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Assessments of Irrigation Water Requirement from 
Deduru Oya Left Bank Canal to Supplement 

Deduru Oya Left Bank Irrigation Demand
D. S. Sampath, S. B. Weerakoon, B. K. Mishra and S. Herath

Abstract: Rainfall in Deduru Oya basin has a significant temporal variation and thus the
Deduru Oya carry flash floods during rainy season and very low flows during dry season. The 
Deduru Oya reservoir under construction at the upstream of the existing RidiBediEla anicut will be 
useful to regulate discharge of the Deduru Oya for better utilizing the basin water resources especially 
for irrigation. The multi-purpose Deduru Oya reservoir project with a reservoir of a capacity of 75 
Million Cubic Meters (MCM), augments water resources in 136 existing tank based irrigation systems 
in the Deduru Oya Left Bank through a Left Bank (LB) canal and also diverts water to the Iginimitiya 
tanking the Mee Oya basin through a Right Bank (RB)transbasin canal. This study develops a model 
for water m anagement in LB canal development area and for the assessment of diversion requirement 
from the Deduru Oya reservoir through the LB Canal to supplement LB irrigation demand. 
Hydrological Engineering Center-Hydrological Modeling System (HEC-HMS) is used for runoff 
estimations and CROPW AT model is used to estimate crop water requirements. Water Evaluation 
And Planning (WEAP) model is used for water balance simulations in Deduru Oya LB canal 
development area and to calculate water requirements from LB canal for the period of recent 10 years. 
The study reveals that the annual water requirement from the LB canal for 100% cropping intensity in 
the proposed 3000 ha irrigable area in LB canal development area varies from 26 MCM to 41 MCM.
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1. Introduction

W ith the increase of population, demand for 
food increases and areas under irrigated 
agriculture continue to increase all over the 
world [4]. As the supply of water for all needs 
is only through the dynamics of hydrologic 
cycle, careful management of the limited water 
resources under increasing demand of water for 
irrigation and other multiple uses is utmost 
important. Extreme climate changes that are 
evident in the world seriously affect water 
sources and hydrologic cycle [17].

Area of cultivation has been increased to the 
maximum in modern irrigation systems in 
order to maximize the agricultural production 
under given water source. However, changes in 
climatic patterns frequently have caused a 
reduction in seasonal water availability and 
hence affect the cultivation [8]. Seasonal water 
shortages in drought years seriously affect the 
cultivations under m odem  major irrigation 
schemes [17]. Failure to manage the water 
sources in an effective manner which leads to 
the reduction of irrigated agriculture will affect 
the society and the economy of the country [8].

Main impacts of the climate change on water 
resources in Sri Lanka are the unusual variation 
of rainfall with time, high intensity rainfalls and 
increase of ambient tem perature[12,19]. Out of 
these, the changes of rainfall and temperature 
affect the irrigated agriculture. Irrigated 
agricultural systems need to be resilient to such 
effects in order to avoid crop failures.

In the case of ancient irrigation systems, there 
are number of resilience features such as 
distributed storages in small reservoirs (tanks). 
So they are more resilient to climate change 
compared with m odem  systems. It is important
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to incorporate the resilient features of the 
ancient systems to modern irrigation systems to 
improve thjeir resilience under changing climate 
[21,22],

With the recognition of importance of resilient 
irrigation systems, the mosaic irrigation 
systems inherited from the ancient times 
augmented by diversions from perennialrivers 
is being paid attention now. The Deduru Oya 
LB canal of the Deduru Oya reservoir project is 
one example of such development [22]. The 
assessment of availability of water resources in 
the existing irrigation systems and the 
diversion requirement from the river is 
important for optimal water management in the 
basin.

1.1. Deduru Oya Basin

Deduru Oya basin which has an area of 2620 
km2 ranging from 0m to 1280m MSL is the sixth 
largest river basin in Sri Lanka extending from 
Chilaw in the west coast to the central hills. The 
Deduru Oya has a length of 115 km and flows

them are inherited from ancient time. Major 
tributaries of Deduru Oya are RatwilaEla, 
Kospothu Oya and Dik Oya in the upper basin 
and Maguru Oya, Hakwatuna Oya and 
Kimbulwana Oya in the middle basin and 
Kolamuna Oya, ThalagalaEla in the lower basin 
(Figure 2).

Rainfall is the only source of water and there 
are no transbasin diversions into or out of the 
basin at present. The rainfall in the basin has a 
significant temporal and spatial variation. 
Annual rainfall ranges from 2600mm in the 
upper basin to 1100mm in the lower basin. 
From the annual rainfall about 50% is received 
during inter monsoon months (March, April, 
October^ November), about 35% during 
Southwest monsoon months (May to 
September), while remaining 15% during 
Northeast monsoon months (December to 
February) [18].

The Deduru Oya carries flash floods during 
rainy season and very low flow during dry 
season and it releases about 1600 MCM of
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Figure 1-Location and Topography of the Deduru Oya Basin

through Matale, Kurunegala and Puttalam 
districts. Location of the basin and topography 
is shown in Figure 1.

The basin contains a large number of small and 
large tanks used for irrigation, and most of

water to the sea annually [7]. There are several 
anicuts across it to divertwater for irrigation 
but there is no single reservoir intercepting tha 
Deduru Oya except the reservoir at 
Thunmodara being constructed under Deduru 
Oya project (Figure 2). There is strong need to



regulate Deduru Oya flow for its optimum use 
especially for irrigation during lean season.

1.2. D ed u ru  O ya R eserv o ir P ro ject

Deduru Oya Reservoir Project which is amulti- 
purpose water resource development project 
under construction by the Irrigation 
Department aims primarily to improve the 
livelihood of farmers in part of the North 
W estern province by increasing the 
productivity of land through irrigated 
agriculture. Other purposes of the project 
include enhancement of reliable sources for 
domestic and industrial water supply schemes 
and regulation of the flow to enhance diversion 
to RidiBendiEla and to control downstream 
floods[18]. The project includes construction of 
a dam across Deduru Oya to impound a 
reservoir of a capacity of 75 MCM, two canals at 
the RB and LB and instalment of a hydropower 
plant at the downstream of the dam. RB canal is 
a transbasin canal to augment water supply to 
Iginimitiya reservoir which is located in Mee 
Oya basin. It is proposed to develop 1000 ha 
along the transbasin canal and 4115ha at the 
Mee Oya basin. An area of 3000 ha under 
RidiBendiEla scheme .will be benefited by 
regulated water supply from the Deduru Oya 
reservoir (Table 1) [18].

T ab le 1 - D etails  o f E xistin g  an d  P rop osed  
Irrigab le  A reas b y  D ed u ru  O y a R eservo ir

Canal
LB

canal
RB

canal
RidiBendiEla Total

Existing 
irrigable 
area (ha)

2400 4715 2400 9515

Proposed 
irrigable 
area (ha)

600 400 600 1600

The Deduru Oya LB canal which flows through 
three District Secretariat (DS) divisions namely, 
Wariyapola, Kobeygane and Hettipola, will 
supply water to augment 136 existing storage- 
based ancient irrigation systems in the LB of the 
Deduru Oya (Figure 2). The 44.1 km long LB 
main canal has a discharge capacity of about 7.1 
m3/s at beginning. There are four branch canals 
from the LB canal. These canals pass through 
number of small tanks(Figure 2). There are 
about 17Level Crossings along the LB main 
canal formed by small tanks. There are 'Control 
Point Outlet (CPO)' points along LB main canal 
and branch canals to release water for 
agricultural purposes. Distribution of minor 
tanks located under main canal and branch 
canals are shown in Table 2. Most of these 
irrigation tanks are under cascade systems and 
inherited from ancient time.

T able 2- N u m b er of T ank s in  M ain  C anal and  
B ran ch  C anal

C anal N am e N u m b er of tanks

Main Canal 77

Branch Canal 1 15

Branch Canal 2 16

Branch Canal 3 27

Branch Canal 4 1

Total 136

This paper describes the water balance study of 
the irrigation tanks augmented by the LB canal. 
Irrigation water requirements from the LB canal 
for LB irrigation development area to achieve 
100% cropping intensity were estimated under 
different scenarios.

Hydro energy will be supplied to the national 
grid by using a 1.5M W  plant installed at the 
downstream of the dam [18]. The downstream 
release of the reservoir is necessary for 
RidiBendiEla diversion and downstream 
environmental flows.
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2. Methodology

The methodology followed is summarized in a 
flow chart as shown (Figure 3). For all minor 
tanks augmented by the LB canal, catchment 
areas, land use patterns storage capacities, 
command areas, natural streams, geological 
features and cascades were identified by using 
relevant GIS data and digitizing techniques.

Topographic, geologic and land use data were 
collected from the digital data of the Survey 
Department of Sri Lanka. ArcGIS 9.3 was used 
for spatial analysis of the Deduru Oya LB

development area consisting of rain-fed tank 
irrigation systems.

2.1. R ainfall Runoff M odeling

Hydrologic Engineering Center -  Hydrologic 
Modeling System (HEC-HMS) version 3.0.1 
developed by US Army Corps of Engineers in 
USA was used as the rainfall runoff model [24]. 
The H EC-H M S supports both lumped 
parameter based modeling as well as 
distributed parameter based modeling and has 
been tested for tropical catchments[l].

Figure 3-M ethodology

region. M ajor soil type in Deduru Oya basin is 
reddish brown earth [9 ,14].

Inflows to the irrigation tanks in LB 
development area are not available and 
therefore a rainfall - runoff model was 
developed to estimate the direct inflows to the 
tanks from their own catchments. Irrigation 
water requirements for the command area of 
each tank were calculated by using CROP WAT 
model. W EAP model was applied to compute 
water requirement from  LB canal for the LB

HEC-HMS model is calibrated and verified for 
the Tittawella tank in Kurunegala District 
which has rainfall and runoff data [23], Daily 
observed rainfall, runoff and evaporation data 
are available for the period of May 1995 to 
March 1997[11]. This catchment is in the same 
ago-climatic region and hydrologically similar 
to the catchments of the tanks in Deduru Oya 
LB canal development area. The catchment area 
of Tittawella tank is 2.95 km2. The longest water 
course is 1800 m long and catchment slope is
0.82%. The tank has a capacity of 0.31MCM.
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Major soil group is reddish brown earth and 
soil depth is more than 120 cm.

. f *  ^

Normalized Objective Function (NOF), Nash 
Sutcliffe efficiency (R2ns), and percentage bias 
(8 b ) values were used as quantitative measures 
for the skill of simulations. These parameters 
are used to analyze goodness of fit [5, 6, 10, 
15,16].

NOF = 5

n

-  « 2
i=1

Rns ~  1

E q l

T?=i(St -  Qj) 2
Y U V i - d y  E q 2

/

5b =
E I U (Si -  Qj)

YS-iOt
* 100%

Eq 3

Where, Oi,Sitn , d  are observed discharge, 
simulated discharge, num ber of the observed or 
simulated data points, and m ean of the 
observed discharge respectively.

H EC-H M S model was calibrated for isolated 
rainfall events and also for continuous rainfall. 
Observed daily rainfall and discharge during 
Oct-Nov 1995 was used for event based model 
calibration. Skill metrics for simulated river 
discharge with observed were computed and 
the best fit was obtained by adjusting model 
parameter values for m oisture loss, runoff 
transform method and base flow processes of 
the HEC-HMS model. The rainfall and 
discharge in Oct 1996 and May 1995 were used 
to validate the calibrated event based model. 
Rainfall and discharge data during Sept to Nov 
1995 period was used to calibrate the 
continuous simulation of the model while 3 
months, 1 year and 23 months time series 
during Sept to Nov 1996, Sept 1995 to Aug 1996 
and May 1995 to M ar 1997 were used to 
validate the continuous model simulations.

The event based simulations employed the 
initial and constant loss method to compute 
infiltration loss while continuous simulations 
used the 5-layer soil moisture accounting loss 
method. The initial and constant loss method 
assumes that the maximum potential rate of 
precipitation loss is constant throughout an 
event. The initial and constant loss rate model

requires the constant loss rate and initial loss to 
be specified. These represent physical 
properties of the watershed and land use and 
the antecedent condition. The soil moisture 
accounting loss method uses five layers to 
represent the dynamics of water movement in 
and above the soil. The layers include canopy 
interception, surface depression storage, soil, 
upper groundwater and lower groundwater. 
The soil layer is subdivided into tension storage 
and gravity storage [24, 27]. Implementation of 
both loss methods requires the soil properties 
of the sub basin. According to soil type and 
catchment properties in the basin, an initial loss 
of 30 mm, and a constant loss rate of 1.0 mm/hr 
and catchment imperviousness of 10% were 
used in initial and constant loss method. Above 
parameters were able to produce the best fit 
against observations. Parameters used for soil 
m oisture accounting loss method are shown in 
Table 3.

T ab le  3 - S u m m ary  of P aram eters  U sed  in  Soil 
M o istu re  A cco u n tin g  L o ss M eth o d

P aram eter V alu e

Canopy (%) 0

Surface (%) 0

Soil (%) 70

Groundwater 1 (%) 31

Groundwater 2 (%) 82

Canopy storage (mm) 23

Surface storage (mm) 5

M ax infiltration (mm/hr) 15

Imperviousness 22

Soil storage (mm) 124

Tension storage (mm) 25

Soil percolation (mm/hr) 31

Groundwater 1 storage (mm) 44

Groundwater 1 percolation 
(mm/hr)

0.05

Groundwater 1 coefficient (hr) 66

Groundwater 2 storage (mm) 201

Groundwater 2 percolation 
(mm/hr)

0.42

Groundwater 2 coefficient (hr) 30
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Clark unit hydrograph was selected as 
transformation method where Time of 
Concentration and Storage Coefficient are the 
parameters to be defined in Clark unit 
hydrograph transformation. The storage 
coefficient is used in the linear reservoir that 
accounts for storage effects [24]. In this case, 
time of concentration and storage coefficient 
were selected as 3hr and 2hr respectively for 
the Clark unit hydrograph.

Recession base flow method was employed for 
both event based and continuous simulations. 
The recession constant was set to 0.76 and ratio 
to peak was set to 0.5 while the initial discharge 
was set to 0.05 m3/s after simulating several 
trials. These base flow modeling parameters 
were used as calibration parameters.

2 .2 . C ro p  W a te r R eq u irem en ts

CROPW AT 8.0 software developed based on 
the FAO guidelines, is used for calculation of 
Crop W ater Requirements (CWR) and 
irrigation requirements from  climatic and crop 
data. The program  also allows the development 
of irrigation schedules for different 
management conditions and the calculation of 
scheme water supply for varying crop 
patterns [3, 20].

For the calculation of CWRs, CROPW AT needs 
data on evapotranspiration(ETo), rainfall, crop 
data and soil data. CROPW AT allows the user 
to either enter measured ETo values, or to input 
data on temperature, humidity, wind speed 
and sunshine, which allows CROPWAT to 
calculate ETo using the Penman- Monteith 
form ulae[2,3].

Rainfall data are used with CROPWAT to 
compute effective rainfall data as input for the 
CW R and scheduling calculations. Crop data 
are needed for the CW R calculations and soil 
data to calculate irrigation schedules. Whereas 
CROPW AT normally calculates CWR and 
schedules for 1 crop, it can also calculate a 
scheme supply, which is basically the combined 
CWR of multiple crops, each with its individual 
planting date [2 ,3].

CWR was calculated assuming that 105 day low 
land paddy is cultivated. It was calculated 
using CROPW AT for paddy crop on monthly 
basis. Rainfall data at Nikaweratiya, 
W ariyapola and RidiBendiEla station in year 
2000 to 2010, M ahailuppallama reference crop 
evapotranspiration rates and crop factors for

each growth stages were used for the 
CROPWAT model to calculate CWR. Hydro 
meteorological data are available at the 
Department of Meteorology [13]. Rainfall data 
were selected according to Thiessen polygon 
method. Computations of irrigation water 
requirements were made using 60% application 
efficiency and 75% conveyance efficiency. Land 
soaking and tiling requirement were also taken 
into account [18].

2.3 . W ater E valu ation  and Planning  
M odel(W EA P)

The WEAP model developed by the Stockholm 
Environment Institute (SEI) operates at a 
monthly step on the basic principle of water 
balance accounting. The WEAP model 
represents the system in terms of its various 
sources of supply (e.g. rivers, groundwater, and 
reservoirs), withdrawals, water demands, 
transmission, waste water treatments and 
ecosystem requirements [26].

The model comprises two distinct systems [25];

• Simulation of natural hydrological 
processes(e.g., evapotranspiration, runoff 
and infiltration) to enable assessment of the 
availability of water within a basin.

• Simulation of anthropogenic activities 
superimposed on the natural system to 
influence water resources and their 
allocation (i.e., consumptive and non­
consumptive water demands) to unable 
evaluation of the impact of human water 
use.

WEAP is a practical tool for water resources 
planning and it can address a wide range of 
issues, e.g., sectoral demand analyses, water 
conservation, water rights and allocation 
priorities, groundwater and stream flow 
simulations, Reservoir operations, hydropower 
generation, pollution tracking, ecosystem 
requirements, vulnerability assessment, and 
project benefit-cost analyses [26].

All system information including irrigation 
demand, water releases data are input into the 
current accounts. The current accounts are the 
data set from which scenarios are built. 
Scenarios explore possible changes to the 
system in future years after the current account 
year. A default scenario, the 'Reference 
Scenario' carries forward the current accounts 
data into the entire project period and serves as
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a point of comparison for other scenarios in 
which changes may be made to the system 
data.

WEAP consists of five main views which are 
called Schematic, Data, Results, Scenario 
Explorer and Notes. Schematic is spatial layout 
and this graphical interface used to describe 
and visualize the physical features of the water 
supply and demand system.

WEAP model was setup to Deduru Oya LB 
development area consisting of 136 rain-fed 
minor tanks. 150 demand sites, 189 
transmission links, 106 diversions and 13 
directly feeding demand sites were used in the 
model.

LB main canal and its branch canals were 
modeled by 'diversion links'. Waterways 
between paddy fields and minor tanks were 
modeled by 'transmission links'. Direct feeding

Figure 4- Schematic Diagram

2.4. Setting up of the WEAP Model

A W EAP project is used to investigate water 
balance in the LB canal irrigation area of 
Deduru Oya basin for the period from 2000 to 
2010. The year 2000 was selected as the current 
accounts year or base year for this analysis. 
Using ArcView 9.2, digital data was analyzed 
and GIS vector file was prepared for LB canal. 
Vector file was added as a map layer in 
schematic view. LB development area was 
modeled by using required elements such as 
reservoirs, diversions, demand sites and 
transmission links. Figure 4 shows the part of 
the schematic diagram.

24

ways between LB canal and paddy fields were 
modeled by 'transm ission links'. Diversion of 
water from LB canal to a tank or from tank to a 
tank is modeled by 'diversion link'. Different 
'Supply preference' and 'Priorities' were used 
to model the diversion link and transmission
links.
<

Demand sites along LB main canal are 
numbered as D1 to D57. Demand sites along 
branch canal 1 are numbered as D l_ l  to D l_ l l .  
Likewise all the demand sites were numbered. 
If there are two demand sites up and down it 
was numbered as D l_up and D l_dow n. When 
there is a cascade with number of tanks it was 
numbered as D3_4a, D3_4b. Demand site which 
are locate left side of LB canal name as OFC.

ENGINEER



Areas name as OFC are located in higher 
elevation than LB canal. Therefore water 
diversion to OFC from LB canal under the 
gravity is not possible. Proposed irrigable area 
under LB main canal was named as 'D 
expansion' and irrigable area is 600 ha. Figure 5 
shows above numbering system.

Water balance and reservoir operations are 
embedded in WEAP model, was carried out in 
monthly basis for each for individual basic for 
each tank by considering reservoir capacities, 
monthly inflows and irrigation demand. 
Withmonthly inflow to all the tanks, each 
irrigable area was modeled as a demand site. 
For each demand site 'Annual activity level', 
'Annual water use rate', 'Monthly variation' 
and 'Consumption' are required. Annual 
activity level is area cultivated annually under a 
particular tank. Annual water use rate is 
amount of water used for a unit irrigable area. 
Monthly variation is monthly share of annual 
demand. Annual water use rate and monthly 
variation are calculated from CROPWAT 
results model. Percentage of inflow consumed 
is the consumption.

F ig u re  5 - D em an d  Site N u m b erin g  S y stem

shown in Figures 6 to 9 respectively. Figure 8 
and Figure 9 depict graphical comparisons of 
the calibration and validation results 
respectively for continuous simulation. The 
study used the computed skill metrics of 
simulated stream flow against observation as a 
criterion to calibrate model parameters. Table 4 
shows that the skill of simulations of calibrated 
model NOF, Rf,s and 6b>agree reasonably well 
against observed discharges during both 
calibration and validation periods in event 
based and continuous simulation.

T able 4 - C om pu ted  Skill M etrics for Event 
B ased  and  C on tin uou s Sim ulation

Period NOF Rfts St.

Event
based

simulation

Oct-Nov
95 0.20 0.95 0.20

Oct-96 0.26 0.86 1.64
May-95 0.28 0.92 • 12.0

Continuous
simulation

Sept- 
Nov 95 0.83 0.85 3.00

Sept- 
Nov 96 0.77 0.84 18.0

Sept 95- 
Aug 96 1.69 0.73 33.0

May 95- 
Mar 97 1.60 0.72 20.0

Calibrated HEC-HMS model applied to 
generate daily inflows of respective sub 
catchment of 136 minor tanks in LB 
development area. Figure 11 shows the 
calculated monthly inflow values for 
Mellapoththa tank. Mellapoththa tank is the 
very first tank which is proposed to augment 
with the use of LB canal. Monthly basis Gross 
Water Requirement (GWR) and respective 
rainfall are shown in Figure 10.

3. Results and Discussions
3.1 . H E C -H M S  A p p lica tio n

HEC-HMS model calibration and validation for 
Tittawella tank using observed data of selected 
peak events during Oct-Nov 1995 and Oct 96 
and also using observed data of the continuous 
period of Sept-Nov 95 and Sept-Nov 96 are



Figu re 6 - C alib ratio n  of E v en t B ased  S im u latio n F igu re 7 - V alid atio n  of E v en t B ased  S im u latio n

F igu re 8 -  C alib ra tio n  o f C o n tin u o u s S im u latio n
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3.2. WEAP Model Results distributed to demand sites for year 2009 are 
shown in Figure 15.

With detailed irrigation demands analyses in 
LB regionfiotal water requirement and unmet 
demand in LB have been investigated. 
Proposed LB canal development area is 3000ha 
including 2400ha existing irrigable areas. 
CROPWAT and WEAP simulation results for 
10 years on monthly basis from 2000 to 2010 
for 100% cropping intensity under existing 
tank based irrigation provides the monthly 
irrigation requirement and monthly unmet 
demands. Unmet demand is water deficiency. 
Figure 12 shows the variation of total annual 
water requirement (supply requirement) an^ 
total annual available volumes from existing 
irrigation systems (supply delivered) during 
2000-2010 for the LB development area. This 
results are based on analysis under 'Without 
proposed reservoir' scenario.

80 ■ Supply Requtfciwmt

I Supply Delivered

I I  I I  111  I I  I I

2000 2001 2002 2009 2004 2009 2006 2007 2008 2009 2010 

Year

Figure 12 -Comparison of Supply 
Requirement and Supply Delivered in LB

Area

According to Figure 12 there are unmet 
demands in all the years and Figure 14 shows 
the annual unmet demand during 2000-2010 
periods distributed to demand sites.

Annual unmet demand from 2000 -2010 varies 
26 MCM to 41 MCM for 100% cropping 
intensity in the proposed 3000 ha irrigable area 
under LB canal development (Figure 14). 
When annual values of requirements and 
delivered art compared it is revealed that 
supply is less than the requirement in all years 
from year 2000 to 2010 (Figure 12). 
Accordingly it is not possible to achieve 100% 
cropping intensity under present condition.

2009 is the one of driest year during the period 
from 2000 to 2010 resulting an unmet demand 
of 41MCM, Monthly unmet demands

Figure 13- Comparison of Supply 
Requirement and Supply Delivered in 2009

The difference between irrigation requirement 
and delivered for 100% cropping intensity in 
Figure 13 needs to be supplied by the LB canal 
for year 2009.

When the LB development area is taken as 
2600ha without proposed extension of 600ha of 
irrigable area it is revealed that separate runs 
of WEAP application annual unmet demand 
varies from 15 MCM to 28 MCM in the period 
of 2000 -  2010. This shows that water scarcity 
even at present condition and the importance 
of LB diversion.

The present study uses only 10 years for 
investigating water diversion demand from 
2000 to 2010 due to changing climate 
conditions and to demonstrate the model 
capability. If we have long term forecast 
rainfall data, the model with the calibrated 
parameters can be used for long-term 
projections of LB diversion demand of the 
Deduru Oya reservoir project. The model 
predictions will be useful for water 
management and to plan water resources 
development in the Deduru Oya reservoir 

s project.
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2000 2001 2002 2003 2004 2003 2006 2007 2008 2009 2010

Year

0OFC9 aOFC8 ■ OFC7
□ OFC6 ■ OFC5 ■ OFC4
0OFC3 b  OFC20 ■ OFC2
h OFC19 B OFC18 ■ OFC17
a OFC16 b OFC15 ■ OFC14
b OFC13 BOFC12 ■ OFC11
■ OFCIO b OFCI ■ 09
*D8 ■ D7 ■ 06
■ D56 ■ D55 ■ D54,Up
B D54_Down ■ D53c ■ D53b
■ D53a a  052 ■ 051
■ D50 ■ 05 ■ D4,l
b  049,Up ■ D49JDown ■ 048c
BD48b ■ 048a ■ 047
BD46 ■ 045 ■ 044
BD43 ■ 042 ■ D41,Up
b  D41_Down ■ 040 ■ 04
B D3_9 ■ D3_8 ■ D3_7d
B D3„7e ■ D3_7b ■ D3,7a
■ D3_6 ■ D3_5h ■ 03,5g
■ D3,5f ■ 03,5e ■ 03_5d *
S D3 J c ■ 03,5b ■ 03_5a
B D3,4b ■ 03,4a ■ 03,3
B D3_2 ■ 03,12 ■ 03,11b
B D3 J l a ■ 03,10 ■ 03,1
B D39,Up ■ 039,0ewn ■ D38,Up
B D38,Dewn ■ D37_Up ■ 037,Down
BD36 ■ 035 ■ 034
b D33 ■ 032 ■ 031

BD30 ■ 03 ■ 02,9

8  02=8 ■ 02,7 ■ 02,6

■ 02,5c ■ 02,5b ■ 02,3a

B 02,4b ■ 02,4a ■ 02,3

■ D2=2b ■ 02^a ■ 02,1b

■ 02,1a ■ 02,10 ■ 029

B 028,Up ■ 028,Dewn ■ 027,Up

B D27=Dewn ■ 026 ■ 025,UP

■ D25,Dewn_dewn ■ 025_Oown ■ 024,Up

■ D24_Dewn ■ 023c ■ 023b

■ D23a ■ 022 ■ 021

BD2Q ■ 02 ■ 01,9

■ 01,8b ■ 01,8a ■ 01,7

■ 01,6b ■ 01,6a ■ 01,5

■ 01,4 ■ 01,3c ■ 01,3b

■ 01,3a ■ 01,2 ■ 01,11

■ 01,10 ■ 01,1 ■ 019

■ 018 ■ 017 ■ 016

■ 015_Oown ■ 015 ■ 014

■ 013 ■ 012 ■ Oil

■ OlO ■ 01 ■ 0  expansion

Figure 14 - Unmet Demand from 2000 to 2010
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Month

OFC9 □ OFC8 0OFC7

UOFC6 0OFC5 Q OFC4

□ OFC3 0 OFC20 ■ OFC2

□ OFC19 ■ OFC18 ■ OFC17

□ OFC16 s  OFC15 ■ OFC14

□ OFC13 ■ OFC12 ■ OFC11

s  OFCIO ■ OFC1 ■ D9

@D8 ■ D7 ■ D6

■ D56 ■ D55 ■ D54_Up

n D54_Down ■ D53c ■ D53b

■ D53a ■ D52 ■ D51

■ D50 ■ D5 ■ D4_l

■ D49_Up ■ D49_Down ■ D48c

■ D48b ■ D48a ■ D47

■ D46 ■ D45 ■ D44

■ D43 ■ D42 ■ D41_Up

■ D41_Down ■ D40 ■ D4

■ D3_9 ■ D3_8 ■ D3_7d

■ D3_7c ■ D3_7b ■ D3_7a

■ D3_6 ■ D3_5h ■ D3_5g

■ D3_5f ■ D3_5e ■ D3_5d

■ D3_5c ■ D3_5b ■ D3_5a

■ D3_4b ■ D3_4a ■ D3_3

■ D3_2 ■ D3_12 ■ D3_llb

■ D3_lla ■ D3_10 ■ D3_l

■ D39_Up ■ D39_Down ■ D38_Up

■ D38_Down ■ D37_Up ■ D37_Down

■ D36 ■ D35 ■ D34

■ D33 ■ D32 ■ D31

■ D30 ■ D3 ■ D2_9

■ D2_8 ■ D2_7 ■ D2_6

■ D2_5c ■ D2_5b ■ D2_5a

■ D2_4b ■ D2_4a ■ D2_3

■ D2_2b ■ D2_2a ■ D2_lb

■ D2_la ■ D2_10 ■ D29

■ D28_Up ■ D28_Down ■ D27_Up

■ D27_Down ■  D26 ■ D25_UP

■ D25_Do wn_d own ■  D25_Down ■ D24_Up

■ D24_Down ■ D23c ■ D23b :'.>

■ D23a ■ D22 ■ D21 ’

■  D20 ■ D2 ■ Dl_9

■ Dl_8b ■ Dl_8a ■ Dl_7

■ Dl_6b ■  Dl_6a ■ Dl_5

n ■  Dl_4 ■ Dl_3c ■ Dl_3b

■ Dl_3a ■ Dl_2 ■ D l_ll

■ Dl_10 ■ Dl_l ■ D19

■ D18 ■ D17 ■ D16

■ D15 Down— o ■ D15 ■ D14

■ D13 ■ D12 ■ Dll

■ DIO ■ D1 ■ D expansion

Figu re 15 -  M o n th ly  U n m e t D em ands, in  Y ear 2009
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4. Conclusions

• The annual water requirement from LB 
canal of the Deduru Oya reservoir to 
achieve 100% cropping intensity in the LB 
canal development area varies from 26 
MCM to 41 MCM during 2000 to 2010 
period when the existing tank based 
irrigation systems are operational.

• Model is useful to estimate the releases 
from small tanks and required releases 
from the LB canal into the tanks in order to 
supplement irrigation demands for 
different cultivation patterns in the 
command areas of the respective tanks.

• Model which is built using HEC-HMS, 
CROPW AT and W EAP is a useful tool to 
plan water resources development and 
irrigation water management under 
changing climate in the LB development 
area of the Deduru Oya Project.

Acknowledgements

The authors would like to convey their sincere 
gratitude to UN-CECAR program of United 
Nations University, Tokyo, Japan, for the 
financial support for this research. 
Hydrological and meteorological data for the 
study were obtained from  the Department of 
Irrigation and Department of Meteorology.

References

1. Agrawal, A.,"A Data Model with Pre and Post 
Processor for HEC-HMS", Report of Graduate 
Studies, Texas A& M Univ. College Station, 
2005.

2. SrivastavaAnup K. and Srivastava, Shailesh K. 
"Irrigation Scheduling Through CROPWAT 
and WEAP Software".

3. Cropwat Reference Manual, 2009.

4. De Silva, C. S.,Weatherhead,E. K., KnoxJ. W. 
and Rodriguez-Diaz,J. A., "Predicting the 
Impacts of Climate Change-A Case Study of 
Paddy Irrigation Water requirements in Sri 
Lanka", J. Agricultural Water Management, 
Vol. 93,2007, pp. 19-29.

5. De Silva M.M.G.T., Weerakoon, S.B., Herath, S. 
"Modeling of Event and Continuous Flow 
Hydrographs with HEC-HMS; A Case Study in 
the Kelani River Basin Sri Lanka", J. Hydrologic 
Engineering (ASCE), Vol-19, No. 4,April 2014,.
pp. 800-806.

6. Ehret, U., and Zehe, E., "Series Distance -  an 
Intuitive Metric to Quantify Hydrograph 
Similarity in terms of Occurrence, Amplitude 
and Timing of Hydrological Events" ,J. 
Hydrology and Earth System Sciences, Vol. 
15.,2011, pp. 877-896.

7. Environmental Impact Assessment Report, 
DeduruOya Reservoir Project, Centre for 
Environmental Studies, University of 
Peradeniya, November2003.

8. Gtlnther Fischer, Francesco, N.,Tubiello, Harrij 
van Velthuizen and David, A. Wiberg, 
"Climate Change Impact on Irrigation Water 
Requirements: Effects of Mitigation, 1990- 
2080", J. Technological Forecasting & Social 
Change, Vol. 74, 2007, pp. 1083-1107.

9. Harmonized World Soil Database (HWSD). 
(http:// www.iiasa.ac.at/ Research/ LUC/ 
External-World-soil-database/) Visited Nov. 6, 
2013.

10. Hunukumbura, P.B., Weerakoon, S.J3., Herath 
S, "Runoff modeling in the Upper Kothmale 
Basin. In: Hennayake N., Rekha N., Nawfhal 
M., Alagan R., Daskon C, (Ed.), Traversing No 
Man"s Land, Interdisciplinary Essays in Honor 
of Professor MaddumaBandara", University of 
Peradeniya, Sri Lanka, 2008, pp. 169-184.

11. Hydrology of Small Catchments, Volume II, 
Hydrology Division, Irrigation Department, 
1998.

12. Inter-governmental Panel on Climate Change 
(IPCC). 2007. Climate Change 2007: Synthesis 
Report.

13. Long-term Hydro Meteorological Data in Sri 
Lanka, Data Book of Hydrological Cycle in 
Humid Tropical Ecosystem, Part I, Ed. K. 
Nakagawa, H. Edagawa, V. Nandakumar& M. 
Aoki, Special Research Projection 1995, 
University of Tsukaba.

14. Mapa, R.B., Dissanayake, A.R., Nayakakorale,
H.B., Soil of the Intermediate Zone of Sri Lanka: 
Morphology Characterization and
Classification, 2005.

15. Moriasi, D. N., Arnold, J. G., Van Liew, M. W., 
Bingner, R. L., Harmel, R. D., and Veith, T. L . , 
"Model Evaluation Guidelines for Systematic 
Quantification of Accuracy in Watershed 
Simulations." Transaction of American Society 
of Agricultural and Biological Engineering, St. 
Joseph, Michigan, Vol. 50(3), 2007, pp. 885-900.

16. Nash, J. E. and Sutcliffe,J. V., "River Flows 
Forecasting Through Conceptual Models. Part 1 
a Discussion of Principles", J. Hydrology, Vol. 
27(3), 1970, pp. 282-290.

31 ENGINEER



17. Peter Droogers, "Adaptation to Climate 
Change to Enhance food Security and Preserve 
Environmental Quality: Example for Southern 
Sri LankaM . Agricultural Water Management, 
Vol. 66,2004, pp. 15-33.

18. Pre-Feasibility Study Report of DeduruOyaand 
MeeOyaRiver Basins Development Project, 
Planning Branch, Irrigation Department, 
Colombo, Sri Lanka, 2000.

19. Punyawardana, B.V.R.,"Impacts of Climate 
Change on Agriculture in Sri Lanka and 
Possible Response Strategies", 2002.

20. Richard, G. A., Luis, S. P., Dirk, R., Martin, S., 
Crop Evapotranspiration-Guidelines for /; 
Computing Crop Water Requirements, 
Publication No. 56 of the Irrigation and 
Drainage Series of FAO, FAO, Rome, Italy, 
1998.

21. Herath,S.,Mohri,H., Wong,P.,
Mishra,B.,Sampath,D. S.,Weerakoon,S.
B.,Atapattu,S. and Woldie,D., "Traditional and 
Modem Agriculture Mosaic System for 
Improving Resilience to Global Change", 
Conference on Sri Lanka-Japan collaborative 
research (SLJCR 2013), University of 
Peradeniya, Sri Lanka, 29-31 March 2013, p. 
125.

22. Sampath, D. S., Konara, K. M. B. N., 
Weerakoon, S. B. "Resilience of Traditional 
Irrigation System in Ancient DeduraOya 
Basin", "Sambh&wana", The Refereed 
Academic Journal of the Faculty of Arts, 
University of Peradeniya, Peradeniya, Sri 
Lanka, (press).

23. Sampath, D.S., Weerakoon, S.B., Mishra, B.K, 
Herath, S., "HEC-HMS Model for Runoff 
Simulation from Tittawella Tank Catchment", 
Proceeding of l stRuhuna International Science 
and Technology Conference 2014 (RISTCON 
2014), Faculty of Science, University of Ruhuna, 
Matara, Sri Lanka, 22-23 January 2014, p. 39.

24. Scharffenberg, W. A., and 
Fleming,M.J.,"Hydrologic Modeling System 
HEC-HMS User's Manual", US Army Corps of 
Engineers, Institute for Water Resources, 
Hydrologic Engineering Centre, 2006.

25. Sieber, J., Yates, D., Huber Lee, A., &Purkey, D. 
"W EAP a Demand, Priority, and Preference 
Driven Water Planning Model: Part 1, Model 
Characteristics, Water International"',* Vol. 
30(4), 2005, pp. 487-500.

26. Stockholm Environment Institute (SEI)."WEAP: 
Water Evaluation and Planning System User 
Guide", Boston, USA. 2001.

27. US army corps of Engineers, Hydrological 
Engineering Center, HEC-HMS Technical 
Reference Manual, March 2000.

s

H  ENGINEER 32


