
65.54
81.79
77.70
85.30
70.7't
46.56
73.1'
61.47
84.65
93.50
97.16
68.16
27.47

1027.41
73.39
392
386
462
)8b
487
)8b

~

m

1973-74

95.36
87.50+
107.59
70.74-
83.23
99.69+
90.85
103.82
105.10
91.80
119.43
98.38
99.81+
,t6.85+

1300.05
92.86 .
307
313

~

~
281m
344m

135.35
80.53
160.95
101.20
114.91
133.96
70.24
130.87
130•.58
141.,05
134.73
138.32
140.0,1
77 .61

1;690.31
120.74
224 '
220
272
225
298m
?HJ
11"
~4()
220

1975-761974-75

163.44
37.76

111 .35
109.09
108.94
126.78
36,88
108,63
116.05
114.85
110.30
102,73
103.96
37.52

13$8.•28
99 •.16

ZW
y 99
X 111
1'gg
X 163
f 99
x'i99
f~'
Z~Ygg

!i'e~tof oonsistency of rainfall records for Fa'l;lJf
Chari. Chittagong, Amtali. Do.l.uand Mirza Hat raJ.n-'
ga~ge stations by Double Mass Curve Analysis.

•• , •• , 1 I

Statiors
, .:;

Amtali
Chander Thil
Chittagong
Dolu
Fatik Ohari
~~ Khun
I1anik Chari
Jlhrza Hat
Narayan Hat
~razir Hat
lJaj Bari Tilla,
R<1ngaPam

Sikder Hat
Tenturi
Total
Average

Fatik Chari

Chittagong

Amtali

Dolu

Mirza Hat

-

'- .~',
I .
\ . -.



(

.".- ~



'TABLE XIII (Contd.) from ,t:J.rev~.ou~",page

stations 1963--6a 1962-63
I\mtali 131.49 82.50
Ohander Khil 147.22+ 02.54
Chittagong 121i77+ 97.74Dolu 129.39+ 84.14
Fatik Chari 111.17+ 90.06
Ei~ !\hUn' 165i07 96.15
1'1anikChari 160.04 79,55...•.
JllirzaHat 153.85 82.86
Narayan Hat 138.01il+ 83.03 ,
Nazir Hat 113.93+ 81 .32Raj Bari Tilla 140.72 100.32
Ranga Pani 155,72 81 .09
Sikder Hat 138.59+ 101.75
Tenturi 59.77+ 91.62
Total 1875.75 1234,67
Av.erage 133.98 88.19

]<;atikChari 1l: 12.22. f 42~'y H,08 149
Chittagong 1l: .!.2.12. 1647

Y 1408 T4%'or'

I\mtali ! HYl 152~y 1408 14%'
Dolu ! 112.2. 138gY 1408 149

JlTirzaHat ! 1.ill 1606
y 1408 1496

102

• t - • ') !1

: " Y"

Note: X '" Aocumulated annual
pt'eoipitation of
the station written
(inohes) •

Y '" Aocumulated annual
predipi tation (in.).
14 sts. mean.

+ '"Rainfall record
for some couple of
days were not
recot'ded

* - Liberation war
period. these

stations were not
reCorded for a
coupla of months and
the figures entered
were the avera«e of
13 years precipi-
tation retords for
that period for
tha't station.
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TABLE XIV

Use of a developed unit hydrograph in real storms to Synthesize a stream flowhydrograph and its companison with the actual hydrograph:
River Halda at South Sunderpur

163--Sept/1970 Hours 1 hour 0.5 x 0.025 x 0.30 x Estimated Synthesized'Actual, _Date Hours after OJ.G.4, U.G. U.G. U.G. base flow Hydrograph Hydro-start Table-x) Ordin8,tes
&'crfJ1ates22 9~B8 2 7~0

:~J
1800 12 2550

.V)O .:'()C 460
2400 18 3435 . 0

460 460
23 0600 24 3555 355

460 815
-1200 30 2700 1281

460 1741 1250
1800 36 2400 1749 0 460 2209
2400 42 2100 1716 18 470 2204

24 0600 48 1995 1457 64 480 2001
1200 54 1314 1310 87 490 1893 2530
1800 60 1140 1105 86

500 1691
2400 66 909 880 73 0 520 147325 0600 72 708 666 66 212 530 :4~
1200 78 480 581 55 769 540 118_ 1900
1800 84 210 416 44 1050 550 2060
2400 90 114 308 33 1030 570 194126 0600 96 36 212 29 874 580 1695
1200 102 0 98 21 790 590 14';)9 1630
1800 0 19 15 662 600 1296
2400 0 0 11 528 620 i 159.

27 0600
5 400 630 1035

1200
1 350 640 991 1320

1800
0 250 650 900

2400
185 660 84528 0600
127 670 797

1200
59 680 739 1290

1800
11 700 711

2400
0 720 72029 - 0600 -

740 73') 1070

.-~

1200

750 ';4,)
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T!,BLE XV

J r

Dse of unit hydrof,r3,phs developGd in re?l $torrnf'j to synthesize a
"1C"2\streF,JlJflow hydrograph and its compamon l'Tith the actual hydrograph;

River Halda at Narayan Hat d:ischargestation.

Synth-II 1!0Qzis. . 1 hr. 3 hra 1lJ.15x0 ..03x 0.05x O.10x 0.15x 0.05 x Estimated 'esi\,!'ed Actual O~y"~~~~~;rt(~.r~in) U.G. 3 hra 1 hr. :3 hrs 3 hrs 3 hrs 3 hrs. pa~e flow Bydro- Hydro-
191-2D.G. D"G. U.G. D.G. U.G. U.G. graph graph

, pqk l1ou1? GvxJr.)
, Flg. 4.,

6 1M~ 1006 0
5

12 1404 151 75 226 400 '101.0018 1850 1506 21124 1570 ,1273, 226 ' 0
30 1210 943 191 5

120)0
36 850 657 141 34 80 255 176 b42 478 399 100 6248 326 298 69 52 0
54 1S9 175 45 40 50

12.00
60 120 106 26 28 70 80 204 244 166 64 48 15 16 7572 35 12 13 11 63
78 0 0 2 7 47 084- 0 4 l' 100 1;0 217 190 13 1~002 20 1401 15 150

0 9 127 0
12.005 144 150 80 379 225 92 '66 2101 40 75

0 30 189
10 12.0018 141 0 100 259 2631:1 99 505 60 70

1 45 75
12.000 27 64 70 161 162 1115 72

6 33
3 200 15 70 85 108 1'2. '1'200

.J
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Theoretical Approach and Calculation
Sheets for spme Basin Characteristics

of the Hnlda River Basin.

'.:t;~.,,' '" '~~. ','
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r ::~.~~fr'
~'



1 Vb

Unit hydrograph section.

in the Halda river basin using Snyder's Method i

••••• (2-4)." " "

hours.

tp
5.5
19.5
5.5
3,54

=
=

Standard duration, tr =

For South SunderBur~ha,s,in
L ~ 25 miles (Figure 27)
L = 9 miles (Figura 27)c

where

A) Calculation for finding physical characteristics, Ct,Cp'
in the South Sunderpu~ and Narayan Hat Catchment Areas

The notation meanings are given in Chapter 11, Synthetic

tp = tpR = (20 - t) = 19.5 hours - (Figure 17)
but tR = duration of effective rainfall of the average unit

hydrograph = 1 hour;

•••.•• ( 2-1 )" " " "

0.25 x 2.54 = t -0.661p

" " ."•••••

i.e. other than t = 3.54 hours.r

tpR= tp + 0.25 (tR-tr) •.......

or' 19.5 = tp + 0.25 (1-3.54) = t
p

or, tp = 20.135 hrs.
As"tp = Ct (LLc)0.3

tp = Ct (25 x 9)°.3 = 5.06 C
t
.

or, 20.135 = 5.06 C
t

':..

,



.•••• t ;2"'3)

• •.•.. (2--5)

= 0.478
19.5 =
24

27 ahd LLc == 60 aq.miles.
from 3 hours avel'age

.....

Cp
= 3 + 3

; from where,
tp
24

..... ... "

respectively.

6'iO x C p.
19. 5

Figure 27
640 C, .p
tpR

or,15.7 =
ahd oase time, T = 3 + 3

"'""III

101

= hak discharge '" 32525~\= 15.7 cfs/sq.n1:l.iesqPR Basih Area
Values of peak d:LsLlharge a:-Jetc.ken froin Figure 17 and

L = 10 miles, Lo '"6 miles •.•.•. FigUre
tR==3 hours; tpR= 13-' if = 11t hours _

tllilt graph Of Narayan Hat - (Figuro 16).
h. "

tr", "5:'~ '= ,1 ; :+- =2.09 hours

as tr ¥=tR
tpR = tp + 0~25 (tR .;;. t:r) ...••••.. '.. ....

~. \ .or', ' 11.5 = tp + 0.2'5, (3,..2.09); or, t
p

== 11.272

But, tp = Ct (LLo)0"3 =Ct (10 x 6)°.3 _

or. 11..272== ct x 3,.H; fioin whereCt = 3~30

=PeUlt. disOh::l:rgo '"
Basin area 1.'&6 ,;. 2'6"5 .. cfs peak diSCharge from

3 - • , ,,2
. ml.

Ahd base time, T = ~ + 3 x 11",2 4' C>24 ==" '.41 days.= 3 ••. 3:it

'" ,.64Q.
1.10272

T,
P24

", 01'26.5

"



In this rese['.rchwork, the values at .a glance are as follmTs:South Sunderpur Basin Narcwan Hat Basin
Ct = 3.94 Ct = 3.30
Cp = O.,ns C = 0.47p
T = 5,,14days

0 T = 4.44 days
L = 25 miles; Lc = 9 miles,L = 10 miles L = 6 milesc,

","

,.

108

The average values of C and Ct have been fOund tb be'p

respectively 0.63 and 2.0 in fairly maintainous Appal~chi~~ '

of states bordering the eastern GUlf of Mexico.

Hi€J:ll.anda Imd the extremeran,se':of the values are from 0.94
ruld 0.40 in the Southern California to 0.61 and S.O in sections

It is possible to find three unit hydrograph parameters
(<!p'tp,T) for ungaged stations of similar characteristics basin
areas.
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B) Theoretical Appro~ch to find a peak pischarge Formula
And Its AppliCatipn In the South Sunderpur C~~chment Area

'-, '';

J; is an approach to find a relation between penk discharge,

relation is applied in the South Sunderpur B~sin area,;The
.Development of the relction nnd its applioation is as follows:

- 'fb -.-----~I,I~
I'

basin lag time, drainage area and the resulting runoff. The
following d~agrams and notations are used. Finally the

Symbols; Q := Total runoff in inch; qi = Peak~rate in inch/hour,
Tp := Time in hour from start of rise to pea1~rate; Tr := Time in
hour from peak rate to end of triangle, Tb = Time base of



\

,
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hydrograph, D = rainfall excess period in hour,
L = I,agtime from center of excess rainfall to "dme of peak,
~n :tOUT.

Development of Peak Rate Eguation.
From the above triangle,

Q =
qi Tp qi Tr and 2Q+ qi = TTT2 2 ,

p r
If Tr - H Tp ,There H is any factor
then qi"= 2Q ( 1 )( 1+H) Tp -

Converting from inch/hour to cfs by introducing drainage
area .A in square miles (1 inch/hour = 645.3 cfsl square miles

gives the peak
q =p

rate qp:
K f, Q

Tp
cfs. (2)

Utilising the average 1 hour unit hydrograph of South
Sunderpur and taking the value of qi = 3538 cfs., Tp = 20 hours,
A = 225 square miles,

q. =
l

cfs"
mi2

= 15.72 =645.3 0.0244 in/hr.

effective rainfall = 1 inch x 1 hour = 1 in.hr. = the area of
traingle. From the above triangle

t (20 x 0.0244) + ('1\" x 0.0244) = 1 inch hour, the
r

value of Tr is sought.
Solving, T = 49 hour. ~31,~ ' l' -r ,.

But Tr = H T
P

or, 49 = H x 20 from where H = 2.45
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TABtE'III

using precipitation data.

is quite satisfactory. The following table is repres:ented in
lrigure 26.,

peak and peak value

_.__ ._--

Compnrative study cf actual
determined by the formula.
Date of Effective rain
Peak from ~raphinch

( Figure 24).

This eqUtltionand the value of K = 350 ':~:_should be used
only for rough estimating ef peak flow at South Sunderpur by

~he validity of this equation has, agl'lin,been judn:ed by
comparing the values of 11 different actual cases, The result

Using the value of B: in equation (11) abov8,
2xQqi = ( 1 + 2./m'£ -; and introducir..gthe value -of

p'ilWh m.iles and converting to C~~G.

~x 645~3 A x Q ~ 374 AO
qp - 3.A5 x Tp - - T

p

Thus q = K ~ Q , where K = 374 and modified value Of K = 350,p p
(as discussed in Chp,pterV) .

Obser-
vation
No.

Observed Peak value Rema-
peak value determined rks
(Base ,f1!o,,- by the for-

"''('J; Deducted)mu1.~ of's.- ,____ cfs.
120 84 In Fig.
1770 1767 26 theline h"s6200 9240 a slope
4100 4620 of 1.07.To make
2040 2100 the slope
1400 1680 equal to- unity K
2200 2520 will have
850 630 a value

- cof 350.
8~0 630 '< \

3200,~e~~6,Q1."'I,
""':""''''i\. 't'. (.

11 06'f',~,r'r-1266'-<" '~'
',' ";'''~9''yt'~. '\ .'

."1":~;7~)~.
.::: '.,~_ . ~..•./..../ f1J.

, .~_:.;f,,>fl~ ' '

••

i 1 27.4.72 0.02
2 21.5.72 0.42
3 18.6.72 2.20
4 30.7.72 1.10
'5 6.8.7~ 0.50
6 13.8.72 0.40
7 17.8.72 0.6~)
8 23.9.72 0.15
9 6.10.72 o. ~5

'L 10 14.6.73 0.80
11 6.7.70 0.30
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