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Abstract
Flood catastrophes have become frequent events around the world and the economic losses and threat to human 
life are more significant for developing nations than for developed nations. The disaster mitigation has become a 
popular theme in recent times to control the adverse effects due to all type of disasters. Generally, flood disaster 
studies are done for extreme weather conditions. However, it is becoming important to perform scenario analysis 
for dam breach which could lead to flash floods. Moreover, the threat of dam breach is considered to be significant 
due to both natural and manmade disasters in the region. Also a breach of an upstream dam could be a huge threat 
to a downstream reservoirs or dams. In this study two such dams are selected which are constructed in the same 
main river, Walawe. The two reservoirs are Samanala-wewa and Udawalawe where the dams are located about 30 
km apart from each other along the river. Since the two reservoirs are closely located, it is very important to ensure 
that, in case of a dam break of upstream reservoir, the water can be discharged safely through the downstream dam. 
One dimensional river dynamic model HEC-RAS and GIS software Arc-GIS were used to simulate the flood and 
taking cross sections respectively. Due to the high amount of inflow, tributaries were ignored and only the main 
river flood plain was considered. The results showed that the damage due to flood is minimum in upstream and also 
the maximum flow can be safely conveyed through the downstream dam.
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Introduction
Generally, floods are one of the most common natural 
disasters to human beings because most of the 
populated areas in the world are vulnerable to flood 
disasters, whereas other natural hazards such as 
earthquakes, volcanic activities, landslides and 
avalanche are particular to certain regions only. In 
long-term analysis, flood disasters account for about 
one third of all natural catastrophes (evaluated by 
frequency of occurrence and economic losses 
induced), and cause more than half of the life losses 
due to huge flood-induced human cost in the 
developing and heavily populated countries such as 
China and Bangladesh. Fortunately, the number of 
deaths caused by floods has decreased drastically due 
to the progress in flood warning methods in recent 
years. However, world-wide, floods are likely to 
become increasingly severe and more frequent due to 
climate change, population growth, and change of 
land-use, irrigation, deforestation, and urban

development of flood plains. Therefore flood disasters 
should attract more attention, and more work is needed 
on flood risk assessment and mitigation.

In general, it is observed that flood occur due to 
extreme wet weather conditions. However, dam breach 
could lead to a sever disaster especially when the dams 
are constructed in the same main river. In this study, a 
possible flood has been simulated in an unexpected 
dam breach of Samanala wewa reservoir which is 
located close to Belihul Oya. The overall catchment 
area of the Samanalawewa dam is 341.7km". In 
addition at normal full storage level the reservoir 
covers an area of approximately 10 km2 and stores a 
gross volume of 274 Mm3.

Here Hydraulic Engineering Center, River Analysis 
System  (H E C-RA S) so ftw are and A rc-G IS 
(Geographic Information Systems software) have been 
used in order to simulate the flood and taking cross 
sections respectively.
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to get accurate results, accurate input param eters m ust 
be found. F o llow ing  list con ta in s requ ired  input 

param eters fo r  H E C -R A S  m odel.

♦ C ro ss section  data
o  C ross sectional co ord in ates  

O D o w n  stream  reach  lengths  
O M ain channel B ank stations  

O M anning's n values
♦ B o u n d ary  co n d iu on s
♦ Initial co n d ition s

Cross section data
C ross secd on  data can be ob ta in ed  e ith er d o in g  a field  

su rvey  o r  using A rc -G IS . In o rd e r  to  take cross sections  

o f  co n cern ed  W alaw e river A rc -G I S  so ftw are  was 

used. B y creating  a T IN  (triangulated  irregu lar 

netw ork) layer, req u ired  cross sections w ere  obtained . 
Figure 1 show s that created  tin layer and Figure 2 

show s that a cross section  gen erated  fro m  the dn layer. 
T h o u g h  the accuracy o f  this m eth o d  is less than that o f  

direct su rvey  m eth o d , the req u ired  cross section  inputs  

can be ob ta in ed  easily w ith  the aid o f  A rc -G I S  w h ich  is 

v e ry  m uch  co st e ffe c tive  in co m p a riso n  o f  surveys.

Boundary conditions
T h ere  are tw o types o f  b o u n d a ry  con d ition s nam ed as 

u p stream  and d o w n stream  b o u n d a ry  conditions. 

S evera l o p tio n s  are available fo r  b o th  b ou n d ary  

con d ition s and suitable b o u n d a ry  co n d ition  is selected  

u p o n  the availability  o f  h isto rica l data. F or instance, 

stage h yd rog rap h , flo w  h yd rog rap h , etc. fo r  upstream  

b o u n d a ry  co n d itio n s and rating  cu rves, n o rm a l depth  

etc. stands in add ition  to that hyd rograp h s fo r  

d o w n stream  b o u n d a ry  cond itions.

It w as co n sid ered  flo w  h yd ro g rap h  as upstream  

b o u n d a ry  co n d itio n  calcu lated  using C IR IA  5 4 2  

(C o n stru c tio n  In d u stry  R esearch  and In fo rm a tio n  

A sso c ia tio n ) m eth o d  (Risk m anagem ent fo r  U K  

rese rvo irs) that is g iven  b y eq u ation s 2 . 1 — 2.3.

g p  = 3 3 0 ( 5 £ F ) 042 * (1)

w here:

Qp  is peak  d ischarge (m 3/s), B E F  is b reach  fo rm a tio n  

facto r, B E F  = V H  (M m ), V  is storage vo lu m e o f  the 

re se rv o ir  (h im 3), and H is eight o f  peak  re se rv o ir  w ater  

leve l ab o ve  the base o f  the d am  (m).

Figure 1. T IN  layer

Figure 2. A n  in te rp o la ted  cro ss  section

To p red ict the tim e o f  fa ilu re to peak  d ischarge, apply: 

T im e to  peak  discharge, T p  (s) =  1 20H  (2)

w h ere :

H is h eig h t o f  p eak  re se rv o ir  w a te r  leve l ab ove  the base  

o f  the dam  (m)

T h e  flo o d  h yd ro g rap h  is estim ated  using fo llo w in g  

triangular p ro file  ap p rox im ation .

T h e in flo w  h yd ro g ra p h  th at is calcu lated  fro m  the 

equations is sh o w n  below.
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i ' - li (Qr ' T p) + i ( g / ( T , - r r ) (Z3)

Te, m ay  be c a lc u la te d  b y  e n s u r in g  th a t the  
v o lu m e u n d er the h yd ro g ra p h  m atches the re se rv o ir  
vo lu m e, V.

Flood Hydrograph

F or the d o w n stre a m  b o u n d a rv  co n d itio n  n o rm a l depth  
o p tio n  w as se lected  and average bed slope was 
co n sid ered  as the in p u t param eter.

Initial conditions
In iual co n d itio n s co n sis t o f  flo w  and stage in flo w  
in fo rm a tio n  at each  o f  the cro ss  sections, as w ell as 
elevatio ns fo r  any sto rag e  areas d efin ed  in the system  
at the beg inn ing  o f  the u n stead y  flo w  sim ulation. 
A cq u is itio n  o f  h is to rica l data is essen tia l to fu ll fill 
tins req u irem en t also. H ere it w as fo u n d  initial flo w  
fo r  the sim ulation . H o w ever, in itial flo w  is n o t a 
critical p a ram eter o f  this k ind  o f  sim ulation , since the 
in f lo w  is high.

Results
T h e m o d el w as setup w ith  the in itia l co n d itio n s and  
b o u n d a ry  co n d itio n s and  the sim ulated  resu lts w ere  
obta ined . H E C -R A S  is facilita ted  to v ie w  severa l 
types o f  resu lts  in  a cro ss  section  such as va ria tio n  o f  
ve locity , f lo w  d ep th , h yd ro g rap h , etc. F igures 3 and 4  
illustrate  that the v e lo c ity  v a ria tio n  and h yd ro g rap h  o f  
the m o st d o w n stre a m  cro ss  sec tio n  respectively.

Figure 3. V elocity variation  o f  the m ost dow nstream  cross section

F igure 4. F lo w  H y d ro g ra p h  at m o st d o w n stre a m
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A cc o rd in g  to the in flo w  and resu ltan t h yd rog rap h s it 

can be seen that, d ischarge has been  co n cen tra ted  up to  

7 6 4 0 .1 2 m 3/s. T his is a g o o d  ach ievem en t in o rd e r to  

ensure that the flo w  can be d ischarged  safely fro m  the 

U daw alaw e dam . In add ition  to that fo llo w in g  data is 

copied  fro m  final re p o rt  d eve lo p ed  fo r  U daw alaw e  

re se rv o ir  b y JA C O B S  G IB B .

Table 1 U daw alaw e R ese rvo ir D ischarge

W a te r
s u r fa c e
e le v a tio n (m )

S to ra g e
(m em )

M a x im u m
d is c h a rg e
(m 3/ s)

8 8 .3 9 2 6 8 .6 2 5 2 7
8 9 .0 0 2 9 4 .3 3 0 1 1
8 9 .6 1 3 1 9 . 9 3 8 2 9
9 0 .2 2 3 4 5 .6 4 8 4 1
9 0 .8 3 3 7 1 . 2 6 0 0 4
9 1 .4 4 3 9 6 .9 7 2 9 6
9 2 .0 4 4 2 2 .6 8 7 0 2
9 2 .6 5 4 4 8 .2 1 0 2 1 2

Figure 5 sh ow s that the inundations map. H ere 

d iffe ren t hatch  p a ttern s indicate that the con d ition  o f  

the f  ood . F o r instance, angled single line hatch pattern  

stands fo r  to ta l d es tru c tio n  area w h ich  m eans, flo o d  

can be th rea ten ed  to  lives as w ell as physical structures. 

In o th e r w ord s, f lo w  carries high ve lo c ity  o f  this area.

In  o rd e r to  b reak  up the areas w h ich  va ry in g  types o f  

flo o d  dam age, it w as used  a flo o d  dam age p aram eter o f  

d ep th  x  ve lo c ity  d eve lo p e d  by B innie and P artners and  

the F lo o d  H azard  R esearch  C e n tre  (19 9 1 ) .

G re a te r  than 7 m  / s to ta l d estru ctio n  

B etw een  3 m  /s p artia l s tru c tu ra l dam age

B e lo w  3 m  /s in u n d atio n  o n ly

Figure 5 Inundation map
i
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Conclusions
C ross section  data can be sub jected  to changes tim e to  

rim e due to ex trem e w ea th e r cond itions. H ere, it was 

used c o n to u r m aps d eve lo p e d  so m e years ago and n o w  

it m ay be sub jected  to changes. In addition , it is 

im p o rta n t to find  c o rre c t m anning's n va lu e  o v e r  the  

riv e r as w ell as f lo o d  plain. T h e re fo re  a detail field  

su rvey  w ill en h an ce the accu racy o f  the sim ulation. 

F u rth e rm o re , it w as u nab le to find  o u t actual cross  

sections (depth) o f  the river. T h e re fo re  assum ed values  

w ere  used. H ow ever, w h e n  co n sid e r ab o u t the flo o d , 

the e ffe c t o f  the r iv e r  c ross sections cause m in o r  

d iffe ren ces fo r  the sim ulation . T h e  o v e ra ll resu lts o f  

the sim ulation  are a g o o d  ap p ro x im atio n . T h e  used  

m e th o d o lo g y  is c o st e ffe c tive  and tim e saving. H E C

R A S  is an o p e n  so u rce  m o d e l and w id e ly  used all o v e r  

the w o rld  and freq u en t u p g rad es o f  the m o d e l are also  

available to users and  facilities are im p ro ve d  in o rd e r to  

get b e tte r results.
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