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The schedule on the 3rd group training ecurse

Table 3
in flood loss prevention and managemeat (1981)
DATA SUBJECT {(CONTENTS) ] LECTURE
e
T--30 The. Arrival im Japan '
§-- 3 dHon. : i
§ Briefing by JICA :
8-- ¥ Fri. : H
B-—-10  Mon. Vigit to the Ministry of Construcfion. i
{Leave Tokye te TBIC)
3--1r Tus. Yisik to the Public Works Research Institute. Dr. TeminAga .
Orientation of the course. Mr. Yoshipo
Problems. on the ‘Flood loss prevention in the pilet rivers. Hr. Yoshine
8-p2 Wed, Comprehensive flood loss prevention weasures (I). Mr. Yoshino
: (Qutline, ‘countermeasures, assesgsSkent, administration)
Flood risk mapping In the scuth-east Asian rivers. e, Ooya
{Special lecture)
B--33 Thu. Flood problems im the Asian Tivers (Special letiurs), - Br. Shitpal
Ingpection ¢f PWRI facilities. Miss Honma
B--14 Fri. Cgmprehensive {lood loss prevention measures (I1}, Mr. Yoshikawa
{Fleodplain management) .
Comprehensive flood less prevention measures {I1I}. M. Yoshikawa
(:-lomi fighting, c\'aC\!ation, escheduling)
8-~17  tlon. Countiy report. Mr. Takemara
Mr. Kuriki
fy. Yashinoe
. Mr. Yoshikawa
8--18  Tus. Country repert. .
B8--19  Wed, Hydrological chservaticn and its apphcation to floodplatin tr. Chura
nanagemenk.
Techalque of radar pluvmmeter. Hr. Okura
8--2¢  Thu. Sabo planning. Mr. Watanabe
(Outline, application to vatershed nanagement) ’
8--21 Fri Runoff analysis and its application te floodplasio mansgement. Hr. Sago
. : Mr. Tevakawa
8--24  Moa. Flood forecascing and warping (Special lecture). br, Kinoshita
{Qutline, application to fleodplain management)
8--25  Tus. The histery of development on the Tene Hiver Basin be. Mushiake
(Special lecture).
8--26 Wed, ]
8--27  Thu. rField trip to the Tore, Edo, Nakz and Arakawa River Basins, Mr. Akapiri
§--28  Fri. |} Hr. Yoshikawa
8--31 Mon Gmmorphology of rivers and flood risk mapping technigie. Mr. Akagiri
91 Tus Geomerphology of xivers and fload risk mapping technigue. Mr. Akagiri
9-- 2 Wed. Digscussion on the flood risk mapping of the pilel rivers. My. Yoshino
co - Hr. Akagiri
: : L Hr, Yoshikawa
B-— 3  Thu. Compilation of flovd risk map of rhe piler rivers Mr, Akagiri
. by participants. Mr. Yeshikawa
98 Fri. Compilation of flood risk map of the pilot rivers {the same
by pariicipants. members)
9--~ 7 Mon. Discussien on the flood loss prevention planning-of the Hr. Takemurza
pilor vivers by participants. Me. Kuriki
9-- 8 H#r. Yeshino
S M. Yoshikawa
9-- 8§  Tus. Flood loss ptevention planniog of the pilot rivers by (the same
participants. menbers)
5-— 9  Hed. Flood loss prevention planning of the pilot rivers by {the same
participants. : nembers)
. (Preparation of the repurt) ’
9--18¢  Thu. Discussion of the report on fiood mss prevent kon plan . (the same
: for the pilot rivers by participants. (Leave Tsukuba te TIC) members)
9--11  Fri. Case study'; Flood loss preventicn in the Tsurumi River. Mr. Xobayashi
9--14 Mon. Field tvip te¢ the Tsurumi River Basin. Keihin Conscrunj
9--15  Tus. Freg tion Office
9-~16  Wed. o : -
9--17  Thu. 1 IField trip to the Yodo River Basim. Mr. Yoshikewa
918 . Fri. Flood forccasting system of the Yedo River. :
9--19  Sae. . .
9-21 Mon. - Preparation of the Fimal vepuris by participants. Mr. Yoshino
. Mr, Yoshikawa
9--22  Tus. Preparation of the final reports by parcicipants. Mr. Takemura
Evaluation discussion an the course Mr. Kuciki
’ ¥r. Yoshino
Hr. Yoshikawa
9-~23 WVed. Free .
9--74 Thu. Preparation for the return .
9--25 Fri. Return to the houme country. :
-~
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By: Shahab Uddin
Pakistan

Name of country: PAKISTAN

Name of the basin. INDUS RIVER BASIN

‘The catchment area af the Tndus Basin is 372, 700 sq mlles
It is 10cated at 23°N to 37°N (latltude) and 61°E to 76°E’ (]ongltude)

GENERAL DESCRIPTION :

Indus River Basin straetches from: the distant highlands of
leet (Chlna) to the Arabian Sea over a length of ahout 2,000 miles
(3,200 km with a total drainage area of about 336,000 sq. miles .
(860 000 km?). * Indus River- Basin conisists. of the. Indus River and its
six major trlbutarles namely Kabul; Thelum, Chenab, Ravi, Satlej and
Beas. "Out of the five (excluding Kabul which rises in Afghanistan
and  joins Indus @ Attock) Satlej, Ravi and Beas, called the eastern
rivers are with India while Chenab, Thelum and Indus, called western
rivers are with Pakistan under the Indus-Waters Treaty 1960. After
the cessation period of 10 years transition period in 1970 both the
countries are now entitled to full utilization of all the rivers
respectively.- ' ‘ '

Population of about 80 million is mostly dependent upon the
irrigated agriculture in’ the Indus_Basin,as'the country is basically
agrarian one. This is served through the world's largest contiguous
irrigation system in the Indus plains developed, over the last. 100 years
are so., The system is fed thirough 15 diversion dams/barrages and
580 km' long inter-river link canals. In addition, the system has
three major storage reservolrs namely Mangla, Tarbela and Chashma at -
the upstream rim.of the Indus plains which regulate as well as
supplement the water for agriculture and flood control purpose.

Indus derives their flows from snow, glacier melt and heavy
rainfall in the catchment areas. The rainfall in the basin shows two
peaks, one in winter occurring in March and another occurring in July,

" August, - The annual precipitation varies from less than 250 mm to
1,800 mm' : '

_ In southern region of ‘the basin rdainfall is malnly ass0c1ated
with westwards passage of easterly low pressure systems generally
preceded by early advance of monsoon inta scuthern most areas. The
intensity of rainfall and thunder depends upon the intensity of the
easterly low pressure system-involved and the extent of interaction
with the westerly low pressure system moving dcross areas lying in

the north., '

N The economy of the area is largely dependent upon the agri~
culture. The major crops cultivated are: Rice, cotton, wheat and
sugarcane. The industrial sector has.also contributed in appreciating
manner. This sector is famous for high production gains in sugar,
" fertilizer, jute goods, cement, vegetable ghee, and cotton varn.



Hlstorlcal Floods and Damages

The Indus plaln being flat and broad experience heavy floods
which are commonly considered to be an unusu ually high stage of the
river at which the river carry surplus runoff much in excesgs of the
channel capacity and as such water spills over the banks causing
severe damages to precious lives, property and even disruption of
daily life. In short all floods are primarily due to surface runoff
resulted either by intensive rainfall or show melt or comblnatlon of

both, _ .
The following flood events haé3been_rec0rded in the history
of basin.

direct losses in ; _ villages
year million dollars lives lost affected
1950 . 97.7 ' 2,910 10,000
1955 75.9 679 6,945
1956 63.7 160 ' 11,609
1957 60.6 83 4,498
1958 .20.9 .90 2,459
1959 47.3 _ 88 3,903
1973 1,091.5 474 9,719
1975 137.5 126 : 8,628

1976 '693.8 425 18,390

_ © The floods of 1973 and 1976 were severe as shown in the
above table. In both the years the peak discharges on some major
rivers were recorded as under which even surpassed the capacities.

" Year . River Location Capacity Peak discharge
1973 Cﬁenab Pajnad B 14,000 Cumecs 6;060 Cumecs
1976 © Ravi Sidhnai_ 3,600 4,880 "
1976  TIndus - Gudu 22,000 - n 24,000 . "
1976 . Indus Sukkur 8,000 " 24,020 ¢

ExiSting Flood.Controi Measures

These measures are classified into two categorles, structural
and non- structural measures,

Structural Measures_includes the strengthening of old embankments/bunds,
construction of new ones, construction of dams, barrages and diversion
channels. Though many flood losses can be reduced through non-
structural flood control measures but the need still arises for a com-

prehensive effort in both non- structural measures to mltlgate recurring
flood losses.

Non~st1uctural Measures - Flood Forecastlng and Warning System

As flood forecastlng is a real phase of reduction of - flood lesses,
‘the effort has been made towards successful modernization of flood



fbrecastiﬂg and: warning system for Indus River Basin. The system
comprises of three components.

Component I deals with the Expansion and modernization of basic ﬁydro-
‘logical collection system. In this vegard river and raingauge with
tolemarks at 41, stations, 36 telecom stations with VHF data trans-
mitters,:data sensors, repeaters, recelivers, display terminals and high
'frequéncy voice communication stations and 60 meter high receiving
tower at Lahore in the Punjab province have been installed.

Component_IT consistsfof a quantitative precipitation measurement radar
at Sialkot and hydrological and meteorological readout station at
Lahore.

Component 11X Flood forecasting and warning centre. at Lahore alongwith
7 automatic fiver and raingauge, 8 automatic raingauge with telemetric
system including 3 caliberation stations in the catchment areas of the
Indus River Basin have been established.

The system is very helpful where the floods are likely to
disrupt normal activities, cause material damage and threatens the
safety of flood control structures.

Annextures
1. Location map of Improved Hydromet Network.

2. Organization Set up of Flood Management. -
Flood proofing
- This includes a wide range of measures that essentially
.percludes flood water from contdct with the protected structures,
This may include raising a structure using reinforced brickwork con-
structing a structure on earthfill or buildings a ring bund or ilood
walls around a structure. For dry interior measures of closing low

level openings, water proofing of exposed walls above or below the

ground, provision of sum pumps and planning check walls on ground
lines. :

) _In'the selection of Flood proofing measures, consideration
is always given not only to the magnitude and frequency of inundation
but "also to the methed of construction.

Disaster Prevention Legislation

National Calamities Act 1958 in the country provide legal
‘cover to all kinds of disasters including floods. The purpose of this
act is to provide for maintenance and restoration of order in calamity
striken area for prevention and relief.

This acts needs revision for drawing up the proposals both
at national level and provineial level. 1In Japan. in addition te the

basic’' law for disaster prevention, there are separate laws for river,
earthquakes etc. '

Disaster Relies Plans

Disaster Relief Pians at Federal lével, ?rovincial'level and
District levels have been prepared. These plans streamline the Func-
tions and responsibilities of each department and their functionaries.

- ll —



At the time of disaster these plans are fully operational and hence
make it easier to provide relief to the victims of any disaster.

Evacuation

Land

The evacuation of the people and their property is qarried
out only when the floood warning is issued, as such., They are brought
to safer places. The response of the general public is worth appre-

ciéting.

Use Regulatlon

It is mainly concerned with the restrictions of the use of
basin area. Two aspects are kept in view, one to reduce the concent-
ration of population, their assets and another to reduce unnecessary
development. '

To minimize the chance of floods, the emphasis therefore may
be given to Land Use Regulations.

In Japan in addition to ba51c law, the River Law, Erosion
Control Law, Landslide Prevéntion Law and Law for Prevention of
Disasters due to collapse of ‘steep slopes etc., there are laws which
concerns the land use, under such laws, regulatlons, Zoning of the
urbanized zomes, urbanization controlled zones, disaster vulnerable
zones are defined.

Comprehensive Flood Protection Plan

Féderal Flood Commission is working towards achieving the
goal of flood management planning to reduce situations, threatening
life and health of the people economic losses) costs of emergency,

"evacuation and relief, losses of publiec revenues and impairment of

national security by fostering a unified programme of structural and
non—structural flood management.

_ In this regard a draft of flood protection plan has been
prepared and will be finalized very soon.

The following are the objectives::

a) To reduce flood losses and sﬂffering dué to flood in an economically
sound manner such that the benefits of flood damage abatement
measures exceed their costs in so far as p0551b1e.

b) To give priority for flood protection to areas of greatest econemic
flood damage hazard and greatest potential for human sufferings as
far as possible.

c) To provide as far as possible, adequate protection from flood
damages .to areas lying outside active flood plains of the rivers in
particular to protect cities, irrigation works, communlcatlon of
faPJlILIGS and oLher vital infrastructural installations.

d} “Fo make max1mum use of existing flood control protection facilities
by improvement where necessary to -bring them to the level of func-
tlonal capability and reliahility to conflrm to adopted standards.

e) To obtain maximum flood control utillzatlon of multiple purpose
facilities without adversely affecting other functions or compro~
nising the safety of the facility.

— 12 .ﬂ..n_



f) To promote approprlate land use by avoiding the growth of flood
vulnerable development in the flood hazard areas and adjusting land
use where possible to be compatible with the frequency and duration
of fleooding. :

g) To minimize adverse effects on natural ecosybtems and an environ-
mental values.

Proposals

In view of the detailed discussions held in various sessions
of the training programme, observation tours and keeping the problems
of Indus River Basin in view of the following proposals are made:-

1) Reserach Work and Intensive Tralnlng Programmes may be given top
priority in the fields of hydrology, meteorology and disaster
prevention.

2) Planning and'Coordinatibn at the inter~country and inter depart-
-mental levels may be emphasized.

3) Regulations for the control of land _use may be 1mproved
4) Control plans may be prepared for conservatlon of low lylng areas.

5) For preparation of flood risk map geomorphologlc approach may be
adopted.

6) Afforestation in the upper catchment areas of the Indus River Basin
con-large scale may be done. :

Conclusion

The floods, if not controlled result heavy losses on the life
and property so more efforts on hydro-meteorological data collection
system may be made in order to take up proper flood control measures.

Preparation of Flood Riék.ﬂgg

Flood risk map is one of the essential tools of flood plain
management. It depicts the degree of susceptibllity in flood prone
areas. ' :

For preparatlon of flood risk map the following requirements
are to be fulfilled.

The first and foremost rTequirement is a topographic map along-
with contour map.

The second requirement is a hydrological/meteorological data
for example rvainfall (hydropraph), discharge of water levels (hydro-
graph) of the past floods.

Flood inundation map of the historical floods showing the time
and depth of inundation in different zones. It assists in evaluation
of scale of damage, cause of damage.

_ Geomofphologlc maps and aerial photographq " These items
generally help in delineations of vulnerable zones and requ1re more
hydrologic/hydraulic analysis.



The data about the capacity of the reservoir and other flood
conLrol works in thé basin helpb:h1the flood plain management.

; ‘Tor successful preparation of flood ribk map, briefly
'speakingi it will require the above data,

There are so many approaches for preparatlon of flood rtsk
map. : : .
a) Geomorphologic Approach
- b) Historical Approach

¢) Hydrologic~hydraulie Approach
d). Hydrologic~hydraullc Damage Susceptibility Approach

a) Geomorphologlc Approach

The geomorphologlc maps streamlines the landform units
which are marked on the basis of shap, genesis, mater131 ete. By
following the steps, mentioned as under it will be very easy to
compile the geéomorphologic map. '

—-Topographical map of the area 1/40 000

—Aerial photographs
—Interpretation of aerlal photographs to dellneate the landform

units
—Compilation/preparation of land condition
—Historical data checks o
—7Finalization of geomorphic map
) Historical Approach

It is based on the data of inundation in the past floods.
It also requires a topographic map of the basin. -Survey of inundated
areas and collection of historic data.

! Tepographic Map l

Study of Land
SRRV
ajgpunuy 7o Aaaang

Survey of River
Condition

]

Discharge of

Study of Rainfall
Cdrrespondgnce Evenis

Calculation of
Return Pariod

I_Cumpila:ion of Flood Risk Map ]




Compilation of
historical
flood data

Hydrolbgic~hydraulic'Apprdach

Study of tOpographic map

|

Interpretation of
topographic map

Preparation of
Geomorphologic map

"Past hydrologic
meteorological data

‘Subdivision of the Basin
{Smaller hydrological units)

Preparation of rainfall
runoff model of each
subdivision of Basin

Caliberation of
each submodel

T

Pfeparation of hydraulic model
_of channel in flood plain
by flood routing model

Caliberation of the model

jo uolleTrdwon

- B3RP TEBOTZOToIpAy

Evaluate longitudinal cross section
water in the flood plain
for the historical discharge
using inundation model

Caliberaxion with
historical data

Calculation
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The Report of Case’ Study Based on Geomorphological Approach
for Flood Risk Mapping, in case of ‘one of the Japan s Rlver,
a Requirement of the Training Programme

Otoshibari River-
This river starts from mount Ida and runs upto the sea. At the

very beginning, there are many trlbutarlee which if we make any measuring of-
formulatlon of mountaln. '

The ra1nfall w1ll flow down through the mountaneous region with’
high potential energy and will result: the landslides. It will carry some
ingredients to the foot of the. mountain. = The process continues for centuries
and forms the coarse Valleys{ This is how mountaneous regions have taken the
shape of many tributaries. Keeplng the geomorphologlc knowledge it may . bé
mentioned that river orlglnates from the mountains and runs upto the end of .
the sea dep051t1ng heavy ingredients from ome place to the other and it’
receives the mild gradlents L.es deposition of big fans at the foot hllls.

‘ . This phenomenon can be seen nearby rallways lines in case of
Otoshibari River. After thlsprocess the carrying. capacity of ‘the river
decreases and fans. takes in its way-and. deposits the coarse. material forming "
delta. After this Lagoon formation starts. Being a low land, there may be
some flow channel and when flooded, forms natural levees. People while keep-
ing sense of floods in view starts constructing houses. It can be seen that
botl sides of low land there is elevated high lands on the 1eft ‘and right
sides. As the river starts from mountalns and ends at the coastal region
hence the deposition of sand dunes. :

— 16 —
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1.0
2.0

2.1

2.2

2.3

2.4

2.5

By: A, C. Tyagi
India

COUNTRY: INDIA
DESIGNATED RIVER BASIN:

Basin name and area:

Although there is no specified river basin as pilot river’
basin, Brahimini river basin has been considered as the pilot river for
the purpose of this report. The total catchment area of the Brahimini
river basin is 39,033 km. sq. '

Location:

Brahimini river basin is bound between latitude 20935' N and
23°35' N and longitude 83°3' E and 85°30" E.

Topographical map of the basin:

The topographical map of the basin at a scale of 1:100,000 is
attached as Fig. 2.1. '

Index map:

An index map showing the location of Brahimini basin on the
map of India is shown in Fig. 2.2.

General description of the basin:
Topography and geology: '

Brahimini basin is bound ‘in the north by the Chottanagpur
plateau, on the west by ridge separating it from the Mahanadl basin, on
the south also by the same ridge and on the east by the Bay of Bengal.
The basin is of long sausage shape. The basin has four well defined
topographical features; a) the morth plateau, b) the eastern ghats, ¢)
the coastal plalns and d) the erosiomal plains of the central table-land.
The northern plateau and the eastern ghats are well forested hilly -
regions. The coastal plains cover the deltas formed by the river and
are well suited for cultivation. The hills are comprised of Precambrian
Igneous rocks. :

Brahiminis known as South Koel in its upper reaches rises at

'an elevation of 600 m, at north latitude 23°20' and east longitude

85°12'. Tt flows dinitially in a south westerly’ ‘direction for 47 kms.
Changing directions from south and south-~east, the river continues to
flow for a distance of 121 kms., receiving many small tributaries from .
both banks. A major left bank tributary, the Karo, joins South Koel at
the 218th km of the later's run from the source. At about 306th km. of
its run from the source, the river receives a major right bank tributary,
the Sankh. Below the confluence of South Koel and Sank the river is
known as Brahimini. Further downstream, a major right bank tributary,
Tikra, joins it at the 497th km., flowing in a generally easterly
direction for a further length’ of 220 kms,, and receiving several small
tributories river Brahimini emerges into coastal plains near Jenapur,
Here it is divided into branch rivers namely, Brahimini, Patia, Khursuan,

—19—
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Kimiria and the Kelua, = Bach of the branch river forms its doab and
again joins the main river. A schematic diagram of the river system
is shown in the Fig. 2.3.

Kare river
EL,S00MT.

Sankh river
BL. 930 M,

TO00 1
210 T06th 350
5 b Pamposh
1
2000
Tikra rTiver
BL, 450Mt,
=10rEm 1
=70 .. Rerzali
bv.Talcher

1

5000
Angul R o Ramaila R,
I | e

690th «—— 24, JYenapur

Fig.2.3 Schematic representation of the Brahimini river system.

 There are four distinct seasons in the basin. They are a)
cold weather, b) hot weather, c) monsoon season and d) the post monsoon
season. In . the cold weather the winds are generally light and blow
either from north and north-east and the atmosphere is brlght. During
January very little precipitation occurs, but during February, ‘there is
some precipitation in association with passing western disturbances and
is mostly confined to the hilly part of the basin. The hot 6 season
commencing in March lasts till the middle of June.by which time the
south-west monsoon sets in. The monsoon continues to be active till
the first week of October. During this period the basin receives over
90% of its total annual rainfall. The monsoon withdraws by the first
week of October. After withdrawal of. the monsoon a few thunderstorms
continue to occur. The weather clears up by the end of November and it
is cool thereafter '

There are about 20 railngauges in the basin. The distribution
of the Statlon 1s not uniform and sufficient in number. The basin
receives about. 1500 mm to 1600 mm of rainfall annually. Total average
evaporation in the basin is 1220 mm. with a maximum generally reaching
in the month of May when it is about 170 mm.

Floods in the basin are mainiy confined to the CO&Stdl areas
after the river emerges into coastal areas downstream of Jenapur.



2.6

3.0

3.1

3.2

Oi the basis of tentative figures worked out from 1981 census,
the total population of the basin ‘is 6.9 million, with a population
density of 177 persons per km. sq. against the natiomal figure of 210.
The coastal areas are more densely populated.. There is no large city in
the basin with a population above 200, 000. Out of the total population
88.4% of the people live in rural areas., '

Forests occupy the 23.7% of the total area in the basin. The
culturable area comprises of 61.9% of the total area, out of which 66%
is provided with irrigation facilities. Rice is the most important
irrigated area in the basin. Three crop seasons prevail in the basin
which ‘are; a) the Kharif, b) the Rabi and c¢) the hot weather. The
important Kharif crops are rice, maize, and milléts, whereas during the
Ravi the main crops sown ave vice, wheat, barley and pulses. The Hot

- weather crops are rice and chillies. In addition, cash crops like

cotton and jute are also grown.

There are po major hydro—electrlc projects in the basin

although the potentials as assessed are 1,155 MW at 60% load factor.

The basin has a rich variety of mineral Wealth spread all over the area.
The principal minerals found in the area are Iron, Copper, Bauxite,
Chromite, Coal etc. Important industries locate in the area are steelsg
and fertilizers.

The basin is served by the South-Eastern Railways. A number
of railway lines connecting important places pass through the basin.
The National Highway comnecting’ Caleutta with Madras. and Bombay also
pass through the basin. In addition: ‘there are a number of other state
highways. ' The river is navigable in its lower reaches being interlinked
with the adjacent Mahanadi delta canal system. Goods. and passengers are
carried between Cuttack and the deltas of Mahanadi,itheuBaitarni and
Brahimini in their tidal reach by numerous tidal creeks. '

The economy of the area largely depends on agriculture, which
in view of the uneven incidence of rainfall, provides a low level of

_subsistence except in parts of the basin where 1rr1gat10n fac1lltles

have been provided.

Past floods and damages:

There have been a number of floods in the basin of small and
big maOnltudes in the reaches of river Brahimini, almost every year.
However there were floods of large magnitudes in the basin during. flood
season of 1959, 1960, 1969, 1973, 1976 and 1980. Average annual damage
due to floods in the region is of the order of 15 million US $, taking
average of period 1953 .to 1980. However, 80% of these losses can be
contributed to crop damage. .

FLOOD PROTECTION AND RELATED WORKS IN THE BASIN

The map showing the flood protection works such as embankments, dams,
dlver51on channels are given in Fig. 3.1.

Dams

Some of the dams whlch have been bullt in the basin are listed
in Table 3.1.
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3.3

4.0

4.1

4,2

4.3

Ceneral description of the other works in the region: -

The flood control measures taken up in the pre—independence_
period were mainly confined to the construction of local embankments
known as Zamindari embankments. The recent -flood control works carried
out in the basin comprise mainly of strengthening of these embankments,
construction of new embankments, construction of diversion chénﬂels apd
local town protection works.  In addition, Rengali Dam a multi-purpose
reservoir is under construction om river Brahimini and is likely to b?
completed in 1982. The redervoir is expected to moderate thg floods in
the Brahimini river within safe limits in the delta area dowmstream of
Jénapur. The distribution of flood waters inte the various divgrglon_.
chammels of the Brahimini downstream of Jenapur algo helps in mitigating
to a large extent the floods in lower reaches of the deltaic area.

EXISTING FLOOD FORECASTING AND WARNING SYSTEM

Map:
A map shoWing the flood forecasting network and the mode of
data transmission is shown in Fig. 4.1.

General information:

The flood forecasting system ir river Brahimini is established
with the view to provide the flood forecasts at Jenapur Railway Bridge
and Jenapur Highway as the area downstream of it is flat and deltaic and
is flooded if there are large discharges at Jenpapur Railway Bridge. The
target area has therefore been selected as the area below Jenapur.

The constructural measure of flood loss preventionwere started
in India in 1959 with the commencement of flood forecasting works in
Yamuna basin near Delhi. However, flood forecasting was started in a
big way only in 1969 when Government of India opened flood forecasting
centres in almost all the major rivers prone to floods. At this time a
flood forecasting centre was started to provide flood forecasting ser-
vices in different rivers of Orrisa state with its headquarters at
Bhubneshwar. This centre provides flood.forecastings for rivers
Mahanadi, Brahimini, Baitarni, Subernrekha and others. The forecasting
centre known as. the Central Flood Forecasting Division, Bhubneshwar, is
under the administrative control of Member (Floods) of Central Water
Commission, Ministry of Irrigation, Government of India. There are
about five hydrologists—cum-engineers, about twenty telecommunication
operation staff and other 200 semiskilled staff working in the centre.
Only one-fourth of the above staff is engaged in flood forecasting of
river Brahimini, others being engaged in the flooed forecasting work of
Mahanadi, Baitarni, Subernrekha etc.

There is a table top programmable calculator provided at the
headquarters of the centre, Bhubneshwar.

Total annual operating costs of Brahimini basin flood fore-
casting system is about 50,000 USS.
Data cellection system:

Raingauge stations located in the basin are listed in Table 4.1.
The density of the raingauge stations is not considered and efforts are
afoot to establish an efficient raingauge network.

— 26 -



Table 4.1 RATNGAGE STATION

No. Name Location -  Altitude{m) Duration Type of
' (approxi.) (approxi.) of_record rainagauge
4H° ' ' o o
1.1 Panposh 84750" £ 173 1976 to ordinary
~ 22° 5' N date
. e oEEl -
1.2 Bonaigarh 847551 E 142 - do - - do -
. 21°50" N -
o
1.3 Chendipida 847507 E 158 - do - - do -
21° 3" W
- - -] ' ’ o - . ]
1.4  Pallahara 857107 E 97 - do - - do -
21°30' N
o t r
1.5 Talcher 85720" B 57 - do - - do -
: 20°55' N
[+ 1 :
1.6  Kamakhya~ 857207 E 39 _ do - ~ do -
nagar 20°57' N
o 1 :
1.7 Dhenkanal 83%35" ¥ 37 - do - - do -~
20°35' W
1.8 Sukinda N .A. H. A . - do - - do -
] 1
1.9 Deograh 847407 E 120 ~ do - ~ do -
C21°357 N
Q 1 .
1.10 Reamal B4725" ® 400 - do - - do -
21°25" N
1.11  Lohendoge N .A. N, A . - do -~ - do -~
o t
1.12  Manoharpur 857 5T E 300 - do - - do -
22°27' N
o ] y
1.13  Angul 85 3 E 70 -~ do - -~ do -
20940 N

o 27 S



Table 4.2 Ji 2
Altitude Distance
' \ of the from the . Duration Type of
No. Name Location ataff river . of record gauge
datum{m) mouth
ocnt 1 ' ) 1969 staff-
2.1  Panposh 84%50° E 170 306 K | |
' 59% 51 . to date gauge
O:“|
2.2  Rengali 85" E 78 490 " " "
21°10" W
0 T3
2.3 Talcher 00 20 F 55 530 " » "
20°55" N
2.4 Exp, way 00 ° F 16 692 " g
_ bridge 20755 N to date
Jenapur o 1 : 196
2.5  railway 867 5° E - 690 ™ ? !
bridge 20°55" N -to date
‘Table 4.3 DISCHARGE MEASURING STATION
Distance _ Type )
. from the Duration ~float or Frequence
-No. Name Location X
river of record current of obs.
mouth meter :
3.1 Jenapur 86" 3 E 107 KM 1970 current daily
20°55" o S to date - meter
oL . Q 1
3.2 Talcher 85720% E . 969 u e ~ do - - do -
' 20°55' N :
o T
3.3 Panposh _'84 07 E 493 n - do - ~ do -
22° 5' N

— 28 —



Table 4.4 DATA TRANSMISSION SYSTEM

statlo;ﬁ_k - SSB “H';:lemeter N
Telephone Telegraph Other's
name ' ' HZ. : HZ, o
Panposh e - o l SSB - _g -
Batagon’ - - ) - - Q'th_ei: ! s
Rengali - _ - S_SIB - | -
'Pallal.lara. - - - ) - Other ='s
Talcher - - SSB . . - -
Samal Telephone - - - -
J enaéur - T SSIB - -




4.4

4.5

4.6

4.7

Water level recording stations have been listed in Table 4.2.

Discharge measuring stations are listed in Table 4.3.

Data transmisslon system:

" Mode of data transmission is listed in Table 4.4. It can be
seen that there is a great scope of improvement in this field, however,
due to the paucity of funds and other priorities it is not possible to
update the same.

Data processing:

The data béing received is thoroughly processed manually
through visual and arithmetical checks before it is finally used as an
input in the forecasting model.

Forecasting models:

Two types of forecasting models have been developed for fore-—
cast formulation en river Brahimini.

A rainfall vunoff model has been developed for formulation of
forecasts at Talcher using unit hydrograph method. In order to esti-
mate the aerial rainfall, three key raingauge stations namely
Kamakhyanagar, Chandipadda and Pallihara have been identified and the
unit hydrograph rainfall-runoff model developed. However, due to the
non-availability of the rainfall data from these key raingauge sta-
tions on real time basis, the model is not in operational use.

A statistical stage correlation model is used for operational
purposes in the formulation of forecasts. The model is subdivided into
three units. The first unit models the reach between Panposh and. -
Rengali, the second between Rengali and Talcher and the third between
Talcher and Jenapur the fipal forecasting point. The travel time in

‘the three reaches is 24 to 12-hrs., 12 to 6 hrs. and ‘8 to 6 hrs.

respectively. The correlation graphs are shown in Fig. 4.2 to Fig. 4.5.
The total travel time available for the formulation of forecast for
Jenapur, in the case of highest floods is of the order of 34 hrs. The
statistical model is quite satisfactory providing an accuracy within .
*15 cms, on 86% of the occasions. However, the travel time available .
at the time of very high floods is insufficient and’'calls for utiliza-
tion of rainfall-runoff model. :

Warning system:

. The forecasts for Jenapur are formulated right from the
beginning of the monsoon season daily, and are issued to a number of
beneficiaries listed in Table 4.5. In case the water level crosses the
warning level the forecasts are disseminated to the concerned engineer—
ing and civil authorities by.the quickest possible means like telephone
and special messengers or telegrams and wireless telephony. A sche-
matic diagram shown in Fig. 4.6 is self explanatory. -

- For the benefit of general public regular flood bulletins
are broadcasted from the local transmission station of All India Radio.
In addition flood warnings are issued through the local newspapers.

The dissemination system ig quite satisfactory.
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Fig. 4.6 Flood warning dissemination system of river Brahimini.

Storm surge:

Although the water level of river Brahimini in its lower
reaches is effected by the storm surges its effect in formulation of
forecast for Jenapur is not considered.

Flood LOSS Preventlon Measures in the Pilot Rlver.

Comprehen31ve flood loss prevention measures .can be c13351—A

fied into four groups as listed below. Each of the measure attempts

either’ to deal with the flood waters or the activities that would be
affected by them.

a) " Attempts to modify the floods.

b) Attempts to modify the damage susceptlblllty.

c) Attempts to modify the loss burden.

d). Bearing the loss. '

Fach type of the measures can be adOpted either independently or in

combination. Some adjustments can be adopted by 1nd1v1duals, but most
of them require collective action.

Following paragraphs describe these measures in special
reference to the Brahimini river basin.
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Modifying the floods:

Hodifying the floods 1s one of the most popular‘approéch t?
flood problem and has been used to alter the timings and 1n?ens1ty o
floods waters. This approach involves i) constructlion of fio?d .
control or protective works; ii) adoption of measures which will retard
the run-off from the land; iii) alteration of precipitation patterns
through weather modification. First of these adjustme?ts has been
widely adopted since long times in Brahimini river basin. Thg Sec?nd
too has been started recently. However the third adjustment is still
in experimental stage all over the world.

Construction of protective works:

: The construction.of flood control or protective works com-
stitutes "chammel phiase" of flood management. Tt involves the con-
struction of control works such as dykes flood walls, dams oY

. reservoirs, channel improvement works or diversion of excess flow to

another watershed where it can be accomodated without:causing
property losses.  However this fosters increased Ilood plain occu-
pancy, not all of which may be rational. Construction of dams, dikes

“and diversion works tends to develop a false sense of security among:

flood plain occupants. Therefore, it is imperative that these

measures in addition should promote education relating to flood loss
damage potential along with warning systems.

. This particulaf approach has been used since long in the
Brahimini basin in form of dikes, flood walls and channel improvement
works. A multipurpose reservoir at Rengali for modification of  the
floods is under construction and is. expected to modify the floods of
50 years frequency to within safe limits. In additiom, the channel
improvement works in the lower reaches are also required to be under—
taken.

Watershed Management:

Another method of reducing small floods is to retard the
runoff in the areas in which the precipitation occurs. It can be
accomplished in a.variety of ways. In Brahimini basin the wmeasures
are to be limited to the conservation practises such-as terracing,
contour ploughing, strip cropping and planting cover Crops.

"Modifying the damage susceptibilityf

. Second ‘approach to reducing the flood damages is to modify-
ing the susceptibility of property and activities in the flood plain
to damages from flood waters. This can be accomplished either by
flood plain management or by incorporating certain type of changes in
strictures and buildings.

Flood plain management:

-Floodfplain management, such as in land uSe'reguIation,-
attempts to ‘modify losses by discouraging those activities which
cannot bear the natural tax exacted by floods for the use of flood
plain lands. The main land use ih the Brahimini basin being agri-
culture, it is not possible to modify it. However, the agricultural
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practices can be modified to suit the flood environment and
improvement in techniques sought to prevent crop damages due to long
inundations.

Structural changes:

. Damage susceptibility can also be reduced by undertaking
structural changes. Among the various changes in structures are the
construction of houses on stilts. This is being largely adopted by
the local inhabitants in the Brahimini basin based on their past
experiences with the floods.

Flood proofing:

Flood proofing is essentially a combination of structural
change and emergency action. ' It does not necessarily. invelve evacu-
ation. Rather it concentrates on the adoption of certain measures
that can put into action as soon as flood warning is received.

Modifying the loss burden:

Another -approach to the management of flood logses is to
modlfy the incidence of burden, either by spreading it over a large
segment of the community than the immediately effected or by spread-
ing it more evenly over time. Several type of measures can be used,
including disdster relief, tax write~off, flood insurance and

‘emergency measures. ' All these methods are presently being adopted

in Brahimini river basin except for flood insuravce. Flood insur-'
ance measure has still a long way to go before it can be put to use
in developlng countries like India. :

Bearlng the loqs.

: Bearlng the loss is.still the major adJustment for large
number of Flood plain occupants in developing countries as well as

in many more developed countries. However, this approach is

. gradually being abandoned in favour of management of flood plain

6.0

6.1

lands to modify the loSses.
ON FLOOD RISK MAPPING
A flood risk map -containg accurate 1nformatlon on the magnltude of

flood and distinct flood hazard area in . order to provide informatlon
regarding reduction of flood damage. The flood hazard area on a map

- is usually distinguished by colored area display or contour lines of

6.2

6.2,1

equal depths of water. It is the most essential tool of 'a flood
manager. Lt helps him in preparing a comprehensive flood loss
prevention management plan. It also allows an assegsment of risk

of potential flood losses and these risks can be balanced against

cost of seeking a safer place or adopting a particular flood loss
prevention measure.

Data outlined in the following paragraphs is required to be compiled
in order to prepare a flood risk map,

The first requirement in preparation of a flood risk map is the topo-
graphical map of the area, including the contour map and ground
levels in the flood plain area.
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The Historical hydro-meteorolegical data like rainfall (hyetographa,l
discharges and water levels (hydrograph) of the past flood events help
in checking the correctness of the flood risk map.

¥lood inundation maps of the past historical floo#s with inforﬁationﬁ
regarding the time and depths of inundations in dlfferent zgnss g] tde
flood plains help in evaluating the extent of damages caused by oods
and in turn help in identifying the most critical areas requlring
immediate attention, :

Geomorphological maps and aerial photographs are requived for identi~J
fying the vulnerable zones requiring more detailed hydrologic-hydraulic

analysis.

A detail information regarding the capacities of the reseryoirs ?nd ]
other flood control works existing in the basin help in preparatiom ©
the proper management plan,

There are four different approaches to the preparation of the flood
risk map. - : ‘

i) Geomorpholegical approach,

ii) Historical approach, - -~ _
i)} Hydrological-hydraulic approach, and _
iv) Hydrological-hydraulic-damage susceptibility approach.
All the four approaches have their merits and demerits.

Geomorphdlogicél approéch:

This approach involves preparation of a flood risk map with
the help of a geomorphological map. A geomorphological map indicates
different land forms existing in the region and is compiled on the
basis of plane shape, genesis, materials and nature.

Hydrological-hydraulic approach:

The process involved in this approach is outlined in the
flow diagram shown in Fig. 6.2. Based on the interpretation of aerial
photographs and the geomorphological map the basin is subdivided into
smaller units of similar hydrolegic and hydraulic characteristics.
Each sub basin is then taken up individually and a hydrological model
developed for it. Hydrological model can be developed by using tank
model concept or storage function concept. Each hydrological runoff
model is then interlinked together and an inundation model developed
with their help. . These hydrological runoff models should be . .checked
individually. or collectively depending upon the availability of the
past records. The inundation model should also be checked with the
help of historical flood risk map, After calibration of the models
they should be used for calculation of the depths of inundation and
exteht of inundations for different return pericd discharges obtained
from the past historical data. The depths of inundations for differ-
ent return period discharges is then marked on the topographical map
of the area and the flood risk map evaluated.

This approach is very exhaustive but, at the same time, time

consuming and requires a large data, It cannct be used at the outset-

in the developing countries as there is generally little data avail-
ability. : '

: In the absence of the data required for. preparation of a
flood risk map based on this approach for river Brahimini, the flood
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risk map of the pilet river could not be compiled. However, study
was conducted with the help of available data for Mama;river, Japan.

A.brief outline of the approach to be followed for the

- flood risk mapping of Brahimini river basin is shown .in Fig. 6.3.

The outline is based on the limited information available from
historical flood inundation maps and is liable to be modified with
the availability of the geomorphological map and aerial photographs.
It 1s felt that units 1 to 11 require only hydrological runoff model
whereas units 12 to 19 require hydraulic inundation models. Effect
of the surge shall also be taken into account as it is likely to
effect the floods in the lower reaches.

Hydrological-hydraulic—-damage approach:

This approach is similar to the hydrological-hydraulic
approach except for the additional faetor of the damages invelved
which help in identifying the areas of more damage probability and
taking up flood protection measures for that area. Due to the
economic factors involved in it close co-ordination with flood plain
economist is of fundamental importance.

Different steps 1nvolved in the preparation of a geomor=
phologlcal map for the purpose of preparing a flood risk map are:
i) Compilation of the’ topographlcal map of the area.
ii) Obtaining aerial photographs of the regionm. '
Hi) Interpretation of the aerial photographs to delineate the differ-
ent landforms.
iv) Compilation of the land condition map,
v} Compilatiion of preliminary geomorphological map.
vi) Field checks in cases of doubt..
vii) Cheeck with the historical data.
viil) Finalisation of the flood risk map on the basis of the above.
The geomorphological approzch is simple and best- suited in case there
are no historical flood data. Also the flood risk map compiled on the
basis of this approach is helpful in preparation of more detailed
flood risk map on the hydrological-hydraulic and hydrological-
hydraulic-damage susceptibility approaches.

Historical approach:

Historical approach is hased on the inundation data of the

' past historical floods. 1t requires a topographical map followed by

an intemsive field survey. Historical data is collected from the old
records, on the basis of past flood marks and. local enguiries from the
old residents of the area. Rainfalls and discharges for each flood
event are collected and their return period estimated. Thus the inun-
tion area for any required return period flood can be estimated with
the help of the map. Wig. 6.1 shows the schematic diagram of this
historical approach. Although simple in procedure, this approach is
liable to errors due to a number of human factors involved.

— 39 —
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Fig. 6.2 Outline of the hydrological-hydraulic approach.
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By Tbrahim Bin Jusof
Malaysia

COUNTRY: MALAYSIA

DESIGMATED RIVER BASIN

From a number of river basins subjéét to flood problems,
two have been selected for presentation during the visit of the
Typhoon Committee Advisory Mission, these two are: :

(a) Kelantan River Basin and
(b) Klang River Basin.

Two river basin were selected as " they were difference in
land use pattern. The Kelantan River Basin, located in the East
Coast of Peninsular Malaysia, represents a large and mwainly rural
catchment and is vulperable to the North East Monsoon which often
brings in widespread and long duxatlon rainfall. Oa the other hand,
the Klang River Basin represents an urbanised catchment, with fast
rate of development, and is vulnerable to a combhipation of both the
monsocon rain as well as the convective thunderstorms

_ However for the purpose of this course I had written about
the Trengganu River Basin for the initial Country Report. Thus I
would like to continue writing about the same River Basin.

Comparison of catchment area

: 2

Name of Basin : Catchment area (km )
Trengganu River _ - 4,580
Kelantan River#* 12,870
Klang River# 1,200

* Pilot rivers

Location
Treﬁgganu'Rivef Basin :
Latitude 4°40" N and  5°25' N.
Longitude 102°25" E and 103°05' E.

Topographical map of the Basin:

Not évailablé
Tndex map:

General description of the basin:

The Trengganu River with its four tributaries, Nerus River,
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Telemong River, Tersat River and Brang River drains a total area of
4580 km, More than half the total area of the basin is comprised
almost entirely of mountalnous forest. The upland areas of the
Trengganu River Basin ranging in elevation from 600 m to 1,500 m with
its peak over 2,000 m. The lower third of the basin is mostly flat
low-lying land with some areas of hills generally running into the
foothills of the moumtaing which comprise the remainder of the basin.
The flatter areas comprise most of the existing and potential agri-
cultural lands of the Basin and are subject to flooding from the
Trengganu River and its four main tributaries.

The Basin, which has a hurried tropical climate, has ‘an
average annual rainfall of between 2,700 mm and 4,000 mm with over
50% of this falling during the months of November, December and
January. The basin is characterised by a uniform temperature
(25° - 35 °C}, high relative humidity, abundaut but seasgnal pre~
cipitation.  The rainfall during the North-East monscon (October-
January is in the form of continous rainfall, usually heavy., From
the end of January to April it is generally dry From May to
September (i.e. the Southwest Nonsoon), the rainfall occurs
associates with CODVECthE thunderstorm activity.

: ‘ The Trengganu River Basin is not-hlghly urbanised, the two
main centres being Kuala Trangganu, the state capital and Kuala Brang,
the administrative centre of the Ulu Trengganu District. Bukit Payong
which is in beétween the twoe centres is this only other significant
centre. The population denszty of the Basin varies from one place to
the other in the range 12 - 312 person/km%. The average population
density is about 24 person/kmZ. : ' :

Past floods and damages:-

On Records, major floods occurred in 1926, 1967, 1973 and.
1979. - An analysis of the flood damages shows that the average annual
flood damages is about M$l70 000.

Floods in the Trengganu Basin cause dlrect losses as a

‘result of the loss of livestock and damage to crops, the irrigation

and drainage works, roads, buildivgs and other structures. There are
also cost arising from the destruction .of business, the destruction
of traﬁqurt, rescue and relief operatiomns and special flood relief
payments. = In general the losses are related to the peak flood levels.

" ¥or some items such as the damage to crops, however, the flood dura-

tion is more crltlcal than the peak dlscharge.

An examination ‘of the data available for the Trengganu River
Basin shows that the estimates of flood damages to the irrigation and
drainage works, the Vveterinary losses and the flood relief payments
have a reasonable correlation with rank of the peak discharge of the
flood. The damage to roads and the agricultural losses do not have
any cotrelation with the peak discharge but the agricultural losses
showed some correlation with the Flood Volume.

43—
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FLOOD PROTECTTON ABD RELATED WORKS IN THE BASIN

Since 1973, a telemetring flood forecasting and warning
system has been established. The Kenyir Multi purpese dam is now
under construction and expected. to be completed by 1984. It will
have a catchment area of 260,000 ha which 1s more than half the total
area of the Basin and is comprised almost entirely of mountainous
forest. It is expected that with-dam condition the flooded areas

will be reduced to about 30%.

. ~ Steps also have been taken and continously being_taken in
improving the lower position of road by raising its level above the
flood level. The paddy field being protected from the inundation by

Drainage and Irrigation system.

EXTSTING FLOOD FORECASTING AND WARNING SYSTEM

The purpose of the forecasts is to warm residents on the
flood plain about the imminence of flooding and to provide them with
the maximum time to carry out the necessary precautions to reduce
flood damage. Three types of actions are anticipated in response
to forecasts:- :

{a) the'eﬁacuation of people from flood affected areas.

(b) the evacuation of livestock and other assets from flood
affected areas and

(¢) Construction activities to prevent inundation of flood-
prone areas. :

. _ Fach of the ‘above actions requires a different duration of
time for its excution and, therefore, each needs differemt warning
times. _ : _

_In 1973, the Drainage and Irrigation Department developed
a forecasting procedure to predict the flow of the Trengganu River
at Tanggol. The gauging station at this location provides the flow
from a catchment of 3,340 kmZ, which is about 73% of the catchment of
the total basin of the Trengganu River.

_ _As for obtaining the veal time data for forecasting
purposes the following stations and equipments installed at these
places.

(i) Terminal Control Centre at state D.I.D. operation vroom in
Kuala Trengganu. - :

@) Rainfall Telemetric outStation at Menerong, Sg. Tong and
Panchor. ' .

(i) Combined Rainfall/Water level Telemetric outstation at
Kg. Dura.

(iv) Real time reporting rainfall and water level station at
Kuala Brang and

(v) Real time reporting water level station at Kg. Tanggol.

The Sacremento Model has been used to derive the forecasted
flows and to adjust the forecasts to the discharges obtained from
the telemetered water level records at the Trengganu River at Kg. Dura
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(catchment area 2,610 km?), or obtained from the observed water levels
at Tanggol.

FLOOD LOSS PREVENTION PLANNlNC

Flood is a disaster and I belleve to prevent it is better
than curing it. What I mean is that comprehensive Flood Loss
Prevention and . Management (especially by good watershed management,
will keep the condition of the river as natural as possible. In
-most cases this is not always possible as the development needs of a
country always overseled the hydrological need of the river. Thus
after experiencing losses due to flood, large investments in flood
control measures is necessary which have not always resulted in an
overall reduction in flood losses.

Tlood River Mapping

- Flood River Mapping is the most important information for
good watershed management as well as for plamning the future develop-
ment. It helps to identify highly vulnerable locations for flood
damage.  In the later case it also assist in planning the correct
structural-measures for certain areas in the watershed.

Zoning Regulations and Land-use Regulations

I think these are the initial step of non-structural
measures which will be beneficial 1if:applicable at the beginuing
or .before the development of the basin taking place. For newly
.developed lands, only open space should be allowed in the zone of
~highly flood risk. No important structures/bu1ld1ngs such as
hospital, schools, police stations, fire stations, etc. should be
" located in any flood-prone zome. In the occasion when structures
must be permitted in the high-risk flood zone, they must be designed
such that -they could withstand the flood, and could be used during
the flood without increasing the floods magnitude somewhere. However
there would be some difficulty in the area that is already developed.

Flood Forecast

The purpose of the forecasts is to warm residents on the
flood plain about the imminence of flooding and to provide them with
the maximum time to carry out the necessary precautions to reduce
flood damage. Three types of actions are anticipated in respomse to
forecasts:-

a) the evacuation of people from flood affected areas

b) the evacuation of livestoch and other assets from flood
affected areas and

¢) construction activities to prevent inundation of flood
prone-areas.

‘Raising Structure:-

The rural population has traditionally built its houses on
posts on pilings which elevate the dwelling and its possessions above
the flood lével. Generally they raised their house 1.5 m - 2 m above
the ground level. However this may not always be practical in the

4R -



urban areas.

‘Dams_and Reservoir:-

This is the beneficial way, as it helps to mitigate flood
and on some occasion (Multi-purpose) it could assist in hydroelectric
generation, Irrigation and also Domestic water supply. In other words
the amount of water could be utilize as well as mitigate the flood.

As the basin area of the river is rural, the constructions
of Levees, Dykes Bunds and Flood walls along the river may not be
justificiable at present. However bands are usually constructed in
irrigation project for paddy field to prevent the crvop from being
inundated. Various other methods should be implemented especially
for the new urban/developing areas in the upper catchment as:-—

i) Flood detention. (detention ponds)
i} Parking lot detention ponds.

#Hi) Infiltracion ponds.

—_ 49 —
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