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Abstract

After the Tsunami, disaster management strategies have undergone rapid changes. Flood hazard 
mapping has, particularly, been realized as one of foremost tasks to be accomplished in support of 
disaster management and sustainable development. As a pioneering effort, the lower reach of Kelani 
River which covers the islandis capital, Colombo, and two densely populated districts of the country. 
Colombo and Gampaha districts which are frequently and considerably affected by flood events, were 
chosen for flood hazard mapping together with the part of the slightly affected adjoining Kegalle 
district. The study covers all most all the potential flood area in Kelani river. The objective of the study 
were, 1) Prepare flood depth and flood extend maps for different return periods, 2) Identify flood 
management and flood-disaster mitigation strategies.

This exercise comprises four basic steps,1) Generation of Terrain model in the study area to work in 
Arc View, 2) Determination of flood discharges for different return periods, 3) plow profile generation 
using Hydrodynamic model; HEC RAS and 4) Generation of flood area and depth maps by exporting 
the hydrodynamic model results to ArcView. The one dimensional steady flow module of HEC-RAS 
Software was utilized for water surface profile, flood area, and flood depth calculations. The requisite 
geo-spatial modeling of the flood plain was carried out conveniently by implementing HEC-GeoRAS 
module in the ArcView environment using a triangular irregular network (TIN) model. Peak flows 
associated with selected return periods were obtained from a frequency analysis and the calibration 
run was executed simulating the 50 year return period flood event.

Comparison of field records corresponding to the above event of 1989 indicates that the modeling of 
flow and terrain conditions is veiy successful. Accordingly, a set of flood hazard maps associated with 
10 year, 20 year, and 50 year return period events. Results show that the study area would be subjected 
to flood encroachments of 60, 77, and 94 square kilometers for events with return periods of 10 years, 
2P years, and 50 years respectively. Model results were compared and verified against the records 
available in the Irrigation Department in addition to the field verification.

1. Introduction

Sri Lanka is located in the Indian ocean between 
the bay of Bengal and Gulf of Mannar, between 
northern latitudes of 5051' to 9051' and east 
longitudes of 79040' to 81055'. It occupies an 
area of nearly 65525sq.km.

The w ater resources map of the country  
prepared in 1959 identified 103 river basins of 
which about 10 rivers are considered as major. 
Among these major rivers, Kalu, Kelani, Gin, 
Nilwala and Mahaweli are vulnerable to floods. 
Of the factors that are conducive to the creation 
of flood problems, one of the principal causes is 
encroachment by man on the flood plains of 
river basins.

Floods in Sri Lanka are mainly due to excessive 
rainfall received during monsoons and received

as a result of development of low-pressure in 
the Bay of Bengal. Floods are directly related to 
rainfall and therefore a proper understanding 
about the distribution of rainfall becomes 
important. The rainfall distribution in Sri Lanka 
is subject to spatial and temporal variations 
leading to distinct patterns of seasonality, 
regionality and inter-annual variability in the 
climate. The average annual rainfall ranges 
from around 800 mm to over 5000 mm.

Recent past several flash floods occur, without 
giving much time for evacuation, and
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diminished within two to three days. So far, in 
2008, there are three flood events one in 29th of 
April, 30th of May and other in 19th of July for 
Kelani, Kalu and Gin basins.

Floods in Kelani river are important due to its 
outfall being near the capital city of Colombo. 
When the flood levels of Kelani are in between
5.0 ft. and 7.0 ft. at the Nagalagam (Colombo) 
gauge, they are within the limits of minor 
floods. When the level exceeds 7.0 ft. the flood 
is defined as a major flood and when it exceeds
9.0 ft. the flood is considered to be dangerous.

J yAmong the non-structural flood mitigation 
methods, Kelani is one river, where there has 
been a flood forecasting system. Forecasting of 
water levels in the river is done by means of five 
upstream gauges. A scheme of organization and 
standing orders are available to facilitate the 
coordination among several institutions during 
a flood. This scheme of organization and 
standing orders prepared in 1968 and updated 
by the Irrigation Department in 1993, can be 
considered as a comprehensive study to provide 
a detailed mitigation plan for the city of 
Colombo.

Flood was identified as most common and 
hazades natural event in Sri Lanka, proved in 
history and obvious as the country's topography 
and location.

Flood area mapping in the lower reach of the 
Kelani river basin became a top necessity with 
frequent floods in Kelani River

2. Study Area

Kelani River is the second largest in the country 
which originates in the central hills and flows 
mainly to the West till it meets the sea at the 
northern boundary of the Colombo city. River 
basin is entirely located in the wet zone up to an 
extent of 2230sq.km. Its average annual rainfall 
is about 2400mm.

The river basin comprises of two distinct types 
of topography, mountainous upper region and 
flat coastal line. Approximately two-thirds of 
the entire catchment represents the 
mountainous region, where the peaks and 
ridges rise above 2000m MSL contour. Valley 
slope is very steep and the mountain streams are 
characterized by waterfalls and rapids.

CMPTMrrn

Vegetation in this region is mainly Tea, Rubber 
and grass. In many places exposed bed-rock can 
be seen.

On the contrary, the coastal plain is extremely 
flat with scattered low hills. The vegetation of 
this region is a mixture of Rubber, Coconut, 
Paddy, Tea, marshy lands and grass. In the last 
30km the river bed slope flattens considerably, 
i.e. to an extent of 1:5000, and river valleys open 
out revealing wide flood plains.

With the knowledge of historical flodd events 
occurred in the basin, lower reach of Kelani 
river is considered for flood mapping.* It covers 
the flood plains from Glencourse gauging 
station upto Nagalagam street gauging station 
in Colombo. Total length of the river in this 
section is about 55km. Study area covers three 
administrative districts. It occupies an area of 
1200sq.km

3. Objective

The objectives of the study are:

3.1. Preparation of Flood hazard maps for 
lOyr, 20yr and 50yr return periods.

3.2. Identification of flood management & 
flood mitigation strategies.

4. Data Used

Basically three categories of data were used for 
this exercise.

• Data necessary for the Hydro-dynam ic 
modeling

• Data necessary for Digital Elevation Model 
(DEM/TIN).

• Socio-Economic information

4.1. Data necessary for Hydro-Dynamic 
Modeling

To execute the hydro-dynamic model from 
which the water surface profiles were to be 
generated, several parameters and variables are 
necessary. Many of the parameters are given in 
the model itself with an option to change in the 
calibration, phase. Other than that some 
important data specific to the study are used as 
an input to the model. Some are used as inputs 
but not data, instead they are outcomes of the
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frequency analysis or Arc View done prior to 
performing the model. :

• Peak annual discharges (data).

• Rating curve of the U /S  & D /S gauging 
stations, (data).

• Cross sectional profiles of the river at regular 
intervals, (data)

• Cross sectional profiles of the flood plain 
including the river (result of Arc View)

• Flood discharges for different return periods, 
(result of frequency analysis).

4.2. Data necessary for TIN generation

Terrain model is very important in this exercise. 
Accuracy of the flood hazard map greatly 
depends on the data used for the Triangular 
Irregular Network (TIN). Data used for TIN are:

• Contours (1:10,000 as of year 2000) & Spot 
heights

• Stream network

4.3. Analyzing the Results

This part of the study intends to make the final 
output more informative whilst arriving at a 
final conclusion. They are:

• Road network

• Landuse map.

• Administrative boundaries

• Stream network.

• Cross sectional profiles of the river at regular 
intervals

5. Methodology

Methodology can be divided into four steps, i.e.

• Determination of discharges of different 
return periods

• Generation of Terrain model and incorporation 
of stream features to Terrain model

• Hydrodynamic modeling

• Flood area and flood depth mapping.

• Analyzing of results

5.1. Generation of Terrain Model

Terrain model is generated by means of the 
1:10,000 topographical digital data available in

the Survey department. Areal Photographs and 
Land surveys are the Primary source of the 
Digital maps. Modifications are done to it after 
getting the cross-sectional data of the river from 
the Irrigation department.

5.2. Determination of flood discharges for 
different return periods

Statistical methods are used to get the flood 
discharges of the predetermined return periods. 
Hydrology division of the Irrigation department 
has been engaging in collecting stream flow data, 
precipitation data and other hydro-metrological 
data for nearly 100 years. As such annual peak 
discharges at the Glencourse gauging station for 
last 35 years were used in statistical analysis to 
determine the peak discharge.

There are several statistical methods available 
and used by various countries as their 
preference. In this study, three methods are 
adopted and they all give more or less the same 
results within a margin of 10%. For the 
hydrodynamic modeling, the results of Gumbel 
Distribution were used and summary is 
tabulated below.

5.3. Hydrodynamic modeling and water 
surface profile determination

W ater surface profile determination and 
subsequent flood-plain visualization is carried

Figure 5.2.1 graphical presentation of 
frequency Analysis

Table 5.2.1- Summary of frequency Analysis

Return 
Period Tr

Discharge (m3/sec)
Lognormal Pearson Gumbel

10 2755 2799 3128
20 3629 3839 3990
50 4336 4743 4630
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o u t  u s i n g  o n e - d i m e n s i o n a l  n u m e r i c a l  m o d e l  

d e v e lo p e d  b y  H y d ro lo g ic a l  E n g in e e rin g  C e n te r  of  

U S  A r m y  C o rp s , c o m m o n ly  k n o w n  a s  H E C -R A S . 

H E C -G e o R A S , a n  e x te n tio n  c o m p a tib le  w ith  A rc -  

V ie w  is u s e d  a s  th e  i n t e r f a c e  b e t w e e n  

H y d r o d y n a m ic  M o d e l a n d  th e G ra p h ica l so ftw a re .

H E C -G e o R A S  is c a p a b le  o f  p e r f o r m i n g  a  s e t  o f  

s t e p - b y - s t e p  o p e r a t i o n s  w h i c h  a l l o w s  t h e  

p r e p a r a t i o n  o f  G e o m e t r i c  D a ta  f o r  i m p o r t i n g  

in to  H E C -R A S  a n d  p r o c e s s e s  s im u la t io n  r e s u lts  

e x p o r t e d  f ro m  H E C -R A S  in  to  A r c V ie w .

T o  e x e c u t e  t h e  H y d r o d y n a m i c  M o d e l ,  

G e o m e tr ic  d a ta  o f  th e  f lo o d  p la in  a n d  s t r e a m  a r e  

a b s t r a c t e d  f r o m  th e  t e r r a i n  e l e v a t i o n  m o d e l .  

W a t e r  s u r f a c e  p r o f i l e s ,  a l o n g  t h e  r i v e r  r e a c h  

u n d e r  th e  s t u d y , f o r  f lo o d s  o f  th r e e  id e n t i f ie d  

r e t u r n  p e r i o d s  a r e  c o m p u t e d  w ith  s u b - c r i t i c a l  

f lo w  s im u la t io n . F in a lly  E x p o r t  file  w a s  c r e a t e d  

in  H E C  R A S  to  w o r k  w ith  th e  D ig ita l  E le v a t io n  

M o d e l  in  A r c -V ie w .

5.4. Flood area and flood depth mapping

W a t e r  p r o f i l e s  g e n e r a t e d  in  H E C - R A S  is  

e x p o r t e d  in  to  th e  A r c v i e w  p l a t f o r m  a n d  th e  

i n u n d a t i o n  a r e a s  a n d  f l o o d  d e p t h s  a r e  

v is u a l iz e d  o n  th e  t e r r a in  m o d e l . D ig ita l  d a ta  o f  

i m p o r t a n t  f e a t u r e s  s u c h  a s  r o a d s ,  b u i l d i n g s ,  

c u l t i v a t i o n ,  e t c .  a r e  s u p e r i m p o s e d  o n  to  th e  

D i g i t a l  E l e v a t i o n  M o d e l .  F i n a l l y  t h e  f l o o d  

d e p t h s  a r e  r e c l a s s i f i e d  t o  s u i t  p r e f e r r e d  

c l a s s i f i c a t i o n  a n d  th e  r e l e v a n t  d e t a i l s  s u c h  a s  

a r e a  a c c o r d i n g  to  D i s t r i c t s ,  N o .  o f  b u i l d i n g s

Figure 5.3.1 water surface profiles fo r  lOyear, 
20 year and 50 year return periods

Table 6.1 - Total area of inundation in sq. km for 
different return periods

Return
Period
(yrs)

Flood depth (m) Total
Area
Km2

<1 1 -3 3 -5 >5
10 19 29 10 5 63
20 20 40 11 6 77
50 24 41 ' 19 10 94
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Figure 6.1 Flood map o f 50-year return period flood

5.5. Analyzing of results

T h e  r e s u l t s  o b t a i n e d  a f t e r  th e  a b o v e  s t e p s  a r e  

v e r i f i e d  a g a i n s t  t h e  a c t u a l  d a t a .  H i s t o r i c a l  

r e c o r d s  a s  w e l l  a s  t h e  g e o g r a p h i c a l  d a t a  

c o l l e c t e d  in  f i e l d  i n s p e c t i o n s  a n d  o t h e r  

i n f o r m a t i o n  r e c e i v e d  f r o m  t h e  p e o p l e  o f  th e  

a r e a ,  e tc .  a r e  u s e d  in v e r i f y i n g  th e  r e s u l ts .  U n til  

t h e  r e s u l t s  a g r e e  w i t h  t h e  f i e l d  r e c o r d s  t h e

L E G E N D J J X A « IC "
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— I g g j  I .  3 fto jd f

m  5  ™ S , J

<1 ©
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20YEAR FLOOD MAP
LOW ER REACH OF KELANI R IV E R  - SRI LANKA

Figure 6.2 Flood map o f 20-year return period flood.

Figure 6.3 Flood map o f 10-year return period flood.
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Table 6.2 - Total No. of buildings affected 
indifferent return periods in District basis.

Return
Period
(yrs)

District Total

Colombo Gampaha Kegalle

10 5421 3589 0 9010
20 8487 5574 3 14064
50 10378 6620 7 17005

Figure 6.4 Flood encroachments o f different return 
periods ( Colombo, Gampaha, Kegalle Districts)

H y d r o - D y n a m i c  M o d e l  p a r a m e t e r s  a r e  a d ju s te d  

in  t h e  c a l i b r a t i o n  p h a s e  a n d  t h e  f i n a l  f l o o d  

h a z a r d  m a p s  a r e  p r e p a r e d .

6. Results and Discussion

O n e  o b je c t iv e  o f  th e  s t u d y  is to  p r e p a r e  a  s e t  o f  

f lo o d  h a z a r d  m a p s  f o r  th e  l o w e r  K e la n i  R iv e r  

b a s in . T h is  is  th e  d i r e c t  o u t c o m e  o f  th e  e x e r c is e .

F l o o d  m a p s  f o r  th r e e  d i f f e r e n t  r e t u r n  p e r i o d s  

a r e  d e v e l o p e d  a c c o r d i n g l y .  5 0 - y e a r ,  2 0 - y e a r  a n d  

1 0 - y e a r  r e t u r n  p e r io d  f lo o d  m a p s  a r e  s h o w n  in  

n e x t  p a g e s .

I d e n t i f i c a t i o n  o f  th e  f lo o d  m i t i g a t i o n  &  f lo o d  

m a n a g e m e n t  s t r a te g ie s  a r e  th e  o th e r  o b je c tiv e  o f  

th is  s t u d y . In  f a c t  it  is th e  m o s t  im p o r t a n t  a n d  

v a l u a b le  o u t p u t .  A c c o r d i n g  to  th e  to p o  s h e e ts ,  

s o m e  o f  t h e  p o s s i b l e  f l o o d  m a n a g e m e n t  

- t r a te g i e s  in  th e  l o w e r  p a r t  o f  th e  K e la n i  B a s in  

a r e  d e v e l o p m e n t  o f  R e t a r d i n g  B a s in s  a n d  th e  

c o n s t r u c t io n  o f  F lo o d  b u n d s . T h e r e  a r e  s e v e r a l  

u p s t r e a m  r e s e r v o i r s  w h i c h  h a v e  a l r e a d y  b e e n  

co n stru cted  m a i n l y  f o r  t h e  H y d r o - p o w e r  

g e n e r a t io n  in  a  c a s c a d e .  T h is  s e r v e s  g r e a t l y  in  

f lo o d  m a n a g e m e n t  in  th e  d o w n s t r e a m  p a r t  to o .  

B u t c o n s t r u c t i o n  o f  s u c h  r e s e r v o i r s  u n d e r  th e  

c u r r e n t  s o c i o - e c o n o m i c  c o n d i t i o n  is  f a r  a w a y  

f r o m  th e  r e a l i ty .  T o p o g r a p h ic a l ly  a ls o  th e r e  a r e  

v e r y  l im ite d  o p p o r tu n i t ie s .

U s in g  th e  a v a ila b le  to p o g r a p h ic a l  m a p s  a n d  th e  

w a t e r  s u r f a c e  p r o f i l e s  g e n e r a t e d  u s i n g  th e  

H y d r o -D y n a m i c  M o d e l , it is p o s s ib le  to  id e n tify  

th e  l o c a t i o n s  f o r  R e t a r d i n g  b a s in s  a n d  F lo o d  

B u n d s . B u t  f ie ld  in s p e c t io n  is r e a l ly  n e c e s s a r y  

t o g e t h e r  w i t h  t h i s  a s  t h e  p r e s e n t  g r o u n d  

c o n d i t i o n ,  m o s t  p r o b a b l y ,  w o u l d  b e  d if f e r e n t  

f r o m  th e  s u r v e y  m a p s . S a te lli te  im a g e s  a ls o  c a n  

b e  u s e d  f o r  th is  b y  l im itin g  th e  f ie ld  in s p e c t io n s  

to  th e  f in e r  m a t te r s .

F r o m  th e  m a p s  s h o w n  b e l o w  a n d  t h e  o t h e r  

d e t a i l s  s u c h  a s  L a n d - u s e  t h e  i n f o r m a t i o n  

i m p o r t a n t  f o r  t h e  p l a n n e r s  a n d  o t h e r  s t a k e  

h o l d e r s  a r e  a b s t r a c t e d  a n d  s o m e  o f  th e m  a r e  

l is te d  in  h e r e .

7. Conclusions and Recommendations

In  th e  s t u d y ,  it  is  c o n s i d e r e d  o n ly  t h e  l o w e r  

r e a c h  o f  K e la n i  r i v e r  w h ic h  is g o o d  e n o u g h  fo r  

f lo o d  m a p p i n g  a s  th e  a r e a  a f f e c te d  in  a  f lo o d  is  

m o s t ly  r e s t r i c t e d  to  th is  c o v e r a g e  a c c o r d i n g  to  

th e  f ie ld  e x p e r ie n c e  o f  th e  a u t h o r  a s  w e ll  a s  th e  

h i s t o r i c a l  r e c o r d s .  I t  is  p r o v e n  e v e n  b y  th e  

r e s u l t s  o f  th e  s t u d y  a s  th e  n u m b e r  o f  h o u s e s  

g o in g  to  b e  a f f e c te d  in  5 0 - y e a r  f lo o d  in  K e g a lle  

D is tr ic t ,  l o c a te d  in  th e  u p  s t r e a m  o f  th e  s tu d y  

a r e a ,  is  n e g lig ib le  w h e n  c o m p a r e d  to  th e  o th e r  

d i s t r i c t s  a n d  h e n c e  t h e  a r e a  s e l e c t e d  s e e m s  

m a t c h i n g  w i t h  t h e  r e q u i r e m e n t .  B u t  in  

p r e p a r i n g  th e  te r r a in  m o d e l  s o m e  e s s e n tia l  a r e a s  

in  C o lo m b o  a n d  G a m p h a  d is t r ic ts  c o u ld  n o t  b e  

i n c l u d e d ,  d u e  to  r e s t r i c t i o n s  o f  t im e  a s  th e r e  

w e r e  s o m e  c la r i f ic a t i o n s  to  b e  d o n e . H o w e v e r  

th a t  is  le s s  th a n  1 0 %  o f  th e  to ta l  a r e a ,  I h o p e  to  

in c lu d e  th e  r e s t  o f  th e  o m it te d  a r e a  a n d  p r o d u c e  

th e  n e w  s e t  o f  m a p s  f o r  th e  w h o le  s t u d y  a r e a  

w ith  m o r e  in f o r m a t io n

T h e  a e r ia l - p h o t o g r a p h s  a n d  s p o t  h e ig h ts  u s e d  in  

g e n e r a t i n g  t h e  T e r r a i n  m o d e l  a r e  f r o m  y e a r  

2 0 0 0 .  M o s t  p r o b a b ly  th e r e  c a n  b e  c h a n g e s  in  th e  

te r r a in  m a in ly  d u e  to  d e v e lo p m e n t  a c t iv i t ie s  o f  

v a r io u s  p a r t ie s  in c lu d in g  th e  G o v e r n m e n t .  O n ly  

th e  r i v e r  c r o s s  s e c t io n s  w e r e  a d ju s te d  to  s u i t  to  

th e  a c tu a l  v a lu e s  a s  in  y e a r  2 0 0 7  u s in g  th e  la n d  

le v e l in g  d o n e  b y  th e  I r r ig a t io n  d e p a r tm e n t .  F o r  

a c c u r a t e  r e s u l ts  u p d a t e d  te r r a in  d a ta  a n d  la n d -  

u s e  d a t a  a r e  e s s e n t i a l .  I t  is  a  l i m i t a t i o n  t h a t  

i n d i v i d u a l s  c a n ' t  o v e r c o m e ,  b u t  o n l y  t h e  

d e c is io n  m a k e r s  w h o  a r e  s u p p o s e d  to  u s e  th is  

k in d  o f  r e s u l t s  s h o u ld  ta k e  p r o m p t  a c t i o n s  to  

ta k e  c a r e  o f  s u c h  a  p r o b le m .
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Further it is easy to verify the produced maps in 
the field iff detail, more than what was done in 
the study, and can be adjusted if there is any 
drastic variation probably.due to changes in 
land-use or terrain. Current practice of flood 
mapping in hydrology division, post-flood field 
data collection with. GPS instrument, collection 
of information from people and leveling 
instruments, can be of great use for this kind of 
verification. It should also be noted that field 
data collection and preparation of a flood maps 
is a tedious process which consumes man­
power beyond the manageable limits, 
considering the limited resources and the 
assignments undertaken by the hydrology 
division. In contrast, verification is far easier as 
the area is demarcated and even the coordinates 
are available for easy access. . A microwave 
image of the study area during the flood season 
definitely would have been very useful in the 
flood extent verification, which unfortunately 
was not available during the study, as an option 
to time and human constraints. Use of modern 
technology for verification would be more 
attractive even for the users
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