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ABSTRACT

The procedures and assumptions used for hydrological design
for small scale project in Bangladesh by differenrt agencies have
been reviewed. The design discharge calculation for a selected
project have been studied by three different methods and compared
with existing project situation.

For the purpose of this study manuals and design reports were
collected from Lhe organizations such as BWDB, LGEB and their
Consultants. A particular subproject "Bannyar Khal" at Muktagacha
Upazilla has been selected to apply Unit Hydrograph method, Soil
Conservation Service(SCS) method and Richard's method for
calculating inflow during premonsoon taking rainfall data used in
original design. Again a unit hydrograph has been derived using.
recent rainfall data. The unit hydrographs thus obained were
compared with inflow used in original design.

It is found that most of the organization used unit
hydrograph method for calculation of inflow. The existing 2 vent
regulator in the subproject area was found quite adequate compared
Lo discharge calculated by the three methods. It is revealed that
S.C.S and Richard's method require less time to calculate inflow
hydrograpl. provided rainfall frequency intensity and duration
curves are available for the area concerned. On the other hand unit
hydrograph hydrograph meLhod is scientific method but it needs long
time to complete the calculation.



Chapter 1

INTRODUCTION

1.1 Background

Hydrology means the science of water; deals with the
occurrence, circulation and distribution of water on the earth and
earth's atmosphere. Basically this applied science is classified
as (i) scientific hydrology - the study which is concerned chiefly
with academic aspects (ii) applied hydrology - a study concerned
with engineering appl ications. Engineering appl ications of the
knowledge of the hydrologic cycle, and hence of the subjects of
hydrology are found in the design and ~peration of projects dealing
with water supply, irrigation and drainage, water power, flood
control, navigation, coastal works, salinity control and
recreational uses of water. The main purpose of hydrologic design
of a drainage system is to drain off the excess water so that the
water level in the paddy field drops back to the original level
within predetermined time period.

Two types of drainage project n:ormally exit in Bangladesh,
large and small. The broad strategy ofiMaster Plan (IEeO, 1964) was,
to reduce damage of crops by implementing large scale drainage
projects. But it has been changed in the recent years and a large
number of small scale projects are being undertaken and completed

,

by the BWDB and LGEB. The aim of small 'scale project is to complete',
the construction works within short.est'possible time, mostly one or, ,
two years and to add GNP by agricultural development. Area of a
small scale ..project so far-completed fan~ed from 800 ha to 4000 ha
(MPO, 1990). About 380 small scale projects have been completed
which are providing drainage facilities to about 2 million ..hectare
(MPO, 1990).



Drainage system design includes selection of suitable ventage
of drainage regulator and section of drainage channel. Adequate
ventage is provided to permit proper drainage of internal runoff by
gravity flow during premonsoon and postmonsoon period when river
water level is low. The drainage channel should have adequate
capacity to provide effective drainage during the premonsoon
period.

In Bangladesh, organizations that are mainly involved in
designing small scale project are BWDB and LGEB and the consulting
compan ies appoi nted by these two major organ izat ion. Among the
consultants EPC ltd. associated with Sir William Halcrow and
Partners and Northwest Hydraulic Cqnsultants Ltd. are mainly
involved in' hydrologic design of small scale projects. They have
different appoaches and assumptions in calculating design storm,
design discharge and selection of ven~age for drainage regulator.
So a study is necessary to review critically the various methods,

,

procedures and assumptions considered for determining design
discharge.

1.2 Object ives

The objectives of this study are:
a) to review the different procedure~ for determining the design

discharge of small scale drainage projects in Bangladesh; and
I

b) to evaluate the various methods of estimating design discharge
of a selected subproject by using the actual data.

2
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2.1 Simple Methods for Design Discharge for Small Basins

Chapter 2
HYDROLOGICAL DESIGN OF DRAINAGE PROJECTS IN BANGLADESH

IECO Method2. 1 . 1

Some of the simple methods for computing peak flows for small
basins used by BWDB (1966) are reviewed in this section.

Hydrological design of drainage systems of Bangladesh is still
based on the method and analysis adopted in Master Plan (IECO,
1964). IECO (1964), developed series of charts and figures showing
the relationship between probable rainfall intensity, frequency and
duration. The basis of the IECO (1964) studies is the total mean
rainfall that may be expected to fall during the four calender
month period of maximum rainfall. This four month rainfall index
is recommended for studying a pre monsoon, monsoon or postmonsoon
period. IECO(1964) also developed two other charts in their study
(i) to convert the total four month rainfall to total rainfall over
a selected number of days (ii) to convert the index frequency to a
selected frequency. On the basis of IECO(1964) study, BWDB(1966)
prepared a design manual describing me~hods to select design storm,
rainfall excess and routing to decide drainage discharge of the
basin. In the recent years the consultants involved in the design
of wate r deve 1opment projects deve loped compute r based mode 1 in
BASIC for runoff hydrograph using Snyder method and pre and post
monsoon routi ng program (EPC, 1986). Among others Northwest
hydraulic consultant Ltd. developed LOTUS work-sheet model
following the BWDB manual for their use. So hydrology in Ba~gladesh
still cann't create broad base for general practitioner.
Description of different methods are given in the following
sections.

IECO(1964), developed Figs.1, 2 and 3 for estimating flood
flows in small basins of Bangladesh corresponding to return periods
of 2 to 500 years. Computational procedures are explained as below:
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In Karnafulli Irrigation project WBDB used this method.

. t

,
l
1

(\
\! "'I

,~ I

( 1 )

Where,

(i) The total annual precipitation for the project area is
obta ined and ente red in Fig. 1 to obt.ain the Q100 un it peak flow.
This value is multiplied by the coefficient given in the table of
the figure to obtain the peak unit flow for the selected return
period. The ten year frequency is taken for sluices and water
retention structures.

(ii) The basin characterstic (L2/S)D.3:is.computed using length(L)
of the main watercourse and slope(S) ..The value is then entered in
Fig.2 to obtain the percentage adjustment to be applied to the peak
flood flow rate.

(iii) The basin area is entered to the Fig. 3 and the percentage
error is obtained as a function of basin area.

(v) The value obtained in (iv) is multiplied by the basin area to
obtain an estimate of the peak flood flow for the basin.

(iv) The unit peak flow is multiplied by the values obtained in
(ii) and (iii) to arrive at the unit peak flow rate.

2.1.2 The Rational Formula
Lack of records for rainfall intensity, runoff and stream flow

have led to the development of empirical formula for estimating
flood flow. One of the leading formula for estimating peak runoff
as used by BWDB(1966)is:

Q = CIA
Q =.Peak runoff in cfs

I = Rainfall intensity i,ninches/hours
68.2
t 0.73

tc = t{me of concentration of the basin in minutes.
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taken

( 3 )

isbasinssmall drainagefor

Tp = Recurrence period (hour) ,
1\ = Basin area in acres.
L = Length of dainage channel (km)
n = Roughness co-efficient

L = Length of drainage channel (km).

L2 n2
]0.30tc = 31 [- in hour.

S

C = a runoff coefficient
Tp

= 0.7 [ ______ ]US

100

concentration

S = slope of the drainage area.

the centroid of basin (km).

Lc = Distance from outlet point to the point nearest

Using the commonly used SI unit, rational formula described

Qp = CIA I 3.6 ( 2 )

Where, Qp = peak discharge (m3/sec)
, .
I

C = coefficient of runoff
,

I = the mean intensity of precipitation (mm/h) for a ..
duration equal to t and an exceedance probability ~';.

c ,

of p.

A = drainage area in km2

t = t = Cc p

Where,

above call be written as:

Time of

approximately equal to the lag time of the peak flow:
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area.

9

.'
141

As such

curve correspondiJlg to the .desired

I =

1<, x, and.fil are constant.

effective throllg}l mail} and secondary drains.

\'Jhere,

Flat land: Tight clay, cultivated 0.5
Woodland 0.4

Sandy loam, cultivated 0.2
Woodland 0.1

Hilly land: Tight clay, cultivated 0.7
Woodland 0.6

Sandy loam, cultivated 0.4
Woodland 0.3

Intensit,' of rainfall for small scale project for

To <leLerlnine tile drainage chanltel section, the (irainage

drainage area and 0.24 and 0.38 respectively for valley drainage

Runoff coefficient for agriculture area are IMutreja,1986):

C and n are taken as 0.5 and 0.38 respectively for foothill

a given return
period, (T years) and intensity of rainfall (mm/hr) is found from
the rainfall frequency duration relationship ISubraman,'a, 1984):

2.1.3 Method of Drainage Module

freqllency and computed value of time' of' concentration, te.
Dl1ra1~ioll Frequency (IDF)

The desired intJensi"ty is also read from a,locally derived Intensity

During pre-monsoon period (May and June) the low stage of the

module or the rate of removal of excess ,"ateI' d' d' ,per ay ].s use .

considered

a basin 'to design drainage ~hannel section.

the pienlonsoori storm is used to determine the drainage modulus of

outfall river permits gravity drainage arId the drainage is
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2.2 Elaborate Method of Hydrologic Design for small Basins

are generally localized with normal rainfall intensity occurring

a short dis'Lance away. Premonsoon rain occurs during April and ~1ay

theon

and ventage

level

runoff

hTaLer

Downpours of heavy rain

of

the

point

The slope of the tangent line

coinput ingfor

allowable

the curve.

the

to

froll1

The Design Storm

Elaborate method

Monsoo~ raj.nfall is not continuous rather intermittent showers

drah'nis

I'epreserlts the drainage Dlodule.
rainfall ax is

Delta Development Project, BWDB(198G), used drainage module

concept to estimate the design discharge of a small drainage basin.

In this method rainfall duration frequency curves are plotted. The

retlll'n peri.od of 5~year and duration of 1,2,3,5,J.O, and 15 days are

recommended. Different allowable water level in the field are

recollllTlended for different varieties of crops and different gro\~ing

stages. To find the required drainage module(m,n/day) a tangent line

2.2.1

and Inay occur several times during a day.

selection for small basin involve the' following steps:

(i) Computation of design storm;

(ii) Computation of rainfall excess considering losses;

(iiil Computation of runoff hydrograph;

(lv) De1:erlllina1~j.on of allowable basiri water level by rotlting the
runoff hydrograph through an asslun"ed size of sluice and select.ion

of suitable size of the sluice.



is used to convert the total four-month rainfall to total rainfall
o\'e1' a selec.ted number of da-ys. Fig. 6 is used to convert index

lECO (1964), developed several graphs for the computation of

11

Fig.5

Therefore, for flood and

either four month rainfall index IEeO (1964) or

Fig.4 presents the total mean maximum rainfall that

Table 1 gives the combined rainfall index "for the

Combined Rainfall Index for Selected Frequencies

The struc.t.l1res are designed j nst,ea,d with the expecta1:..:i.ori

Table .1

in 10, 15 or 25 ,years on the average.

occur.

design hydraulic structures for the maximllm storm that Inay ever

that Lhose "ill be subjected to flow greater Lhan design flow once

thunder storms, usually of short duratioll. It is uneconomical to
have the characteristics of strong northwest wind 'h'ith heavy

storm BWDB use

rainfall for vary-ing periods of time'.In consideration of design

drainage studies it is necessary to know tile frequency of i.ntense

conduct fr'equency analysis llsi.ng recent rainfall datfl.

may be expected to occur during four calender "Ionth period.

~,

---------
Storms Frequencies

Da~Ts 10 years 25 years I

I ,I , 0.128 0.153
I 2 0.192 0.228-
I 3. 0.230 0.272
I 4 0.257 0.303
! 5 0.276 0.326

desi,gn sto'.~m.

projecLs.

and frequency of 10 or 25 years are recommended for small scale

frequency to a selected frequency. The rainfall ,duration of 5 days

seletted frequencies.
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below:

centre is given in Table 2.

100.00
94.06
86.47
82.56
79.66
77.15
75.09
73.43
72.06
70.69
69.37

5-day storm percent
of poipt rainfall

0.25
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
lO.OO

Rainfall intensity is decreased as the distance from the

Av. distance from
Storm centre (km)

Table 2 Rainfall Variability

point, is usually measured at a rain gauging station. In this case

Point rainfall, the amount of rain falling at a specific

The equivalent uniform depth of rainfall is defined as the

point rainfall is defined as the volume of rainfall, at the

center of the storm, equal to the product of the four month

If point rainfall is used as the basis for designing a structure,

rainfall index and the combined rainfall index (Table 1).

costs.

the computed runoff will be high resulting in increased project

storm center increased and it becomes zero at the edge of the

storm. The rate of decrease of a storm intensity ell"ay from its

basin rainfall uniformly over the total basin area. The procedure

depth of water which results from spreading the total volume of

for determi'ling uniform equivalent depth of rainfall is described
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from the intersection point of all the threads.

lengtll of threads are adjusted to make the board horizontal. The

\

("
, '

" \

is

After

The card boardcard bbard is cut to the shape of the basin.

suspended vertically from three or more points by threads.

holding the free ends of the threads together by hand, the

centroid is located on the card board v,ertically below the point of

(i) For locating geographical centre (centroid) of the basin a

inLersection of the threads foi a horizontal position of the board.

Tile centroid location may be determined by suspending a plumb-bob

inter~als around the center starting one-half knl frolll the .centre.
(ii) COllcentric circles, or isohyetals are drawn at one km,

area aloe Illeasured by pJ.anillleter.

(v) Summation of the values from step (iv) 1S divided by the toLal

(iii) The areas between the respective isohyetals within the basin

basin 3l'ea.

(iv) The area is multiplied by the pro~er percentage from table 2.

The daily rainfall increment may occur in any order. An arbitrary

yields the equivalent unif6rm depth of rainfall.
(vi) The result is a percentage which is applied to point rainfall

sequence of 3,2,1,4,5 is considered in order to satisfy the losses

that will take place early in the strom (BWDB, 1966).



FIG.4 IN[JEX RAINFALL FOUR MONTHS PERIOD

, '

ll:

.....-.----1

I
_~ -_--1

14

,.

InltmoloO"Xll Bo:,'~~ory

O.llr,(' BouncbJ'

I.~hy.lol Lin" :lmm

I _.-.- - .. "---.
91-j.~,

NOTE
I)OoO'[TA.t. L~ ~("liII(3orl llA.l,I.I'.lll

"A.XIUU"( rou~ WOfl(TH' "(11100 Hit Yu.1t 2~
,\lrll)l R(CUqR (HC{ IMT( •.••••.•.L 0' J.') y['J.It.

lll"HC;f.\,.

I
90"

oC"' ?,.

lO 0 OQ 10 J() .0 In
I... _.L..- ..•..••••..;"
1>1:'" L ( " W\.. '1

8 A Y . OJ"

-------------.:--'- .. _.. " -------"'\
j

e9"
i !

B 9"

IHOI"
..-{,f t( -"l

UTO

e~-
!

spurce:IE CO(I96~
.,>" '

U~OIA

....['T. ["'"''''\.

",',

'} ._ ,

__ 14"

. ~," •...

•

"



.'
..,

1000500200 30030 40 50 60 eo 10020

TIME INTERVAL, DAYS

3 4 5 6 7 6 9 10z

-- -_ .. -

r I I
I

I Ii, i !'
1"'1

i I I ! I 1

I III Ii, I

1 I : .Li i, ,: I ,
II

1 i I I II ,
i ,,"' I , , ! ; I L I . i 1 I il: I 1/ I I 1

, , ,
i./i , , I I II , ,

i , I i 1'/11 i
I ' -'-

I I
, : I ! ! , 'Y !~ I i 1 i II i -'- ' ' I,
!

i L" t ' I I ! , Ii . , .. . , ,,
I ~I I I I

! I
,

I ..~. I II ,
i ,

~

I I I 'II; I : ! I I I! . . : I

~I i
, '-,-' I,, ,

II I

I: . I : I

; I I I I 1111 i.! :;" I ,
'. . l . --.:...

,
i ! I

,/ , I I ; I , I I i I I, i ,
I I J I II ,

, . I i ,
I

,
~' ..

I

t
, ,

.. , : ! ; ! I I II
ii ,

i .!
!

,
I i . I I I I, : I ;

I i i ' : l i i i I : I I,
I , i i

I i
i I ; !

'j'" I i
,

II I
! r-- : . "i , II. : i ,' , ,,

I I : i i I !
I I : II I i

:
I I I : Ii I,

I I i I
I .

;

I i
,

I
I I

.

I I! !
I

i : : I II
I ! I ! Ii ' ,

I I I ! II I I I I 1 i , I , I i I

! .0

I 5

0.6

a <

0.06

0.05

0.08

0.6'

0.5

a z

a 3

0.04

0.03

o.oz

O.OJ

o
•..
<l
a:

a 10

>-'

'"

FIG.s RATIO OF INDEX RAINFALL FOR A GIVEN TIME INTERVAL
source: IECO(1964) ,TO INDEX RAINFALL FOR FOUR MONTHS

J ,. ".-,;....--- ---~. ~-'. IC>o ",-" ..•...•..- ..•.•.

• ?



".

.'.. -

300 400 600200

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

4 5. 6 7 B 910 20 30 40 50 60 80 100
TIME INTERVAL. DAYS

2' 3

,,,
,

..

-

-

.-

, .

,

i

I-j. ,

, ,
,

,RECURRENCE'INTf:RVAl'-ZOO YEARS

-

= ._-- ",
--

I

[ I - ~'= ',OOYEARS. '-L '}

) ,
,

I RI=!SO YEARS' i I

~

,
I

-=::
-

:

; [

I : ,

-

IJ

I

RJ = 25 YEA~ , ,
i

:

.

I '-

- - :

~

;

,

I ~
I

! : [ -

I ,-" I ,
I

...•....

~I'

" -
i I ,

t
i

!

-

I
I.: !

I

-
. ...:.:.1.10YEARS_ i

i
i [

. ,
:

,

I I

I ,

,
I i

:

I i

-
i , i

i ~
I -:-

: . I

,
i

i ,

I I .

, , :

I
i

i
1 :

i

f I

,
I

I

I

1 I
I

.1 : I

, i

, i ,

"I

I I ,
,

i

,

I
,

i

I
,

I ,

I i

R/=5 YEARS

I

u
i

-
I I

I i I I

I
I

i
I

I I

I' I , ,

,
i

I.. I ,

I , i

I j- I

,
I I I ...:... ...•.•.•..' ,

~ -

'.,

I
I I [

i

, ..l
, .

I
i

I
[ ,

I

i ! • i
j

! iii"

.,. I
I

,
I ,

,

: I
I I

u

, ! !', ' , ..~; - ,
I ,

i'I [ ,
I I I ,

I

i ,
,

I

I . iii

,~

I

1 I I [ ,

!

I ,

I

I

i

! , !

I
i

I

I
I I I

!

, :.:.'.:.

I I
I

I I
I ,

,

I

I
, : : ,

I

I
: I

I_

I
I

; ,
I

,
I I

i j !
i I I ! , :

.i II ,, ,
,.1 I i...i...L.1110

I

[.[5

[20

-,
Qv

1.80

1.25

1.50

3.00

2.00

2.50

o_ 40

I- ! 3S
<l:

c:: J .30

f--'
C>

source: IECO( 196L1)

FIG.6 RATIO OF RAINFALL f;OR SELECTED RECURHENCE IN.TERVALS
TO INDEX RAINFALL FOR 'INDICATED TIME INTERVAL

-~•. .~.
.•• _.J" ~ ~- -'.\'



Table 3 24 Hour Point Rainfall time Distribution

Accumulative Rainfall in mm

2.2.2 Rainfall Excess

is

17

The

For non-
mOl

18 24

174 212
131 150
267 358
229 274
168 179
175 188
305 ,389

~----

13loss 'ofsoil moisture
For paddy land no initial loss is used.

an initial

basin by using the particular rainfall data closest in distance to
the basin being studied and adjusting it to fit the calculated 24

less than 24 hours, Table 3 is prepared from Fig.8 by IECO. A

reasonable 24 hours rainfall time distribution is made for any

hours basin rainfall. The smallest time interval to be used depend

For brealti.ng do,~n raj.nfall tj.nle dis1~ribution i.nto i.nter\'als

intervals t'ecommended are: (i) one hour for less than 3 km ; (ii)

3 hours 3 to 10 km (iii) and 6 hours for over 10 km.

on. -I:..1Ielength of the main drainage course within the basin.

The U.S. soil conservation service (SCS) has recommended an
initial abstraction of Ia = 0.2S to be made to cover initial

padd.v land
and Ia :;:::13mm.

interception, infiltration and surface storage losses, whe~e S is
the difference between storm rainfall and direct runoff. Utilizing
the SCS rainfall runoff curves for land use classification and soil
groups similar to those in Bangladesh S has been found to ~qual 2.5

] cocab 00

Four ~Jonths
Rainfall
Index (mm) Storm Duration in Hours

1 2 3 6 12
BarisaI 1651 59 70 79 97 136
Jessore 1168 60 76 84 97 113
Cox's Bazar 2921 59 73 84 112 169
Chittagong .. 2184 61 78 94 116 169
Dhaka 1397 79 102 140 133 155
Bogra 1473 86 107 119 139 160
Sylhet 3048 72 105 127 156 208
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2.2.3 Runoff Jlydrograph

The runoff(inflow) hydrograph represents the time-discharge
relationship of total design storm runoff at the basin outlet. The
following three ,nethods are used for runoff calculation.

/; ,
.'.,)

UniL Bydrograph Method

considered. During the storm period i••filtration continues to take
place at a slower rate than the initial soil moisture repletion.
Infiltration studies show that all but impervious cla~' soils has a
nlBxinlUln constarlt infiltration rate after saturation, ranging froJD
J .27 mm/hour to greater than 25 mm/hr. Mostly an average
j.nfj.ltration J'ate of 25 min/day or 1 nlui/hour for relatively
ililpervj.ous soils are assllDled.

The rainfall losses from the rainfall time distribution is
separately determined by assuming that the entire basin area
consists of paddy land. It is again determined by assuming that
the entire basin area consists of non-paddy land. The weighted.
basin runoff distribution is computed by multiplying the net runoff
de-LerlnJ.ned separately by the respective land classification
percentage. Wllenever possible ti,e percentages of paddy and
nonpaddy land is determined by field survey. This is particularly
importa,.t for small basins wl.ere the proportion of paddy land may
be very high.

Paddy land bounded b;y small earthen bund to retain wa ter.
This may be as high as 150mm. It is assl,med that the first 100 mm
of rain falling upon paddy land serves to fill up the paddy basin.
Rainfall in excess of 100 mm becomes runoff. For nonpaddy land, the
constant rate of retention is approximately 0.8382 lorn/hourduring
periods of rainfall until a maximum of 25 m,n sto~ed.

2.2.3.J

The unit hydrograph of a drainage bas in is def ined .as a
hydrograph of direct runoff resulting from one millimeter of
rainfall excess of a specified duration generated uniformly over



(iii) Several of the above hydrographs can be combined to form one
composite hydrograph by the simple' addition of their vertical
ordinates.

(ii) Hydrograph of the same basin with the same unit rainfall
duration have the same time base, Tb regardless of intensity of
rainfall.

(i I Hydrograph of the same basin with the same unit rainfall
duration, have vertical ordinates qx, directly proportional to the
depth of rainfall excess.

\,

'i
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Pe = P-Li-E- (F+Sd I ( 5 )

Where, P = total rainfall, mm
Li = interception, mm
E = evaporation from land and from

= Time of recession from peak rate to end of hydrograph
rate in hours

T r
hours
Tb = Time base of hydrograph in hours
t = Duration of rainfall in hoursr

to = Lag time in hours from centre of rainfall to peak

in

the basin area at a uniform rate. The rainfall excess is that part
of the total starn, that enters the stream as direct runoff. III

surface flow phenomena rainfall excess (Pel:

depression storage, mm
F = infiltration, mm
Sd = depression storage, mm

The runoff hydrograph is developed on the basis of the following
unit hydrograph principles:

Most of the basins in Bangladesh is unguaged with scanty of
available hydrological data. Therfore, rather than using the more
complicated and classical curvilinear hydrograph shape, the simpler
traingular approximation shape is used. The shape of the hydrograph
.is shown ill Fig.7 and its nomenclature was as follows:

gp = peak rate of runoff in cum6c
l' = Time of rise from beginning of rainfall excess to peakp
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Syntlleti.c unit h}'dJ.'ograpils based all ItllOwn physj.cal characters tics

are developed and Snyder method 1S followed IDWDB, 1966).

The method developed by th~ Soil Conservation Service is based
on a dimentionless hydrograph (Table 4), the result of an analysis
of a large number of natural unit hydrographs obtained from
different geographies location of varying sizes. The method needs

( 10)

I 11 )
(12)

(6 )

(7)
(8 )

( 9)

( 13 )

m3/sec

I14 )

hours

cumec

drainage channel in Km.
the channel

i = 1000 V / A in mm.

in Sq km.

I = Total volume a runoff hydrograph
t = time interval in hour

Distance from the outlet to a point on
Length of the principle

Where,

graph base
discharge,

S = SoLs/L Average channel slope;
n = Channel roughness factor,

L ;::

A check on the computation can b~ made as follows:
Tolal volume. of water under the hydrograph;

V = 3.6 I t / 1000 in MI~

Lc =

nearest to the centroid of the basin in Km.
S = Average overland slope of basin measured between contour,o

in ill/kIll

Ls'Straigh t 1ine length of bas in:in Km.

Total rainfall excess;

Peak

The elements of the unit Ilydrograph:
t. l' = 14.15 J2n2 ]0.3Time of concentra:lon, c J

Lag time to peak, tp ;:: 0.6 Tc hours

Tp
= tp + O.5tr hoursTime of rise,

Ct = 1..331 tp / (. L Lc )0.3Coefficient
Coefficient C obtained from the relation;p.

C = 0.7527 - 0.2056 In IC )p t
length, Tb = 1.2 Tc / Cp hours

clp = 0.56 A / Tb

2.2.3.2 Soil Conservation Service (SCS) Method

Where, A = Basin area,
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to know the peak time and the peak discharge computed' by the

Wh~re, CN was curve number according to hydrologic soil group

in

(16)

(20 )

(un

( 18)

( 15 )hI's.in

mm

254
CN

254000

l'
P

0.208 1\
cumec

S =

L2 n2
Te =14,15 [ __ ~]O,385

S

P + 0.8 S

(P - 0.2 S )2
Q =

maximum rainfall for the d'lration, TR

Where, A is drainage area in sq km.

Where, P = Potential

in inch(Fig. 8)

(i) Ti,ne of cbncentratiorl,

Tp = tR/2 + 0.61'e in hour.
v) Peak discharge for a direct runoff of one milimeter,

Total actual hydrograph is obtained from SCS dimensionless

Where, L = Length of the principle drainage channel in Km.

S = Average channel slope, m/Km.

following equa,tion:

n = Channel roughness factor.

ii) Duration of rainfall, tR = 0.133 Te in hour.

iii) Time from centroid of rainfall to the peak discharge,

tp = O. 6 Tei. n hou I' • ( 17)

iv) 'rime from the beginning of rainfall to the peak discharge,

vi) Direct runoff is calculated using equation

and soil complexes (Table 5).

unit hydrograph (Table 4).



Table 4 Ratios For Dimensionaless Unit Hydrograph

TilTfeRatios Di.scharge Rati.os
(t/Tp) (q/qp)

0.0 .000
0.1 .030
0.2 .100
0.3 .190
0.4 .310
0.5 .470
0.6 .660 I0.7 .820 I0.8 .930 I0.9 .990 I1.0 1.000 I1.1 .990

I1.2 .930
1.3 .860 I1.4 .780

I1.5 .G80
J..G ."GO I1.7 .460 I1 .8 .390 I1.9 .330 I2.0 .280 I2.2 .207 I2.4 .147 I2.6 .107 I2.8 .077 I3.0 .055 I3.2 .040 I

I3.4 ,029 I3.G .021 I3.8 .015 I4.0 .Oll I4.5 .005 ,

I 5.0 .000 I
~. I

24
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Table 5 Runoff Curve Numbers for Selected Agricultural

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

\

(\

D

81

77

91

89
80
78
83

93

80

92
87
86
85
84

98

98
91
89

98
89
87

85 90
75 83
72 81
70 80
68 79

98 98

98
85
82

A B C

72 81 88

62 71 78

68 79 86
39 61 74
30 58 71
45 66 77
25 55 70

39 61 74

49 69 79

89 92 94

81 88 91

57
54
51

98

98
75
72

_*/ Hydrological Soil Group

imprevious
71
61

areas

Without conserva-
tion treatment
Wj.tll conservatj.on
treatment
Poor condition
Good condition
Good condition
Thin scant, poor
cover, no mulch
Good cover
parks, golf,
etc.
grass cover on
75% or more of
the area
grass cover on
50% or 75% of the

Average %
65
38
30
25
20

Land Use Description

Pasture or range
Iallli
Neadoh1

Wood of forest
land

Cultivable land

f:.:l.-if condition

Open spaces, lawns,
course, celneteries,
good condition

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

gravel
dirt

and \J,.banLand Use (All Antecedant Hoisture Condition, Ia = 0.2S)

Paved parking lots, roofs, driveway
etc.
Streets and roads: paved with carbs
and storm se\vers

A. (Low runoff potential). Soils having high infiltration rates
even when thoroughly wetted and consisting chiefly of deep,

area
COllllllercj.al and bllsiness
(85% impervious)
Industrial districts
(72% imprevious)
Residential
Average lot size
1/8 acre or less
1/4 acre
1/3 acre
1/2 acre
1 acre

Source: SCS Technical Release No. 55, P.2-5
Notes on Hydrologic Soil Grops of Table 4,
Hydrological Soil Group

_*/ Hydrological Soil Group



The assumptiolls made by Richard are that the storm Cover the

On that basis, the following principal equations were deduced:

cOlltributed to produce the maximum intensity of flood.

, .',

n\ .
i', .,l'
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( 21 )

(23 )

( 22 )

These soils

Thege assumptions implied that the whole catchment

Richard's Runoff Hydrograph Mehtod

R. f(a) i (t+1)
i = or, R =

t+1 f(a)
tJ N C L2.

=
t+l K.S.R.f(a)
Q = K i a

t = the period of concentration in hours.

well to excessively drained sallds ()r gravels.
llave a Jligh rate of water translnission.

Soils haviJ,g slow infiltration rates when thoroughly wetted
and consisting chiefly of soils with a layer that impedes
downward maveillent of water, or soils with moderately fille to
fille tex1~ljre. These soils llave a slow rate or water
t.ransmission.

c.

J3. Soils having moderate infiltration rates when thoroughly
wetted and consisting chiefly of moderately deep to deep,
moderately will to well drained soils with moderately fine to
moderately coarse textures. These soils have a moderate rate
clf wa1~er transmission.

D. (High runoff potential). Soils having very slow infiltration
rates when thoroughly wetted and consisting chiefly of clay
soils with a high swelling potential, soils with a permanent
high water table, soils with a claypan or clay layer at or
near the surface, SlId shallow soils over nearly impervious
mal.erial. These soils have a very slow rate of water
transmission.

2.2 . ~. ~

catch'llent and j.ts duration is equal to the period of concentration
of the flood.

ii)

iii)

Where,



curve.

to the furthest point on the catchment

)

,I

a function of the area for the adjustment of the

27

average intensity of the rainfall (Fig.9)

Qm = maximum flood intensity.

N = storm shape factor with range of value from 0.27

to 1.72 (usually 1.1)

i = the aver~ge intensity of rainfall over the
catchnlent in inches per hour

a ::: the area of the catchment in acres

K = the runoff coefficient, (Table 6)

s = the slope of the catchment

L ::: the distance in miles from the point of concentration

f (a ) ,

R = a coefficient of rainfall

(-\1 :::maximum intensit"y of flood in cusec

Q1 = Qm a1 / a ( 24 )

2
tj = t. [___r___]1/3 ( 25 )

L

C = a coefficient (Fig.l0)

The intermediate points on the curve of rising flood ''''ere

Where, 81 = any area of catchment;

Where, r is the radius from the point of concentration along

The falling flood curve is the reverse of the rising flood

given by:

,L for the area, a, bounded by the catchment boundary.
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vii) t is found out by Equation (22);

is determined;

"
.'

-,,'
'\,!

(':.-_~r.,

Small &. SteepLarge

Arcs wit)) '0' as center is drawn from the point ofxi)

Table 6 Value of Runoff Co~efficient, K

concentration along L with equal intervals 1,2',3,4, ..miles;

of the operation as same as in the beginning of the operation;
x) i is computed using this determined t;

vi) C is determined from Fig.l0 using computed value KR;

vI K is selecLed for the catchment (Table 6) and computed KR;

iv) R 1S computed from Equation (21);

i) 24-11ours point rainfall with required frequency is used and i

this duration ; necessary step is repeated to obtain t at the end

ix) Using t in nearest days, point rainfall is taken for this

iii) f(a) is deterlnined from Fig.9 for the area of the catchments;

Ttle COIllputation procedure is gi,'en below:

ii) 'fopo-map is used to determine a, Land S;

xii) Area of the catchment intercept~d by each arc is computed;

xiii) Intermediate points on the hydrograph is computed by Equation
(24) and (25) for intermadiate points.

Type of Catchment
--------~----------------_._-----_ .._------------,-- .

Rocky and impermeable
Slightly permeable, bare
Slightly permeable, partly culti-
vated or covered with vegetation
Cultivated absorbent soil
Sandy absorbent soi.l
Heavy forest

0.8 1.0
0.6 0.8
0.4 0.6
0.3 0.4
0.2 0.3
0.1 0.2

I

29



a basis for designing the size of the structure.

structure. The purposes of flood routing are:

flood '-lave

The determination of

Flood routing in that

This information is used to compute crop

if the flow obstructed by any way the

Flood Routing

The flood «ave moving through a short reach of channel. of

2.2.4

HOh'ever,

configuration may be modified appreciably.

this modificatior, is called flood routing.

i) The maximum discharge under the outflow hydrograph is used as

drainage structure from a kno«n inflow hydrograph above the

ii) Because the inflow discharge during the flood peak is greater

regular section «ill undergo little change in its configuration.

case consisted of predicting an outflow hydrograph belo« a

than the outflow discharge, a portion of runoff becomes storage.

Flood routing «ill determine the accumulated storage volume. The

storage water surface elevation can be found out by using the basin
area - capacity curve.

damages due to flooding.

iii)The structure is designed for percolation and uplift using the

head differential across the structure measured from the storage

level to the tail «ater level as determined by the outflo«
hydrograph.

Generally a routing is made for a pre-monsoon storm, «hen the

river stage is low, as criteria for designing the structural

elements. Before the flood routing process begins, the designer

30
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L.

after

In general the

adequateis

The routing procedure

Additional routing may be

steucture

The designer applies his judgement

assumedthewhether
vent of size 1.52 m x 1.83 m is assumed.
determines

the topograpy of the basin.

computing the extent of flood damage.

required through an enlarged or reduced size of hte structure [I
•depending upon ti,eresults of flood damage computed from the first

great an area can be 'flooded and to what depth.

assumes a preliminary size of the struc-ture. In a non-tidal area

rOllting. Tile range of tolerable submergence of area nlay be as high
as 10 percent or even more of the gross project area depending on

roughly for each 1200 ha to 1500 ha of the catchment area a single

after studYing the basin topography and importance of land, hO\\'

A post monsoon routing, when the discharge is controlled by

a period of 72 hours may be considered upto an incremental area of

tolerable range of submergence of area for not more than 30 cm for

5 percent of the total project area in addition to the existing low
lands that can not be drained by gravity.

the tail water'level due to high river stage, is required to check

the size of the structure selected by pre- monsoon routing. The

criteria for checking the adequacy of the size is to observe that

the difference of water level between river side and country side
cannot be visually identified. This difference of water level is
considered to be 15 em to 23 ernwhich is not easily detectable in

the field to a maximum of 30 ern for three consecutive days.

31



(26)

(27)

( 28 )

During a definite time interval:

D, Average outflow during the period

I, Average inflow during the period
I 1+12
----- =
2

Dj +D2
----- =

2

PremonSOOIl Flood Routing

Sit = I - J)

S = Total volume going to storage during the period,m3

Flood routing is basically a system of book keeping involving

Substituting the terms in Equation(27),

This equation forms the basis for a hydrological procedure in

~ = Total volume of outflow during the period

S = Total volume going to storage during the period

11+12 D1 + D2
[----- - -------

2 2

2.2.4.1

inflow, outflow and storage.

Where, Iv = Total volume of inflow during the period

The equation written for a definite time period and expressing C
. fl d fl' 3/ .111 - ow an out -. ON lfl 1JI sec ].s:

Where~ t = Time of period in sec
I = Average inflow during the period, m3/sec

D = Average outflow during the period, m3/sec

Let ~ - ~ = S, Storage differential during period

routing in whic}. tt' j.B ]rnown as the routirig period.

( 29)
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accumulated area at any elevation. Capacity bethTeen two contour

planilnetered. TIle curve is plotted as ground elevation versus total

Flow type 3 OCC1,rs when the head water depth is greater than 1.5

:3 and 5

A hydraulic jump

( 30)

The control is at the outlet. The

The stage disc)large relation for flow types

ij.) Area-capacity curve

iii

iv) 1'he 25/t + 0 curve

intervals is calcul"ted as the aver"ge of the area at the two

levels multiplied by the contour interval.

To draw an area-capacity curve a contour map of the project

area is collected and the area between each contour level is

To solve Equation (28) the following curves are required:
{) The inflow hydrograph

For premOflsoon routin~ the flow condition changes betweell 5

to 3. Flow cor,dition 5 occurs when the head water depth is less

usually occurs at downstream.

1~tlal'l ].5 Li.JlleS 1~}le vent lleight the entT"anCe is not seaJ.ed by water

and the regulator acts as a broad crested weir.

dischar'ge per Illeter o~ width is given by:

q = C Hol2 where C = 1.49

times the vent height.

to orifice discharge.
The control is at entrance alld is similar

q = Cq D 2 g Ii )1/2 per meter width (31)
Cq is obtained from Fig.ll for the corresponding value of D/H.
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rainfall runoff will be accumulated inside the basin. The rainfall

remain close Bnd flood water cannot enter into the project area

2.3 Discussion

i
. I

The difference is the benefit

During the flood period the gates

Postmonsoon Flood Routing

The discharges under conditions 5 and 3 are computed forlevel.

2.2.4.2

tolerable inundation level.

provided the pl'oject aloea is completely e'"poldered, but the excess

As tI,e river stage starts rising the gates of the regulator

are closed before the flooding inside the project area exceeds the

Invert level of the structure is normally fixed at channel bed

different elevation and entered in the stage discharge curve.

average for different nlonths are computed. Tile basin water sllrface
elevation after each day is computed considering head difference.

runoff volumes for non-paddy land, paddy land and weighted basin

It Inay be observed that th~ basin water level always rem~ins below
the level in the peripheral rivers.

accured out of the project by reclaiming land which were subjected

to annual flooding during the pre-project condition.

Until recently the small scale drainage projects have been

designed without going into detailed hydrologcal analysis. In the

recent years, however, efforts are g1.ven for hydroJ.ggi~8l, DnALYRis

to obtain economic design.
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Alttlougll 1~I]edesi.gn stO~lll is recently determined by fr'equency

L-ltlal',Ysis of rainfall dats" the time distribution of the design

The unit hydrograph method has been widely used. But different

organization llseed different values of duration and frequellcy of

desigll sLornl'. BWnB ane] Northwest Hydrall1ic ConSllltallts Linlited use
5-day rainfall witl, lO-year return period wllile EPC(1985) uses 10-
day raj.ofall 1~itJl 5-year .return period.

storm is still obtained by rECO (1964) ,nethod.
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Chapter - 3

A CASE STUDY OF IlANNYAH KHAL SUBPROJECT

3.1 Subproject. Description

The Bannyar KhaI IS a small scale flood control and drainage

subproject. It is located at Muktagacha Upazila in tIledistrict of

Mymensingh. It is under Catchment No.43 of Planlling Area No. 18 in

the National Water Plan Map. The area is within the oldest part of

the Brahmaputra flood plain, a shallo,v flooded land as per MPO land

classification. The soil is principally silty loam. Ground

surface elevation ranged from 16.0 In to 7.2m (PWD). The pi'oject

area drains into two large beels and then to the Sisuti Khal which
drains the catchment area into Banal' river.

The subproject was selected for this study of hydrological
design, ventage selection and runoff calculation procedure.
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Size of vent =1.52 m x 1.83 m

The criteria of selecting this sub-project were (i) the sub-project

is in operation since 1987 (ii) there is no drainage problem so

All available reports and design data were collected from the

BWDB planning office and also from Northwest Hydraulic Consultants

Ltd. ,;h:i.chis responsible for the design and implementation of the

iv) the

The characteristics of subproject data were obtained

paddy land = 52

8nts used = 2

far reported (iii) all hydrological data wer~ available

area is Ilearer to Dhaka alld easy for field investigatj.on.

3.2 Hydrologic Design of Subproject

subproject.

as follO\;s:

Basin area, A = 15.42 Sqkm.

Percent

Number 0'

Principal channel length, L = 8.1 Km.

Length from outlet to nearest to basin centroid,= 4.0 Km.

Straight basin length, ~ = 7.1 Km.
Roughness, n = 0.055

Area-elevation and water level data were also collected from

design file and used in calculation. The temperature data used are

those for Mymensingh the .potentialevapotranspiration data are

regional estimates and the rainfall data are adopted from Sherpur
rain gauge. 1'he climatic data were collected as shown in Table 7.
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- the following melh.is:

For verification the

..-.---.-------.~----_.__.__._-----.-------------._-------_._------_._------.--~I
Temperature Evaporatran- RainfallNonth Nin. Hax spiration Average

(DC) (D C) (mm)
( """ )- -~ -- ------ -- ----------- -----------_ ..•._---_._------_.-

.Jan 1] .6 25.2 88.9 25.4Feb 13.8 27.6 125.5 30.6Nar 18.2 32 172.7 70.6Apr 22.1 33.8 149.9 154 .,INay 23.5 32.4 157.5 400.8Jun 24.9 31.2 144.8 535. ,jJul 25.7 31 .:3 144.8 512.8Aug 25.7 31.3 142.2 500.1Sep 25.4 31.5 127 389.5Oct 23.8 30.7 116.9 210.5Nov 18.2 28.7 294 42.6Dec 13.6 26.4 86.4 11.6
--'. __ ._-- -, .._._._--

Northwest hydraulic Consultant ~td. derived the desigJI iljflow

Table 7 Subproject Climatic Data

3.2.1 Inflow lIydrograph Adop1;ed in Design

hydrograph bJ' using unit hydrograph method. The design storm Has

design inf'loH hydrograph Has compared with the inflow hydrograph

obtairled by using 4-month rainfall ,index.

i) Inflow hydrograph by unit hydrograph method using recent

ii) Inflow hydrograph using soil conservation service method;

iii) InfloH hydrograph using Richard's method.
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2 Vent Reguloto~

FIG.13 ISOHYETALS FOR CALCULATING EQUIVALENT UNIFORM
DEPTH OF ,RAIN FAL~"., , .....I
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Table 1

equivalent uniform depth of rainfall as given in Table 8.

The geographical center of the basin was located and

13). The areas wereFig.

Area,times PercentageArea
Sqkm.

Distance
,!Cm.

ainfall index for the subproject area was taken as 1905

uniform depth of rainfall = 13.84/15.42 = 90%.

Table 8 Subproject Percent of Point Rainfall

0.25 0.95 0.95
1.0 6.35 5.97 I
2.0 5.77 ~.99 ,II3.0 1.80 1.49
4.0 0.55 0.44

.-_5_._0_' o_._o_o o_._o_o ~
Total 15.42 13.84 I

Now the percentage of point rainfall that forms the

isol1yetals weI"e drawn at one kilometer j.nLerva].s sLarting fronl OIle
half kilometer from the center

plan,imetered and multiplied by the rainfall variability percent

from Table 2 to get percent of point rainfall that forms the

equi valeJ

Four mont

mm and Ta.. e 9 \vas prepared taking 10 year storm frequency from
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Table 9 Subprojec-t Accumulated Point Rainfall

the losses that would take place early in the storm .

(10 year storm frequency)

Daily
increment

5

Eguivalell-t
uniform depth

412

Accumulated
point rainfa:Jl

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

3

.218.8

109.4
46.2

65.0 32 5L .
J I

0.128 243.8 218.8 218.8
0.192 365.8 328.2 109.4
0.230 4:38.2 393.2 65.0,

_g :_~_~L ~_~_~__.._~_~ 1_~i~_~ ~i~~.I

1
2
3
4
5

Days

The daily increment of rainfall may OCC-Ul' in any order and an

arbitrary sequence of 3,2,1,4,5 was considered in order to satisfy

because IECO(1964) gave a time distribution of rainfall for that

than 24 hours nearest rainfall station of Bogra has been considered

For break.!,g down rainfall time distribution into intervals less

1 0 ~vear storm
frequency

I-------~

station. Four month rainfall index for Bogra station is 1473 mm and

Table 10 was prepared to obtain time distribution of rainf.ll CDr
this subproject.
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for the other days was followed.

The rainfall excess was calculated for paddy land and

6 hourly according to Table 10 in the middle of 5

e loss of Imm/hr for impervious .soil, (iii) depression

distributed

soil moi,.

storage 0, 100 mm for paddy land and 5 mm per 6 hours until a

13mm for nqddy land and nonpaddy land respectively, (ii) subsequent

nonpaddy land considering (i) initial soil moisture loss ofoand

i Bogra point 138.9 160.0 175.3 187.9
rainfall max.(mm)

ii Project area point 179.6 206,9 226.7 243.0
rainfall max. (mm)

(row(i)xI905/1473)
iii Project area 179.6 27.3 19.8 16.3

increJllent~al
point rainfall

iv Project area 161.2 24.5 17.8 14.6
uniform rairlfall

___ .-JE...0 w (iii )x.1~~iL.1_tj_:42L----.~_ ~ _J
Now consider'ing the sequence of maximum day rainfall 218.8 "1m

Table 10 Subproject 24 Hour Rainfall Time Distribution

days; Table 11 was prepared. The same sequence of total rainfall

maximum of 25 mm for'nonpaddy land. The calculations are presented

in Table 12 and Table13.Subproject area consists of 52% paddy land

and 48% nonpaddy land. Excess rainfall for,the subproject is given
in Table 14.
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Days 6 hour incremental rainfall

TaGle 11 Subproject 5 Day Design Storm

1 17.8
14.6
8.1

21.5

I
I
I
I

17.8
0.0
0.0

14.7

2 17.8
14.6
52.5
24.5

3 17.8
14.6

161.2
24.5

4 17.8
3.9
0.0

24.5
5
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Table 12 Rainfall Excess for Paddy Land
I -- -- .--.-..-TIairi.~l~os.s.es(inln-)-~----~ -------~Av-;;:rD,bl;,---iT~t

Fall Soil Moisture Depression Paddy Runoff
Days Hours (mm)lnit. Subseq. Storage St.orage (mm)

.-C~-00-0617-:S.- .0-:-0---::-6. -100 -88.2 0.0
06-12 14.6 -6 -79.6 0.0
12-18 8.1 -6 -77.5 0.0
18-24 24.5 -6 -59.0 0.0

0.0
0.0
7.8

18.5

11.8
8.6

155.2
18.5

00-06 17.8 -6 -47.3
06-12 14.6 -6 -38.7
12-18 52.5 -6 0.0
18-24 24.5 -6 0.0
00-06 17.8 -6 0.0
06-12 14.6 -f) 0.0
12-18 161.2 -(j 0.0
18-24 2,1.5 -f) 0.0
nO-Of) 17.8 -6 0.0
06-12 3.9 -6 -2.112-18 0.0 -6 -8.118-24 2'I.5 -6 0.000-06 17.8 -6 0.006-12 0.0 -6 -6.012-18 0.0 -6 -12.018-24 14 .7 -6 -3.3

2

3

4

5

11. 8
0.0
O. o'

10.4
11.8
0.0
0.0
0.0

-- ..----~------.-.-~----------------~-----.---.---.-~--_.._.._--------_._-----------------------0
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.---- _._-_._~_.~--------_._-._---------_._-",. ---- --'-- -------~--------~

D~:,~-;I-;'-~I-;'~-'-li~'j~':;-'--l: ;;;;~;;;;;-;;T;;;;;0-~-J);p~e:--'Av lOt i1,,;:b1e-------~I
Soil Moisture ssioll Available Net

(mm) Init. Subseq. Storage Storage Runoff

Table 13 Rainrall Excess for Nonpaddy Land

6.8
5.5

4G.5
18.5

0.0
3.6
0.0

13.5

11.8
0.0
000

10.4

11.8
0.0
000
0.0

11.8
8.6

155.2
18.5

0.0
0.0
0.0
0.0

0.0
0.0
0.0.
0.0

000
0.0
0.0
0.0

0.0
-2. ]
-8.1
0.0

0.0
-6.0

-12.0
-3.3

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

-4.8
-5.0
-2.1
-5.0

-5.0
-3.2
0.0
0.0

-6
-6
-6
~fj

-6
-6
-6
-6

-6
-6
-fj
-6

-6
-fj
-6
-6

0.0
-6
-6
-6

17.8
14.6
52.5
24.5

17.8 -1:3.0
14.fj
8.1

24.5

17.8
3.9
0.0

24.5

17.8
0.0
0.0

14.7

17.8
14.6

161.2
24.5

00-06
06-12
]2-18
]8-24

00-06
06-12
12-18
18-24

00-06
06-12
12-18
18-24

00-06
OG-12
12-18
18-24

00-06
06-12
12-18
18-24

1

2

.'3
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Table 14 Rainfall Excess - Weighted Basin Average

52% Paddy Land 48% Nonpaddy Land Weighted
Weighted Net Weighted Net Basin

Day Hour rllnoff rUlloff runoff rtlnoff rllnoff
1 00-06 0.0 0.0 0.0 0.0 0.0

06-12 0.0 0.0 3.6 1.7 1.7
12-18 0.0 0.0 0.0 0.0 0.0
18-24 0.0 0.0 13.5 6.5 6.5

2 00-06 0.0 0.0 6.8 3.2 3.2
06-12 0.0 0.0 5.5 2.6 2.6
12-18 7.9 4.1 46.5 22.3 26.4
18-24 18.5 9:6 18.5 8.9 18.5

3 00-06 11.8 6.1 11".8 5.6 11.8
06-12 8.6 4.5 8.6 4.1 8.6
12-18 155.2 80.7 155.2 74.5 155.2
18-24 18.5 9.6 18.5 8.9 18.5

4 00-06 11.8 6.1 11.8 5.6 11.8
06-12 0.0 0.0 0.0 0.0 0.0
12-18 0.0 0.0 0.0 0.0 0.0
18-24 10.4 5.4 10.4 5.0 10.4

5 00-06 11.8 6.6 11.8 5.6 11.8
06-12 0.0 0.0 0.0 0.0 0.0
12-18 0.0 0.0 0.0 0.0 0.0
18-24 0.0 0.0 0.0 0.0 0.0

------~ -~.--- -_.---~---;~~~~ -~:in;~ll-;'~cess ~~87-:-~-

The elements of the unit Hydrograph were calculated as follows:

Time of concentration, Tc = 14.15 [ L2 r/ / S ]0.3 =11.6 hours
Lag Lime 1:,0 peak, tp = 0.6 T =6.96 hoursc
Time of rJ~~8, T = tp + 0.5tr = 10 hours (t =6 hour)p r
Coefficient Ct = 1.331 t / L Lc

)0.3 = 3.27p

Coefficient ~ obtained from Figure 12 or from Lhe relation;
Cp = 0.7527 0.2056 1n (Ct ) = 0.51

Uni.t graph base length, Tb = 1.2 Tc / Cp =27 hours
Peak discharge, '1> = 0.56 A / Tb = 0.322 cumec
Recession time = 27 - 10 = 17 hour
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Table 1 :> Run,oCf Hydr.ograph Computat..i.on

(llnil.Hydrograph Method)

------_. _.
, Rainfall Excesf 6-hour Duration(mm) RunnoffI

Hydrograph'
lays!

0.0 1.7 0.0 6.5 3.2 2,6 26.4 18.5 11.8 8.6 155.2 18.5 n.8 0.0 0.0 10.4 11.8 0.0 0.0 0.0 (m31s)-_._---~--- --~.-- .

0.0
0.00.0 0.0
0.0 !0.0 0.2 0.0 0.2 i0.0 0.6 0.0 0.0 0.6 i2 0.0 0.4 0.0 0.8 0.0 1.210.0 0.2 0.0 2.1 0.4 0.0 ~ 2.7 !0.0 0.0 1.0 I0.0 1.3 C.3 0.0 2.7 I0.0 0.0 0.0 0.6 0.7 ('.8 3.4 0,0 5.5,3 0.0 0.0 0.0 0.0 0.3 0.5 8.5 2.4 0.0 11.710.0 0.0 0.0 0.0 0.0 [;.2 5.4 6.0 1.5 0.0 13.1 !0.0 0.0 0.0 0.0 0.0 0.0 2.3 3.8 3.8 1.1 0.0 . i11.0 I0.0 0.0 0.0 0.0 0.0 ~'.O 0.0 1.6 2.4 2.8 19.9 0.0 26.7 !4 0.0 0.0 0.0 0.0 0.0 (i.0 0.0 0.0 1.0 1.8 50.0 2.4 0.0 55.1 I0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 31.7, 6.0 1.5 0.0 39.9 I0.0 0.0 0.0 0.0 0.0 C.O 0.0 0.0 0.0 0.0 13.4 3.8 3.8 0.0 0.0 21.00.0 0.0 0.0 0.0 0.0 .0.0 0.0 0.0 0.0 0.0 0.0 1.6 2.4 0.0 0.0 0.0 4.05 0.0 0.0 0.0 0.0 0.0 ,0.0 0.0 0.0 0.0 0.0 O.Oi 0.0 1.0 0.0 0.0 1.3 0.0 2.40.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 O.O[ 0.0 0.0 0.0 0.0 3.3 1.5 0.0 4.9 10.0 0.0 0.0 ~.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.1 3.8 0.0 0.0 5.9 ,0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0: 0.0 0.0 0.0 0.0 0.9 2.4 0.0 0.0 0.0 3.3 !6 0.0 ;0.0 0.0 0.0 0.0 0.0 0.01 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 1.0 I'0.0 0.0 0.0 0.0 0.0 0.01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 I,

0.0 [0.0 0.0 0.0 0.0 0.0; 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 '0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 i

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 I
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 I

0.0 0.0 0.0 0.0 0.0 '0.0 0.0 !
10.0 0.0 0.0 0.0 0.0 0.0 I
I0.0 0.0 0.0 0.0 0.0 I

0.0 0.0 0.0 I0.0 !
0.0 0.0 0.0 i



, Rainfall Excesf o-hour Duration(mm) RunnoftI
ays!

Hydrograph0.0 1.7 0.0 6.5 3.2 2.6 26.4 18.5 11.8 8.6 155.2 18.5 11.8 0.0 0.0 10.4 11.8 0.0 0.0 0.0 (in31S)._------- ---_.- .

0.0 0.00.0 0.0 0.0 i0.0 0.2 0.0 0.2 ;0.0 0.6 0.0 0.0 0.6 j2 0.0 0.4 0.0 0.8 0.0 1.2 I0.0 0.2 0.0 2.1 0.4 0.0 ~ 2.7 "0.0 0.0 0.0 1.3 1.0 C3 0.0 I2.7 I0.0 0.0 0.0 0.6 0.7 ('.8 3.4 0.0 5.5 ,3 0.0 0.0 0.0 0.0 0.3 0.5 8.5 2.4 0.0 11.7 I0.0 0.0 0.0 0.0 0.0 C.2 5.4 6.0 1.5 .0.0 13.10.0 0.0 0.0 0.0 0.0 0.0 2.3 3.8 3.8 1.1 0.0 . 11.00.0 0.0 0.0 0.0 0.0 ".0 0.0 1.6 2.4 2.8 19.9 0.0 26.74 0.0 0.0 0.0 0.0 0.0 (i.e 0.0 0.0 1.0 1.8 50.0 2.4 0.0 55.1
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 31.7, 6.0 1.5 0.0 39.90.0 0.0 0.0 0.0 0.0 C.O 0.0 0.0 0.0 0.0 13.4 3.8 3.8 0.0 0.0 21.00.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.6 2.4 0.0 0.0 0.0 4.05 0.0 0.0 0.0 0.0 0.0 ,0.0 0.0 0.0 0.0 0.0 o.Oj 0.0 1.0 0.0 0.0 1.3 0.0 2.4 I0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0) 0.0 0.0 0.0 0.0 3.3 1.5 0.0 4.9 I0.0 0.0 0.0 ~.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.1 3.8 0.0 0.0 5.9i

3.3 l0.0 0.0 .0.0 0.0 0.0 0.0 0.0 0.0; 0.0 0.0 0.0 0.0 0.9 2.4 0.0 0.0 0.0
6 0.0 fO.O 0.0 0.0 0.0 0.0 0.0; 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 1.0 I.0.0 0.0 0.0 0.0 0.0 O.O! 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ),

0.0 0.0 0.0 0.0 0.0: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 I
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 r

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 i
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 i

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 :
0.0 .0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 i

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 I
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 I

0.0 0.0 0.0 0.0 0.0 '0.0 0.0 !
10.0 0.0 0.0 0.0 0.0 0.0 I
I0.0 0.0 0.0 0.0 0.0 1

0.0 0.0 0.0 I0.0 :
0.0 0.0 0.0 i

0.0 0.0 !

=r I
TOtal. 1= 212.7 l



e---------.----------------.-----~-~~--- ...------.-~-.-

llah.falJ Dala

in Table 17.

/:\. ,

Daily

239
83
27
31
17

239
322
349
380
397

Equivalent
5 Day 10 Year Rainfall from Recorded Recent Data

266
358
388
422
441

(1 :10 year) ,.niform depth increment
-------------------------1

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

Raillfall
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Rai.nfall data from 1961 - 1988 were collected from MPO. Five -

Day

A u.,it hydrograph for the subproject is shown in Fig.l~. The

Table 16

1
2
3
~
5

ordinates \-1ere taken -to compute the inflo\v hydrograph and pI~esented

in Table 15.

type iii distribution). The equivalent uniform depth of rainfall

day lO-year rainfall was obtairled by frequency analysis (Pearson's

was determined as presented in Tabl~ 16.

:3.2.2 Inflow Hydrograph. by Unil; Ilydrograph Method Using Recent

Tllis rainfall data were used to calculate inflow hydrograph given



Total = 174.89 mm

Runoff -~-_.-Hour

0 06 012 018 024 0.30 0.36 0 ..30742 1.44848 .3.112
54 4 ..3.3860 25.236G 59.09672 43.678 24.2484 6.17390 2.47696 0.516102 0

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

qp = 0.208 A / Tp cumec

52

vI Peak discharge for a direct runoff of one millimeter,

Table 17 Hunoff Hydrograph from Hecorded Recent Data

t = 0.6 T = 0.876 hour.p c

iv) Time from the beginning of rainfall to the peak discharge,

The calculation is given as follows:

i) Time of concentration, Tc = 14.15 [ L2 n2 / S ]0.385 hour

For L = 8.1 Km. S = 0.381 m/Km. and n=0.055, ~ = 11.01 hour
ii) Duration of rainfall, ~ = 0.133 Tc = 1.46 hours.

iii) Time from centroid of rainfall to the peak discharge,

3.2.3 Inflow Hydrograph Using Soil Conservation Service Method

.<,' .'.••..•.••

I \
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And Q = (114.8 - 0.2 x 25.1) /(114.8 + 0.8 x 25.1) = 127 mm

i

", '"
)

r ,"."

mm

g = 0.4369 cumecp

Q = (P-O.2S)2 /(P + O.8S )

= 114.8 mm. Considering the type of soil and=4.52 "

S = 254000 / CN - 254 = 254000/91 - 254 = 25.1 mm

For A = 15.42 sq km. ~ = 7.34,

From Fig. 8 for Bogra, potential maximum rainfall, P for the

vi} No~~direc1~ rlJll0ff is calculated usirlg equation
'~llere, A is drainage area in sq km.

land of the project area, CN = 91.

duration, TR of 1.46 hours is 3.5". Correction for .four month

Where, q = Discharge at any time, t

t = a selected time

rainfall index (Fig.4) for subproject location at Sherpur , p= 3.5

presented in Table 18.

So,

x 1905/1270

6), the ordinates of the inflow hydrograph were calculated and

For 127 mm, gp:= 0.4369 x 127=55.5 eumee

From the above data and SCS dimensionless unit hydrograph (Table



i

il
::1'
"'j
:.'1'I:

(,
•..•. --,'

Table 18 Runoff Hydrograph by SCS method

Time Ratios Time in Discharge Ratios Discharge,q

(t/Tp) hOllr (q/qp) cumec
~--

0.0 0 .000 0.0
0.1 0.7 .030 1.67
0.2 1.5 .100 5.55
0.3 2.2 .190 10.55 (( ,
0.4 2.9 .310 17.21

." .; '>

0.5 3.7 .470 26.08 j ~ ': .

0.6 4.4 .660 36.63 .:--',':;-

0.7 5.1 .820 45.51
0.8 5.9 .930 51.62
0.9 6.6 .990 54.94 r,. \ .
1.0 7.3 1.000 55.5 l :
1.1 8.1 .990 54.84 ' )

1.2 8.8 .930 51.62
1.3. 9.5 .860 47.73
1.4 10.3 .780 43.29
1.5 11.0 .680 37.74
1.6 11.7 .560 31.08
1.7 12.5 .460 25.53 n1.8 13.2 .390 21.65
1.9 13.9 .330 18.32 (

.280 15.54 I2.0 14.7' I

2.2 15.1 .207 11.49 j
2.4 17.6 .147 8.16 I ,
2.6 19.1 .107 5.94 I2.8 20.6 .077 4.27
3.0 22.0 .055 3.05 I,

3.2 23.5 .040 2.22 i
3.4 25.0 .029 1.61 .j',

3.6 26.4 .021 1.17 ' I

3.8 27.9 .015 0.83 V
4:0 29.4 .011 0.61
4.5 33.0 .005 0.28
5.0 36.7 .000 0.0

~----
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24 hour rainfall = 243.8 mm =9.6 inch from Table 10

belDl,;

12 hour rainfall from Table 10 is 207 mm = 8.1 inch

n
""'.'

103.6

R = i(t + 1) I f(a) = 0.4 x25 10.91 =

Calculation of Runoff Hydrograph by Richard's Hethod is given

55

3.2.4 Inflow Hydrograph Using Richard's Method

Average channel slope s = 0.435 m/km = 0.000435

Length of principal drainage channel, L = 8.1 km = 5.0 miles.

averageinteJlsity of the rainfall =0.91 from Fig.11

Average intensity of rainfall, i = 9.6/24 = 0.4 "Ihr

to I (t+1) = (NxCxL2) I (KxSx!ixf(a») = 84.28

Basin area, a = 15.42 x 2.47 = 3808.74 acre

10.99 inch

f(a) = a function of the area for the adjustment of the

Coefficient of rainfall

Storm shape factor, N = 1.1

K , runoff coefficient = 0.6 from Table

KR = 6.6 and C = 0.008 fro Fig.12

i = 8/12 = 0.66, R = 0.66 x 13/0.91 =9.5

By trial, T =10 hrs , say 0.5 day

t3/ (t+l) = (NxCxL2) / (Kx8xRxf(a)) =

KR = 5.7 , C=0.0085

So i = 0.66 inch/hr

Trial for t =11 hrs , say 0.5 day

Q = Kia = 0.6x 0.66x 3808.74 =1508 cfs = 42.74 curnec

The runoff hydrograph from the above data are given in Table 19.
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The inflow hydrograph obtained by (i) unit hydrograph method

.: 'j
"." !

7

Falling flood

654

Rising flood.

3

0 0 0 42.74 12.0
0.34 6.24 4.1 36.5 16.1
0.54 14.7 6.51 28.04 18.51
0.71 29.45 8.54 13.29 20.54 < •• _~.

0.86 39.32 10.34 3.-12 22.34 j;i

1.0 42.74 12.0 0 24.0 !

a

2

o
0.15
0.34
O. 6 ~J
0.92
1.0

o
1
2
3
4
5

Distance to

miles

Table 19 Hunoff Hydrograph by Richard's Method

The four inflo,,,h;,'drographs thus obtained were plotted in

obtained by using four months rainfall index. But the time to peak

percent less thall.the value obtained by unit hydrograph method. But

in case of SCS and Richard's method the peak discharge is found to

discharge is same for both the cases. Unit hydrograph method and

using recent rainfall data is 7 percent higher than the value

discharge. The peak discharge obtained by Richards method is 23

SCS method have been found to give mo're or less same value of peak

occur very quickly.

3.2.6 Flood Routing

(iii SCS method and (iii) Hichard's method a~e routed for the

.3.2.5 Comparison of Inflow Hydrographs

Fig.16 for comparison. It is seen that peak discharge obtained by



selected vent size of the regulator. The required (i) area-capacity

curve (ii) stage-discharge curve and (iii) 2S/t + D curve "ere

obtained design file and reproduced in Figs. 17,18 and 19. The

olltflow hydrographs and the basin water level verstlS tinle curves
are presented in Figs.22 to 25.

The outflO\; hydrograph peak obtained by uni t hydrograph method

method(20.4 cUlnecl. The percentage of area submerged for more than

72 hours,is negligible for all the outflow hydrograph. Therefore it

can be concluded that the size of the regulator is quite adequate.

3.2.7 Questionnaire Survey

A ql18stionnaJ.re survey was corlducted with a view to assess tIle

drainage condition of the subproject. Twenty farmers were selected

iIi the project area and interviewed in this survey. The results are

given in Table 20. A samplequestionnaireisshown in Annex- 1.

57
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From this and after visiting the site, it is evident, that

They

FCDI
85%

0%

Drainage
and lrrig.
10%

90%

Not fulfilled

No

Crop Employment
Production
60% 40%

Respond/Percent

Flood Control
Drainage

5%

Partial
fulfilled

0%

Yes

10%

Flood
Control

0%

Communi-
cation

10%

Ful-
filled
100%

Beneficiaries
Vie\"J/Opjnion

Does drainage
Congestion
occur?

Table 20 Result of Questionnaire Survey in Project Area

Ques.
No.

4(ii) Achievement of
the Project

4(i) Objective of
Project

5

4(iii IBenefits
obtained

there i_s no drainage congestion in tIle p~oject area. So the sj.ze of

the regulator is quite adequate for this project area. 85% farmers

reported that the achievement of the project is fulfilled.

employment.

obtained benefits in communication, crop production and also in
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Chapter - 4

CONCLUSIONS

From this study the following conclusion can be drawn:

(i)The unit hydrograph method is a satisfactory method for runoff

calculation for a catchment. But it involves detailed calculation
which is time consuIning .

(ii) Snyder ,nethod as used in Bangladesh to calculate unit

hydrograph is still dependent on studies in USA. No efforts have

been made in Bangladesh to fit Snyder coefficients and no post

project studi'es are taken to get suitable values for different
location of Bangladesh.

(iii) There are no rainfall-duration curve and average intensity

rainfall curve available in Bangladesh so that other synthetic

method like SCS and Richard's method may use to get inflow
hydrogrtaph quickly.

(iv) To save time and to avoid detailed calculation by unit

hydrograph method; SCS and .Richard's method may be used for runoff

co~putation for small scale projects. But further study is

necessary find the constant used in Richard's and SCS method to use
in Bangladesh.
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for frequency of five and ten years are llecessary for Bangladesh .

From available data and computer facilities these type of map will

save a lot of Lime for complltation of design discharge for a small
scale sllb-project.

discharge ea,sier' orle day, two day .. ten days isohyetals nlaps

of designcomputationandanalysis(vITo make hydrological

. ~.
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ANNEX-]

Sample Questionnaire

Bannyar Khal Subproject

S.S.C.

Higher

Drainage and Flood Control

Primary
Graguate

STUDY ON POST PROJECT DllAINAGE CODITlON

Ni.I

II.S.C.

Flood Control

Dale of iIlterview:

Irrigation and Drainage

Flood Control, Drainage and Irrigation

(ii) Beneficiary's opinion to the achievement of the project

4.(i) Beneficiary's vie" about the objective of the project:

~.:... .

Partial fulfilledFulfilled

Not fulfilled

(iii) Benefit obtained frolllthe subproject:
Communication Crop production
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(iii) Stage of crop growth at which congestion occur

Employment

5. Does drainage congestion occur under present conditi,on?

30%

75%

30%

75%

No

Monsoon

Growing

20%

60%

10%

50%

Yes

If yes,

(i) Period of drainage congestion

3 days 7 days
30 da~Ts

(v) Extent of crop damage
10% 20%

~O/~ 60%

PremonSOOIl

Post monsoon
(ii) Project area inundated

Planting

Ripening

(iv) Duration of submersence

6. Ivhat are the reasons of water logging or drainage

Inadequate capael ty of regulator

Inadequate drainage channel section

Siltation of drainage channel

Untimely gate operation

Difficulty in gate operation

congestion?
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BWDB

IECO

EPC

NHCIJ

MPO

LGEB

GNP

ABUEVIATION

Bangladesh Wa"ter Development Board

International Engineering Company, U.S.A

Engineering and Planning Consul"tant Limited
Northwest Hydrd,ulic Consultant Limited

Master Plan Organization

Local Goverment and Engineering Bureau

Gross National Product
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