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ABSTRACT

DEVELOPMENT OF UNIT HYDROGRAPH FOR THE HALDA RIVER BASTHN

An extensive study in developing gnit hydrdgraphs at
Narayan Hat, South Sunderpur and Pahch Pukuria stations in
the Halda river, in the districts of Chittagong and Chittagong
Hill Tracts,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 Tor drawing a umit hydrosraph.
This particular information wag taken from auto rain gage charts
maintained by the Bansoladesh Meteorological Department, which
installed an automatic rain gage =t Patenga, near Chittagong.
Hundreds of storms have been vigorously studied, verified‘inlthe
region for no less than fifteen rainfall stations, (whose daily
rainfall records are maintained by the Bangladesh Water Develop-
Ment Board), scattered in the whole basin area. Only few storms
have been isolated and,idéntified whose intensities were equal
Or very nearly equal to those recorded at Patanga. The rainfall

periods for thosgse selected storms have been taken from the actual

rainfall charts of the Patenga 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 Pulkuria
and one avérage unit hydrograph for each staticn has been drawn

for which some 'S' Curves had also to be developed.

The validity of the unit hydrographs have been justified in
finding final hydrographs (synthesized) and thus comparing
them with the actual ones, by using cffective rainfall runoff
relation cﬁrves(developed in this study). These were done

for South Sunderpur and Narayan Hat Stations.

Following the unit hydrographs, synthetic unit hydrographs

2% South Sunderpur and Narayan Hat, by Snyder's method, have

been devcloped.

One formula for peak flood discharge at South Sundernur has

been developed and verified with success and some phygical basin

éharacteristics like Ct,Cp and a physical constant have been

found out in this study which are important results.
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CHAPTER I

INTRODUCTI ON PR ﬁﬁ?%x

"Flovds in Bangladesh

Bangladesh consists of the flood plains of the Ganges,
the 3rahmaputra, the Meghna, their tributaries and distri-
butaries. These river systems have' their catchment ares
approximately 6,00,000 sq. miles of which only 7.5 per cent
lies in Bangladesh. A senerate system of comparatively small
rivers namely, the Karnzfuli, the Halda, the 'Sangu, the Mata-
muhuri drain, generally, the hilly and forest areas in the
districts of Chittagong ond Chittagong Hill Tracts. Most of
the rivers of Bangladesh are characterised by limited depthe.
fl2% slopes, fine sandy bottom; substantisl meandering, ero--
dible banks and shifting channels. All the rﬁvers are ticdal
near the sea with a maxi@um tide range of 22' feet.

/—————-———.‘___________-m-.._._...,....,_,(_ . e -
™

Flood invariably occurs during the monsoon or rairy. sca-
son. The rivers begin to rise steadily at the onset of the
monscon and reach their peak levels in August or September
when flooded area covers about 9800 sq. miles, with a flood-
ing cdepth of 3'-0% to 12!'-0", in normal years. Flash flcods

occul in the small rivers of steep gradient in high intensity

-rainvall areas. The maximum flooded ares may rise $o 19,500




Sq. miles as occured in the year 1955 due to synchronisation
of flood peaks of several rivers with simultaneous heavy pain-

fzl1l in their catchment areas.

In this‘coun%ry, the "flood vulnerable areas" that which
has been flooded in one year or another comes to ﬁearly 26,000
5q. miles,xout of which about 21,900 sq. miles are cultivated.
Although the annual flood affected area varies between about
9200 sq. miles o 15,000 sq. miles the area subjected to floons

over a period of years is much larger.

Bangladesh Water Dévelopment Board has sﬁown in a study
thet during the 10 years, 1954 to 1956 and 1962 to 1968 the
area flooded had ranged from 9.9 thousand to 15.0 thousaﬁd SU.
miles. Direct annual losses, as estimated by the Internationsl
Bank of Reconstruction and Development, from an extensive gtidy

-+ from 1962 to 1970 in Bangladesh, claimed to be between 600 and

700 million rupees (1969 prices).

Rirer Halda

The river Halda originates in the hilly ranges of Ram gari,
ir the district of Chittagong Hill Tracts. Dwrung Khal,Sert.
Khal,Talpari Khal, Sua Khal, areits principzl tributaries. I+t
falls into the Karnafuli river at Enayet Hat, one mile upstraenn

of Kalurghat railway bridge. Its total length is about 5C mili-:

ard %otal catchment arec is about 645 square miles. It is o
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flashy river and remains perennial and navigable throughout
the year. This rivér frequently crogses the danger lavel almbét
each year in the monsoon period causing wide spread regional-

- fldoding due to high intensity of rainfall in the hilly catch-

ment area.

- The head waters of a1l the tributary streams of the Hald-
rise in the adjacent hill afeas. The hills, west of the river,
known as the Sitakund Range, are n@i very high,reaching elevaé
tion of 150 to 500 feet. This escarpment is the Western'rampeﬂ%
of the Chittagong Hills in this locality and it's western froni
faceg the Bay of Bengal. The westward drainage from this fidre
consists of numerous small short streams which debauch from
west east oriented ravines and flow eastward to the Halda. To

the cast of the Haldé the ridges are much hicher reaching elevctin:

of 1000 to 1800 feet and the terrain-is more rugged and bro;an“

-+ The tributary streams are larger and 1ongef and flow in a,
-genefally,southwesterly direction to the Halda. The three main

tributaries, Sarta Khal, Talpari Khal, and Dhurung Khal all

arige in the castern hills.

- The main branch of the Halda emarges from the hills near
Narayan Hat and the valley floor then becomes quite flat, gently

sloping from about elevation 50 in the north to elevation = & in

the south, but there are seversl hilly areas as low as elevatiicn

5.




The Halda is a meandering stream where it flows through
the valley with a number of ox-bow bends, at several of these
cutoffs have been made by excavatibns. The river has a very
flat gradient-aﬁd the valley is subject to flooding by over-
flows from theo Halda and from poor drainage of surface water

during the monsoons,

Geology of the Basin Area

The Chittagong and Chittegong Hill Tracts diétricts,howm
eversare sharply differentiated topographically from the res:
of the country as the terrain in these distriéts ig hilly and
meuntainous., The hill slopes are forested or bear cutover
scrub, while the lower streem valleys are generally culftiva-
ted. On the perimeter of the basin thé“Chittagong Hills forn
ths south eastern barricr. The Chittagong Hills combrise a
scriecs of'steepiy folded perallel ridges baving as;generally,
"north south axis. The formation consists of shales and firm
grained sandstones of early tertiary (probably Eocen) age.A
The sand stones are poorly consolidated, weak and friable,
Both shales and sandstones weather radially upon exposure.

As 2 result , the hills erode easily, forming deeply eroded
transverge ravines and the weathefed debris, and is carried o
the lower valleys. The valley floor is épilt up of recently
depczited gediments. The present floor of the lower valleys in

rrobably composed of mixed depgsits of marine and alluvial

origin from the adjscent hills. Along the meandering streanc




flood banks have been built up.

Floods in the nroposed region

In the annual reports on flood, publisghed by Bangladesh
Wéter Development Board in 1975, it showed that the river
Helda at South Sunderpur is flasiy in nature with sharp rise
and fall in stagé. The river crossed the danger level for
5 times with a remarkable peak in late July, 1975. The high-
est peak attained was 41.18 feet on the 28th July, 1975, agzinct

. the danger level of 27.00 feet at South Sunderpur From the
stuge duration curve of this station, it could be seen that
high stage of the river above the danger lovel was for a
period of more thanl7.1% per cent of the total time (dafa
computed from January tc October, 1975).

The féllow1np compé rative stqtemant of flood level of

- South Sunderpur station in the river Halda from 1970 to 1975

andadamages.caused by flood in the district of Chittagong is

given to show the zravity of situation for flood forecast or

ficod control in the region,




TABLE I

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

Danger Highest Flood 1970 1971 1972 1973 1974 1975 Remorhks
Level  TLevel ft. )

£t.

27.00 41.18 36.40 33,05 30,20 27,50 36.45 41.18 Stﬁwir
i A
PI i

Sources:, "Annual Reports on Flood" in Bangladesh: Bangladesh
Water Development Board Publication in 1975

‘TABLE II

Damages Caused By Flood In the District of Chittagong In 1966
Subnerged Human Live Damage, Crop Value Prlvate'Hou&es Bativin-

Arias sq. Lives; Stock Crop Rs g ted
miles Lost Dead Area sqg. (1966 price) Comple ﬁ%ﬁftm VL71r
miles tely =®Y}ly RS(«9
Da.l'fluged Dama;o'— Prﬁ CL- !
1207 468 43,273 364 3,17,65,500 34,600 99 564 27256407

Sources: Relief and Ag&iculture:Department of the then
East Pakistan '

The above reports are undoubtedly alarming and happen aimes’
every year. Efficient flood forecasting and successful cvacui-
icn =nd relief operation by responsible authority can be beliz-

ved to minimise the havoce of damages and destruction in the

region.




Flood control encompasses many podsible measvures, The com-
monly accepted ones are (a) Reduction of peak flow by construc-
ting reservoirs, (b) COnfinément of flow within a predeteipined
channed (¢) channel improvement ,(d) diversion of flood water:
through by pasées or flood ways,(e) flood fore casting,warnine
and evacution,(f) flood élain zoning ,(z) flood proofing ,(h) 1amd

management etc. Structural or non-gstructural, whatever measures

may be thought for implementation the respective river,
its hydrologic behaviour, its basin characteristics must be

known.

Besides floods, we are entangled with many other problers:
or prdjects like irrigation, communication, land reclamaticn,
construction of important structures ete. in which the river
systems here,plays a vit:l role. In reality, the ri-er system
has become the part and parcel of_our traditional, sccial,

- economicial, environmental, geological and political life.

The main tool of any river and its basin study is its
hydrograph in general, and unit hydrograph in particular. How
much extensive is the utility in applying the respective unit
hydrograph in the problems and projects of a related river,
knows no bounds. To know the unit hydrogranh of every river

of this country is egssentizl.

R
v
al




Objectives

The principal objectives of this regearch work were
1) To develop average unit hydrograph 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) 1Po find the values cf some physical characteristics

like Ct,Cp of the basin area

4) Do develop a flood formula by which approximafe peak

digcharge at South Sunderpur can be agscertained.




CHAPTER II

BASIC CONSIDFRATIONS

Definétion of Unit Hydrograph

. Detail discﬁssion on -hydrographs lead to the hypothesis
that identical storms with the same antecedent conditions
produce identical hydrosraphs. This principle was sxpressed

by Sherman, L.K. He pointed out that all hydrograrphs resultw.

ing from rainfalls of a given duration have the same time base.

"The unit hydrograph (originnlly named unit-graph) of a
drainage basin is defined as é.hydrograph of direct run-off
resulting from 1 in. of effective rainfall generated uniformly

, _

over the basin area at - unit rate'during a gnecified period

of time or duration®.

If the theory is sound, the hydrograph for any other
sifnilar storm of the same duration will be esgtablished by
multiplying the ordinates of the unit grarh by the storm

run-off.

Assunptions

For thes unit hydrograph theory the following basic assunp-

tions are necessary.




1. The effective rainfall is distributed within its duration:
For this assumption, ths storm in guesticn should be such
that it should be intense, and nearly effective rainfall

over a short duration.
E

2..The effective rainfall is distributed uniformly throughout
the whole basin area: This assumption requires the drainage
ares to be of limited aize to be covered by the effective
storm uniformly. The Halda river basin is neither too big

nor too small for its arplication.

3 The—base of the hydrczraph of direct runoff due to an
effective rainfall of unit duration is constant. The base of
the hydrograph of direct runoff usually depends upon‘the

method of base flow scperation. Theoretically, the recessicn
1imb of a hydrograph dccreases exponentially with time, Here:

this assumption does not hold good always.

4. The ordinates of 2 direct runoff hydrograph of a common
base time are direétly proportional to the total amount of
direct runoff represented by each hydrograph. Since the ordir. -
tcs of the direct runoff hydrographs are also mutually pro-
pertional and thus can be added or surerimposed numerically

in proportion to the toial amount of direct runoff.

5. The hydrograph of a runoff duec to a given period of storm

reficets all the combined vhysical characteristics of the

given drainage basin.
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Under na%ural;conditions, the above assumptions cannot
be satisfied perfectly. Ideal storms are very rare in nature.
For this research work care has been taken .to select storms

so that they meet the avove assumptions as close as possible.

Keen observations have been taken in regards of total

daily rainfall in all the rain gage stations of the basin

- arez individually, as well as, their daily averages. These

rocords were' compared with those of fhe Patenga Meteorologicsl
Deﬁartment office. Patenga is very near to the Halda.river
basin and here#n auto rzin gauge instrumenf was installed by
that department which has been maintaining records. The cor-
rarison was made to tske storm duration_from the Patenga offics.
Average rainfalls in the bagin for the delected storms were
taken as the feal intensity for the development of unit hydro-

gréphs.

Derivation of Unit Hydrograph

Unit Hydrographs from Isolated Storms The unit hydrogra-he

were most easily derived from the hydrographs of isolated s+torrs
. /
The steps in the derivation were as follows.

1. Base flow was sepérated and the volume of direct runcff

fron the storm was measured.

2. The ordinates of the direct runoff were divided by the

~

runc ff volume (expressed in inches over the drainage arez),

4




‘The resulting hydrograph was a unit hydrograph fotr the basin.

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 several suitnble storms were determired
nd averaged to obtain a mean unit hydrograph for the baéin.

The mean unit hydrograrhs have arens equal to 1 in., of runo”f
each and resembled the individual unit graphs as much as

rossible.

Unit Hydrographs from Complex Storms
Whenéver ideal storms were not available, unit hydrogrerig
were deveioped from the records of complex storms. Care was
token to see the seperrtion of storms znd distinct peanks of
the hydrographs. The ccnplex storm ?ydrographs were seperntod
into individual ones by meéns of respective composite fecess—
- ion curveg. The unit hydrographs were then Jdeveloped from coch
seperated storm using-the procedure outlined before for isolntcﬁ

storms,

Usefulness and Limitations of o Unit Hydroaraph

The unit hydrograph is a technique of determining time
distribution of flow from small snd moderate areas. The unit

kycérograph hes proved to be a highly effective and simple tocl

for hydrologic work. Within the limitation of a fixed .Quration
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and similar rate and areal distribution of rainfall, the
hydrographs of various storms will be substantially similar

in shape with ordinates approximately proportional to the
easily applied to differ<nt problems with success.

This country is frequently visited by floods. In thé
structural design works, in the case of 2 gtandard project
flood .or a design flood.fof-a-flood control projegﬁirunit
hydrograph ean'essily bé applied. To find flood volumeg,Tlcod
routing and forecasting of flood a unit hydrograph is extrenely
used; An early forecast of flood will allow evacuation of
residents and removal of goods from a flood threatened area.’
Iﬁ the field of this research work the unit hydrographs can
be used for flood forecasting where flush of floods occur
regulafly and in the proposed flood control neasures, embank--

ments and dam for multipurpose projects.

There are limitétions to the usé of unit hydrographg which
rnust be recognised. Unit graphs are best suiteﬁ to areag under
about 2000 sq. miles although they have been applied‘to fairisy
large aress with varying success. Oddshaped bagin, particularly
those which are long and narrow, comnonly. have very uneven
rainfall distribution and hence unit hydrographs are not well

adopted to such bagins. In mountainous areas, subject to akieTra Juts

rhic rainfall the areal distribution of rainfall is Very uneven,
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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 hydrclogic reletions become, in many
design problems, very necessary where inadequecy of data do
not permit them. Development of such a technique, it.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‘hydrographs 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
eqﬁations.were used. This method is a correlation between
three unit hydrograph parameters (peak discharge, time lag -
from beginning of rain to peak flow and total base time) and
three basin characteriStics namely, size of the basin aresn,

slope of the basin area elevation curve, and number of major

gtreams in the basgin.
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Snyder's eguations are:

_ 0.3 _
tp_ct (LIJC) s e 00 esase . --0000(2—1)
0 g .
q_p= 64 C“ a s cae v --n-o-(2"2)
_t v
p ,
640 -
q‘PR= 41: CQ s a8 -« e s 0 ....Ol(2_3)
PR
t
.‘P
tr= —5_.—5 LI ) e s oo¢--0(2—4)
¥
tPR— tP + 0‘25 (tR - tr) LI I I 000000(2_5)
_ t
qPR-. qp+ LI U ] LI A ooooo-(2—6)
PR ) ‘
where, (
tp = time Jaz from midpoint of effective rainfall
duration tr to peak of a unit hydrogreph, hr.
t,, = duration of effective rainfall equal to Fp/5.5
tR = duration of effective rainfall other than gtandard
duration t, adopted in specific study, hr.
v tPR= time lag from midpoint of duration-tR to peak of

unit hydrograph, hr.
= peak discharge per unit drainage area of unit
hydrograph for standerd duration t, cfs/sg.mile
qpp= beak discharge per unit-drainage area of unit
hydrograph forlduration tps cfs/sq.nile
L, = river milage from gtation to centre of gravity of
the drainage area

Cy & C = Coefficients depending upon units and basin

characteristics.
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le th%s_research work Cp; C; and base time T were found

- for the South Sunderpur and Narayan Hat basins in the Halda

river basin. Values were used from developed corresponding
average unit hydrographs. The caiculation in finding the

physical characteristics and constant, using the Snyder's

method is shown in Appendix - B.




CHAPTER II1
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.

Hydrological 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 fhe.position of
the Halda river, its tributaries, location of neceggary rain

gages, discharge stations were found out. Drazinage areas for

different discharge stations, Narayan Hat, South Sunderpur =2nd

Panch Pukuria on thz Halda river and also those for different

tributaries were traced out.

Rainfall and Evaporétion: Bangladesh Water Development Board

naintains the rainfall, eveporation and discharge records for
various places and rivers of this country and pubiishes them
in the Hydrological Year Books for Bangladesh every year.

In these publications there are details of stations, their
loca¥ions, bench marks, elevations, apperatus used, date of

installation, availbility of records, extreme records,danger

levels, drainage areas, maximum channel width etc.




18

The figures and qushtities shown in data sheets are

normally those actually recorded, meagursd 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

Tigures 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 aresa
0f this river zre available.for 15 locations. They were
collected from this Bangladesh Waterp Development Board's
Publications, compiled and compared with each station, as
well as, with that of Patenga automatic rain gage statign;

These are shown in Table IV and Table V.




ig
The stations are noted below:
Stationg ' Period of-Records Available From
Amtali 1961
Chanderkhil | 1961
Dolu 1961
_ | Faﬁikchari 1961
- Hia Khun | 1961
Manik Chari - 1960(daily)and monthly
- since 1902
‘Mirza Hat - 1961
Marayan Hat 1961
Nazir Hat 1961
Rajbari Tilla . 1961
Ranga Pani ‘ _ 1961
Sikder Hat f 1961
Tenturi 1961
> _ Chittagong 1961(daily) and monthly

since 1902

Records from Meteorological Department of Bangladegh: This

department ingtalled one automatic rainfsll recording ingtru-
nent at Patenga, near Chittazong. It records continuously the
rainfali intens;ty for each day over =2 period of 24 houfs.
Raincherts for the years 1970, 1972, 1973 and 1974 were

colleéted from the afofesaid department and counted to hourly

rainfall and shown in Tabie V.
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Records of all rainfall s*ﬁtions for 1969-70, 1972-73,
1973-74 were taken for hydroyraph analysisis and from 1962- 1976

for ralrfall study and Double Mass Curve Analysis.

Recordé which were used for the development of unit
hydrographs, only are shown in da+ts 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 from best fit stage-discharge curvés

and publishes them in Hydrologic Year Books for Bangladesh,

The station descriptions furnished in those publlshed
volumes 1nclude the loca ation of the stations, Bangladesh
Water Development Board Bench mark no. and their glevation

above PWD datum, are recorded as well as annual extremes of

‘both observed -=and computed discharge and, of course, availabi-

1ity of records, drainage areas etc.

 Both WattPs Bucket Type and Ott's propellor type wafer
current Meters are used in neasuring fiver discharge, Generally
ﬁelocities are observed at 0.2 and 0.8 of the total depth
of flow (i.e. two 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 also.
On smaller streams, however, observetions were taken from

bridges, from boats or by Wading rods or lines.

The discharges are shown élong side the corresponding
waterstage observed frcm where stage discharge curves (rating
curve) are developed and published in the Hydroclogical Year

Books).

The principal stations for determining discharge in the
Halda are (&) Narayan Hat (b) South Sunderpur (Fatikchari)
(¢) Panch Pukuria. Thyre are no other reliable discharge

records on the Hslds ofxit's tributaries.

Daily discharge data of the Halds at Narayan Hat, South
Sunderpurland Panéh Pukuria were collecte?d and compiled for
'the years 1970-71, 1972-73 and 1973-74 in this study. These
~are shown in Tanle VI. The discharge hydrograpvhs were drawn for
analysig, for the above stations and_yéars.

From the discharge hydrogfaphs, sometimes it is seen that
peak flocds of the Halda river at Narayan Hat and at Fatikchard
.are not closely related because of the difference in drainage
area characteristics. The high short duration reaks at Narayan

Hat -sometimes exceed those at Patikchari because of channel

storage between the two stations.




CHAPTER IV

PROCEDURE

Hydrographic Analysis

A graph which shows the relationship of discharge,
stage, vélccity, or other properties of water flow with
respect to time is known as = hydrograph of =2 section
of ‘a river. The phisiographic and climatic characterist-
ics of any particular drainage basin usually govern the
rainfall and runoff relationship of that basin. The hydro-
graph expresses the characteristics of that basin ﬁith
its own language. A single peaked hydrograph is produced
due to a concentratéd. storm while a multiple peaked hydro-
graph indicates, genernlly, abrupt variation in rainfall
intensity,'a succession of storms, abnormal ground water
recession, non-gsynchronisation of flow in different tri-
bufﬁries in the upstream or other causes.

The daily rainfall records of Aifferent rain gauge
stations of the proposed basin have been collected for
the years 1970-71, 1972-73 and 1973~74 and also the daily
computed discharge records of Narayan Hat, South Sunder-
pur, and Panch Pukuria were collécted for the same period.

The discharge hydrographs for those discharge stations

§
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were drawn for those three years. From these hydrographs

it ié geen that the hydrograph achieves its peak only with-

in a couple of hours after the rain fall ceases. Some times

if the storm prolengs for hours, the hydragraph shows its

peak flow within the duration of the storm,

In developing unit hydrographs, these hydrographs btecame
useful in selecting the unique pesks of the hydrograrhs

developed by isolated or complex storms.

To seperate the complex hydrographs into a number of
single peacked hydrographs, it reqﬁired to develor~ a com-
posite recession curve for each station of Narayan Hat,
South Sunderpur and Pﬁnch Pukuria, This became possible
after the aﬁailability of 2 good number of smooth, reliable
recession limbs from the hydrogmraphs. The selected hydro-
graphs were then analysed with the help of these composite
recessidn 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 a2 commen practice to divide a hydrograph into
direct and groundwater runoff for developing a unit hydro-

graph. There are several methods to geperate the base flow

from the observed hydrograph. Base flow seperation should
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be such that the time base of direct runoff remaing rela-
tively constant from storm to storm. This is one of the
agssumptions as previoﬁslj noted keeping in mind that the
total time base'shouldfnot be excessively long and the
rise of the ground water should not be too great. The most
practical method for the seperation of base fléw from %he
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 miles. .

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

more clogely spaced bursts of rainfall often cannot be

0avoided. In those cases it is necessary to seperate the

runoff caused by individual bursts of rainfall. The divi-
sion between bursts of rain is usually accompliéhed by
projecting the small segment of recession between peaks
using a total flow recession curve Ffor 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

- & composite curve is obtzined which covers the necessary

flow rates.

Three composite recession curveg, each for Narayan Hat
South Sunderpur, Panch Pukuria have been developed and
shown in the Figures 1,2‘and.3.;Theée recession curves
were used in seperating the complek hydrographs into sin-
gle hydrographs which again were analysed for the develop-

ment of unit hydrographs.

Unit Hydrograrh: Calculation

The selected storm hydrOgraphslwere plotted elabora- .
tely to find the ordinates at an interval of 6 hours.éhe
complex hydrographs were seperated as discussed before.
After this step, the‘hydrdgraphs were taken for base flow
seperation. The method adopted was also discussed before.
The ordinates of tﬁe direct runoff hydrographs equal to
the ordinate of the observed hydrographs minus 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 +$otal volumeg of flow.

Thé duration of the effective rainfall was'found in

the following way: L _ . . -
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A hyetograph of Patenga auto rain gage -station for
each selected hydrograph was drawn. In the Byotograph
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-
gents the abstréctions. Thé corresponding_unit hydrosra-
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
some physical characteristics of the area.

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

VIT,

Average Unit Hydrographs

To minimise errors in the qﬁit hydrosraphs, unit hydro-
graphs for similar storms are determined and averaged to
obtain a mean unit hydrograph for the basin. As because
similar storms were not available, unit hydrographs for
different effectibe storm periods were drawn. 3 unit‘hydro—

graphs for Narayan Hat,6for South Sunderpur, and 3 for

"Panch Pukuria were obtained, for different storms. Unit

hydrographs for uncommon period were then transformed to

P R T (R b T
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one for 2 common duration by means of summation curve, or
simply 'S' curve method. One sample 'S' curvs calculation,
3 hour' and 6 hour unit hydrograph ordinmtes from 1 hour
unit hydrograph brdinates for Narayan Hat, is shown in.

Table VIIT.

After achieving the unit hydrographs for one common
hour period the unit hydrographs were then averaged to
find a mean unit hydrograph for each station. The average
unit hydrographs for differont station were obtained by
locating the average peak height and time. The mean-unit
hydrographs, found, have arcas egual to 1 in. of runoff
each and resemble to individual graphs as close as

possible, Figures 16,17 and 18.

Next, the mean unitlhydrographs of Narayan Het and
South Sunderpur were transformed for different hours by
the same 'S' curve method to utilise them in real storms
and thvs 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 Figureé

19 and 20 respectively.

Validity of the Unit Hydrographs Developed

To prove the validity of the unit hydrographs, deve-

ioped for different stations, it is necesszry to utilise
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the unit Hvdrographs to some rezl storms and i1v synthe-
gize the storms hydrographs and finaliy compering them

with real hydrographs.

To perform this cbjective,.rainfall runcff relation
is required and for this, three important curves, ohe 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, initiél moigtuare condition of the basin or ante-
cedent precepitation, date or week of the year, evapot-
ranépiration e;;. The correlation between one dependent

and three or more independent variables can be adequately

represented by coaxial method of graphical correlation.

' This type of correlation could not be possible to achieve

for want of necessary data.

The simplest rainfall runcff correlation two variable
Plotting of averzge rainfall versus resulting runoff, .

have been drawn for each station of Narayan Hat, South

Sunderpur and Panch Pukuriea.
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Fer illustration, about 32 storms were szl xcted
from which average total rainfall and resulting runoff
from each storm was found cut From available rainfall

records and plotted hydrographs. The rainfall runoff

- correlations are shown in Figures 23, 24 and 25 as dis-

cussed 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 which 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

prodﬁcing more runoff.

Only é.moderate degree of correlstion can be expec-
ted from these grphs are scen to be typically curved,
indicating an increasing psrcentage of runoff with in-
creasing rainfall. In sketching the curveé two point
averages have been taken first and then four point
averages. The curves pass throush the four - point
average points and also the mean of all the coordinst-

ing points.

Taking the runoff coefficients from these curves,

effective rainfall have been found out for utilizing

them in the unit hydrographs in synthesizing runoff
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hydrographs for South Sunderpur and Narayan Hat statians,
calculation sheets are given in Table XIV and Table XV.
As Panch Pukuria is very close to South Sunderpur (less
than two miles), test for this station is omitted. Base

flow is estimated and used in ealeulating tables.

The synthesized hydrographs and the actual hydrog-
raphs are 2lso compared and shown and the result is quite

satigfactory. This proves the validity of the developed

unit hydrographs.




CHAPTER V

RESULTS AND DISCUISIONS
\ B

'This.study relates toV%he development of unit hydro-
graphs of the Halda River basin. In this study fundamen-
tal principles,basic knowledge and assumptions, availab-
le ﬁractical data have been utilised ﬁhich are given in

respective chapters.

Discharge hydrographs werec drawn for Narayan Hat,
South Sundserpur and Panch Pukuriz stations on the Halda
river for the years 1370-71, 1972-73 and'1973-74 to
study the hydrngaphs,shape and behaviour. This study
showa that the time lasg to attain peak value of the
hydrographs in.the brgin at Narayan de“xanges from 12
to 15 hours, 18 to 20 hours at Soufh Sﬁﬁéerpur and 20
to 24 hours at Panch Pukuria, generally. This means that

time lag increases from upper to downsgtreams sides of

-the river.

In this study, it is observed that peak heigchis in
the hydrographs at Narayan Hat and South Sunderpur are

not identical. This happens beczuse of the differences

- in the characteristics of the drainage arsas for the
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individ2al gaging station. The high short duration peaks‘
at Narayan Hat sometimes exceed those at South Sunderpur

because of channel storasge between the two stations.

The collected  rainfall rerords for 15 gtations in
and 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
futomatic Rain Gage station which is maintained by the
Bangladesh Meteorological Department. This station is

located very near to the bagsin area. There is no auto

_raingage in the basin, For rainfall recording,automatic

- rainage, instead of manual gage, should be installed in

the basin. This would serve the purpose in a botter way.
With the daily mean records of rainfall of the bagin, the
Patenga daily rainfall records were carefully studied

and compar:d. Whenever equal or nearly equal values were
found —— intense, isolated or suitsble complex storms
were selected and assumed to be distributed over the Easin
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 2nalysis 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 consistency of rainfall records for different
stations in and around the bagin area;Double Mass Curves

were developed and studieds 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 umed in 14
different stations in the basin. This test of consistency
of the récord.of rainfall results very good for most of
the stations. A few stations like Amtali, Fatikcherj,
have shown slight change of slopes in the meon lineg,The

cauges may be attributed to faulty record keeping, non

‘recording for a couple of days due to ingtrumental 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 stafions for ths missing months were adjusted
by taking the regst of 13 years averﬁge rainfall of the
respective stations for the respective months and fina-

11y were justified by the developed Double Mass Curves.

In seperating the complex hydrographs three composite
recession curves were developed each one for Narayan Hat,
gouth Sunderpur and Panch Pukurisa 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 ¢urves indicating -

the previous smz=ll base flow and responsible storms to be of

intense type and durable for short period, aftermath
the storm discontinued.

For base fow geperation, the formula N = AO'2 in
days from tﬁe peak value to the receesion limb of the
hydrograpvhs was used, where A is the drainage area in
sq. miles. In the analysis of hydrographs, (Figures 10
and 15) the base flow seperation lines joining the poinf
below the psak peint and the recegsion part of the hydro-
graphs may seem to be 8lightly away from normal ones as
in the other cases. But it was done necessarily 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 Pukuria were developed.
Sunmation curves had to be developed for unit hydrographs
for common pericds and then one average unit hydrograph
for each station was achieved. The average unit hydrogra-
phs reveal that Narayan Hat, South Sunderpur and Panch

Pukur19 have 13,20 ard 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
storme to synthesgize hydrographs which were finally
compared witﬁ the actual hydrographs.Figure 19 shows
two distincf peaks produced by two ‘intense storms. The
first peak of the actual hydrograph is seen to be sligh-
tly higher and also lagging than the synthesized hydro-
graph. The reagon 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 Bosrd and not actual ones. Hence the possib;

ility of discripency in recgards of time and amount of

- discharge arc not dislikely. Moreover the effcetive unoff,

used in the synthesis of total hydrograph are not also
supposed to be most accurate, because it was narrated esar-
lier that in developing rainfall runoff correlation curves,
the independent factors like antecedent precenitation con-
ditions, evepo%ranspiration of the basin area, week of the
year etc, werc not token into account for want of necessafy
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 actuwal and synthesized hydrograph of the Halda

river at Narayan Hat gives the value of percentage of

accuracy to be 96%. The results ars quite satisfactory and
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" thus proves the validity of the developed unit hydrogra-

rhs.

Taking the values of time lag to peak discharge and
peak discharge per ﬁnit area from the developed average unit
hydrographs of Narayan Hat and South Sunderpur and
utilizing Snyder's equrtions —— coefficients of C, and
Cp which are dependent upon units and basin character-

istics have been found out. The valuesg of C'Jc and Cp for

Narayan Hat are found to be 3.30 and 0.47 and those for

south Sunderpur 3.94 and 0.478 regpectively. The values

of these coefficients can be used to derive synthetic

unit hydrographs for different tributarics of the river
Halda 1like Dhurung Kheal, Sua Khal,Talpari Khal ete. in
the region where ne record of discharge is maintained or
in the ungaged basins of similar characteristics as for

example, in the other esreas of Chittagong and Chittagong

* Hill Tracts in Bangladesh.

When the amount of rainfall of the basin ares is

known the hydrograph pattern can be evaluated utilizing

the developed unit hydrosraphs. Most often the informa-

tion about peak discharge becomes importsnt. 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,Where Q = Peck 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. Al though the
simplicity of the formula has won its popularity-the:-
assumptions, which cannot be satisfied readily under
actual circumstances, in fact, called attentions of

many hydrologists the inadequacy of this method. There
are many empirical, semi-empirical methods developed
from experience and Judgement, statistical analysis of
flood records on regional basis. Severzl methods for
determination of peak discharge from small rural d¥aina-
#e basins like the U.S. Bureau of public Roads method
(BPR method), the Czlifornia method, the Cook method,
the Chow method etc., which reguire correlation analysis
for-developinq formulas or charts showing the effect on
peak discharge by various hydroloric factors and basin
dimensions, limit their application in thig basin of the
Halda river. For this reason a formula has been develop-
¢d 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 uge
effective rainfell in this formula the developed rainfall

runoff relation curve of.South Sunderpur Station would be

used,
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The eguation is

@ = KAQ
P Tp

where, = Peak discharge in cfs.
= Drainage area in sq. miles.

Total runoff in inch.

= Basin lag in hours.

-3 i
Pﬂ"’d & tb'd
H

= 374, a constant, found from this study -
dependent on the shape of .hydrographs.
| [ 4
This equation and the value of ¥ = 374 should be used

only for rough estimzting of peak flow 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 Figure 26. The result is quite

satisfactory.

In Figure 26 the coordinating points (actual a, ¥S
computed : by the formula Y, = QZET—QQ ) should pass -
through the dotted 45° line. The average line joining the
peints is satisfactory and it has a slope of 1.07 slightly
areater thaﬁ unity. For theorctical interest, if the glope

of the line is made equal to unity a modified value of

K = 350 is found. Thus the modified value, K = 350 can be -

used in the above equntion.




CHAPTER VI

CONCLUSIONS

The following conclusions can.be drawn from this study

of deriving unit hydrpgraphs for wne Halda river bagin.

1) The time lag to attain the peak value of discharge in
the upper reachlof the river gradually increases in
the downstream. Observation on hydrographs sho; that
this time lag ranges from 12 to0 15 hours 2t 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
relztion curves -for Narayan Hat, South Sunderpur and
I Panch Pukurin indicate an increasing percentage of
runoff with increasing rainfall.
’ 3) The values of physical basin characteristies of the .
area namely, Ci o Cp which are used in Snydéf's equat-
ions for synthetic unit hydrograph are found to be Ct =

3:30, €, = 0.47 for Naraysn Hat and C, = 3.94, C, = 0.478

for South Sunderpur catchment areas.
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Thege wvalues of Gt and Cp may be utilised in finding
Synthetic unit hydrographs for the catchment areas of ther
tributaries of the Halda river, namely, Dhurung Khal,
Talpari Khal, Sus Khal, Sarta Khal etc., where no.dis-
charge record is maintained and alsolin the ungaged area

whoge - hydréZbatdali characteristics zre same as this study
bagin area. In observing the dischargé hydrograph .gome-
times.it is éeen that peak floods of the Halda rivef 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 a2t South Sunderpur
because of channel storage between the two ststions and

uneven rainfall.,

4) The straight lines in the Double Mass Curves Mnalysis
reveal that there is = mood coherence among fhe rain—
fall records in the basin area., The straight line of
the Double Mass Curve . Analysis for the station
Chlttagong ﬁpprOVLd to a good extent for the assumpt-
ion of taking the duration of storms from this station

for the development of unit hydrogzraphs.

5) To find an approximate peak value of flood discharge at

South Sunderpur from the storms 2 formula has been

developed, justified and can be used, which is




where,

o 0

m
<L

and K

KAQ

Peak discharge in cfs.

Area in sq. miles.

Tetal runoff in ihches.

Baéin’lag in hours.

A constant equal to 350 found from this
study, depenﬁent on the shape of

hydrographs.
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Rainfall data
1970-171, 1972-'73, 1973-+74.
Frecipitation data for the following rain-gage stations

were used in this paper.

SL.No. ‘ Name of the S%ations
| 1. | Amtali
-
2. Chander Khil
3. : Dolu
4. ~ Fatikchari
5. Gui mara ¥
6. : ' Hia Khun
7. : Manikchari i
e Mirza H at
9. Marayan Hat
10. . Nazir Hat *
A . n Raj Bari Tilla
12. | Ram Garh =
13. _ Ranga Pani
14. Sikder Hat
15. ‘ ' . Tenturi
16. _ Patenga Auto Rain Gage *
i7. : ‘ Average Rainfall of the bagin **

*¥ Thege stations are situated

beyond but adjacent the Halda

River Basin Ares.
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*%* The average is arithematic .+ . -

average of Zhe stations which
are only within the boundary

of the basin.

Sources:

1) Bangladesh Water Development Board

2)

Bangladesh Meteorological Department
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TABLE IV

Daily rainfall data (in inches) for 16 rainfall gauge
stations in and around the Falda river bagin; suitable
storms used for Analysis of Hydrographs only are given.
Indicates 0.00" of rainfall ;Sources: Bangladesh Water

: Development Board.

Date Amtali Chander- Dolu Fatik- Gui~- Hiza- Manik-

Khil - chari. mara Khun chari

16.4.70 - 0.52 1.97 ~ -  0.03 - i
17.4.70 2.44 ~ 0.57 1.39  0.99 - 1.72 1.35
18.4.70 2.20 - - 0.90 - - -
18.5.70 2.90  2.12 - 0.99  1.96 2.14 0.58
19.5.70 0.65  0.45 - 1.80 - 1.03.0.22
8.9.70 2.70  1.49 - 2,10 2.24 1.56 2,08
9.9.70 =" 0,08 = - - 0.07 0.04
10.9.70 0.46 - - 0,09 0.32 0.3t 0.09
11.9.70 0.15 0.75 - - 0.15 0.04 -
12,9.70 - 0.37 -~ - 0,23 - -
13.9.70 0.76 0.62 - 0.23 0.12 0.59 0.81
22.9.72 1.20 0.78 - 1.60  1.25 0.26 1.65
23.9.72 = - - - - 0.71 0.28

5.10.72 1.32 3,20  1.30  0.15 .1.09 1.51 1.%5




TABLE IV (Contd.)

*

Mirza- Narayan- Nazir- Raj Ram  Ranga Sikder- Tenturi

Hat Hat Hat  Bari Garh Pani’ Hat
- Tilla |

- - - 034 - - - -
4.20 1.80 2,50 0,15 2.%2 4.00 - -
0.55  0.60  0.47 0.04  1.94 - - -

- 2,10 2.55 2.86 4.70 3.10 3,65 0.64

- 0.60  0.50 0.21 0.66 2.90  0.55 0,8

- 2,10 3.90  1.25 1.20 4.00 1.34  0.13
0.13  0.10 - - 0.96 0.15  0.06 -

- 0.15 - 0.54 0.20 - 0,08 -

- - 0.20 - 0.10 - 0.07 -

- - 0.50 . 0.18 -  0.05 - -
126 1.40 1,35 0.67 0.80 0.45  0.10 -
0.25  1.20  0.95 0.23 3.80 0.10  0.33 -
0.50  0.15  o0.25 0.05

L
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TABLE IV (Contd.)
Patenga Auto’ Average
tain gage Rainfall Remarks
of the
basgin
- . : 0.02 Antecedent storm oh 1244470
- and next gtorm on 145,70,
1436 ' 1.55 complex storm
5.67 0.50
1.85 . 1475 Antecedent storm on 1.5.70 &
. , riext storm on 24,5,70,complex
“0.80 Q.72 storm
3,76 1,56 Anteéedent storm on 2. 9;70
) next §torm on 13.9.70
0.01 0.05
0.05 0.14
0.3%1 0.08
0.02 C .05
O."ZB 0357 :
0.98 0.76 Antecedent storm on 5.9.72;
e o - next storm-29.9.72, complex
0+04 0.23 gtorm,
0454 0v96 . Antecefldent storm on 29.9.72 &
next storm oW T.10:72.
4.
X ;y;}xﬁ
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TABLE V

Hourly rainfall data (in inchesg) for Patengz automatic

rain gazuge station;suitable storms used for Analysis of

Hydrographs only are Zivens == Indicates 0.00%" of

rainfall: Bangladesh standard Time from 0.00 hours to
24.00 hours.

Date/Hours 1 2 3 4 5 6

7
16.4.70 - - - - - . -
17.4.70 - - - - _ _
18.5.70 - - - - 0.80 1.05 -
19.5.70 - - - - - - -
20-5-70 0-03 0003 e - -— - L
8.9.70 - - _ - . - -
9.9,70 0.86  0.07 1.00 0.20 0.43% 0.05 0.08
21.9.72 - - - - - - -
22-9.72 -— bl . - — " -— . - -
5.10.72 - - - - - 0.06 0.27
6.10.72 . - - . 0.20 - . - _




TABLE V. (Conta.)
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C
-

10

S Cr— e E————

s

11 12 13

14 15 16

0.31  0.01  0.%2

4_ T 0.94  0.42
0.18 0.%8 1;45'




TABLE V (Contd.)
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17.

18 19

20

21

22

23

24

Remarks

0.01

-— —

0.01

C.67

0.01

0.01

0.16

Antecedent
storm on
20.2.70 and
next storm On
€.5.70

Antecedent
storm on
1‘7. 4- UTO and

next storm on

23.5.70

0.24 Antecedent

storm on 139..

70 & next storm

On 10‘39; 70

0.02 Antecedent
storm on 31.,8.
T2 & next storm

on 29.9.72

i

Antecedent

gtorm on %0.9.

72 & next
storm on
T.10.72




DATLY COMPUTED DISCHARGE RECORDS
" OF THE HALDA RIVER AT

NARLYAN HAT, SOUTH SUNDERPUR AND PANCH PUKURTA DISCHARGE
N : STATIONS FOR THE YEARS
1970-1T1, 1972-'73 and 1973-174

G

&

¢

SOURCES: BANGLADESH WATER DEVELOPMENT BOARD
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TABLE VI

River Halda, Station: Narayan Hat, Average daily discharge
for the year 1970-'71,

Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec, Jap, Feb. Mar.

Pate 90" w70 170" ot 1707 170 1707 t70° 70T YT vt i
1 20 31 44 112 580" 955 284 502 195 84 - 44 12
2 31 31112 98 454. 580 338 276 195 84 44 - 12
5 31 3% 84 71 408 438 502 250 195 84 31 12

- 4 31 7 31 98 31 352 325 1900 219 183 84 31 12

5 031 . 31057 - 57 338 284 1550 208 185 T4 3 12
6 31 .31 44 23GA305 250 830 195 183 T1 3 12
7 20 . 31170 2305276 530 454 195 183 T1 31 7
8 .20 .31 122 133408 1200 338 195 470 T1 3 3
9 20 31184 146 408 665 295 183 157 T 31 3

10 20 31 '57.770 378 408 267 183 157 T1 12

11 57 57 44 4640 378 352 240 170 157 T1 34 ot

12 31 57 449940 520 284 230 230 146 T1 31 poeon.

13 31 40 44 8820 770 395 219 8820 146 71 31 ded

14 31 20 44 6680 438 335 208 7200 146 57 3

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 15 146 6940 920 770 338 258 112 44 12

26 31 84 84 4540, 502 560 284 240 98 44 12

27 31 84 571970 378 408 240 230 98 44 12

28 31 71 57 860 378 267 208 219 98 44 12

R 29 31 57 Tt 1070 1250 240 183 208 98 44 12

30 31 57 84 1260 2050 230 258 208 84 44 12

31 - 44 - 800 1840 - 740 — 84 44 12




TABLE VI (Contd.)

River Halda, Station: Narayan Hat, Averaee daiily diseharge
for the yedr 1972-173 .

Date APTe Moy Jun. Jul. Aug. Sept. Oct. Nov. Des, Jan. Feb, Mar
72 Y72 vr2 o g3 t72 72 t720 Y72 13 13 "3

29 38 38 79 308 244 85 64 48 33 33 375

|
2 38 33 33. 79 80 206 85 64 48 33 33 206

3 38 33 29 70 485190 74 64 48 33 33 108

4 38 33 29 63 333 206 74 64 48 33 33 gs

5 38 33 29 56 600 225 400 56 48 3% 33 56

- 6 38 33 29 50 1600 176 230 56 48 33 33 56
T 50 33 29 44 1490 134 244 56 48 33 27 48

i 44 33 29 44 600 120 190 56 48 33 27 48

9 44 ‘33 29 44 415 108 300 586 40 3% 27 48

1038 29 63 38 520 96 26% 56 40 33 33 48

11 33 29 29 38 285 108 162 56 40 33 33 48

12 33 29 63 35 360 108 148 56 40 733 33 48

13 33 29 108 33 285 96 190 56 48 33 33 48

14 33 29 1380 29 485 96 162 56 48 33 33 48

- 15 33 29 1050 33 308 85 120 56 40 33 3% 40
16 33 29 1210 50 600 85 108 56 40 33 335 40

1738 295080 63 640 724 108 56 4o 33 3% 33

18 50 29 2260 1860 333 74 96 56 40 33 33 33

—+ 19 85 25 1210 3640 224 74 85 56 40 3% 33 33
20 70 25 880 4940 173 64 85 48 40 33 33 v

21 63 98 224 3700 132 64 85 48 40 33 27 27

22 50 600 158 1860 188 760 85 48 40 33 27 33

23 44 120 360 780 158 ,¢3 74 4s 40 33 27 33

24 30 T9 450 360 990 134 74 48 40 33 27 27

25 33 63 244 138 680 120 174 48 40 33 27 29

26 29 56 188 205 450 120 14 40 40 33 27 27

2729 70 145 224 302108 64 40 40 27 o 27

28 44 264 108 600 263 108 64 40 40 2T 27 27

29 38 98 98 2320 206 108 64 8 40 27 21 oy

30 38 56 88 830 206 96 64 48 40 21 27 oy

A= M= 308 325 - 64 . ap ot o7 27




TABLE VI (Contd.)

83

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

~Sept. Oct.

Date . %pr. May dJun. Jul. Aug. Nov. Dec. Jan. Fel. Mar.
73 '3 Y73 Y73 '73 Y730 173 073073 174 174 74
126 495 213 299 1200 263 1040 174 142 89 495 445
2 26 35 .2%6 230 616 214 1110 166 142 83 495 395
3 305 35 201 194 410 192 432 192 136 8% 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 77T 495 305
7 26 866 375 185 1590 398 220 4410 142 77 445 395
8 26 768 246 164 636 342 197 2620 166 77 445 35
9 26 1900 319 147 508 204 188 1160 220 Tt 445 35
10 26 1080 796 120 1270 383 216 720 341 71 445 35
11 26 1430 394 99C 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 71 395 305
15 26 196 796 146 284 192 154 244 140 655 395 3Q5
16 26 154 397 108 393 228 146 292 130 655 395 305
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 60 395 305
20 26 122 658 196 331 173 130 341 130 60 395 172
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 35.0 830
23 29 87 271 849 278 309 156 208 111 60 350 Ti0
24 60 306 225 369 424 240 200 190 107 60 350 49,5
25 95 520 198 415 359 195 1150 184 107 60 350 65.5
26 107 425 414 422 281 253 1190 174 101 54.5 0.5 71.0
27 T7T 320 31T 946 275 209 520 166 95 54,5 30.5 71.0
28 130 292 309 3230 323 368 390 162 95 54.5 44.5 65.5
29 119 214 634 1940 272, 516 286 154 95 B4.5 -  47.5
30 95 166 403 1140 . 341 331 236, 142 89 B54.5 -  44.5
31 - 446 - 833 306 - 200 - 89 49.5 - 12.7

~



TABLE VI {Contd.)

River Halda; Station: South
discharge for - the year 1970~

Sunderpur,’ Average dally

|71

84

T

Jaﬂa Jf"eb Mar ~

Yo

Date %73 v?% f?% ES%' A?%_—§$8f‘ §;g‘ N?% Y70 tqi 7y
1 50 50 196 295 2590 3360 1170 1490 543 281 175 35
2 113 50 415 396 2420 3810 1590 990 524 281 161 35
3 113 50 630 375 2650 2050 1680 790 505 28t 148 35
4 97 50 955 254 1360 1460 2530 680 462 281 148 3%
5 81 50 375 396 1140 1210 2590 655 462 981 148 20
6 81 50 437 1250 1070 900 2240 €8O° 443 266 134 3%
7 66 50 655 980 1140 840 2280 6%0 424 266 134 35
8 66 50 535 735 1170 2720 1850 543 424 266 134 3%
9 50 66 375 605 1510 1390 1390 462 424 266 134 - 35

10 8t 50 254 1250 1320 1950 1040 443 405 281 134 53

11234 50 196 5520 1290 1590 - 770 483 %89 281 121 273

12 128 50 215 10400 1550 1320 655 655 %70 281 121 23

13 113 50 145 16000 2000 1430 585 5520 .350 566 121 23

14 o7 36 215 12700 1360 1630 585 4560 350 234 121 . 23

15 81 36 274 10130 1210 1100 655 4920 350 204 108 23
16 66 36 - 196 6900 1210 1100 630 4460 350 208 108 23
Y7274 36 335 4740 14%0 1140 563 4050 335 204 108 23

18 415 145 295 3360 1720 1030 543 3500 33% 204 108 i1
19 335 510 735 5730 1320 900 462 2330 335 190 108 11

20 196 234 2000 . 6040 1030 680 424 1490 317 204 108 2 3.
21 145 128 1590 4920 1550 485 424 1110 317 190 108 11

- 22 96 315 810 T240 2100 460 630 1020 335 190 108 11

23 9T 396 760 145002250 1250 990 1020 317 190 96 11
24 Bl 3960710 169002780 B530 2050 945 299 190 84 14

25 81 396 580 '1450€2890 1900 1670 790 299 190 T2 11

26 81 - 375 680 103002300 16301040 655 317 190 59 11

27 81 460 535 6900 2650 1%20 655 655 299 405 49 11

28 50 315355 4470 2480 1290 462 608 2B1 370 47 11

29 50 196 315 3730 2250 1070 524 53% 281 370 47 -

30 50 196 274 3500 3500 810 1990585 281 190 - -

A= 196 -~ 3210 3580 - 1670 = w190 - ..
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TABLE VI (Contd.)
River Halda, Station South Sunderpur, Average daily
discharge for the year 1G672-'73
Date J}PI‘. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. dan. Feb. FMar. -
72 '72 72 ‘72 72 T2 Y72 72 172 Y73 173 173
1 50 50 76 355 2190 692 526 210 113 68 38 262
2 90 50 52 355 2140 632 624 184 113 68 28 348
3 76 50 50 415 2660 975 374 184 113 68 = 21 318
4 62 50 76 275 2360 889 262 160 113 68 21 210
5 90 40 124 225 2030 889 760 184 113 90 21 1%6
- 6 90 40 106 20C 3040 975 1115 184 113 90 21 90
7 76 40 76 250 2250 624 624 184 90 90 21 38
8 62 40 62 225 2840 558 624 184 90 90 21 28
9 62 40 62 1€® 2450 526 1080 160 90 90 21 28
10 50 21 62 180 1700 430 1550 160 113 90 21 28
11 50 21 62 160 1600 402 889 160 113 90 21 28
12 50 21 200 142 2050 494 803 160 113 90 16 21
13 40 21 TT0 142 2400 462. 803 160 113 90 16 21
14 50 21 1830 142 1950 346 803 136 113 90 16 38
15 30 21 3250 142 1650 346 624 136 90 90 16 21
16 30 21 2190 160 3010318 590 136 113 90 16 21
17 30 21 4030 325 3190 318 494 146 113 90 28 16
18 50 76 6370 3320 2830 318 374 136 113 90 38 16
+ 19 62 62 4750 4840 1900 290 374 113 113 90 28 16
20 62 62 4030 6730 1150 262 346 113 90 90 21 12
21 62 1830 2540 7990 93%2- 236 %18 113 90 68 16 9
22 62 1720 2360 6910 1150 975 290 Y13 90 68 16 9
23 50 690 3110 5440 1050 1080 262 136 90 68 16 9
24 40 275 1460 3880 1800 846 262 160 90 50 16 9
25 40 180 1230 2300 2300 624 262 136 90 50 16 9
26 30 142 1410 1010 2400 430 262 136 90 50 16 9
27 30 104 1280 1230 1950 262 268 136 90 50 ‘9
28 160 545 1010 1880 1550 402 236 160 90 38 16 9
29 124 580 580 4510 1250 374 210 136 90 38 i- e
30 50 200 300 4930 975 526 210 136 68 38 - 9
31 50 __106 <& 4030 1150 <25 210 l1a 68 38 -9




TABLE VI (Contd.)

River Halda, Station: South Sunderpur, Average daily
discharge for the year 1973-174 .

Date %pr. May Jun., Jul. Aug. Sept. Oct, Nov. Dec, Jan. Feb. Maor,
o 73 Y13 73 73 "3 '73 Y73 '73 '3 '74 Y74 174
1 19 217 660 1080 2500 895 1910 540 436 246 130 50
2 19 157 660 898 2620 828 2330 540 398 246 122 5

23 146 680 714 1840864 1670 735 386 246 114 50
4 19 122 1110 777 1520 570 1450 903 386 246 114 5
‘ 19 - 130 2070 690 1470 600 1140 1350 374 246 119 50

N

5

6 19 233 2620 750 1210 1400 913 1590 362 235 114 43
7 19 585 2470 768 1970 1430 770 5410 374 224 106 36
8 19 108072450 612 2410 1300 660 4300 410 213 106 36
9 19 2980 2620 511 2090 1300 493 4%00 594 206 98 31
10 192890 2770 410 1960 1010 462 4070 1120 202 98 31
1119 3070 2950 386 2450 895 457 2580 735 202 98 26
12 17 2940 1350 386 2640 588 436 1590519 191 90 26
13 142280 1430 374 2170 540 379 1100 436 198 90 26
14 13 1400 4400 386 1300 540 362 878 403 191 87 26
15 13 750 2870 473 549 532 350 630 326 191 82 of
16 15 570 2970 462 1820 672 350 514 314 180 82 19
17 13 488 2030 396 2430 681 374 705 302 180 69 21
18 12 4107 5420 362 1940 711 362 1080 290 180 65 18
19 13 436 3680 362 1740 666 374 1120 290 162 €2 26
20 13 398 2900 386 1220 561 350 858 290 162 62 26
21 13 374 2630 756 958 690 357 750 290 162 65 162
22 13 360 2000 630 865 1430 362 750 268 154 58 171 -
23 13 326 1210 1920 780 1430 326 630 268 151 .55 154
24 566 345 1060 1640 717 1490 314 540 268 146 55 180
25 555 953 935 2920 1360 1150 1050 540 268° 146 55 =07
26 527 1740 979 1800 1710 618 1460 488 268 146 53 306
27 410 2060 963 2670 1690 564 1780 475 268 141 55 426
28 398 1830 1300 2190 1520 1440 1260 462 268 141 50 462
29 345 1130 1190 3230 883 1210 1000 454 253 141 50 138
30 536 878 997 3350 910 1660 681 436 246 138 - 11&

31 - 720 - 702 1150 - 546 -~ 246 135 - g%

A




87
TABLE VI (Contd.)
River Halda, Station: Panch Pukurisa, Average daily
discharge for the year 1970-'71 '

Apr.. Jun. Jul. Aug. Septs Oct. Nov. Dec. Jan. Fob. Marp.
Date 170 May 170 '70 70 '70 170 '70 170 171 vy 1y

'70

1 47 110 268 420 1390 4520 1800 2520 485 300 208 74
2 208 92 580 450 2460 3980 1950 1850 485 300 185 62
3 185 92 1070 39C 1850 2870 2700 1400 450 300 185 (2
4 155 92 1480 420 1650 2120 3120 1180 450 300 185 62
5 110 92 940 690 1290 1700 3770 1070 420 300 185 62
6 110 74 730 2170 1440 1290 3620 970 420 300 185 62
- 7 74 92 1040 1600 1330.1070 3190 875 420 300 155 62
8 74 74 730 1070 1700 3910 2760 910 390 330 {55 62
9 74 92 580 730 1900 348 2280 800 360 300 155 51
10 130 74 485 2870 1800 2700 1290 800 360 330 130 62
11 360 92 330 6780 1700 1750 1070 910 360 300 130 62
12238 92 600 108081900 1360 970 1110 330 268 130 62
13 7 185 T4 268 117002700 1520 940 8700 330 300 130 62
14 130 74 485 100002280 2000 910 8600 330 238 130 51
15 110 74 390 9100 1850 1650 835 6860 360 268 110 51
16 110 92 360 7290 2400 1250 800 6440 330 268 110 51

11 1330 92 550 5500 2460 1140 730 4520 330 238 110 51
18 1040 485 835 8100 2460 1070 690 2760 360 238 110 41
19 420 910 1750 7830 1560 1000 655 1950 330 238 110 41
20 330 800 3330 6350 1210 1330 655 480 330 238 92 41
21 238 330 2340 5670 2400 1360 655 1140 330 238 92 62
22 208 520 1210 8300 2870 940 1180 765 300 238 92 £2.
23 185 620 1110 9700 2580 3330 2000 690 300 238 92 51
24 155 550 1180 10400%700 3050 3050 690 300 238 74 51
25 130 685 910 8200 3480 2820 2170 655 300 238 62 62
26 130 655 690 8010 2700 2640 1440 620 300 208 62 5
27 110 800 620 6860 2220 2280 1040 580 300 208 62 £2
28 92 450 550 5150 1950 1850 875 550 300 208 74 62
29 92 330 450 4450 3480 1210 730 520 300 238 - 51
30 92 238 390 4310 4170 1070 160C 520 300 238 - €2
31 - 208 - 3330 4450 - 3270 - 300 238 - 51
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TABLE VI (Contd.)

River Halda, Station: Panch Pukuria, Average daily
discharge, for the year 1972-'73

Date APr. May Jun. Jul. Aug. Sept. Oct, Nov. Dec., Jan. Feb. Mar.,
'72__'72 72 g2 17p 17D 72 '72 7273 '3 73

1 85 85 146 306 2900 1300 570 275 163 100 66 345
2 68 68 124 370 2430 1170 530 275 163 100 52 770
3 220 85 104 370 3220 1170 380 275 163 82 52 530
4 85 85 85 277 2620 1080 380 275 140 120 40 215
5 12468 104 192 2430 1350 1300 275 140 189 40 163
~ 6 84 68 146 169 3620 1260 1210 245 140 140 40 120
7 192 53 124 124 3860 770 940 245 140 120 40 100
8 169 40 104 146 3700 690 1030 245 140 120 40 82
9 124 40 104 146 2900 650 1850 215 120 100 40 52
10 85 29 85 124 2130 610 2250 215 140 100 40 40
11 85 29 85 104, 1950 530 1390 215 140 100 40 29
12 68 29 744 104 1600. 850 1750 215 140 100 29 29
ﬁB 104 19 1250 85 1600 570 1390 189 140 82 29 40
14 85 29 1¢t0 85 1830 490 1030 189 140 100 29 52
15 68 29 3380 85 1770 450 850 189 140 100 29 40
16 53 40 2760 124 3380 415 730 189 120 100 29 . 29
17 40 40 5800 586 4260 380 650 163 120 82 52 20
N 18 85 40 8260 4420 3420 380 570 163 120 82 40 20
19 440 85 6800 6000 2350 345 530 189 120 82 52 20
20 306 53 4340 9220 2050 345 490 189 120 82 40 13
21 104 306 2830 9940 1260 380 450 189 120 &2 40 13
22 104 23101300 7800 1530 1350 415 189 140 100 40 13
2% 85 920 1400 5400 1300 850 380 163 140 82 40 13
24 68 405 1400 3540 1850 650 380 189 120 100 29 7
25 53 248 1060 2130 2790 490 345 189 120 100 29 13
26 40 192 966 1350 2790 450 345 215 120 82 29 13
27 40 169 788.1450 1950 650 345 215 120 82 29 1% |
28 192 744 586 2310 1570 530 310 245 120 82 20 1% ‘
29 169 510 510 5600 1620 850 310 189 120 66 - 13
30 85 248 335 4740 1440 650 310 163 100 66 - 7
< 31 -

220  ~ 3460 1480 - 275 - 100 66 - 7




TABLE VI (Cpntd.)

el

River Halda, Station: Panch Pukuria, Average daily
discharge for the year 1973-'74

ApY. May Jun. Jul. Aug. Bepto OotTav Beo T Fel. Mars

SN 3 ML - B ML I £ ML e L - S TR 174

D
1 19 106 1610 1240 3300 1230 3430 66§ 530 338 143 55
2 16 85 864 824 2830 799 4140 612 495 %38 156 55
3 19 66 \720 670 1940 709 3110 623 495 338 156 63
4 19 62 522 835 1320 684 1660 857 460 325 130 55
5 16 62 3260 655 792 648 1090 706 460 325 122 55
6 13 915 3980 857 644 1410 915 1500 425 325 122 55
T 16 1470 3290 655 2270 1480 817 9280 425 286 122 55
B 16 1230 2510 457 2790 1070 734 7720 495 298 {13 4%
9 19 3890 1990.393% 2550 738 677 68BOD T60 260 113 47
10 16 3990 3810 356 1810 930 672 6180 1250 247 113 47
11 16 3430 2450 333 3220 812 6% 4190 940 247 108 47
12 16. 2980 1470 333 3090 770 487 2690 705 247 105 47,
13 15 2280 1310 310 1920 . 706 576 4230 Bo% MO 96 47
14 13 1540 5360 322 1430 706 540 1670 495 260 ' 96 37
15 15 720 4130 450 1100 727 540 1520 351 260 875 357
16 13 471 3530 349 1600 1060 517 1420 460 252 875 37
17 16 648 4980 310 3740 940 517 1570 425 299 875 27
18 16 630 5840294 3510 1070. 529 2480 425 286 71 27
19 13 425 4960 21602030 850 517 1960 390 286 T4 23
* 20 10 368 4280 13201150 540 554 1730 300 273 71 23
21 10294 3290 810 1140 910 499 1510 390 247 71 169
22 760 270 2440 893 893 1740 558 1450 390 169 79 234
23 760 238 1250 3260 742 . 1830 471 1430 364 169 1 122
24 128 278 940 2240 648 1780 540 1260 364 169 71 71
25 414 1890 547 4760 1180 1570 695 1180 0338 169 71 195
26 238 2350 900 3000 1030 1240 3510 1160 338 156 79 14%
27 117 1650 1790 3390 1040 1240 3230 600 338 156 7 234
28 106 1890 1230 5780 1670.1080 2300 5865 338 156 6% 47
29 106 1350 1990 6020 1040 2040 1330 565 %38 143 = 37
50 262 810 1740 5340 1740 2200 975 630 351 143 - 6%
31 = 1510 - 4070 1810 - 770 = 351 143 o 7
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APPENDIX ~ B

Séﬁple Calculation Sheet for the Developmenf of Unit
Hydrograph for Nerayan Hat Discharge Station.

Sample Calculation Sheet for the Application of 8--Curve
Method

Calculation Sheets for the development of Average Unit
Hydrographs for Narayan Hat, South Sunderpur and
Panch Pukuria Discharge Station.

Calculation Sheet for rainfall and runoff relation for
Narayan Hat, South Sunderpur and Panch Pukuria
discharge Stations.

Calculation Sheet for the test of congistency of rainfall
. records for Fatikchari, Chittagong, Amtali,Dolu &
Mirza Hat Stations by Double Mass Curve, Analysis,

Caiculation Sheet for synthesized hydrographs at Narayan
Hat and South Sunderpur discharge stations.
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TABLE VII

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

Total Base Direct Unit Hours
Flow Flow Runoff Hydro- after

Date Hour graph start
' Ordi-
nates
| Sept. 21,172 1200 64 64 0 0 0
- 1800 64 64 o 0 0
2400 120 64 - 56 149 6

Sept. 22,'72 0600 450 64 386 1022 12 Drainage Area
= T3 sq.miles

1200 760 . 64 696 1850 18 Effective Dura-
tion = 1 hour,.

1800 660 70 590 1570 24 Av, Basin rain-

fall = 0.76 v
2400 530 ) 455 1210 30 Total Volume in
- inches,
Sept. 23,'72 O6OO 400 80 220 850 36 = 2061 x 6

T3 x 26.9 x 24
= 0.3%377 inches.

1200 263 85 178 478 42
. 1800 215 g2 123 326 48 Storm on 21,9,'72
2400 175  100. 75 - 199 54 Patenga Rain chart
(Effective Period)
Sept. 24,'72 0600 150 105 45 120 60 Started at 2000 hrs.
" & Ended at 2100 hrs.
1200 134 110 24 64 66
180C 128 115 13 35 72 on 21,9,1972
2400 125 125 Q 0 78

Total 2961 cfs,
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TABLE VIII

Application of '@'Curve method (a sample caloulation sheet)
3 hour and 6 hour unit hydrograph from 1 hour unit hydrograph

for Halda river =t Narayan Hat Discharge station, (From Figure

4 & Table VII)

de . - s

giﬁle‘; 1 hr, iS»Cur:@ iS—cueré—CurveiCol.(z;)i 6 hr, }S-Cquq?l.(-@ 3 hr,
our 4 U.G. ladditl-- ;0%5(2)%&%%831 :(5) ;I_J'.G.?ol,%a%ged ~(8) 'go(g)x 3
i :ons + ! y !- g(‘_s)_zg_' r, o ?90 5
i@ foe e ie et @ e!e | o )
0 0 0 0 0 0 0 0 0 0
- 1 10 0 10 0 10 2 o 10 3
2 30 10 40 0 40 7 0 40 13
3 50 40 90 0 90 15 0O 90 30
4 80 90 170 o 170 28 10 160 . 53
5 115 170 285 0 285 48 40 245 82
6 145 285 434 0 434 72 90 344 115
T 200 - 434 634 10 624 104 170 464 155
8 260 634 894 40 853 142 ~ 285 609 203
9 330 894 1224 50 1134 189 434 940 313
10 420 1224 1644 170 1474 246 634 1210 403
11 540 1644 2184 285 1899 34~ 894 1290 430
12 1020 2184 3204 434 2770 462 1224 1980 660

13 1320 3204 4524 634 3890 648 - 1644 3500 1166
- 14 1460 4524 5884 894 50380 448 2184 3800 1266
15 1580 5984 7564 1224 6340 1057 3204 4360 1453
16 1680 7564 9244 1644 7600 1267 4524 4720 1573
17 1780 9244 11024 2184 8340 1307 5984 5040 1680
18 1850 11024 12874 3204 9670 1612 7564 5310 1770
19 1820 12874 14694 4524 10170 1695 9244 5450 1817
20 1780 14694 16474 5984 10490 1748 11024 5450 1817
et 1740 16474 18214 7564 10650 1775 12874 5340 1747
22 1700 18214 19914 9244 10670 1778 14694 5200 1740
25 1640 19914 21554 11024 10530 1755 16474 5080 1693
24 1570 21554 23124 12874 10250 1708 18214 4910 1637
25 1520 23124 24644 14694 9950 1658 19914 4730 1577
26 1480 24644 26124 16474 9650 1608 21554 4570 1523




TABLE VITT i
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Application of 'S!'-Curve method +(Contd.)

—

Col. (436 hr. 5-CurvqCol.(4)3 hr,

Tige 1 hrJS—CurvdS—CurvdS—Curve
-(5)  [U.G. Nagged! -(8) m.c.

houriU,G.}additi%Qol.(2Xlagged

;

i jons !+(3) {by 6 hr Col. {3 hr. | o1, (9)

HE T R S WY Gkl S (e
e o) f wie {6 io'le (6 | ue

56 165 45023 45188 4394 1234 206 44644 '544 181
57 150 45188 45338 44204 1434 189 44843 495 165
~ 58 140 45338 45478 44434 1044 174 45023 455 152
59 130 45478 45608 44644 . 0964 - 161 45188 420 140

60 120 45608 45728 44843 885 147 45338 390 130
61 110 45728 45838 45023 815 136 45478 360 120
62 110 45838 45948 45188 760 127 45608 340 113
63 90 45948 46038 45338 700 117 45728 310 103
64 80 46038 46118 45478 640 107 45838 280 - 93
65 70 46118 46188 45608 580 97 45948 240 - BC
66 64 46188 46252 45728 K24 87 46038 214 71
67 55 46252 46307 45838 A69 78 46118 189 63
68 45 46307 46352 45948 402 66 46188 164 55
69 40 46352 46392 46038 354 56 46252 140 47
70 38 46392 46430 46118 312 55 46307 123 41

- T 37 46430 46467 46188 279 47 46352 ° 115 38
72 .35 46467 46502 46252 250 42 45%92 110 37
73 20 46502 46522 46307 215 36 46430 92 %1
74 15 46522 46537 46352 185 30 46467 70 23 .
75 10 46537 46547 46392 155 26 46502 45 15
76 5 46547 46552 46430 122 20 46522 30 10
7T 2 - 46552 46557 46467 90 15 46537 20 . 7
78 0 46557 46557 46502 55 9 46547 10 3
79 46557 46557 46522 35 -6 46552 5 2
g0 . 46557 46537 20 3 46557 0 0
81 46557 46547 10 2 46557
82 46557  46555. 5 1 |

83 46557 465577 s 0
84
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TABLE VIII

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

1"hriS=Curve | 5-Curve §-Curve Lol (41 ¢ mrS=0orvaloT (T = i

Time !
hour { U.G. jadditi- | Col.(2)! lagged | (%) ' U.G, Nagged -(8) 1 U.G.
! | ons 1 +(3) 1y 6 hrlt 1 Col.! 3 hr ! .t Col.(9)
! 1 1 L]
P | | T U A T P
| { : ; ; A I !
t 13 1 t ! 1 B
) 12 13 1 (4) 2 (5) b {6) (T 18l (9) ! (10)

27T 1420 26124 27544 18214 9930 1555 .23124 4420 1473
28 1360 27544 28904 19914 8990 1498 24644 4260 1420
- 29 1300 28904 30204 © 21554 8650 1442 26124 4080 1360
30 1210 30204 31414 23124 8290 1382 27544 3870 1290
31 1150 31414 32564 24644 77920 1320 28904 53660 1220
32 1100 32564 33664 26124 7540 1287 30204 3460 1153
33 1040 33664 34704 27544 7160 1193 31414 3290 1097
34 980 34704 35684 28904 - 6780 1230 32564 3120 1040
35 920 35684 36604 30204 6400 1067 33664 2940 980
56 850 36604 37454 31414 6040 1007 34704 2750 917
31 760 37454 38210 32564 5646 941 35684 2526 842
38 680 38210 38890 33664 5226 871 36604 2286 762
39 620 38890 39510 34704 4806 801 37454 2056 689
40 570 39510 40080 35684 4396 733 - 38210 1870 623
41 520 40080 40600 36604  3996c 666 38890 1710 570
< 42 478 40600 41078 37454 3624 604 39510 1568  52%
43 450 41078 41528 38210 3318 553 40080 1448 483
44 420 41528 41948 38890 3058 510 40600 1348 449
45 400 41948 42348 39510 2838 473 41078 1270 423
46 370 42348 42718 40080 2638 440 41528 1190 397
47 340 42718 43058 40600 2458 410 41948 1110 370
48 326 43058 43384 41078 2306 384  42%48 1036 379
49 200 43384 43684 41528 2156 359 42718 966 322
50 270 43684 43954 1948 2006 334 43058 896 299
51 250 43954 44204 42348 1856 300 43384 820 273
52 230 44203 44434 42718 1716 286 43684 750 250
53 210 44434 44644 43058 1586 259 433954 690 230
54 199 44644 44843 43384 1459 243 44204 639 213
55 180 44843 45023 43684 1339 223 44434 589 199
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TABLE IX
Calculation Sheet for Average Unit Hydrograph (U.G.): Halds
river at Narayan Hat discharge station; 3 hours average unit
hydrograph.
Hours . 3 Hours 3 Hours 3 Hours Average . Average
after U,G.No.1 U.G.No.2 U.G.No.3 3 Hrs. U.G.3 Hrs. U.G.
start ordinates ordinates ordinates ordinates ordinates
(From Fig. (From Fig.(From Fig. 1st Appro- 2nd Appro-
6 ) 5) 4) ximation ximation
- 0 C 0 0 0
6 74 2230 115 1006 800
12 1762 1790 660 1404 1600
18 1365 1385 © 1770 1506 1606
24 1238 944 1637 1273 1273
30 965 574 1290 943 943 .
36 692 362 917 657 657
42 ' 436 239 523 399 399
48 345 (A 379 298 260
54 . 209 103 213 175 175
60 124 .. 55 140 106 106
66 73 0 71 48 48
72 0 0 37 - 12 12
= 78 0 0 3 0 0
80 0 0 O Total: 7827 7879

. _ 1879 x 6
Total Vol, = W}I 26.9

= 0.996 inches,
Drainage Area = 73 sq.miles

U.G.No. Base Time Peak discharge Peak Time

(hours ) {cfs ) (how's)
1 72 1762 12
2 66 2230 6
% - 80 1817 20
‘ Total: 218 5809 38

Average: 73 1936 13 o

- dar E
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TABLE X
Calculation Sheet for 1 hour average unit hydrograph (U.g. )
Halda river at South Sunderpur Discharge station
Hours 1 hour 1 hour 1 hour 1 hour Average Average
after U.@.No.1 U.G.No.2 U.G.No.3 U.G.No.4 1 hr,U.G. 1 hr.7., G,
start (From (From  (From (From 'st Approx. 2nd ppprox.
Fig. 8) Fig. 9) TFig. 12) Fig. 10)
0 0 0 0 e 0 0
6 179 640 737 750 709 709
12 971 1999 3138 2550 2562 2562
- 18 1708 358 3476 3435 3498 3498
24 2004 335G 3381 3555 3431 3431
30 1987 2878 3165 2700 2914 . 2914
36 1969 2559 2935 2400 2631 2450
42 1942 2159 2367 2100 2209 1950
48 1804 1839 1447 1995 1760 1560
54 1663 1519 1163 1314 1332 1300
50 1518 1439 906 1140 ‘ 1162 1025
&6 1393 959 629 - 909 832 832
72 1239 720 419 708 616 616
78 1098 480 311 480 424 426
84 978 240 135 210 195 195
90 868 0 0 114 38 38
- 96 759 0 0 . 36 0 0
. 24313 23513
102 643 0 0 0 Total Vol.w §§§%§§§§§X 26.5
A 108 525 = 0,994 in,
114 406 Drainage Area = 225 sq.milag
120 297 Unit B@se Pgak Peak
e 190 G e e | jame
132 71 cfs, ,
138 0 2 90 3582 g

3 90 3476 18,
4___. 96 3555 24

Total: 276 10613 60
Average: 92 3538 20
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TABLA XI ' ‘

Caleulation sheet for 1 hourp average unit hydrograph (U.Go)
Halde river at Panch Pukuria discharge station,

Hours 1 hour 1 hour 1 hour Average | Average
after U.G.No.1 U.G.No.2 U.G.No.3 1 hour 1 hour

start , . U.G. 18t U.G. 2nd
(Fig.15) (Fig.13) (Fig.14) Approx.  Apporox.

0 c .0 0 0 0
6 1410 1633 1676 1575 - 1573
12 3622 2569 3389 3193 3193
18 5557 2984 4646 4396 4396
+ 24 4893 3234 4494 4207 4407
30 4064 3400 4265 3910 3910
36 3345 3304 3961 3537 3450
42 2571 3180 2389 3047 3047
48 2184 3034 2818 - 2679 2640
54 1852 2847 1638 21i2 . 2175
60 1465 2556 1219 1747 1747
66 1244 1912 876 1344 1250
72 746 1143 628 839 8%9
78 525 769 438 577 577
84 304 582 286 391 *91
90 111 . 395 171 226 226
\ .96 0 226 0 76 76 -
- 102 0 125 0 0 0 _at 100 hrs.

e o 0 0 Total valumed3697
3897 % 6 |

U.CGraph Base Peak Pork discharge
0. - time time ‘

il

= 0,9988 in,

hr, "hr, TTTEEaTe = 1 dnop .
1 96 1§l 555? Drainage Area = 315 gq,miles.
2 108 30 . 3400 A .
5 96, .18 o L4646
Totals: - 300 66 13603

Averegre Value
100 hr,22hr. 4534 efs,




TABLE XTT 99

Rainfall & runoff relation for Narayan Hat, South Sunderpur and
Punch Pukuria diecharge station.

Rainfall records are average rainfall;.direct runoff readings
taken from actual hydrographs.

Date of Total  South Sunderpur S%a%0. Narayan ‘at Stasn. Panch Pukuria
gtorm rain Direct run Direct run Direct Direct - Direct Direet
inches off (cfs.) off (in.) runoff runcff runoff runcff

© lefs.)  (in) (cfs.) (in.)

1.4.7C  0.766 100 - 0.017 60 0.031 460 0.054%
10.4.70 1.399 450 0.074 34 0.017 593 0.070 .
- 16.7.70 2.418 968 0.160 84 0.043 3046 0.359
18.5.70 2.721 983 0.162 163 0.083 2445 0.2859
22.5.70 3.013 2017 0.333 292 C.200 4286 0.506
12.6.70 7.122 4420 0.730 o < - e
22.6.70 2.338 450 0.074 e <) R -
30.6.70 1.606 65G - 1 0.109 . g - (o
6.7.7C 2.071 3570 0.590 400 0.204 4070 0.480
9.7.70 25.713 69570 11.493 460Cn 23,428 21450 8.432
13.9.70 0,915 615 0.102 276 0.142 1550 0.183
23.9.70 3,795 8210 1.756 2743 1.400 11190 1.321
1.10.70 4.745 15258 2,521 5503 2.805 28105  %.317
22.10,70 4.116 4927 0.814 1834 0.9%4 6840  -0.807
29.10.70 3.479 4596 0.759 e . - pa
+ 11.11.70 7.714 29384 4.854 - - 36925 4.358
5.4.72  0.886 70 0,012 50  0.025 230 0.027
18.4.72 1.838 185 0.0%1 180 0.092 925 0.109
19.5.72 3,966 5000 0.826 775 0.395 3800 0.448
27.5.72  0.920 1149 0.190 304 0.155 891 0.105
22.9.72 0,992 2913 0.481 ° 1009 0.514 1715 0.202
5.10.72  4.988 7785 1.286 1400 0.713 12085  1.426
1.3.73 3,222 1307 0.216 560 0,265 2117 0.250
14.7.73  0.728 149 0,025 & > 225 0.027
15.8.73  2.075 4089 0.676 s & 14053 1.658
23.10.73 3,720 4477 0.740 - o g321 1,100
17.11.73 1.252 2487 0.411 o > 2350 0,277
| 2.11.73  8.480 " - 23030 3.805 s & 33476 3,951
T Ta2.735 1,630 q767 0.292 - i 2800 0.330

Difrinagese Area: South Sunderpur: 225 sq.miles; Narayan Hat:72.sq.miles
Panch Pyluriac: 3156q. mileg . '
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TABLE XIIT

Test of aonsistency of rainfall records for Fatik.
hari, Chittagzong, Amtali, Dolu and Mirza Hat rain- -
gélge stations by Double Mass Jurve inalysis,

* i

Stations | 197576 197475 1975574 19753 1971-12 197071
Amtali 163,44 135,35 95,36  94,21% o7,00" 135,27
Chander Khil 37,76 80,55  a7,50* 65,54 99.39" 126.49
Chittagong 11,35 160,95 107.59 81,79 117.56% 120.41%
Dolu 109,09  101.20 70.74 77.70 93.72  120.73"
Hte Xhun 126,78 133.96 99.69%  70.77"  120.92* 132, 65"
fianik Chari 36480 T0.24  90.85 46,56  95.56  105.09
Mirze Hat P08.63  130.87  103.82 73,45  114.59% 129,67
Narayan Hat 116,05 130,58 105,10 61447 95432  1%0.05
Nazir Hat 114.85 141,05 91 .80 G4 .65 128.44 112.15
Raj Bard Tilla 110.30 13473 119.43  93.50 143,79  146.%1
Renge Pani 102473 138,32 96,38 97.16  122.54% 152,42
Sikder Hat 105.96  140.08  99.81% 68,16  111.85° 112.74"

»*
Tenturi 37,52 77.61 46.85°  27.47  72.38 80.59
Total - 1388.28 1690.31 1300.05 1027.41 1% .91 1733.29
Mverage 99.16  120,7 92.86 . 73.39  109.57% 125.31
% ohars K 109 224 - o7 392 51 644
- Fatik .Ch-:url T 9% m % 3—83 Zg—g Z50
, X 11 272 80 462 580 700
Chittagong Y 799 220 %73 kfal 490 520
. X 163 298 487 8 71
Amtali T 735 350 %%% 1513 gﬁé 50
' X 199 219 281 74
Dolu L U AN 1 S S S 1
e X 10 240 44 17 2. 662
Mirza Hat T 558 I $ %2 230
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TABLE XIII (Contd.) from ‘previous page

Stations - 1969-70 1968-69 1987-88 1966-67 1965-66 1964-65

Amtali 143.53 72,98 50,11 92.13 117.20 107.89
Chandir Khil 106.00 125.62 62,05 112.03 131.61  107.44
Chittagong 119.08  120.70 84.26 119,75 156.17  120.75

Dolu M3.77 102,24 68.08 99.32 121.87 - 91.84
Fatik Chari  103.85 77.26 80.29 105.95 119,71 96.99
hiagnun 145.99  124.09 80.05 130.90 142.12 123,75
Manik Cheri 98.44  118.36 79.27 115.60 107.9% 107.04
~ Mirza Hat 135.75  115.05  84.72 122.12 143.34 105.85
Narayan Hat 124.37 105.18 86,03 108.41 132.86 122,35
Nazir Hat 129.55  118.50% 85.36 * -ga.69 102.99 69.99+

Raj Bar Tilla 138,27 170.91 118.36 122.13 149.87 118.03
Ranga Pani 153.57 143.61 82.53 166.04 146.80 124.60
Sikder Hat 118.17 122.53 83.19 106.36 134.52 124.39

Penturi 80.38  67.68  46.58  115.42 123.83  gs5.5¢
Total 1570.22 1584.41 1110.88  1554.85 1830.84 1506.87
Average 112.16 113.17 79.35 111,06 130,77 107,63
. ;. X 748 825 905 1011 1131 1228 ‘
Fatik Chari g == 545 57 035 1166 1277
o X 819 940 1024 1144 1300 1421
| Chittagong ¢ 53 815 924 7035  .Ti66 1272
b )
. X 863 936 986 1078 1195 1303
Amtali T 735 545 327 TO5% 1166 7277
I68 790  esg 957 1078 1170
Dolu ¥ 735 45 997 1635 1168 1374
. X 798 913 998 1120 1263 1369
Mirza Har g Lz, 875 27 1035 i 1574
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TABLE XITI (Contd.) from previous page

iindidt

“§tatTons 198354 1987-g5 = ,

Amtali 134449 82450 Note: X = AOCUmul%ﬁed annual
. . , + - ' Precipitation of
Ohander Khil 14?72?* 82.54 the station wriitten

Chittagong 127477 97.74 - : (inéhes),
Dolu 1294397 &4'14 Y = focumulated annual
Fatik Chari AR Ve 90.06 pre¢ipitation (in.),
Fie Khun: - 165,07 96,15 14 stz mean.
Manik Chari 160404 79.455 |

- , ; : # = Rainfall record
Mirza Hat 153.85+ 82 .86 for some couple of
Earayan Hat 138,08 83.03 days were not
Nazir Hat 113,957 gy .3 recorded
Raj Bari Tilla 140.72 100.%2 ¥ = Liberation war

e . ~ ; beriod, thesge

R?ngm Pani 155‘72+ 81'09 staticné were not
Sikder Hat 138.59 101,75 recorded for &

. + T couple of months and
Tenturi 59.77 91'62 - the figures entered
Total 1875.75 1234,67 . were the average of

. ooq 13 years precipi-
- Average 133.98 86.19 tation records for
Fatik Oh 1 ” tha% period for
fati ari X 1339 ' Tg _ that station.
'Y 1408 149
e X 1549 1647 |
. Chittagong 7 1408_ TI9E )
| s I 1437 1520 :
fmtali T 7408 TA98 -
X 1299 1353
Dolu Y 1700 775t
. X 1523 1606
Mirza Hat ¥ 1705 1456




i : TABLE XTIV

Use of a developed unit hydrograph in penj Storms to Synthegize g stream flow
hydrograp and itg Companison with the actugl hydrograph: '

: River Halda at Soutp Sunderpur . | 163
. Estimated g nthesized Astual I
- Sept/1970 Hours 1 nour 0.5 0.025 % 0.30 x - s
Date  Hours after (.6, 4, v, g, T.G. U.G.  base flow Hydrograph Hydro-

start Table-X)

22 73 | % 750

Ordinates é%ﬁ?gétes

1800 12 2550 K 150 ¢ 260
2400 18 3435 . ¢ | 460 46

23 0600 24 3555 355 460 815
1200 30 2700 1287 . 460 1741 1250
1800 - 36 2400 1749 0 460 2206
2400 42 2100 1714 18 470 2204

24 0600 48 1995 1457 64 480 2001
1200 54 1314 1316 87 . 490 1893 2530
1800 60 1140 1705 86 ' _ 500 1691
2400 66 909 880 73 0 520 . 1473

25 . 0600 72 708 666 66 212 530 v47 -
1200 78 480 581 55 769 540 189 . 1900
1800 84 210 416 44 1050 550 2060 ‘
2400 G0 114 308 33 1030 570 1941

26 0600 96 36 212 29 874 580 1695
1200 102 0 . 98 21 790 - 590 1449 1630
1800 0 19 15 . 662 600 1296
2400 0 0 11 528 620 _ 159

27 0600 . 5 400 630 - 1035
1200 1 350 640 991 1320
1800 : 0 250 £50 900
2400 ' 185 660 845

28 0600 127 670. 797 '
1200 - 59 680 739 1290
1800 - _ 11 700 711
2400 ! 0 720 720

29 0600 C 740 _ BN 1070
1200 | | - 750 “4)
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TABLE XV

Use of unit hydrographs developed in reazl storms to synthesize a e
streanflow hydrogragh and its comparkon with the actual hydrograph; ' 62}
River Halda at Narayan Hat discharge staztion, '

— . AT -
Hours . 1 hr. 3 hrs 0.15x 0,0%x% 0.05x  0.10xz C.15x 0,05 % Estimated esized Actual OeMebey
as,af- (IJF.G. U.G. 3 hrs t hr. 3 hre 3 hrs 3 hrs 3 hrs. bage flow Hydro- Hydro- *;‘9‘},‘;

- terstar F:i%?ql) N u,G. vsG. U.@. - U.G. U.G. T,G, graph  graph Dade  Hows (o)

6 1006 0 ‘ T T S T
12 1553 1404 151 T 226 400 3 1200
18 1850 1506 211 :
24 1570 1273, 226 0
30 1210 943 191 5 _ . _ '
36 850 657 141 32 80 255 176 6 1200
42 478 399 100 62 . _
48 %26 298 69 52 0
54 159 175 45 40 50 | |
60 120 106 26 28 70 _ 80 204 244 7 1200
66 64 48 15 16 5 -
72 35 12 13 11 63
78 0 0 2 7 47 0 - '
B4 o 4 33 100 80 217 190 & 1200
2 20 140 '
1 15 150
0 9 127 0
5 144 150 | 80 379 225 9 1200
2 66 210
1 40 75
0 30 189
18 141 0 100 259 263 lo 1200

1“1 - 99 50

0 27 61 70 161 162 ¥ 1200
15 72
6 33
3 20 )
] 15 70 85 108 19 {200
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Theoretical Approach and CGalculation
Sheets for some Bésin Characteristicg
of the Halda River Basin.
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L) Calculation for finding physical characteristics, ct,cp,
in the South Sunderpur and Narayan Hat Catchment Areas

in the Halda river bagin using Snyder's Method &

The notation meanings are given in Chapter II, Synthetic

Unit hydrograrh section.

For South Sunderufur:b&éiﬁ

b

= 25 miles (Figure 27)
L,= 9 miles (Figurb 27)

+ _ .
Standard duration, t, = _5_%__ conn eeera(2=4)
' 19,5
- 5.5
= 3:54 hours.
where |

tp = tPR = (20 - §) = 19.5 h?urs - (Figure 17)
but tR = duration of effective reinfall of the average unit

hydrograph = 1 hour; |

i.e. other than tr = 3}54 hours.

bpp = tp + 0.25 (tR ~ tr) Sein eae craeed(2=5) |
0rr  19.5 =t + 0.25 (1-3.54) = tp ~ 0.25 x 2,54 = t, ~0.661
or, tp = 20,135 hrs.
: ) 0.3 .
As’!tp_ct (LLC) t.fo-i .. e L) tco-.-(2""1)
- C.3 _ :
tp = Ct (25 x 9) = 5.06 Ct

or, 20.135 = 5,06 Ct




jot
. Doak discharge . 3558 _ .. ., i
qPR - Basih AI‘ea — 22 Al 15.7 CfS/SqnmileS

Values of peak discharge a=e taken from Figure 17 and

Pigure 27 respectively,
} 640 ¢ .
q! = : - . LI ) *s b o te e a
PR tor |
o 640 x ¢, , .
or,t5.7 = = P 5 2. H from where, Cp = 0,478
and bBase time, T = 3 4 3 ~—-E—— =34 3——315— = 5,44 days.

-iiibt2“3)

For the. Nareyan Haot_Basing
= 10 miles, L, = 6 miles i.u... Figire 27 and LT, = 60 sq.niles,
th%.é hours: %FR = 13- 1% = 11} hours - from 3 hours average
uhit g'%-aph of Narayan Hat - (Flgure 16).

i = 1; = 2.09 hourg

ty =
as t% aﬁ t |

tPK = tp + 0,25 (t = %, Y vrhiiaaan . ven. . (2uE)
0r, . 1135 = *ﬁ + 0.25 (3-2.09); or, b, = 11.272

But, t = C} (11,)"" 3 =€y (10 x 6)0 3 e (5e1)
ory. 11.272 C X 3.41;: from where'Ct = 3,30

Qo - Peak discharg _f_ peak discharge firom
PR Basgin area

ml

average unit graph of Narayan Hat, Pigure 164

App &= i . e oM C., Y Tvom whePe. (0 o= O
DR ﬁPR =y Or 26,5 “Ti.59p P 3 Trom whetre, QP 0+ 470

1, . lI‘: .- ’ Y . ’:-“ o o
ind bage time, T =% 4+ 3 x —4—5%——— =3 4 3% il%zﬂg = 4441 days.
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>
The averagé values of Cp-and €, have been found tb be
respectively 0.63 and 2.0 in fairly maintainous Appalachian - - -
Higkdands nnd the extreme ranze” of the valpeg are from 0,94
and 0.40 in the Southern California to 0,61 ang 8.0 in sectionsg
of states bordering the eastern Gulf of Mexico.,
' In this research work, the valuces at-a glance are as follows:
South Sunderpur Bagsin - Narayan Hat Basin
hl : Ce = 3.94 : Ct = 3,30
C = Oo‘ 8 = O-"—‘?‘-
D 17 Cp 7
T = 5,44 days . T = 4,44 days
L

= 25 miles; Iy = 9 miles, I = 10 miles I, = 6 miles

It is possible to find three unit hydrograph rarameters

(qp, tp,T) for ungaged stations of similar characteristics basin

areas.
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" B) Theoretical Approsch to find a peak Discharge Formula
And Its-ApplicaﬁiQn In the South Sunderpur Catchment fAres

L is an dpproach t0 find & relation between peak'discharge,
bagdin lag time, drain_age érea and the resulting runoff, The
following diagrams and aoiations are used. Finally the
relation is applied in thé South Sunderpur Bysin aregw‘The

~Development of the reloation and its application is as follows:

— Honr foll axcess
k-1 "8
< : ‘
¢ A . g
°*! ' j/‘\% Kusold %7dqufaph
FERI ;
o i et
—dg ‘1 E E\ “”“'"-w..‘,_w T
e e et e s s DL T2 e
o [l ‘ Time hour
e
i <:'“’ f.v\:f!\?-?\ % '-’.:‘l” GLALE RS
: i
SR ER Sl
Sk l |
< ‘ _
” & I & P\v‘.wu)ﬁ ‘ff,q eh1egre rl'\
I R .
o - o !! | f.irfl. \_“\\H‘
: 5".-.,._., I wdy ’ L
u.s’ b ! » , !
4 -~ T? e | ‘ R P
PRSI (Y.

Symbolg; Q = Total runoff in inchs q; = Peak:srate in inch/hour,.

TP = Time in hour from start of rise ‘o peak rate: T,.= Time in

. hour from peak rate to end of triangls, Tb = Time bage of




hydrograph, D = rainfall excess period in hour,
L = Iag time from center of excess rainfall to time of peak,

[ R
in aour.

Development of Peak Rate Eguation.

'From the above triangle,

o qy Tp 45 Tr T 5Q
O=—"">3"+ =3 and 93 =T o
r r
if Tr = H TP — where E is any factor

28
then q; = TTIﬁTmﬁﬁ - (1)

Converting from inch/hour $o cfs by intreducing drainage
,.arca Ain square miles (1 inch/hour = 645.3 cfs/. square miles

zives the peak rate qp:

- qp = E;%_Q_ cfs. (2)
} 1Y

Utilising the average 1 hour unit hydrograph of South

Sunderpur and taking the value of a; = 3538 cfs., Tp = 20 hours,

A = 225 square miles, .
15.72

. 3538 _ cfs’ _ - )
a; = 555 = 15.72 el ES T 0.0244 1n/hr..
effective rainfall = 1 inch x 1 hour = 1 in.hr. = the area of

traingle. From the above triangle
1 (20 % 0.0244) + (¥£ x 0.0244) = 1 inch hour,the

value of Tr is sought.

- Bolving, Tr = 49 hour. . i =

But Tr = H Tp
or, 49 = H x 20 ; from where H = 2.45

+
‘W
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Using the value of H in equation (1) above,

2x 0
U =TT 7 2.45) 4 o

inch miles and converting to oo,
2 X 645.3 A X O 374 AQ

; and introducirg the value of

Ay = T T
_ p 3445 x b p
Thus qp = K % 9 s Where I = 374 and mOdiflbd vxlue of X = 350,
. (as discussed in Lh?ptul V).
]
’ This equation and the value of ¥ = 350 :.:. should be uscd

only for rough estimating of peak flow at South Sunderpur by

using precipitation data.

The validity of this equation has, agnin, been judred by
comparing the values of 11 differeqt actual cages. The result-'
is quite satisfactory. The following table is represented in
Fimure 26, |

TABLE TIT

Comparative study cf actual pezk and peak value
determined by the formulsa.

. ' Obser- Date of Effective rain  Observed Peak valuc Rema-
vation Peak from graph inch peak value determined rks
No. ( Figure 24), (Base £low-by the for-
=& Deducted)mula, cfs.
- cfs. _
P4 27.4.72 ' 0.02 , 120 84 In Fig,
7 ~ 26 the
2 21.5.7? 042 1770 1767 line has
3 18.6.72 . 2.20 6200 9240 a slope
1 . ’ ‘ Of 1407-
4 3C.7.72 1.10 4100 4620 o make
5 6.8,72 0.50 2040 2100 the slope
- -equal to
& 13.8.72 0.40 1400 1680 unity ¥
7 17.8.72 0.60 2200 2520  will have
g8  23.9.72 0.15 850 630 D VIl
9 6.10.72 0.15 850 630 NN
a 10 14.6.73 0.30 3200 &c@‘ﬁ%@w g
11 6.7.70 0,30 | 1100“_*“ o TERE

L marpene e 1
X vy an s <

}‘:

: ' INET - X % '
e e N — -.”,v T 16 ‘9 ?‘I‘Jﬁ"
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